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ABSTRACf

The influence was studied of pressing conditions (moisture content and pressure) and
fi ring cycle peak temperature all tile topography and apparent porosity of fired porcelain tile
surfaces,

A study was also undertaken of how the application of 011 aqueous solution containing
different inorganic constituents to the fair face of green porcelain tile specimens affected the
technical surface properties offired porcelain tile.

1. INTRODUCTION

Part of the porcelain tile tha t is currently manu factured is marketed witho ut
polishing owing to the high added costs involved, in terms of investme nts (machinery)
and production costs (consumption of gr ind ing wheels) in the polishing operation. The
unpolis hed fair face of porcelain tile is ma tt, as it is qu ite rough, an d tends to reta in bo th
reversib le as well as irreversible staining!".

It has recently bee n proposed to treat green porcelain tile surfaces with suspensions

(1). ESCARDI :'-JO. A .; I BA)\;EZ, M.J.; A MOR6s, J.L.; MONZO. ~1. Rever sible dirt retentior in glaZt'd tilt' ~urfaces. In : QU ALICER 96.
Cas tello n (Spain), 19%. p. 72:;-726.
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bearing constitue nts of an organo meta llic na tu re (obta ined by the sol-gel technique), with
a view to heighten ing gloss and red ucing stain retenti on in the unpolished porcelain tile
fair face'", Th is meth od ology invo lves the formation on the su rface of the tile of a fine
coating of a di fferent material, with properties tha t dif fer from those of the res t of the
piece.

Thi s study proposes an alte rnative so lu tion, which en ta ils impregnat ing the
green porcelain tile fai r face with a solution containing one or more cons titue nts,
which must penetr ate 1 or 2 mm in to the bod y. The absorbed compone n ts need to
interact in firing wi th the body' s origi na l cons titue nts to for m a she ll or layer (from the
surface inward s), exhibi ting properties tha t di ffer fro m those of the res t of the body.

These ad d itives serve to smoothen the fair face of the fired tile (lowering its
rever sible stain retention capac ity), and sea l the surface, so as to reduce or elimina te the
open pores that produce irreversible staining on soiling.

2. MATERIALS

The test specimens used we re formed from a standard press ing powder employed
for producing porcelain tile, supplied by a Spa nish porcelain tile manu facturer.

2.1. PARTICLE-SIZE ANALYSIS OF THE SPRAY-DRIED POWDER

2.1.1. SPRAY-DRIED GRANULES

Parti cle-size ana lysis of the spray -dried pressing powd er was performed by
ru nning 500 g of the powd er after oven d rying at 11 O°C th rou gh a vibra ting screen with
a screen column having mesh apertu res: 1000, 750, 500, 300, 200 and 125 11 m . No reject
wa s found on the 1000 urn scree n.

Fig. 1 depicts in cumulative form the qua ntity found on each screen (by we ight)
vers us mesh apertu re.
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l'igure 1. Size distribution
of the spray-dried srmrules.

Figure 2. Size distribution of tl/(' pa rticles
forming tire granules.

12). TAUl ELLS.A. (Cas tellon). Proyt'cto OMECO:Grt'S porcetanico natural COli fll'litacio1lt'f,dl 'co ratiVi1S lit' naturoiezaorgmlOmd dlicade
t'lt1'illias prestacionce ft'(l wMgicas. ALFA DE ORO in CEVlSAMA 97 (Valencia]. Unpubl ished.
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2.1.2. PARTICLES FORMING THE SPRAY-DRIED GRANULES

i'!l QUALI~98

The spray-dried granules were broken up in an aqueous solu tion con ta ini ng 1.8 g
sod ium hexamet aphosphate an d 0.4 g anhydrous sodi um carbonate in 1 litre wa te r. The
res u lting suspension was subjecte d to ultrasoni cs for 5 min and left to stand for 24
hours to ach ieve good particl e di sp ersion. Th e sus pension subsequent ly underwent
ult rason ics treat ment aga in for anothe r 5 min followed immediately by magn etic
stir ring for 5 mi n, taking the frac tion that passed through a screen with a mesh aperture
of 60 micro me ters.

Size d ist ribu tion was determined on this so lids frac tion by contro lled sed imentation
usin g X-ray abso rp tion . The instrumen t employed was a MICROM ERITICS SEDIGRAPH
5100.

Fig. 2 plots the da ta obtained in thi s determinat ion . The part of the particle-size
di stribution curve correspond ing to sizes below 0.5 li m (24% of the mass trea ted) was no t
plot ted as this fell outside the method 's and the instrumen t' s detection bounds.

2.2. ADDITIVE USED

Various aq ueo us solu tions bearing di fferent constituents were used to impregnate
the green test spec imen surfaces in the second part of the study.

3. EXPERIMENTAL TECHNIQUE

3.1. TEST SPECIMEN FORMING

Using the pressing powder supplied, 8 mm high cylind rical test spec imens with a
50 mm diam eter were formed in a laboratory press by uni axial d ry pressing.

