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The exce llent technical cha racte ristics of por celain tile compa red to other kinds of
floo ri ng have led to a conside rable increase in th e use of this ce ramic material in recent
year s . One of the problem s that most impairs por celain tile qua lity arises w hen its surface
is polished with a view to enhanc ing th e product's aesthet ic qu a lities. Although po lishing
yields smooth glossy surfaces. some sealed pores that lie sca tte red througho u t the til e ar e
exposed at th e surface. deteriorating the final pro du ct's stain res istance.

In this study. th e influen ce of the pressing powder characteristics and peak firing
temperature has been determined on th e porous microstructure and stain resistance of
porcel ain tile.

Industrial spray-dried powders of the ty pe commonly employed in porcelain tile
manufacture were used in the first part of the study to determi ne the variat ion of true
porosi ty and pore morphology wi th peak firing tem perature . In th e second pa rt . press ing
powders with differ ing characteristics were employed to com pare the porous
m icros tructure of the final product. In both cases. the rela tionship of th e res ulting porous
micros tru cture to th e po lished product's ability to wi thsta nd sta ining was established.

The resul ts obtai ned in th is study show that it is poss ibl e to improve the stain
res istance of polished porcelain tile by selecting th e most su itable pressing powder
cha rac teristics and peak fir ing temperature so as to produce a microstructure that is made
up of th e minimum number of sea led and iso lated por es.
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Porcelain tile is a product with a colo ured body, generally with litt le surface decoration,
which is homogeneou s and has very low water absorption (usually below 0.1%). The
manufacturing process bas ically consists of the follow ing stages: wet milling and spray
drying of the resulting suspension, follow ed by pressing. drying and firing. which usually
takes place in ro ller kilns [1].

Th e low porosity of the fired tile largely determines its excellent mechanical and surface
properti es . Thus. porcelain tile is generally ch arac terized by its high mechanical str ength.
abrasion and frost res istance, as well as its unalterability when exposed to common
che mica l agents (acids, cleaning produc ts, alkalis . etc.).

One of th e fac tors that most imp air s porcelain tile qua lity aris es when the tile surface is
polished to enhance its aesthetic charac teristics. Although such treatment pro du ces
smooth and highly glossy surfaces . pores that were sealed within the body appear at the
surface . thus lowe ring the stain resistance of the installed tile.

To reduc e th is defect. tile must be produced with minimum sealed porosity. This
prop erty is mainly determined by the characteristics of the composition , and the
manufacturing process variabl es . In ind ust ria l practice. it has ofte n bee n observed that
when the composition con tained an exces sive proportion of impurities (Fe20,. car bon , etc.).
or the processing had not been appropriate (insufficie nt degree of mi lling. inad equate
pressi ng or firing, etc.). materials were obtaine d with low stain resistance . Th erefore. to
obtain low sealed porosity. besides minimising the presence of impur ities that break down
at high temperature. the formed tile must exhibit a suitable microstructure to facilitate the
suppression of th e pores present in th e firing stage. On the other hand. it is vita l that th e
liquid phase that arises during this stage shou ld exhibit the appropriate viscosity to allow
obtain ing a high density product unaffected by defects relating to dimen sional non­
u nifor mity.

Thu s. if the charac teristics of the starting compos ition and/or values of th e process
varia bles are un suitable. a product will be obtained with excessi ve sea led porosity and
therefore with decreased sta in resistance.

On the other hand. in view of the differing stain resistant behaviour of porcelain tile
found in the marketplace. whose sealed porosity values are quite alike. it seem s logical to
assume that it is not only thi s property that determines sta in resistance. but als o all the
remaining characteri stics of the fired tile. which defin e its porous micro structure (pore­
size dist ribution, pore sha pe and connectivity. etc.).

Although studies exist [2][3J on the infl uence of the forming process vari abl es (mois ture
content and pressure) on some porcelain tile characterist ics (porosity. firing shrinkage.
mechanica l strength . etc.), no rigorous study has been undertaken to date of the causes of
sealed or final porosity. Nor have studies been encountered in the literature, which have
att empted to relate the porous microstructure of the fired tile with th e fired product's
ability to withstand staining .

