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ABSTRACT

Certunic tile glazes are obtained by applying frits , frit blends or fr its with crystalline
aggregates, as aqucous suspensions, organic suspensions (screen printing) or by dry application in
granular[arm on a baseglaze layer, followed by firing . During firing the components of the applied
layers can give rise to liquid phases (melts) and crystalline phases of different nature, tohich can
interact with each other l1Y diffusion of their components. The degree of diffu sion depends on the
composition of tile raw materials, melt (,iscosity and the thermal cycle used in f iring . The present
study addresses the effect of the interaction between the phases making up this layer of
heterogeneous colllposition. on tile resis tance to chemical attack of the resulting glazes.
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1 INTRODUCTION
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Ce ramic tiles are subjected during use to contact with cleaning agents that some times
conta in aggressive che mical products. Glazed tile behaviour on exposu re to che mical
attack is determined by the characteri stics of the glaze coating, and is evaluated by direct
tests on the finished product according to st andard methods, which cons ist of depositing
certa in chemical reagents on the glazed surface 111. The resu lt of these tests p rovides
empirical information on glaze behaviour, b ut it d oes not allow p redicting how
modificati on of the glaze composition will affect fired glaze resistan ce to che mica l attack.

In silica te glasses, acid attack takes place by hydronium ions that extrac t modifyin g
ions from the network'v", leaving an external layer of silica gel in which the alka line and
alka line -ea rth cations have been leached. As a result of leaching, this layer shrinks
prod ucing cracking and some times peeling of the surface HI. If attack takes pl ace by an
organic acid with a che lating effect (citric, lactic, oxalic acid, etc.), it can be more aggress ive
becau se soluble complexes are formed with some of the ext racted cations, increasing the
leaching rate 1"" ,61. Alkaline attack lead s to dissolution of the 5iO, network by ru pture of the
5i-0-5i bonds'",

The effect of the va rious oxide compone nts on glass chemical resistance has been
wide ly stud ied 1,,8.91. 5ilica glass is genera lly quite resistant to acid attack but resistan ce
decreases on inco rpo rating network modifiers, increasing the tendency to leach as the silica
content decreases 1"1. The different glass atta ck mechanisms d ep ending on the pH of the
solution in contact with the glass indicate that glasses with a high modifier con ten t will be
resistant to network dissolving processes (p H>9), and that glasses with a high network
forme r content w ill be resistant to dealkalinizat ion p rocesses 1101.

The d rop in resistan ce to acid attack caused by network modifiers becomes grea ter as
their field inten sity decreases. Replacing alkalis by alkaline ea rths gene ra lly lead s to more
resistant glasses, and the literature reports th e stabilising effect of calcium an d zinc on the
vitreous network in some sys tems 111.121. The rise in AI,O, and B

2
0 , content increases glass

resistance to dealkalini zation, until certain qu antities are reached , beyond which the
glasses becom e more attackable by acids Iw.s.13I. Adding ZrO, raises the che mical resistan ce
of silica te glasses 19,1u 51. -

Ceramic glazes present a greater di versity than glasses, and can ran ge from
homogeneous glasses to materials made up of several crystalline phases embedded in a
glassy matrix, in which immiscible liquid -phase separa tion can also occur. Che m ical attack
on a ceram ic glaze can act on any of its components, an d in princi ple, man y of the results
fou nd for glasses are applicable. It is necessary to cons ider that in most glazes, che mical
attack is not uniform becau se glaze microstructure is not homogen eous, and tha t this
microstructure can alter (chang ing the nature and proportion of the crys talline or glassy
phases, and hence resid ual glass composition) on modifying thermal treatmen t or pa rticle
size of the compo nents, or if the different materials contained in the glaze reac t with each
othe r.