3.2. ADDITIVE APPLICATION

The g ree n tes t specimens were oven d ried, followed by cooling to room
tem peratu re. The add itive-bea ring solu tion was then applied to one of each speci men's
surfaces. Severa l application methods we re tested :

a) Ben ch-scale airbrushing .

b) Industrial airb rus hing.

c) Gunning in a glazing booth.

d ) Foam rubber roller applicat ion .

e) Screen-printing .

Two d ifferen t drying procedures were tested on the specimens to com pare the
ou tcomes:

i) Immedi ate d rying afte r applying the aqueous additive solut ion.

ii) Dryin g 30 min after application of the aqueous additive so lu tion.

In the sprayi ng applicat ions, the effect was stud ied of adding cer tain const itue nts to
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the add itive solution, with a view to mod ifying solution surfa ce tension and enha ncing
the finished appearance of the treated surface.

In the screen-printing applications, the influence was stud ied of the binder
prop or tion that was adde d to the solution.

3.3. FIRING OF TEST SPECIMENS

On drawin g the test specimens from the drying oven, they were fired in an electric
laboratory kiln, using heat -treatm ent cycles peak ing at tem pera tures of 11 70, 1180, 11 90
and 1200°C. These cycles were kept as close as possible to the industri al preh eati ng and
cooling stages used in firing porcela in tile produced from the spray-d ried powd er
employed in th is study. Fig. 3 provid es an example of such a schedule, correspond ing in
this case to the cycle that peaked at 1200°C. The heating and cooling stages were run at
the following rates:

- Stretch I (from room tem perature to SOlJOC) free rise of temperature at maxim um
kiln power (a, .. 80°C / min).

- Stretch II (from SOO°C to set pea k tem perature for each cycle), all = 2SoC / min.

- Stretch IV (from Tm.. to room temperature), a,v - J7°C / min.

Stretch III in volv ed constan t heat treatment with a 20-mi n dwell at peak
tempera ture.

Each test was per form ed with three specimens, subseque ntly averag ing the results.
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Figure 3. Firing cycle used.

3.4. DETERMI NATIO N OF BULK DENSITY

Bulk density was de termined by the mercury immersion method.

3.5. MEASUREMENT OF FIRED SPECIMEN PROPERTI ES

3.5.1. DETERM INATION OF SURFACE ROUGHN ESS

Su rface rou ghness of the speci men fair face was measured w ith a

P. GI · 148



CASTELL6N (SPAIN)

HOMM ELWERKE, Mod el T4000, rou ghness meter. The roughness profil es were obtained
usin g a conical, diam ond pick-up stylus, with a 3 11 m sphe rical tip, and a 900 cone
opening angle

Based on previous studies'"':SI the following parameters were chosen as bein g the
ones tha t we re in principle considered to supply the most usefu l inform ation for
compa ring the surface rou ghness of the various fired spec ime ns:

R,: arithme tic mean rou ghness (11m).

£0 : param eter rep resenting the quotient of the profile length scan to the traverse
length scan of the pick-up in a straight line. In the ideal case involving a
completely smoo th surface, the two lines will coincide and the val ue of the
param eter will be equal to un ity. In practice the less smoot h a surface, the further
removed will the va lue £0 be from unity. This paramete r, as its definition
indi cates, is di mensionless .

3.5.2. D ETERMINATION OF WATER ABSORPTION

The fired test specimens were submerged after determining their dry mass in a
receptacle conta in ing distilled water, which was kept boiling for 2 hours and then
allowed to coo l for 30 min , after which the specimens were put into a receptacle with cold
wate r. The specimens were then wiped dry with a wrung-out damp cloth and reweigh ed .

3.5.3. STAIN TESTS

To determine irreversible stain retention in the specime n surfaces as a result of
apparent porosity, a sta ining test was run usin g an EDDING 3000 inde lible black glass
marker. Th is was applied by ha nd, exe rting a certain pressure to facilita te stain
penet ration into any eve ntua l ope n pores in the surface. The surface was the n wi ped
clean w ith a cloth moistened in ethanol and carefully dried wi th an other cloth unti l only
the sta in ing retain ed in ope n pores and cracks was left on the surface (irreversible
staining). This circumstance was verified with a colorimeter on achiev ing cons tant va lues
for the chroma tic coo rd inates.

In orde r to qu an titatively assess the intensity of the ar ising irreversib le sta in ing,
chroma tic coo rd ina te L* was used since the pores were stained black, measuring this
val ue before and after the above treatment. The value t.L* = L* - L*- was then
determined, w here:

L* = Value of coord ina te L* pri or to su rface sta ining.

L*,= Value of coordina te L* after cleaning the black-stained su rface .

A MACBETH COLOR-EYE 7000 spectrocolorimeter, fitted wi th a 0/80 geome try
(integra ting sp here) was used to measu re the chromatic coordina tes, un der the following
conditions:

131· ESCAIUlII\;O. A ; IHAl\ EZ, M~J. ; BLASCO, A .; A \lOROS, J.L. U~illg the rouglr llt~ :-omt' lt' r for till' quant itat ive ~ t lldy (If ceramic s/azt'
degradation by alwsi')/f. In: QUALICER 92. Cas tellon (Spain) .