This study was th erefore undertaken with a view to determining the re lationship
between the porou s structure of porcelain til e and its stain resistance . For th is purpose.
using indus tria l compositions, the impact of pre ssing powder characteristics (prese nce or
abs en ce of agglom erates. agglomerate size, etc.), and pea k firi ng tem perature on tile por ous
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microstructure we re determined. in an intent to relate this microstructure to the po lished
product's sta in res istance.

The work was th us aimed at learning mo re about the most su itable operating condi tions
for porcelai n tile man ufacture w ith a view to obtaini ng porcela in tile with enhanced
qu ality.

2 . EXI'ERIMENTAL

2. I. MATERIALS

'1\\'0 ind ustrial spray-drie d powders of the kin d tha t are commonly employ ed III

porce lain tile manufacture were used as start ing materials (I' l l and 1'1 2).

The firs t was used to study the effect of peak fir ing temperature on the porous
microstructure of the tile . The second powder sample was em ployed to determine how th e
agg lomerate characteristics influen ce th is same pro perty. Both spra y-dried powders were
formula ted fro m natural kaolin itic-illitic cla ys. potassium-sodiu m feldspa r and feldspat h ic
sa nd. T he main di fference between th e two spray-dried powders wa s th e degree of mil lin g
tha t eac h had undergone.

T he che m ica l compos itio n of the spray-dried powders was determined by X-ray
fluo resce nce . Particle-size a nd agglomera te-size distri bu tion wer e respectively determ ined
by X-ray absorption (wit h the Sedigra ph tech nique) and dry screening. These resu lts have
been detail ed in Tah les I and II and in Fig. 1. Finally, th e specific surface area. assessed by
th e BET me thod. was 15.2 and H.B m' /g respect ively for samples I'l l and 1'12.
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Tab le I. Chemical compos ition ofthtl industrial sprav-dtind ponders (nt%).

Si02 67. 70
AI203 20.10
Fe203 0.62
CaO 0.63
MgO 0.23
Na20 ...28
K20 l Al

TiO, 0.87
Loss on ignition ...05

Table 1/. A~JoIl1 emlp.·5 ;zC di stribu tion of the ind ustrial »prav-dricd pmwh!,-..; (nt %).

Mesh aperture (urn) DilTerential percen tage (%)
> 600 ..

500 ·600 13
300-500 56
200-300 ?O

< 200 7

2.2 EXPERI~1ENTAL PROCEDURE

2.2.1 Pressing powder preparation

Two pressing powders were pr ep ared from industrial spray-dried powder P12.
referenced PF and PD. The first of these (PF) corresponded to a particle-size fraction of
sam ple PI2 in the range 100 to 200 lim, and was obtained by dry screening. The second
(PO) was pr epared by breaking up the agglomerates present in the industrial spray-dried
powder in an agate mortar.

2.2.2 Test specimen formin g

The four prepared pressing powders (PI1, PI2, PF and PO). were us ed to form 0.7 cm
thick cylind rica l test specimens, with a diameter of .. ern. by unidirectional pressing in a
laboratory hydraulic press. Pressi ng moisture content for all the powders was 0.055 kg
water/kg dry so lid. Test specimens were formed from the indus trial spray-dri ed powder PI2
at pressing pressures of ..00 an d 800 kg/em' ( PI400 and PI8(0). The re mainig test
specimens from th e other spray-dri ed powders were all forme d at ..00 kg/em >.

The test specimens obtained were dried at a temperature of 110 °C in an elec tric
laboratory oven with recirculating air to constan t weight (de termined on sca les with an
accuracy of O. OO lg). They were subsequently measured using call ipers with a n accuracy of
O.Olmm, and bulk density was det ermined by the method involving immersion in mercury
I..).
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2.2.3 Test specimen firing

T he d ry test sp ecimens were fired in an electric laboratory kiln at d ifferent peak firing
tem peratures, ranging from 1180 =C to 124 0 <c. Th e heating rate wa s 2" cChn in , with a Ij
mi n dwell at peak temperature, Cooling took place by forced co nvec tion. usi ng a
ventilation syste m. exce pt at temperatures in the range 590 to 5"0°e. at wh ich natural
convection was em ploye d.