2 EXPERIMENTAL

Four glaze suspens ions were prepared as bases (B1 to B4), tog ethe r with th ree screen
p rinting inks (51 to 53), two glaze suspe ns ions for bell application (C1 and C2) and two
frits in granular form (G1 and G2). Table 1 details the glassy and crystalline compone nts
that make up each of these materials.
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Mixture Glassy components Crystalline components

BI opaque zirconium frit and transparent frit kaolin. quartz. zircon. corundum
B2 transparent frit kaolin. quartz. zircon. corundum
B3 opaque zirconium frit kaolin: quartz. zircon. corundum
B~ matt barium frit feldspar. quartz. zircon. corundum
51 matt barium and zinc frit wollastonite. quartz. kaolin
52 opaque zirconium frit kaolin. zircon
53 matt barium frit kaolin
CI matt barium frit wollastonite. fe ldspar. kao lin
C2 transparent frit wollastonite. feldspar. kaol in
Gl zirconium and calcium frit -
G2 matt barium frit -

Th e base glazes we re applied by a bell on g reen fl oo r tile bodi es . The correspo nd ing
application s were subseque ntly performed on these bases of the screen prin ting inks, glaze
sus pensions and a 50';;, mixture of granu lars G l and G2. The resulting pieces were fired in
an indust rial kiln wi th a thermal cycle similar to those used for whi te-fi ring floor tiles, with
a pea k tempera ture between 11 60 and 11 70cC. The surface of the gla ze produced by
applica tion of G l and G2 was po lished in a laborato ry facility.

Glaze res istance to attack bv conce ntra ted Hel and lactic acid was determined
acco rd ing to the metho d describeJ in the stand ard 11 1. Glaze m icrostructure wa s observed
w ith a scanning electro n microscope (SEtvO fitted w ith an ene rgy-d ispe rsive X-ray
ana lys is instru ment.

3. RESULTS

3.1 G LAZES PRODUCED WITH THE BASE G LAZ ES

Table 2 details the resul ts of acid attack on the g lazes made with bases B1 to B·t

B1 B2 B3 B4
Lactic acid 5% GilA GliB GilA GilA
HCII 8% GilA GliB GHA GliB

TaNt' 2.

Glaze Bl (Figu re l ) contains zircon (clear pa rticles in the photograph ), corund um,
kaoli n and quart z as crysta lline co m po ne n ts. The g lnssy raw materials are a mi xtu re o f a
transpa rent and a white zirconium frit. Th e res ulting glaze is no t attacked d ue to the high
silica content of the transparent frit, which is s treng thene d by the partial d issolution of the
quart z, and by th e presence of zircon in the glassy phase.

1', L.I - ~l ['l
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Base 132 is made with a transparent frit, which is in principle not very attackable,
wi th quartz, and zircon and coru nd u m ad d itions . This base ha s a grea ter proportion of
glassy phase than B1 (Figure 2).

Figure 1. Surface (~ftlzl' glll: t' made trith B1 .

Du e to its characteristics, the resulting glaze sho u ld not be at tacked, but a GHB
classifica tion is found . On observing the su rface of the glaze treated with IICl (Figure 3)
and wi th lactic acid, it can be ap precia ted that the attack ha s occu rred around the added
coru nd u m (porous agg lomera tes of very fine particles), either on the coru nd um itself o r
on the glass resul ting from its reaction with the mel t. Accord ing to the literatu re IW I,

alumi na increases glass chemical resistan ce except in very high proportions, in w hich case
a change takes place in the co-ord ina tion of this oxide, yield ing an attac kable glass .

Figun' 2. Surfact' of bast' B2.. Figure 3. Sll ~{lm' of " 11:01' 81 ('felted ,cith HCI..

Base 133 contai ns an opa que zirconiu m frit with qu ar tz, zircon and coru nd u m
add itions, the last two of ve ry fine particle size. In the resulting g laze (Figure 4) these
crys talline phases a re observed together with the acicu lar zircon crys ta ls that devitrified
from the fri t. This glaze is not attack able, jus t like 131.

Base 134 is mad e from a ma tt barium frit withou t added crvsta lline materials. The
surface of the resulting glaze is completely covered with barium ~ l um i nosi l i ca te crystals,
forming a roug h texture with very littl e glassy ph ase, in which certa in open pores remain
because bu lk crys tallisa tion has arres ted sintering (Figure 5)[101.
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FigHre 4. Sill/ace appearallcc of tile glaze made tcith ba~ t' 83.

2002

The attack it undergoes with hydrochlor ic acid is relatively slight, as Figure 6 shows,
and seems to occu r on the glassy phase. Lactic acid does not alter g laze microstructure.

Figure 5. S urfa ce (~f the gin:!' made it'i tIJ ba~c B4. Figu re 6. SIlI:{lKc (~f base B4 etched with HCl.

