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ABSTRACT

All materials that form a ceramic enamel - frits , pigments, and opocifiers - call cluingc its
colour. It is usual to emphasize the role of piglllellts ill this matter, althoug]: other components have
the sallie importance ill enamel colour development, Particle size, ref ractive index and nohnnc
[taction of the opacifier />eillg used affect the enamel opacity degree. This work deals unih the
influence of tile zirconia (zircollillm silicate - ZrSiO) [raction 011 the opacity degree of tmnsparent
cntnnel. The glaze opacity churacterization was made measuring the salll pies' spectral reflectance
clln'es />y means of a spectrophotometer. The light scattering (opacity degree) was determined usillg
the ratio bcttoccn lig/lt absorption (K) ami scattering (5) coefficients, obtained [rom the Kubclka
Ivutn]: theory. From the spectral reflectance Cltrl'eS mId Kubclkn-Munk K/5 ratio measurements it
is falllid that for zirconia[mctions a/>Ol'e 12% (toeight) there are 110 changes in the enamel opl/city
drs rer.
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INTRODUCTION

The main facto rs that determine light sca tteri ng of a two -p hase sys tem (and
consequen tly affect opacity) are particl e size, refractive ind ex and volume of the seco nd
ph ase. The opacification of ena mels and glass -silicate sys tems that have a refractive ind ex
varying from 1.49 to 1.65 depends on the effectiveness of the opacifier; thi s must have a
substan tially different refractive index from those val ues, an appro pr iate particl e size for
the incident light and a high vol ume fract ion [Kingery, 1960].

The zirconia cur rently used as an opacifier possesses a high refractive ind ex (1.96),
high di sper sion and is cons iderably cheaper than commercia l titanium oxide also used as
an opac ifier. Regard ing colour measurem ent, the CIELAB scale (or L*a*b* va lues) is the
most widely used to measure the colour of an ena me lled ceramic surface, even though
presenting some errors. The L*a*b* values in most cases are not related wi th the
concentra tions of pigments and l or opac ifiers added to the ena me l, maki ng the use of
these para meters d ifficu lt for colour smoothing. Bett er results are achieved usin g the
Kubelka-Munk (KIM) theory [Eppler, 1990J.

The KI M model relates the coefficients of abso rp tion (K) and scattering (5) with
reflec tance (R'), in accordance with Equation I:

K = -,--0-::-R...!-J
S 2R IEq. l l

Equa tion 1 does not consider specula r and internal reflectan ce. Fresnel (1 971) mad e
a cor rectio n in the equation tha t cons ide rs these factors for ceramic materi als:

K

S
= -,---..:..:O,..:..:45....;:0_-..:..:R,LY------,

(R' + 1,36 - 0,056) [Eq. 2J

From the reflectance data, Equation 2 gives the ratio of the KI M param eters (K/5)
for any ceramic material [Eppler, 1990].

The objective of this work is to evalua te the effect of the zirco nia add ition (volume
fraction ) on the opacificat ion of a tran sparent enamel by observing the reflectance spec tra
obta ined and K/ 5 parameters.

EXPERIMENTAL PROCEDURE

Transpa rent ena me l su itable for single firing was milled in ecce ntric mill s for 30 min.
The enamel consisted of 92% frits (ma inlv Zn and Ca oxides), 8% kaolin and 50% wa ter,
all in we ight percent. Ena me l opaci fication was done using zirconia at 500 mesh, the
part icle size most widely used industri ally. The weight percentage of zirconia added in
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each milli ng batch var ied from 0% to 16%. Table 1 present s the gra in size distribution of
the zirconia used. The ena me ls (w ith previously contro lled den sities) were applied on
tiles coa ted beforeh and wi th eng obe, form ing layers 0.6 mrn th ick.

cumuhltiH~ (10 I')a rticle site ( ~lm)

10 < 0.39
50 < 2.34
90 < 11.15
100 < 23.00

TaNe 1. Particle size distribution (~f tire zirconia used (LASEJ< d~[fractitm ) .