(.t]. IBA1'\EZ, M~J . ; A r;RAMU N"I~ J.V.; h LJu, c.; ESCARDI NO, A. Using a ro"gll1l£'~smet" r '" measure tltt' as}'l·rit.'loj a ceramic gla:e. 8th
International Sym posium on Ceramics (SI~tCER-92). Rimini (Ital y). November; 1992.

(51 . ESCARDI:"JO, A ; IBAti.; E7.. M aj.; DE Lrvn.s, R.; M FSfRE. S. variation Ofrougill/t'ss and gloss ill g/nZt'lt till' it'itl, the i"tl'nsity of the 1I'I.'ar
produced 1('itll a standard abrasion teeter. In: QUA LICER 96. Castellon (Spain). 1996 , p . 727 -729 .
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- Standard ClE 1000bserver.

- Standard ClE D65 lighting.

- Excluded specular component.

Five measurem ents were run on each surface, calcu lating the ar ithme tic mea n of the
values ob ta ined for coord inate L*, which represen ts the white-black axis (l00 " white; 0"
black).

3.5.4. GLOSS MEASUREMENT

The gloss meas urements were performed with a reflectometer at a 60° angle of
incidence. A minim um of fi ve measurem ents was obta ined ran doml y at d ifferen t poin ts
on the same surface, subsequently computing the a rithmetic mean.

4. RESULTS

4.1. RELATI O N BETWEEN Tm .. MEASU RED IN THE ELECTRIC KILN USED AND
'r, .. MEASURED IN INDUSTRIAL KILNS

The bulk densities we re compared of ind ustrially fired tiles and test specimens made
from the same pressing powder, formed un der the sa me pressing condi tions as those used
in ind us try, and fired at d ifferent peak temperatures in an electric kiln. To obta in iden tical
bulk density in the fired pieces, it was observed that the peak temperatures in the electric
kiln used in the study needed to be ap proximately 15 to 20°C lower tha n Tm... of the
ind ustrial kilns. This fi nd ing allowed rela ting firing cond itions in an electr ic laboratory
kiln to the firing cond itions used in an ind us tria l single-layer roller kiln.

4.2. EFFECT OF PRESSI NG CONDITIONS (PO WDER MO ISTURE CONTENT AND
PRESSING PRESSURE) AND PEAK FIRING TEM PERATU RE ON FIRED
SPECIMEN FAIR FACE CHA RACTERISTICS

Test specimens we re formed from spray-d ried pressing powder with th ree different
moisture contents (X,=0.045 kg wa ter /kg dry solid; X,=0.062 kg wa ter /kg d ry solid;
X,=0.075 kg water / kg dry sol id), usi ng the same pressing p ressu re, 1',=400 kg / cm'. With
spray-d ried powder at moisture content X" a further two pressing pressures were tested
(1',=300 kg / cm' and 1',=450 kg / cm') . Thus, five d ifferent types of test spec ime ns were
prepa red, whose mean green bu lk densi ties have been detailed in Table 1, toge the r with
the ir respective pressing conditions.

Specimen t.HK' X (k~ wat er /kg d••.) I' (kg/cm2) d.." (g1cln l)

I 0.062 300 1.828
2 0.062 400 1.H71
3 0.062 450 1.892
4 0.045 400 1.843
5 0.075 400 1.884

Table 1. Prcssi"g conditions and bulk dt'llsity of til l' gn'('1/specimens

Each type of specimen was fired in an electr ic kiln at four diffe rent peak
temperatures (1J70, 11 80, 11 90 and 1200°C) using the fir ing cycles se t out above.
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Table 2 lists the mean va lues of the fired specimen properti es that we re considered
most rep resentative for this study, The table indicates the typ e of green starting specimen
and pea k firing temperature together wi th the corresponding properties of the fired piece,
The selected properties we re as follows: bulk density, water absorption (accord ing to the
DI T standard), four param eters representing specimen surface topography (!!0 , R" R,
and v,) (see Section 3), chroma tic coord ina te L* of the fired specimen surface (before and
after sta ining and cleaning as described in Section 3), surface gloss and visual appearance,
This last organo lept ic appraisa l is not given in Table 2,

An examination of the values found for the surface prope rties detailed in Table 2
allows highlighting the following points:

i) For the five types of stud ied test specimens, fired bulk de nsity peaked at
11 90°C These data indicate that at 1200°C the piece already exhibited slight
bloating, which is not recommendable for industrial tile manufacture,

ii) For speci mens typ es 2 to 5, wa ter absorption was zero in the pieces fired at
Tm,,=1190°C

iii) The minor variations in R, values did not evolve consistently with peak firin g
temperature for any of the five stud ied specime n typ es, but exhibited
alterna ting va lues , To be highli ghted is the fact that the lowest values for this
roug hness param eter corres ponde d to specimen types 2 and 3,

iv) For each specime n type, param eter !!o representing su rface smoothness
tended to decrease on raising firing cycle Tm'" Specimens typ es 2, 3 and 5
exhibited the lowest va lues, although the differen ces with the othe r specimen
types we re practically insignificant

v) Gloss (0) tended to rise with peak firing temperature for each type of specimen,
The high est values were found for specimen type 5,

vi) l1L* decreased on ra ising peak firing cycle temperature for each studied
specimen typ e, The lowest values of l1L* corresponded to spec imen types 2, 3
and 5,