3.2 GLAZES PRODUCED BYSCREEi\' PRINTI:'\G.

3.2.1 Effect of screen printing on the attackability of the resulting gla: es.

To analyse the in flu ence of th e screen printing applica tio n on the resistance to ac id
attack of th e resu lting glazes, 84 was selected out of th e previous bases, since it was
compositionally closest to the industrial barium matts and p resented a moderate
resistance to acid attack. The three screen printings describe d in section 2 were app lied
to th is base. Table 3 de tai ls th e test resu lts of their res is tance to hyd roch loric and lacti c
acid attack.

Base Screen printing 18% nc: 5% lactic acid
B4 SI GHB GHB

S2 GHA GHA
S3 GHB GHA

Table 3. Results of the acid resistance test.

P. (; 1-103
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Screen print 51 cons is ts of a mixture of a matt barium and zinc frit with wollasto nite,
qu artz and kaolin. The glaze produced by application to B4 (Figure 7) con tains crystallised
barium alu minosilica tes and anor thite, th is last materi al resu lting from the reaction of
kaolin w ith the calc ium in the glassy phase. On the su rface of the etched glaze (Figure 8),
it can be observed that attack h as taken pl ace on the glassy phase with bo th acids, leaching
the modi fier cations and lea ving a crazed silica gel skeleton \21.

Figure 7. SlIrface of glaze 5184 . Figure 8. Surface of 51 84 etched trith 18% HC/.

The cross section of the etche d glaze (Figure 9) shows that attack has no t only tak en
place on the uppermost layer, bu t has surprising ly leached the glassy mat rix to a thickness
of 40 to SO urn , while the crysta ls and initially added kaolin remain. On comparing th is
with the cross section of the origina l glaze (Figure 10), it can be observed th at the attack
affec ts the w ho le thickness of the screen prin t, stopping at the base, wi th w hich no
interac tion seems to have occu rred .

Figure 9. Cross section of5184 etched with He l. Figure 10. Cross section (~fsla=e 5184.

The glaze made wi th 52 is not attacked by either of the tw o acids. At the surface
(Figure 11 ) a high proportion of zirco n crystals and res idual glassy phase are observed,
which are not attackable. In th e cross section (Figure 12), an interaction ba nd abou t 15 urn
th ick can be apprecia ted, where crys tallisa tion of the barium alum inosilica tes of base B4
has been inhibited. This interaction area, however, does not reach the surface of th e piece
and the che m ical properti es of the glaze are those corres pond ing to th e screen print.

PGI -211ft
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Figlln' 1, . Sll ~fjlCt' (~f gla:t' 528'; . Fi.~lIn·12 . C n J:,:, :'I'ct itl l1 t!f S2R-l: 11' <crccn pr int, bJ lJt1 ~ t' .

(} illtt'Yl1d ;lllZ rt'Sioll.

The su rface of the gla ze produced with
53 (Fig u re 13) is full o f bari u m
a lu m inosilica tes. In the a ttacke d pi ece
(Figu re 14) some crystals see m to have been
re moved , though the glass a ureole th at
su rrou nd s them mav ha ve been attacked,
faci lita ting the ir det~chmen t. As a result of
crys tallisa tion, this glass ca n ha ve been
impoveri sh ed loca lly in silica in respect of
the rest o f the glas sy matrix, which is not
attacked . In fact, g las s tendency to leach
increa ses qui ckl y with modifie r content Fi,,,urt' 13. 511 ~ fill" ' · I ~{ sla:l·S3B-l .

when the silica p roportion falls below 66
mol :~;" it value at which eve ry silicon atom is associated with a basic cation and significant
rupture has occurred of the bonds in the glassy network ['I .

Th e cross sect ion (Figure 15) shows there ha s hard ly been any interaction between
the base and the screen pri nt , owing to their compositional similarity and the low glassy
phase content o f bot h materials, which are highly crys ta llised . Un like 51, acid attack has
bee n rest ricted to the outer su rface, w ith ou t progressi ng inward into the g laze, w hich
indica tes that it occu rs on scattered areas (crystals or aureoles of mod ified glass) and not
on the continuous g lassy m at rix ,

FiSUfl' 14. 5111:{Jl(t' ( ~ r 5384 etched with net. f ig/l re 15. Crtl~:' -:'t'ctioll 453H-l ctcht'd lPith He!.
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3.2.2 Effect of the base 0 11 the attackability of the resulting gla:es.