The samples were fired in a se m i-ind ustrial roller kiln. The ma xim um firing
tem pera tur e used was 11 70 ± 10 °C in a 35 m in cycle. The L*a*b * colour param eters and
spectral refle ctan ce cu rves of the glazed su rfaces were measured using a Hunterl.ab
ColorQuest spectrophotome ter with 45 / 0 geometry, 0 65 illum ina nt and 10° ang le,
spec ular com po ne nt included. The g laze opaci fication was analyzed by means of the
absorption and scatte ring coe fficient (K /S) ratios, calcu lated from Equa tion 2 with the
spectral reflectan ce d ata obtained .

RESULTS AND DISCUSS ION

Tabl e 2 presents the me asured V a*b* param eters for both the engobe (after firing )
and ena mels (glazes with zirconia). The engobe layer was measured as a reference for all
ena mel formulat ions. L indicates the luminosity, +a the red tona lity, -a the green one, +b
ye llow and -b the blue on e - all in the CIE system.

"'"'t I10 opacifier L* a* h*
cngobe 91.8 0.4 2.8

0 88.4 -0.5 3.6
2 89.3 -0.8 3.6
4 88.9 -0.8 2.4
6 90.7 -0.8 2.0
8 9 1.3 -0.7 1.7
10 9 1.6 -0.5 1.7

12 93.1 -0.7 1.8
14 92.4 -0.7 1.2
16 93.0 -0.7 1.3

Table 2. E1IS0[le and t' Il/Wlt'/ IIIt'(/sllrt'd L"a"b" parameters.

The eng obe and ena me l spectra l reflectance curves are show n in Figure I Ia), In
Figure 1(b) on e can compare the reflectance o f engobe and ename l w ith 12 w t% zirconia,
showing the reflectance increase.
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Fig ure 1. Spcctral nftecmnce ( II rl '6 Of t'llgobt' and :'l'l lt'ra ! glazl.'s Il'ifh zirconia (a),
n1]cc!llllct' t~f l'lIgtlbl! and glaze with 12 ll'f% zirconia (lJ) ,

The ratio between the abso rption and scattering Kubelka-Munk (K /S ) coefficients
and the wavelength is presented in Figure 2.
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Figure 2. K/5 ill [unction of tire il'l1l'l'lellstll for tlze IIIwlyzt>d 1'llalllt'lS.
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Figure 3 shows the va riation of the ratio K / S in fun ction of the opacifier (zirconia )
percentage in the ena me l.
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Figure J . K/S ill[unction l~l the lll'l1Cifier }'t'rCl'lItaSt' ill tilt'enamel.

Finally, Fig ure 4 p resents g laze sam ples w ith 2 wt%, 8 wt%, 12 wt% and 16 wt%
zircon ia.
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figure 4. Gloze :-ample::: with (a) 2 1('/% , (/I) 8 il 't ~'f. , (c) 12 il't% and (d) 16 li't % zirconia.

CONCLUSIONS

L*a*b* parameters provide onl y indications of co lo ur and o pacity, s ince both are
unrelated in a quantitati ve manner with th e opac ifier per centages (fractio ns) in the
ena mel. Measuring the reflectance spectra and the K/S ratio of Kubelka-Munk, it w as
verifi ed that, for th e transparent ename l u sed, a larger light sca ttering (la rge r
opacificat ion) occurred for a 12 wt% zi rco nia con ten t. Hi gher percentages (14 and 16 wt%)
had not presented signi iican t alte ra tion in op ac ifica tion using both visua l and Kubelka
Munk ana lys is. The Kubel ka-Munk (K/ S) parameter s (ob ta ined from spectral ref lectance
curves) p rovide important information for the dev elopment of colou rs and ena mel
formula tions, since they allow relating the light absorp tion or sca tte ring to the percentage
of a specific opacifier.
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