Taking into conside rat ion the above remarks, if the val ues of !! 0 and l1L* (closely
related to reversible and irreversible sta ining) are used as references, it can be inferred
that under the operating cond itions stud ied, the optimum Tm" range for the stud ied
pressing powder lay between 1180 and 1190°C, if Tm,,=1200°C is exclude d, As all the
specimens fired at this last temperature, as indicated above, presented a sligh tly lower
bu lk density than the specimens fired at Tm..=11 90°C, it was cons idered ad visable to
discard these as they exhibited sligh t bloating, The most appropriate pressing conditions
we re therefore those correspo nd ing to specime n typ e 2 (X=0 ,062 kg water / kg dry solid;
P=400 kg /cm'), and type 3 (X=0,062 kg water / kg dry solid; P=450 kg /em'), fired at Tm"
1190°C (if the da ta obtained at 1200°C are disregarded), Under these cond itions, the !!o
values closest to unity (1,017 to 1,022) were obtained, cor responding to the smo othest
su rfaces with the lowest l1L* « 1,0) which involves least irreversib le staining, while
yield ing the highest fired bulk density valu es,

These conclus ions have been graphically represented in Figs, 4 and 5, in which the
variation ha s been plotted of param eters !!o and l1L* (respectively representing planarity
and apparent porosity of the spec imen fair face surface), and fired bulk den sity for the
five stud ied speci me n typ es versu s firing cycle Tm,, '

P. GI · 151



QUAl.1 ::aJL.98 CAS' ELl.6N (SPAIN)

Test 't'ril'S Spec imen Tm n d.p AA R. £0 P 6 L"
1I11. t)OlK' (0C) (~/cm3) (%) (JIm) (m m /m m )

1 1 1170 2.364 0.05 2.27 1.025 4.5 4.64
2 1 1180 2.376 0.03 2.50 1.026 4.1 2.99
3 1 1190 2.382 0.03 2048 1.023 5.0 1.60
4 1 1200 2.376 0.03 2.44 1.019 5.0 1.28

5 2 1170 2.369 0.06 2.01 1.022 4.8 3049
6 2 1180 2.383 0.00 2.11 1.019 5.2 0.98
7 2 11 90 2.386 0.00 2.14 1.018 5.5 0.75
8 2 1200 2.383 0.00 2.20 1.017 5.7 004 1
9 3 1170 2.377 0.03 2.14 1.027 4.7 2.74
10 3 1180 2.387 0.00 2.12 1.022 4.6 0.90
11 3 1190 2.388 0.00 2. 15 1.0 19 5.2 0.72
12 3 1200 2.381 0.00 2.16 1.017 5.7 0.32

13 4 1170 2.37 1 0.06 2.12 1.022 3.9 3.79
14 4 11 80 2.384 0.03 2.34 1.022 4.6 1.4 1
15 4 11 90 2.388 0.00 2.32 1.022 4.5 1.34
16 4 1200 2.383 0.00 2.20 1.0 19 4.9 1.02

17 5 11 70 2.374 0.00 2.33 1.025 6.2 1.97
18 5 1180 2.381 0.00 2.22 1.020 7.3 1.24
19 5 1190 2.386 0.00 2.18 1.018 7.0 0.79
20 5 1200 2.379 0.00 2.25 1.017 7.8 0.11

Table 2. Fired specimen propertit·s at different peak temperatures
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4.3. EN HAN C EMENT OF PORCELAIN TILE SURFACE PROPERTI ES BY
TREATING THE GREEN BODIES WITH ADDITIVES DISSOLVED IN WATER

With a view to enhancing su rface smoo thness and ra ising fai r face sealing of the
fired specime ns, the infl uen ce wa s stud ied of treating the gree n test specimen su rfaces
w ith solutions contain ing di fferen t additives. The tes t specime ns used were formed at
pressing cond itio ns that lay within the optimu m range selected in the foregoing sec tion
(X=0.062 kg water I kg dry solid; 1'=450 kg l em') for firing w ith heat-treatment cycles of
Tm.,= 11 80 and 11 90°C. Ce rta in test specimens were fired at Tm,,=1200°C for comparat ive
p urposes.

Surface treatm ent involved applying aqueous solu tions of d ifferent composition,
which were to be wholly or partially abso rbed by the solid materi al. The nat u re of the
di ssolved constituents was chosen so th at they would in te ract d u ring fir ing with the
speci me n outer layer next to the fair face surface to form a thin she ll that would exh ibit
enha nced properties compared to the rest of the specime n. The mo st su itable aqueous
solu tion was fina lly selected ou t of the stud ied aqueo us solu tions. The various
application meth ods described in Section 3.2 were then tested wit h the selected di ssolved
add itive.