2.2 .4 Characterization of th e fired test specimens

Bulk density of the test specimens (pc:! was determined by imme rs ion in mercu rv.
Linear firing shrinkage was assessed as the differen ce between th e di am eter of the dry and
fired sp ecimen . defin ing this parameter on a dry basis . Water ab sorption (E) was calcu lated
hv measuring th e weight gain of th e test specimens on placing th em in hoiling wa ter for
two hours. according to the procedure set out in standard El\ 99 .

T hese values allowed ca lcu lating true porosity (E',.) ' apparent porositv
porosity (Eel of the test sp ecimens by means of the following equations;

( I Pc ·
£ 1 = - - ) 'rJiJ

P,

E" = I ,' · Pc

Ec = f r - Ell

(r.,) and sea led

( I )

where p, is the true dens ity of the fired product , de termined on spec imens fired at
1201n : with a he lium pycnometer. making the ass umption that this was th en co nstan t for
th e remaining temperatures. The value found was 2.1;0 g/cm :'.

Finally. in order to examine th e porous microstructure and assess the sta in resis tance of
the materials. cros s-sectiona l sl ices were prepared from the centre of th e test speci me ns.
These sp ecimens were then embedded in an epoxy resin and poli shed , u pon which thov
were stained with a spec ia l felt-tipped pen used for glass. After OIl" minute, the samples
wen, vigorously cleane d using cotton wool soaked in alcohol. and subseq ue n tly exa m ine d
bv optical microscopy using two illu mination systems; bright- and dark- field illumination .
In til" first. di rect lighting was involved, at right angles to th e in sp ected surface. a llowing
th e por es and surface irr egularities (microstruc tu re] to be observed . whereas in the dar k­
field . th e lighting wa s indirect. yield ing images that are similar to those pe rceived visua lly
by til" human eye. The latter technique a llows perce iving and qu antifying d irt retent ion in
the por es .

3. RESULTS

Tahl o !II details the results correspond ing to the characterization of th e unfired and
fired test specimens formed from th e four types of studied powders (I' ll. 1'12. PI' and I'll ).
as we ll as those of the ser ies of test specimens furui ed using powder 1'1 2 a l greatm pressure
(I'IHOO).
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Table III. . Characte ristics of the unfired and fired test specimens formed fmm the four studied pressing po wders.

Ref. Dry bulk
d~l!si\!
(glcm )

"

Apparent Sealed
pcrcsity i: Is porosity

(%) ) 1 (%)

PIl

PI400

PI 800

PD

PF

1.850

1.8 i?

1.979

1.961

1.87 5

1180 8.1 1.34 2.3 30
11 90 8 .7 0.04 2.381
1200 8.7 0.01 2.386
1210 8.7 0 .01 2.386
1220 8.6 0 .05 2.3 74
1230 8.4 0.02 2.354
124 0 7.7 0.01 2.295

1180 7.9 1.43 2.3 21
11 90 8.5 0.06 2.372
1200 8 .5 0.00 2 .377
1210 8 .5 0 .02 2.377
12 20 8.4 0 .00 2.3 65
12 30 8.2 0 .02 2.3 45
1240 7.5 0.03 2.286

1180 6 .8 0 .13 2.3 73
119 0 i.O 0 .03 2.389
1200 7.0 0.02 2.39 1
121 0 6.8 0.01 2.3 75
1220 6.6 0.02 2.363
1230 6.2 0.01 2.330
1240 5.3 0.0 2 2.2 49

1180 7.1 0.11 2.3 8 7
1190 7 . ~ 0 .04 2.401
1200 7.3 0 .04 2.4 08
1210 7.2 0 .02 2.396
1220 7.0 0.01 2.3 91
1230 6. 7 0. 02 2.36 2
1240 6. 3 0.02 2.32 5

11 80 7.9 1.01 2.3 19
11 90 8. 4 0 .11 2.3 59
12 10 8.5 0 .04 2.374
12 30 8.1 0.04 2.339
1240 7.5 0 .00 2.279

10 .38
8 .43
8 .22
8.22
8.68
9.4 5

11. 72

10.73
8 .i?
8 .58
8. 58
9.04
9 .8 1
12 .08

8 .73
8.12
8.04
8.6 5
9.12

10.38
13.50

8 .19
7.6 5
7.38
7.85
8 .04
9 .15
10 .58

10 .8 1
9.27
8.69

10 .04
12.35

3.1 2 7.26
0 .10 8 .3 3
0.01 8 .21
0.0 2 8 .20
0.02 8. 66
0 .05 9 .4 0
0 .03 11.69