To stu dy the effect of the base glaze, scree n print SI was se lected, which had been
the most attackable in the p revious experi me nts, and it was applied to bases Bl to B4.

Tabl e 4 details the test resu lts on the resistance to atta ck by hydroch loric and lactic
acid .

Screen printing Base 18% net 5% lactic acid
Sl BI GHB GHB

82 GH8 GH8
83 GHA GHA
84 GH8 GH8

Table 4. R(~ Il 1ts of tlzt' acid resistance tests.

Figure 16 shows the surface ap peara nce of the glazes produced on applying SI to
the different bases. No ticea ble cha nges are observed in the microst ru cture of the glazed
su rface, implyin g that this screen print has interacted significa ntly wi th so me of the bases.

FiSllrt· 16. 5I1rfac(' 0/ tilt' gla:('s produced with sen'e" print I1l'plicatio11 51 011 "IlSI"5 lH . H2, 83 and B-1.

The su rface of the glaze mad e with base Bl (Figure 17) cons ists of a glassy mat rix
with barium alu minosilica tes, together with qu artz particles, kaolin and anorthi te
crystals. Attack (Figu re 18) takes place on the anorthi te crys ta ls that have formed around
the kaolin agglomera tes, by reaction of kao lin with the calcium in the mel t.

1'. C I · 20",
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, ~ "4Qfl i:let ....D '>0,..
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Fig lf Tt· 17. 511~{llCt' {~r 5181. a: l larillm
nlumino- ilicatcs; b: k aolinkn torthite.

Figure 18. 511 ~t;1Ce of 51 81 etdh'd .cillz HCl. 1,:
area:, re11l0..-cd by attilck,

In the polishe d cross sec tion, the
scree n p rint completely covers base 81
(Figure 19), but the barium crystals only
form in th e up permost part of the region s
with less interaction wi th the base, since
the com positional cha nge that this causes
inhibits crys tallisation .

In the surface of the glaze mad e
with base 82, zircon pa rticles from the
base can be observe d (Figur e 20). Areas
with two colours can be distinguished :
th e clearer con tai n agglomerates o f
bar iu m crvsta ls and ka olin / anorth ite
par ticles, s~ that they will be the screen
prin t areas in teracting least with the base .

Figure 19. Cross section of 51Bl . /1: bariulll lr,lf:, tIl15;
ll: knotinlanorthitc.

The acid attack ma inly eliminates ano rthite crysta ls (Figure 21) and occurs in the
areas w ith least in terac tion with the base (in the rest, th ev have sunken ). The areas
exhibiting grea test interaction wi th the base have not sufferedattack, ind icat ing improved
base 82 be haviour. The most reasonable explanation is that the screen pri nt has covered
base areas th at we re attacked (alu mina particles), as can be appreciated in the cross sec tion
(Figure 22).

•
'. ,

1/ spot ".1911 oet WD soIIffl
tz c rv e e 600x SS E 9' 0 3m6.... PbS4 )

Figure 20. 511~fa( (' of gla:e 51B2. Figure 21. Snrface (~f 51B2 del lcd (I 'if" HCl.
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Figure 21. Cross section t~f S 1 B2 dched tcit lt He l. 11: sen'ell print; /1: bll::' t'.

In th e su rface of glaze 51B3, two area s with di fferen t colou rs can also be
distinguished; aga in, the clear er regions correspond to the smalles t sc ree n p rint
interaction with the base (they contain some barium alu minosilicates). Crys talline
aggrega tes from the base (quartz and zircon ) are fou nd across the whole surface, as well
as acicu lar crystals of devitri fied zircon from the base glaze frit (Figu re 23). The cross
section (Figure 24) again shows that the glaze su rface is almost w ho lly cove red by zircon
and that the kaolin / anorthite agglome rates are inside the glaze, since the screen p rint has
su nken and is covered by the base. The beh aviour of 51B3 on exposure to acid attac k is
excellent, just as that of the base.

Figure 23. Sllrfact> of gla:t>51B3. Figure24. Cross section o.f s 1a:c 51H3.