4.3.1. SPRAYING APPLICATIONS

In spray ing on the solu tion containing the additive with a lab orat ory airbrush, the
following var iables were stud ied: d issolved ad di tive concentra tion, mass (g) of the
app lied solution (rela tive to a squa re su rface area of 30 cm x 30 em ), elapsed tim e between
solu tion applica tion and specime n d ry ing.

4.3.1.1. SPECIM EN DRYING IMMEDIATELY AFTER SOLUTION APPLICATION

The effect was stud ied of app lying a solu tion contai ning 0.25 g l ern ' ad d itive, testing
d ifferent applied solu tion masses. The tes t specime ns were oven d ried at 110°C
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immedia tely af ter applying the solution bearing the add itive, subsequently firin g the
specimens with heat-treatment cycles of Tm..1180 and 1190°C.

Table 3 details the resulting va lues of the fair face p rope rties of the fired specimens
obtained on treatmen t with different app lied so lution concent ra tions and masses, as we ll
as those corres ponding to type 3 specimens fired under the same condi tions, witho ut any
kind of surface application (see Table 2), For compara tive purposes the results are also
listed of a test run usin g a firin g schedu le w ith Tm..=1200°C.

Test series
Additive

Firing cycle Appl ied solutionco ncentrat io n l ono. T_ , (OCI mass (g ) Gloss ~L' R. {urn)(g.lcm ')

10 0.0 11 80 -- 4.6 0.90 2. 12 1.022

21 0.25 11 80 15 7.3 0.59 2.24 1.013
22 0.25 11 80 25 7.4 0.47 2.24 1.013
23 0.25 11 80 40 9.5 0.44 2.31 1.010
24 0.25 1180 50 13.5 0.29 2.35 1.008

II 0.0 1190 .. 5.2 0.72 2.15 1.019

25 0.25 1190 15 7.4 0.54 2.26 1.013
26 0.25 1190 25 8.1 0.47 2.29 1.011
27 0.25 1190 40 12.7 0.44 2.44 1.008
28 0.25 1190 50 15.4 0.4 1 2.44 1.006

12 0.0 1200 -- 5.7 0.32 2.16 1.017

29 0.25 1200 50 17.3 0.07 2.93 1.004

Table 3. Firedspecimenfairface properties .

It can be observed th at at the two stu d ied Tm." on raising ap p lied solu tion mass,
surface gloss of the fired treated specimen surface increased , 6 L* decreased (less
irreversible stain ing was reta ined), a nd the val ue of £0 a pproached unity more
close ly (smoothe r surface). Important d ifferences were not observed between the 6L*
a nd to values corres ponding to the sa me applied so lu tio n mass at the tw o test ed
peak temperatures. Howeve r, gloss was slight ly higher in the specimens fired at
Tm..=1190°C th an in th ose correspond ing to Tm..=11 80°C.

Par ameter R" ind icative of mean ro ugh ness, rose with applied solu tion ma ss,
which matched the visua l appearance of the fired pieces. Thus, the fired specime ns
exhibited a slightly wavy surface, as if some of the app lied so lu tion dro ple ts had dried
on the specimen su rface witho ut be ing wholly absorbed. Thi s slight wav iness (Fig. 6,
specimen b), exhibited a minor increase w ith applied so lu tio n mass. The lowest £0
va lues an d the h ighest gloss we re fou nd for Tm..=1190°C and an applied so lu tion mass
of 50 g, wit h no large va ria tions be ing observed in the val ues of 6 L* obta ined for the
specimens to which a so lut ion mass was ap plied of 25-50 g (relative to the 30 cm x 30 cm
specimens). In the piece fired at Tm..=1200°C, a considerable im provem ent was observed
in the va lues for gloss, 6L* and eo, com pa red to those fou nd for the non-treated
specimen (test series no. 12). A much higher val ue for R. was however obta ine d than in
the test no. 12 specimen.

4.3.1.2. SPECIMEN DRYING 30 MIN AFfER SOLUTION APPLICATION

Table 4 det ails the resu lting da ta for sol utio n add itive con centrati on s of 0.25 g / em',
on applying different sol ution masses, dryi ng 30 min after the ap plica tion, and firin g at
heat-treat men t cycles with peak temperatures of 1180°C and 11 90°C. It can be observed
tha t a noti ceable improvem en t was obtained in the su rface properties (6 L *; ~ and eo )
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Figure 6. Appearance of fi red specimen fair fan's: a) Non-treated specimen; bJTreated specimen witll immediate dryillg

of the treated specimens compa red to the non-treated ones, a t th e three tested Tm"
values.

Co m pa ring the data in Tab le 4 with those of Tab le 3 shows th at on allo wing the
pi ece to stand for 30 m in after ap p lying the solu tion, followed by dry ing, glos s
d ecreased w hile t>L* rose slightly, and eo generally also increased a littl e in th e fired
specimen fair face . On the other ha nd , visual appra isal revealed th at th e su rface
waviness mentioned in th e foregoi ng section had virtually d isappea red, i. e. specimen
fair face appear ance had im p roved . Thi s last resu lt was confirme d by the R, va lues
d etailed in Table 4, w h ich were ge ne rally lowe r than th ose in Table 3. The cha nge was
p robably d ue to bet ter absorption o f th e ap p lied solu tio n. Thus, a sligh t vari ation in
co lour was observed in a 1.5 to 2 mm thi ck layer at the specime n ed ge, ap pa ren tly d ue
to so lu tion pen etra tion and subseque n t interacti on w ith the specime n. The layer ' s
thi ckness d epen ded on applied solu tion mass.