3 .32 7.4 1
0 .14 8 .63
0 .0 0 8. 58
0 .05 8 .53
0.00 9.04
0 .05 9 .75
0.07 12.01

0 .31 8 .4 2
0.0 7 8. 04
0.0 5 7.99
0.02 8 .63
0.05 9 .07
0 .02 10 .3 6
0 .04 13.46

0 .26 7.93
0 .1 0 7.56
0 .10 7.29
0 .05 7.80
0 .0 2 8 .0 1
0 .05 9 .1 1
0.05 10 .53

2.34 8 .47
0 .26 9 .0 1
0.09 8. 60
0.09 9 .9 -1
0.00 12.35

3.1 INFLUENCE OF FIRING TEMPERATURE ON PORCELAIl': TILE POROSITY.

Fig. 2 depicIs a plot of the evolution of tru e porosity, ap pa rent porosi tv, and seal ed
porosity, of the test specimens forme d at 400 kg/em' from powder PI1 as a fu~ction of peak
firing temperature. It can be observed tha t as peak firing temp erat ur e rises, true porosit y
falls as a result of the sinteri ng process that arises in the presence of liquid phase.
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T he figure sho ws that den sification of th e mat eria l is mai nly du e to th e decrea se in its
ap pa re nt por osity, which bec omes vir tually zero at 1200 'c. This drop in appa re nt porosi ty
is associa ted with a ris e in th e speci me n's sea led porosity, as a resu lt of the progressi ve
incomrn unication of th e pores that ta kes place on in crea sing th e glassy-phase pro por tion
12115 1·

At te mperatures beyond 1200"C (at w hich almost a ll poros ity is sca led porosi ty), the
pressure of the occluded gases wit hin the pores rises, opposing the progressi ve
densificat ion of the material. Sealed porosity th us grows with temperature , even after the
virtual suppression of ap parent poros ity, yielding a volume increase or b loating of the tile .

:1.2 RELATI O:-lSHIP BETWEE:-I TIlE PORO US MICROSTR UCT URE /\.'\;O STAI:-\
RESISTA:-ICE OF PORCELAIN TILE

In orde r to re late th e microstructure of the test specimens to their s tain resi stance.
polish ed cross-sectional slices of th e tes t spec imens, which ha d been for med a t 4 00 kg/crn ''
from industrial spray-dried powd er I'll , were exam ined by opt ica l microscopy after the
stai n res istance test s were carried ou t. These specimens ha d been fire d at the follo wing
peak firi ng temperatures: 1180 , 1200 , 12 10 and 1220'C. Figs. 3 to 6 show the ph otographs
take n under bright -field and dar k-field illu mination. It sho uld be kept in mind tha t in th e
brigh t-fiel d images all the por es present at th e sp ecimen sur face ca n be ob served . whereas
in th e dar k-field images. onl y those can be perceived tha t have retained dirt.
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l1right·f idd Uar~ 'ficJd

Figure 3. l'JlOto~mJlhs correspon ding /u the PI1 series tes t specim en f ired at 11 RO~C (1000 111m)
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TI", figures show that as firing tem perature rises . dirt retention decre ases. up to a
tumporuturc (121O"C). beyond which this trend is inverted. This behaviour seems to be
related 10 the variation that the porous microstructure of the tile undergoes with firing
tcm jiora turn.

T hus. at low tem peratu res. below peak densificat ion temperature (Fig, :1). th e porous
nucrosuur .ture of the materia! is made up of a system of interconnec ted pores, into whose
IlUIlH: ro US capi llaries dir t enters . which can subsequen tly not be removed. making the tile
surface loo k stained.

On ra ising temperature . tho porous texture evolves towards a system with fewer
interconnected pores , reducing the number of small pores (below " um] and slightly
raising th e volume of the larger-sized ones (above 30 urn ]. Consequently. surface quality as
far as a stained appearance is conc erned . improves noticeably. as Fig. .. ShOl\'S,

Finally. a t temperatures above 12llll"C. at which the material bloats. th e porosity
observed is mainly comprised of isolated. round pores, as a result of the pressure oxcrtud
by th e gases trapped inside th e por es. At th ese temperatu res , if th e degn", of bloating does
not become excessive (1210' C). tho surface appea rance of th e sp ecimen conti nues to
improve. Howe ver. if ad vanced bloating occurs (1220'C), surface qua lity starts
deteriorating. owing to the presence of large pores (excee di ng liD urn ], which retain dirt.