Fina lly, as set out above in the previous section, the glaze p roduced by a pplicat ion
onto B4 is found to be read ily attac kable by the two acids that produce leaching of the
glass th roughout the entire thickness of the screen prin t. The ph otomicrograph s of the
su rface and cross sect ion (Figures 7 and 8) show that the quan tity of arising crys tals in 51
on ap plying it to B4 is much larger than when it is app lied on the remaining bases, which
indicates practically no interaction with B4, while 51B4 appearance and behav iour
approach those th at screen print 51 wo uld have if a th icker layer were applied , w ithou t a
base glaze . With the three p revious bases, whose compositio n is quite di fferent from that
of 51, barium ph ase crystallisa tion is inhibited , the inhibition being greater as interaction
between base and scree n print increases. As a result of thi s smaller crys tallisa tion, the
residual glass con tains more silica and is less attacka ble, so that acid attack is restricted to
relati vely sensi tive crys talline phases, suc h as ano rth ite.

r. GI - 2JO
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3.3. GLAZES PRODUCED BY WET APPLICATION

II QUALI·/~;?2002

To evalua te the extent of the interacti on between the glazes, the mat t ba riu m glaze
(54) was selected as a base on to w hich aqueous suspe ns ions of two different glazes (Cl
and C2) were ap p lied wi th a bell. Glaze Cl cons ists of a mixture of matt barium frit w ith
crys ta lline raw materi als ad ditions (wollaston ite, feldspar, etc.): glaze C2 is a mixture of
those same raw materi als w ith a tran sparent fri t.

The cross sec tion sho ws tha t practi cally no in terac tion occurs in glaze 54 Cl between
the two applied layers.

In the case of glaze 54 C2, given its compositional difference, an in teraction region of
abou t 30 11m is noticeable between both layers . In that area (Figure 25) glass colour is
clearer than in tha t of the top layer, because it has been enriched in barium from the base
an d barium phase crystallisation has been inhibited.

Du e to the great thi ckn ess of the bell applications (2SDll m), the in teraction area is not
very likely to reach the proper surface. Conseque ntly, glaze resistance to acid attack w ill
coincide w ith tha t of the top layer, and w ill only be affected if the glaze thickness covering
th is interaction area is eliminated during the p oli shing processes.

Figure 15. Cross section of glaze C2B4 .

3.4 GLAZES NIADE BY DRY AP PLICATION AS GRA:-':ULARS

To study the interactions during firing among melts with different compositions ,
tw o granu la rs were appli ed onto base 54. One of the granu lars (Gl) was made from a frit
containing zirconium an d a high proportion of calcium and the othe r (G2) from a matt
ba riu m fri t, simi lar to the one used in screen print 53. Th e resistance to acid attack was
evaluated in the res ulting glaze and in the gl aze produced on polishing the pi ece in a
laboratory faci lity, since many granular applications are polished.

Figures 26 and 27 show th e surface of the glaze p roduced w ith granular Gl ,
respectively be fore and after poli shing. The non-polished glaze (Figure 26) contai ns four
types of crystals: a) ZrO" very clear and very small crysta ls wi th a rhombic form, b)
zirco n, clear acicu lar crvstals, also of a sm all size, c) d ouble silicate of calciu m and
zirconium, with large size acicula r crystals, arran ged radially formi ng a six-poin ted star
and, finall y, d ) wollas tonite, d arker, and arranged in an X shape. The smooth dark areas
are glassy phase .

P. GI -211
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Figure 26. Sur/act! of non-polished granular Gl . a: zirconia;
11: zircon; c: calcium and zirccnite doublesilicate.

CASTELLO:-< (SPAIN)

Figure 27. Polislu'd surfaCt' of Gl .

In the surface of the polished glaze (Figure 27), the crys ta ls of the calcium and
zirco nium double silicate pred om inate, distributed throughout wha t were the init ial
granular particles. However, the zrO" ZrSiO, and wolla stonite crys tals are located at the
interfaces (ou tside surface of wh at were initi ally granular particles or cracks in the
particles ). The right half of Figure 27 correspo nds to the centre of the granular particl e,
wh ich only conta ins calcium and zirconium double silicate crys ta ls. The left half
cor respo nds to wha t was the granular particle boundary and this -is where the su rface
crys tallising phases such as wo llas tonite, ZrO, and ZrSiO, are found.

On etching the non-polished and polished glazes with 18% ClH, it was observed
tha t:

a) The non-polishe d G1 granular areas suffered no acid attack, excep t the
wollastonite crystals, which were eliminated (Figure 28).

b) The pol ished G1 granular (Figu re 29) is not attacked, except for the wollastonite
crystals, which also underwent attack in the non-polished glaze.