Test se ries
Addi tive

Firi ng cycle Applied so lution eOco ncentration T•• (OCI mass (g ) Gtocs ~L' R.no . (!!/cm 1) {urn)

10 0.0 1180 -- 4.6 0.90 2. 12 1.022

30 0.25 1180 15 5.3 0.84 2.05 1.017
31 0.25 11 80 25 5.4 0.72 2.09 1.0 17
32 0.25 1180 40 6.0 0.64 2.15 1.0 16
33 0.25 11 80 50 6.2 0.52 2.24 1.0 15

I I 0.0 1190 -- 5.2 0.72 2.15 1.0 19

34 0.25 1190 15 5.5 0.68 2.19 1.0 18
35 0.25 1190 25 5.9 0.57 2.20 1.0 16
36 0.25 1190 40 6.6 0.49 2.30 1.0 15
37 0.25 119() 50 8.0 0.47 2.46 1.0 12

12 0.0 1200 -- 5.7 0.32 2.16 1.017

38 0.25 1200 40 7.9 0.32 2.52 1.013

1ldJle 4. Fimi sl't'Cimm fair face prcperties.

4.3.1.3. STUDY OF ADDITIVE EFFECTIVENESS ON APPLY ING SOLUTIONS
WITH A 0.35 GICM' CONCENTRATION

Several se ries of tests were cond uc ted with a view to study ing the effect of the
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additive concentra tion on the applied aqueous solution. Table 5 sets ou t the opera ting
cond itions used in each case, together with the values of the corresponding fair face
properties of the fired speci mens.

On comparing the va lues of £0 and llL* detailed in Table 5 wi th those in Tables 3
and 4, no noticeable differen ces are found, so that the rise in additive concen tration in the
applied solu tion from 0.25 to 0.35 g / cm' was not cons ide red to enhance the values of the
properties obtained at a concentra tion of 0.25 g / em' . To be highli ghted is only the rise in
gloss of the spec imens in which the applied solu tion was d ried immediately after
application.

Tc:'-Iseries Additive Firing cycle Applied solution 6 1: R. COconccrurauon T_ . (Oe) Drying mass (g) Glossno. (g/c ml ) (flml

39 0.35 1180 30 min 15 5,4 0.85 2.17 1.018
40 0.35 1180 30 min 25 5.6 0.84 2.26 1.017
41 0.35 1180 30 min 40 6.0 0.80 2.25 1.016
42 0.35 1180 30 min 50 6.3 0.50 2.35 1.015

43 0.35 1190 30 min 15 5.6 o.n 2.4 7 1.020
44 0.35 1190 30 min 25 5.9 0.65 2.36 1.017
45 0.35 1190 30 min 40 6.5 0.44 2.29 1.016
46 0.35 1190 30 min 50 6.7 0.49 2.36 1.0 14

47 0.35 1190 lnmcdia te 40 28.4 0.45 2.54 1.002
48 0.35 1190 lnrnedia te 50 28.4 0.43 2.63 1.00 1

Tablt· 5. Fired Sfl t'ci11J1' /1fair face properties.

4.3.1.4.. IN D USTRIAL AIRBRUS HING

Seve ra l tests were run to esta blish wh ether an industri al airbrush application of the
solu tion containing the additive yielded importan t dif feren ces in the fired specime ns' fair
face cha racteristics com pa red to the resu lts obta ined by bench-scale airbrushing . The
results have been reported in Table 6.

-Ib t serie.. Application Applied sol ution Firing cycle eono . method Drying mass (g ) T._ I°e) Gloss 6 1: R. {pm)

49 Airbrush lmmed. 40 1170 12.5 0.45 2.35 1.009
50 .. .. 40 1180 14.7 0.41 2.36 1.007
5 1 .. .. 40 1190 16.9 0.35 2.85 1.005

52 Airbru sh 30 min 40 1170 5.3 1.17 2.14 1.0 18
53 .. .. 40 1180 6.5 0.62 2.24 1.015
54 .. .. 40 1190 7.1 0.59 2.25 1.013

'!iJble 6. Fired specimenfair face properties at difJert!lIf Tmi1r Dissoll't'lt additive solution: 0.25 slCln'

It can be obse rved th at there were no significan t di fferen ces between the llL* and
eoval ues obtained in the tests run between 11 80 and 11 90°C and the respective val ues
of these properties found for ap plie d so lu tio n masses of 40 g in Tables 3 and 4. The
gloss values (11) for the specime ns that we re dri ed immediately we re a little high er
than the cor res po nd ing ones in Table 3, and a slight ly wavier su rface was also found .
It may the refore be concluded that indust rial airbru shing did not enta il any significan t
cha nge w ith regard to th e bench-scale a irbru sh app lica tion, excep t a slig h t
improveme nt.
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4.3.1.5. BENCH-SCALE AIRBRUSHI GADDING TENSOACTI VE CO STITUE TS
TO THE SOLUTION

Even though the visual appearance of the fired specimen fair face had already
improved considerably in the tests run with specimens dried 30 min after additive
application compared to those listed in Section 4.3.1.1, the effect was stud ied of adding
certain tensoactive cons titue nts to the so lut ion to red uce surface tension, and encourage
absorp tion by the body. The outcomes did not improve the result s ob ta ined with the
tensoactive-free solut ion.

