
CERAMICS-Silikaty 34, s. 229-239 (1990) 

A C H ROMATIC CERAMIC PIGMENTS 

ZDENEK SoLC, L!BOR Sow*, LuBoMiR FAJFR* 

Institute of Chemical Technology, Department of Inorganic Technology, 532 10 Pardubi�e 

*Department of Silicate Chemistry, Research Institute Monokrystaly, 511 19 Tur'l'!ov 

RPceived 9. 3. 1989 

Fluorides and chlorides, particularly the combinations BaF2 + CaF2 or 
LiF + NaCl, appear to be the most efficient mineralizing ad,ditions for the 
preparation of grey zircon pigments of the ZrSi-AINiCo or ZrSi-NiCoCrFe 
types with respect to their optical properties. At a mean 30 % spectral reflectance, 
the difference between the highest and the lowest value amounts to 5 % . 

A black pigment of the rutile type (TiSbV) was prepared under various 
conditions of reaction mixture composition and firing. In view of the optical 
properties (optimum flatness of the spectral reflectance curve) and of the amount 
of eluable vanadium, the .following composition and firing conditions were 
found to be the most suitable ones: the Sb : V molar ratio = 1.4 : 0.6, 20 wt.% 
admixtures in the form of Sb203 and NH4V03 , firing at 1,150 to 1,200 °C for 
2 hours. The pigment is made from TiO, of Czechoslovak manufacture, Pretiox 
AV 01, has a flat spectral reflectance curve and a vanadium eluability of 0.02 % 
of the calcinate weight. 

IKTRODUCTION 

The term achromatic is used for grey, black and white pigments. Apart from the 
general requirements put on ceramic pigments, such as thermal stability, hiding 
power, non-toxicity and others, with achromatic pigments there is the additional 
demand for a uniform spectral reflectance all over the visible light spectrum. The 
development of such a pigment at the Monokrystaly Tumov institute yielded 
three basic compositions with a relatively low cobalt content (a raw material 
imported for hard currency), schematically designated ZrSi-AlNiCo (further 
on composition A) and ZrSi-NiCoCrFe (further on compositions B) and C), [2]. 
The optimum mineralizer and the firing conditions for the three compositions 
were seeked with the aim of attaining the fl.attest possible spectral reflectance curve. 
The other pigment of rutile type, Ti-SbV, was prepared from locally manufactured 
white pigment Pretiox AV 01 ( similarly to the rutile yellow [ 1]); provided the 
optimum firing conditions and the reaction mixture composition are strictly 
observed, the course of the spectral reflectance curve is very favourable. 

EXPERIMENT AL 

The following raw materials were used in the preparation of the grey zircon 
pigment: Zr02 (Type 7, Goldschmidt, FRG), Si02 (local ground quartz SUK), 
cobalt oxide (RKO, imported from Belgium), NiO (Lachema Kaznejov), Cr203 (type 
GX, Hayer, FRG), Fe203 (local red pigment Fepren TD 202). The other type 
of the TiSbV pigment was prepared from local Ti02 (Pretiox AV 01), Sb203 

(Ziar nad Hronom), NH4V03 (Lachema, imported). The particle size distribution 
curves for the basic oxides, Zr02 and Ti02, determined by electron microscopy, 
show that for Zr02, particles up to 8 µm take up 10 %, those of up to 14.5 µm 
50 %, and up to 27 µm 90 %, In the case of Ti02, there are 10 %, 50 % and 90 % 
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of particles smaller than 0.27 µm, 0.4-7 µm and 0.8 µm respectively. The reaction 
mixtures were wet ground in a porcelain ball mill (grey zircon pigment) or ground 
dry (rutile black). The firing was carried out in the L 212.11 muffle kiln made 
by Elektrobad Frankenhausen (GDR) in air atmosphere. Following the firing, 
the material was leached twice in boiling water (elution of soluble mineralizers and 
particularly of unretained vanadium). Analyses of the aqueous eluates from TiSbV 
for the amount of unretained vanadium were effected by titration with a solution 
of Fe2+ salt using diphenylamine as indicator. 