It is worth pointing out that when the porous micro structure is principally made up of
isolated por es, their c leana hility does not depend upon th e size of jlore ex posed at th e
surface . rather on its depth , Thus, large por es may exhibit greater cloa nah ility than smaller
ones. as Fig. li shows, Howe ver. from a statisti cal point of view, th e depth th at the pores at
the polished surface exhibit is related to th eir size, allowing th e iuterenco that th e most
suitable firing temperature for thi s type of product , with regard to its behaviour when
exposed to staining agents. must be that which provides the tile with a microstructure
co nsisting of a minimum nu mber of small . isola ted pores (below 1" u m} . Su ch cond itions
are found in standard porcelain tile com positions at firing temperatu res slight ly exceed ing
peak densifica tion temperature.
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3.3 INFLUENCE OF PRESSING POWDER CHARACTERISTICS ON THE POROUS
~nCROSTRUCTIJRE At'\lD STAIN RESISTAt'\lCE OF PORCELAIII: TIL E.

Fig. 7 shows a plot of the variation of true porosity of the specimens formed from the
studied spray-dried powders (PI2. PF and PO) wit h pea k firing temperat ure. It can he
observed th at th e variati on of true porosity with tempera ture for samples PF and PO is
qualitatively quite similar to that found for a spray -dried powder. whose behaviour was
described in Section 3.1.

14

13

12
~

e: II
~

Q
.(7. 10
0
~

0
c. 9
'"=>
~ 8

o
7

0
11 80 11 90 1200 121 0 1220 1230 1240

Temperatu re (0C)

-0­
PI 400

-0­

PI 800
--<>­

PO
-&­

PF

Figure 7. lh rjation oftrue porosity with peak firing temperature of the lest specimens corresponding to series PI400, 1'/800.
PD ami PE

A co mparis on of the curves corres ponding to the tes ts specime ns forme d at 400 kg/em"
fro m spray-dried powder PI2 (PI400) and fraction 100-200 11m of tha t powder (PFJ, sh ows
no significant differen ces in the value of the minimum porosity obtai ned. Th is resu lt
suggests th at for the tested sp ray-dr ied powder, the size of the agglomerates ha s no
significa nt effect upon the resulting fina l porosity.

On comparing the curves cor respond ing to th e industrial spray-dried powder (PI400j
and the disagglom erated powder obtained from it (PO), it can be observed that the
specimens formed from the latter material exhibited less porosity across the whole range of
tested firi ng temperatures, yielding fired materials with lower final porosity. Such differing
behaviour mig h t be related to the presence of microstructural heterogeneit ies in th e
pressed specimens formed from the spray-dried powder, which could in turn come from
the granu le's own microstru cture and/or th e presen ce of agglomerates or agglomerat e
fract ions that were not broken u p or de forme d. According to the literature surveyed (6-9}.
agglomerates obtained by spray-drying are ch aracterized by a lack of microstructural
uniformity, mainly owing to the void or in tragranu lar pore , as well as the mar ked
orientation of the plate-like parti cles of clay mineral within the granule.
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However. as a drop has been reported in some studies in fin al tile poro sity with the
increase in co mpactness of the unfired body [2J. th e differences that have been observed
co uld be related to th is fact. since the tes t specimens formed from the disagglomerat od
powder [PO) showe d greater compactness of the unfired body [Table Ill ) in respect of the
test specimens formed from the industrial spray-drie d powder [1'1400).

To compare th is las t aspect. test specimens were for med fro m spray-dried powder PI2 at
greater pressure (PI800) and fired at different temperatures . The var iation of porosity with
peak firi ng te m perature for these specimens has a lso bee n pl otted in Fig. 7. The figure
shows that in spite of the fact that this las t series of tes t specimens (1'1800) exhibited
greater dry bulk density th an the test specimens formed from th e di sagglo merated powder.
lower final porosi ty was not found in the fired ma ter ials . However. fina l porosity was
lower than tha t obtaine d from the series of test specimens formed at lower pressur e
[PI400). as expected in view of the data reported in forego ing stu d ies .