4.3.2. FOA M RUBBER RO LLER APPLICATIONS

To see wh ether the foregoing results could be improved, a roller application was run
of a solution containing 0.25 g f cm' additive, with immediate specimen drying and
drying after 30 min . The specimens were subsequently subjected to heat-treatment cycles
of T; .. 1180 and 1190°C. The mean values of the resulting data are detailed in Table 8. Th e
applied solu tion mass was the am ount deposited by the soaked roller, which was not
determined.

Test Series Firing cycle c.L· R. l
no. T_ . (oe) Drying Gloss (urn) 0

55 1180 Immediate 6.0 0.81 2.16 1.017
56 1190 .. 6.6 0.73 2.35 1.016
57 I ISO 30 min 4.7 0.91 2.06 1.01 7
58 1190 .. 5,4 0.58 2.35 1.019

Table 7. Fired ~l't'cimt'1l fair face properties . Dj:'~/l't'd additire concentration = 0.25 .'I./cm1
• Application method: rotter.

It can be observed that the values obtained for l1L* and Co were a little
higher, thou gh of the same order as those found in the s p ray ing application,
while a slight improvement of the su rface appearance was found in the fired
specimen with regard to the s lig h t wav iness mentioned in Section 4.3.1.1. The
reason why the to and l1 L val ues were a little hi gher than those corresponding to
the applied mass of 15 g at th e same te mpera tures in Tables 3 and 4 could have
been d ue to the ro ller applying a mass of less th a n 15 g (per 30 cm x 30 cm
specimen) .

4.3.3. APPLICATI ON WITH A PRINTING SCREEN SIM ILAR TO THE ONE USED
FOR APPLYING SO LUBLE PIGM ENTS TO GREEN PORCELAI N T ILE

With a view to attempting to improve the visual appearance of the fired
specimen treated su rface, the application was tested of solu tions containing 0.25
g f em ' additive via printing screens of the type indicated . Different proportions (4%
and 3.2%) of a thickener su pplied by ITACA S.A. were added. The resulting
specimens were fired using heat-treatment cycles of Tm•• 11 80 and 1190°C. The
findings are detailed in Table 8.

It can be ob served that the values of l1L', t o and ~, corresponding to a
solu tion containing a 4% thickener add ition were s lig h tly bet ter than those of the
so lu tion bea ring 3.2% th ickene r, in th e tes t pieces d ried 30 m in afte r a pplica tion.
Howeve r, th e bes t results ob tained fo r these pro per ties (a t 4% thickener) were of
the same order as the best values found, u nd e r the same drying co nditions, on
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using th e ot her tested application method s (Tables 4, 5 and 6) on applying 40 g
so lu tion .

The specimens dried immediately after application exhibi ted slightly lower t1L'
(bette r) values than the corresponding ones in Table 3.

Test series % Thicke ner
Dry ing

Firing cycle GIO'o"i
~L' R. '0nu . addition T_ , ('C) (urn)

59 3.2 30 min 11 80 6.1 0.88 2.19 1.017
60 3.2 " 1190 6.9 0.48 2.17 1.015
6 1 4.0 " 11 80 7.2 0.70 2.18 1.015
62 4.0 " 1190 7.4 0.34 2.18 1.013
63 3.2 Immcd . 119U 12.1 0.25 2.23 I.UU8
64 4.0 " 1190 13.6 0.27 2.25 I.U07

l ltblc 8. Fired specimen fair face properties.

4,3,4, EFFECf OF THE ADDITIVE APPLICATION ON FIRED SPECIMEN SU RFACE
PRO PERTIES

Table 9 compa res certain technical properties of the resul ting fired specimen fair
faces obta ined on eithe r previou sly treat ing or non-treat ing the g reen specimens with the
add itive solu tion, followed by firing at peak tem peratu res of 1180 and 11 90°C. Th e chose n
propert ies we re Moh s hardness (accord ing to the standa rd, examining for the a ppea rance
of the scratch in an optical microscope); wid th of the scratch produced in a Scra tch-Tester
under constant load ing (40 N); force needed to produce scra tching using th is apparatus;
wear resistance measured with a Pin-on -Disk tribornete r'", determined by ma ss loss.