FiguYt· 28. Ncn-poiislted surface of C t , etchedwith HCI. Figure 29. Polished suriacc of Gl, etched with HCl.

P.CI - 112
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Th ese resu lts indicate that the residual glassy phase of gra nu la r G1 is highly
resistant to acid attack, p robably because it con ta in s a large proportion of non-crystallised
ZrO" and th is in crea ses the resistance to acid attack. The ZrO, remains in the glassy phase
beca-use these phases crystallise superficially, and due to the la rge particle s ize of the
gra nu lar, ZrO, di ffusion toward the surface, to cry stallise, has not been com pleted . Figu re
30 shows a cross sec tion of thi s g laz e, in which zircon crysta ls mark the contours of w ha t
were ini tiall y granular particles.

If the frit is applied in an aqueous suspensio n, ap propriate ly milling g ra nu lar G1,
th e fracti on of crysta llising zirco nium increases in the resulting glaze, w ith the ens ui ng
zirco n iu m impoverishment in the glassy phase an d decreased resista nce to acid at tack. In
fact, th e resulting glaze is attacked by hydrochloric acid , by lea ching of the mod ifie r
ca tio ns in the glassy phase. Figure 31 depicts a cross section of the glaze produced by wet
application of frit G1, showing that it contains more zirco n, and calciu m and zi rconiu m
double s ilica te th an the glaze made by applying the gra nul ar.

Figure 30. Cross section of the glaze produced ;:citll
grallular Gl .

Figure 31. Cross section of the g/a:e prodllced ,citlt sm all
<i:e Gl particles.

If the glaze poli sh in g process is no t ca rr ied out w ith laboratory polishers, but with
industrial eq ui p men t, the resi st an ce to acid attack decreases markedly. This could part ly
occur because the sc ra tches and ch ipping arising in industrial polish ing cons iderably
in crease the con tac t surface bet ween the glaze and the acid '!" , Even without a significant
inc rease in co n tact surface occurring, relativel y small scra tches can cause quick corrosion
of the g lass if the glass is soluble (albeit lightly) in the att acking so lu tio n, and
developmen t o f deep groov es in w ards in to the glaze HI.

Gra nu lar G2 microstructure and behaviour di ffer considerablv fro m th ose described
for Gl. At the su rfa ce of the glaze corresponding to what were initially G2 granu lar
particles, a great quantity of barium aluminosilicate crystals are obse rv ed (celsian or
barium orthoclase crystals), as well as a relativel y small glassy phase fraction (Figure 32).

O n polish ing thi s g laz e (Figure 33) cry sta llisation is also found to be superficia l and
the crvstals a re not uniformly di stributed, so tha t so me areas are fu ll of crvstals w hi le
other~ contain more glassy phase. 0

1'. Cl - 213
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Figure 32. Surfaceof non-polished granular G2.
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In the cross section of the glaze, the particle inter ior s are ob served to con tain a
smaller density of crystals, so that the quantity of crysta ls at the polished glaze surface
w ill depe nd on the thickn ess of th e layer removed in the polishing process (Figure 34).

Figure 33. Surf ace of gmn utor G2. a: SiAI Ba; b:glassy
phase in the interaction region.

Figure 34. Cross section of granular G2. a: SiA1Ba; b:
glassy phase; c: contact area ll'itll G1.

Beh aviour of this glaze on exposure to acid attack depends on whether the surface
is polished or not. In th e no n-polished glaze, ve ry slight attack occurs in the glassy phase
coa ting the crysta ls, as show n in Figure 35. This attack is not app reciated visually in the
piece. In the case of the polish ed glaze, the glassy phase inside w ha t was initially a
granu lar particle is leached w ith He!, leaving a silica ske leton (Figure 36). The glassy
phase of what was initially the granular boundary is attacked much less, w hich w ill be the
result of a change in composition. The exp lana tion is likely to lie in the fact tha t on having
more barium aluminosilicates in thi s area, the glassy phase is poorer in alkalis and
alka line earths, increasing its che mical res istance. Another possibility is tha t at th e
granular border an interaction has occurred betw een what were initiall y a G2 particle and
a Gl particle, which is much more resistant to acid attack.