These resul ts show tha t a lthough th e gra nules present in the spray-dr ied powder must
be vir tuall y broken up or deformed at the pressures usually employed for forming suc h tile
[350-600 kg/em'), th e microstructure th at is produced when a spray-dried pow der
agglomerat e is used appears to be th e ca use of a cer tain fina l porosi ty in th e fired
mat erial s. This effect is no t observed wh en th e powder involved contains no agglome ra tes.

With a view to ver ifying whether the d iffere nces in final poros ity thai had been
observ ed yielded differing beh aviour with regard to staining agen ts. the sta in tes t was
ca rr ied ou t (Section 2.2.4) on the tes t sp ecimens fired at a tempera ture of 12 10°C. T he
ph otographs in Figs. 8 to 11 show the resu lts . It can be observed in these ph otographs tha t
the test speci me ns formed at high er pressure (1'1800) and to a larger ex te nt the sp ecimen s
cor res po nd ing to th e disagglomerated powder (PO), exh ibit a better surface ap peara nce
(less staining) tha n the ser ies formed at 40 0 kg/c m'' [1'14( 0). The be hav iour observed is not
only due to their low fin a l porosity but th e sma ller number of pores capable of re ta ining
dirt. w hi ch are basically me dium-sized (30 urn ] or large pores [exceed ing GO urn),

Similar results to the foregoing ha ve been found in test specimens formed from powder
1'1' It can be observed on compa ring th e photogra phs in Figs. 8 to 11. cor responding to the
test specimens formed from industria l powder [PI400) and pa rticle-size fraction 10 0-20 0
~Ul1 of this po wder [1'1') , that th e presence of fewer large pores in th ese sp ecimens. probably
as a result of th e existence of smaller intragran ular pores or voids. no ticeably im proves the
surface qual ity of th e materials. th us lowering the impress ion of staini ng.

3.4 ASSESS;\IE:-:T OF TIlE CAUSES GIVI:-\G RISE TO FINAL POROSITY (;\'
PORCELAIN TILE FORM ED FRO;\I SPRAY·DRIED POWDER AGGLO;\IERATES.

In the previous sections, it has been show n that w hen a sp ray-dried powder is used.
materi als with a ce rtain final porosit y are obta ined, associated to the very cbaracteristics of
the agglome rates ma king up the powder sample. This porosity, main ly consisting of
medium-sized or large pores [exceed ing 30 urn}. may sometimes (depe ndi ng upo n the
co m posi tiona l cha racterist ics and the va lues of the pro cess variabl es ) ap preciably low er
the produ ct's ability to wi thstand sta ining.

Witb a view to substan tia ting th e above res u lts, while simul taneously trying to
det ermin e th e int er- or in tragranular na tu re of fina l porosity, polished cross sect ions of test
sp ecimens fired at differen t peak firing temperatures were examine d by optical
microscopy. These test specimens had been formed from a pressing powder mad e up of a
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mix of three parts of a coloured spray-dried powder (obtaine d by adding 2 wt% black
pigment) to one un coloured part. Th us, on superimposi ng the images obta ined in the
bright-field and th e dark-field by means of an image analyzer connected to the microscope,
the pores existing at the polished specimen surface and the outlines of the agglomerates
could be simultaneously visualized, Th e procedures used for forming, firing , and polishing
the test specimens were identical to the ones described before , Although a considerable
number of regio ns were inspected in each test specimen, the images corresponding to on ly
one representat ive region of each test specimen are shown in this stu dy,
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Figs. 12 to 15 depict the images obt.unod. The existing pores are shown as black. the
aggloI11erates corresponding to the spray-dried powder w ith pigment are a dar k grey, and
the ones from the powder without pig ment are a light grey co lour. It ca n Iw obse rved tha t
at tem pera tures be low peak densifica tion temperature (1180'Cj, a pa rt of the ex isting
pores , hav ing large sizes [!iO-120 run), appears to be linked to the presence of agglomer ates
that ha ve not been ful ly broken up or deformed dur ing pressing, and have kept th eir
ide n ti ty in the fired ma ter ial. Thus, Fig. t2 cle arly shows th e outl ines of the agglome rates
just as th e presen ce of large pores in tho central region of the agglome ra tes, w hich may I",
relat ed to the characteristic in ner void of agglomerates pro du ce d by spra y d ry ing.