Apphcauon Add iti..-c Applied
Firing cycle

Moll.. Moh!> Scratch Force (.... ) W C;Il'

co ncentration solution hard nc.... hardncsv (..) l> idth("U, required IN ~ ..ictanccmethod
(g1cm-') mass tgj T.....(cC' (.) (microsc.) (~m ) scmrcbing In .r/ mg.

tN'

-- .. ..
1190 6 5 161 3 820(Rdt=rt'oce

materia l)

Sprayi ng 0 .25 50 1190 5 5 162 7 lXIK)

(im med iate 0 .25 50 11KO 6 5 153 6 ..
dryin g)

0 .25 50 I IRO 6 5 146 5 ..

0.25 40 1180 (, 6 123 5 ..
Spray ing 0 .25 25 IIRO 6 5 144 5 ..

« tryng after 0 .25 50 1190 5 5 151 5 ..
:m min.)

0 .25 40 1190 6 6 140 6 ..

0.25 25 1190 6 5 139 5 970

0.35 50 119n 6 5 136 6 ..

0 .35 411 1190 6 5 12K 6 1200

(.) Meas ured accord ing 10 standa rd E1"-10 1
(.. , Determ ined by exa mining the scratch in an opncal rmc rosco pc.
( ) Determ ined in the SCRATC H·TESTE R app lying a toad of 40 N.
( , Determ ined in the SCRATC H·TE STER with ri.... ing loadin g .

'1a"'e 9, C(Jmpari~mJ betlwePl certain fired ~pecim('/l ta ill/ fml I' fOl'f'r ti c5 11/, trt'a1 illX or IIol1-ln'at illg till' gn'(' P1 slll'c iml'1Is
w ill , tilt' mldith't' ~ol u t iml.

16) . IIiANI-7.. M · [ . Fst ud io de fn~ l l rop il.'dildes mecdnicas .II SlI1lt'rjiril1l l'O; til' recunnmientoe l 'idr il1dtls de pil'zas ccrdmicae. Puc...tu (1 I I lmh) (It'
1II11'lI(I.o; ftlrllifll'i.I/" medida. Doct ora l di sse rtation . Univcrsi ta t lau rnc I. Cas tello n. Spai n. 1997.

P.Gl -158



CASTELLO;\l (SPA IN) :p QUAlICJ2k. 98

O n comparing the values obtained for the ab ove p roperties, th e following ma y be
highlighted :

i) Mo hs hardness of th e treated test pieces, w he ther d etermined acco rd ing to
s tand ard El -101 or rneasu red in an optical mi crosco pe, ex hi bited no
va ria t ion in respect of th e re ference material on w h ich no additive solu tion
was a pplied .

ii) The wid th of the scratch p roduced in the Scra tch-Tester, loading at 40 ,
dropped slightly (compared to that of the reference mate rial ) in the treated
specimens that were d ried 30 min after app lying the additive so lution. The
resu lt suggests that scratch resistance imp roved slightly.

iii) The load required in the Scra tch-Tester to produce a scratch on the fair face
speci men su rface was greater in the treated speci me ns (d ried immediately as
well as a fter 30 m in) than in the (no n- treated) referen ce material, wh ich sup po rts
the conclusion se t ou t in the foregoing sub-sec tion.

iv) The wear resistance measured with the Pin -on-Disk tr ibometer was a littl e
greater than tha t of the refe ren ce mate rial in the speci men s dried 30 m in afte r
the application, and twice as high as that of the specime ns dried im mediately
after the application. Thi s find ing could be d ue to the applied solu tion being
only pa rtially abso rbed by the test specimen on undergoing immediate drying .
Consequen tly, a fine coati ng of add itive could have been formed on the surface,
w hich after firin g provided the specime n fair face with g reater abrasion
resistance.

5. CONCLUSIONS

The res ults obtained in the tested ran ge of operating cond ition s with the raw
materials mixture studied allow drawing the following conclusions:

5.1.

5.2

The optimum cond itio ns for the greatest smooth ness (to ..1.0), hig hest gloss
(B) and lowest apparent porosity in the studied speci men fair faces (tiL·) were:
Pressing pressu re: 400-450 kg / em'; Pressi ng mo isture content: 0.062-0.075 kg
water / kg dry solid; firing cycle T~. 11 90-1200°C (at this last temperature there
was a slight decrease in fired bulk density).

Ap plica tion of an aqueous solution containing an additive to the green lest
specime ns appreciably enha nced the above three prope rties (Al," : to and tI)
of the fired specimen fair face compared to th ose of the fired specimens th at
were not treated with the ad ditive. Thi s improvement was detected both
whe n the specime ns were immed iately dried a fter the applica tion, o r on
drying af ter allowing the speci me ns to stand for 30 m in. In the former case,
these properties were sligh tly better th an in the latter case . Th e su rface
a p peara nce of th e specimens wa s however better in the latter case (on dry ing
a fter 30 min ).

P.GI · 159



QUAUCQJL98 CASTELL6 N (SPA IN )

5.3 App lication of an add itive solution to the green test specimens d id not appear
to impair other fair face surface properties such as : Mohs hardness, scratch
resistance (wid th of the scratch produced in a Scratch-Teste r under constant
loading, and load required to produce scratching), as well as wear resistance
(measured with a Pin-on-Disk tribometer). Instead, the application appeared
to enhance these properties slightly.
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