It was observed that in the polished glaze, th e ini tially smaller size G2 granu lar
part icles have no t been attacked by the acid . Th is can be due to the two possibl e reasons
mentioned p reviously: in the smaller size gran ular particles, there is a grea ter overa ll
crysta l density, while fu rthermore, owing to their sm all size, the inte rac tion area w ith Gl
gra nular part icles is greater.
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Fig /1ft, 35. 511rj;1((' of non-polished G2. etched It'ith fiC!.

The in teraction that takes pl ace
between the two granulars can be observed
in Figure 37.

It sho ws tha t crvs tallisa tion is inhibited
in the contac t a reas between Gl and G2, and
the resulting glass has an in termedi a te
colou r between that of G2 (clea rer w ith signs
of backscattered electrons, du e to the high
bariu m con te nt) and that of G l, which
implies an in terme diate composition and,
consequen tly, a h igh degree of rea ct ion
between both melts. These reaction region s
have show n themselves to be resistant to
acid attack both in polished and non­
pol ished areas, possibly because the glassy
phase has zirconium from Gl and a more
balanced composition of networ k formers
and mod ifiers (owing to d iffusion and
inhibited crystallisation ).

4. CONCLUSIONS

Figure 36. Surfaceof polished GL etched icitlz HCl.

Figure 3/ . Cross section of tlte gla:c prodll(cd
with Gl and G2. a: granular Gl : l,: granular
G2; c: interaction ofC 1 and G2; d: "IlSt' B-.l; c:

illteractioll of Gl and B-l.

a ) In the glazes studied in th is work it has been shown that acid attack can take place
on the glassy ph ase (leaching modifier cations and leaving a cra zed siliceo us
skeleton) and on th e crystalline phases. In these glazes, the most attackable
crystalline phases were shown to be wollastonite and anorthite. The grea t va rie ty
of acid attack manifestat ions makes it d ifficu lt to pred ict the beh avi our of a
devitrifying frit or a frit that interacts with other glaze compo ne n ts.

b) The effect of lactic acid ha s been similar in every case to that o f HCl , thou gh less
agg ressive, so that the attack mechanism seems to be related to the presen ce of
protons and not to a che la ting effect on the divalen t cations. However, these
resu lts canno t be considered gene rally applicable.
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c) Of the glazes mad e with the base glazes, the most resistant to acid attack we re BI
and B3, with high zirco nium con tents. Base B4 suffered slig ht acid attack on the
glassy phase. Base B2 would not be attackable, if it d id not contain porou s
agg lome rates of alumina, which increase the surface area exposed to acid and
locally modify the composition of the surround ing glass as a resu lt of their partial
dissolu tion.

d ) In eve ry case, the interaction between the base glazes and the materials applied to
them rose as the compositiona l d ifference incre ased and their melt viscosity
decreased (favouring di ffusion processes).

e ) The screen printi ng application is most likely to presen t va riat ions in beh aviour
by interaction with the base, due to its small layer th ickness. On applying
differen t screen prints to base B4, little interaction was observed, so tha t the
resistance to acid attack is only determined by the properties of the screen print
ou tside layer. The only interaction observed with B4 is that of screen pri nt 52, but
it does not affect glaze beh aviour, since the interaction area is not exposed to acid
attack. Screen print 51 interacts with all the bases except B4, whose compos ition
is closest to 51. The appearance and behaviour of glaze 51B4 approaches those
that screen print 51 would have if it were applied in a thicker layer, without base
glaze . The interaction of 51 with the rest of the bases makes the qu antity of arising
crystallin e phases decrease and the residual glass more resistant to acid attack, so
that g laze behaviour improves with regard to that of screen print 51. In one case
(51B2), resulting glaze resistance to acid attack exceeds that of its individual
components (51 and B2), since as a resul t of the screen prin t sinking into the base,
particles of kao lin / anorthite from B2 are drawn inside, making it attacka ble.

f) In the glazes applied by a bell, in teraction will be restricted to a more or less wide
area around the interface (de pend ing on melt viscosity) and will not modify the
resistance to acid attack un less th is area surfaces in the glaze polishing process.

g) In the glaze formed with the granulars, there are also interaction regions, which
can be distingui shed beca use G2 crys ta llisation was inhibited , due to the change
in compos ition. With regard to acid attack, granular GI is found to be resistant
(except for the elimina tion of wo llastonite crys tals), both when polished and non­
polished , whil e polished granular G2 is atta cked by leaching of the glassy ph ase.
The interaction areas of G2 with Gl, however, are not attacked bv these acids even
after polishin g. .
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