On ra ising temperature lip to values close to peak de nsification temperat ure (1200°C), it
ca n be observed that as a res u lt of the sin ter ing process, th e smalle r pores progress ive ly
d isappear. whereas the larger ones remain and even grow. some of which are located in the
centra l region of th e agglomerate.

At higher temperatures (above 1200cCj , at which th e ma terial starts b loa ting, some
pores may still be identified together wi th agglomerates, however as peak fir ing
temperature rises. agglomerate ou tlines becom e more diffuse as a res u lt of the advanced
state of sintoring. which hinders estab lishing a clear relationsh ip between the presence of
large pores and the existence of partially broken up or deformed agglomerates.

These results suggest that at least a part of th e medium-size or large po res arc rela ted to
the use of spray-dried powders . and more sp ecifically to the charac teristic intragranular
pore or void of the agglomerates that com prise this pressing po wder, Howe ver. the resu lts
obtained do not allow identifying with certa in ty at which moment these pores arise. si nce
they may be due to the presence of agglomerates that were not wholly broken up or
deformed in pressing. or to th eir reappearance in firing at the posit ion they or iginally took
up. This latter effec t cou ld arise as a resu lt of th e behaviour during si ntering of the
ma terials formed from agglomerates characterized by a marked microst ruct ura l
heteroge neity. An exampln of such hohuviour could be the an iso tropic shr inking th at th is
kind of agglomerate un dergoes as a resu lt of the orientation exhibite d by the cla y mineral
particles tha t they cont ain 1101.
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Figure 12. Photograph of t/Ie lest specimen fired at l1RWC.
formed from Q sp ray-dried powder mix with and
without pigment. t i OOpm)

Figure 1-1 . Photograph of lhe lest spe cime n fired at 1220 ''(:,
formed from a spray-dried powder mix with unci
witho ut pigment. !.'iOOPJJl}

4. CONCLUSIONS
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Figure 13. }Jholograph of the test spocimen fired.
a t 1 2 00 ~: .o;!lUpe d [nnnu snrav-dricd
powder mix with cuui wi thout pigment
(S OO usn}

Figure 15 . P/lOlogmph of the test spec im en jimd 01
1240 "C. formed from n sJlfY1y ·dried
po wder mix with and n "iI/WUI pigment.
(500Jlm)

The results obtained in this st udy allow drawing the following co ncl usions:

The porous microstru cture tha t provides polished porcelain tile with suita ble stain
resistance is mad e up of the minimum number of small, iso lated pores (smaller than 15
microns) .

For a given porcelain tile composition , the most suitable firing temperature for obtaining
the targeted porous microstru cture lies at slightly higher values tha n those of th e
tempera ture at which peak den sification of the material occurs.

On wo rking under the forego ing cond itions. raising pressing pressure yie lds porcelain
tile with grea ter sta in resistance, as a result of the dec rease in final porosi ty and the
number of medium-size or large pores (above 30 microns). On using press ing powder mad e
up of small-si zed agglomera tes (100-200 microns), although the resu lting fire d mater ials
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have practically th e same porosity as the ones obtai ned from industria l spray-dri ed
powder, their sta in res istance is greater, possibly because the sm a lle r agglomerates a lso
co nta in sma lle r voids.

A procedure has been designed. in vol ving the use of an optica l mi cr osco pe hooked u p
to an image ana lyzer, which allows di stinguishing the inter- or intragranu lar nature of fin al
porosity in por ce lain tile. Using thi s technique, it has been shown that an im portan t
proportion of large pores (exceedi ng GO mi crons), w hich make u p this porosi ty is rel ated to
th e use of spray-dri ed powders .

Il has been s how n that usi ng a non-agglomerate pr essi ng powder allows producing
ma terials wit h grea ter dens ity and sta in re sistance than when a spray-dried powder is
used. The mi cro-het erogeneities that are present (agglomerates with a non-uniform
mi cro structure, intragranular porosity, otc.) , see m to affect the sin tering pro cess, giving rise
La a porou s m icrostru cture consisting of a bigger pro portio n of la rge pores .

Th e resu lts ob tain ed in the present stu dy can lead to new li nes of research aimed at
developing new pressing powders tha t will yie ld porcelain ti le with enha nced quality.
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