All of the pigments prepared in this way were applied in the current types 
of glazes (transparent 6474 or opaque PW 141) in amounts of 10 wt. % with a 
firing temperature of 1 000 °C. The colority of the pigments was always evaluated 
only in the glaze by measuring the spectral reflectance over the 400 to 700 nm 
range using the DATACOLOR instrument and evaluating the L*, a* and b* 
-0oordinates of the space of equal colour differences according to the CIE L*a*b* 
1976 system. The L* coordinate corresponds to the brightness, a* and b* to pure 
colours ( +a red, -a green, +b yellow and -b blue) (3, 4]. The purity of grey 
or black can thus be assessed either according to the distance from the centre 
of coordinates a*, b*, or according to the flatness of the spectral reflectance curve. 
This can be defined by the ratio of the difference between the maximum and mini
mum value of reflectance 6.R and by the mean value of reflectance R in the wave
length region measured, i.e. flatness P = 6.R/R. 

EXPERIMENTAL RESULTS 

1. T h e  r esu l t s  o f  exper iments  with preparing
a grey  pigment  of  z ircon type 

The type ZrSi-NiCoAl or ZrSi-NiCoCrFe pigments practically exhibit the 
X-ray diffraction pattern of ZrSi04• The peaks of the spinel phase are very weak,
almost indiscernible. The admixture elements therefore pass into the structure
and form solid solutions; the occurence of inclusions is very limited. The charged
substitution defects can be compensated by oxygen vacancies.

The present study was above all concerned with determining the effect of the 
type and composition of the mineralizer and the firing temperature. 

Pigments of the zircon type make mostly use of type NaF + NaCl mineralizers 
acting as a flux. The presence of the fluoride is additionally justified by that, over 
a certain temperature range, it assists in the transfer of the silicic components by 
the gaseous phase. The mineralizers employed therefore mostly contained fluoride 
and formed mixturefl melting over the interval of 750 to 1000 °0 (4]. All of the 
pigment samples were employed as additives to opaque glaze PW 141 after firing 
and elution. The quality of the colour was assessed by measuring the spectral 
reflectance curve over the wavelength range of 400-700 nm and evaluating the 
colour differences in the CIE L*a*b* 1976 system. Flatness of the spectral reflectan
ce curve has proved to be the most suitable criterion. 

Only selected experiments which led to the lowest values of ratio P are listed 
in the Tables. The experimental series A is characterized above all by the rising 
end of the reflectance curve (in the region above 650 nm). This phenomenon has 
been strongly suppressed with series B, whose reflectance curve is flatter, slightly 
rising towards the higher wavelengths. With samples of series 0, similarly to those 
of series A, the reflectance increases in the region above 650 nm, the experiments 
listed in Table III being the only exception. 
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Table I 

Reflectance curve !lharacteristics of pigment formulations A (ZrSiNiCoAl) in gle.ze PW 141. 
Reaction mixture fired at 920 or 980 °C with a time of holding of 3 hours. 

I
Mineralizer Firing CIE coordinates 

Sample tempera- L*a*b* 1976 p = AR AR% No. cone. ture R 

I 
(inwt,% ) •c L* I a* I b* 

10 LiF (1.5) 920 72.76 -5.73 5.59 I 0.28 12 
12 LiF (3.0) 920 71.67 -5.51 5.01 0.29 12.4 
13 LiF (3.0) 980 71.26 -5.11 5.01 0.24 10.3 
14 Na3AlF6 (1.5) 920 72.62 -5.04 5.42 0.22 9.5 
17 NaJAlF6 (3.0) 980 71.33 -6.02 3.46 0.29 12.4 
20 BaF2 (3.0) 920 69.70 -6.22 2.80 0.28 12.0 
21 BaF2 (3.0) 980 70.45 -5.69 3.11 0.29 12.4 
22 NaCl (1.5) 920 69.16 -5.89 3.71 0.28 12.0 
32 CaF2 (3.0) 920 69.68 -6.09 3.39 0.27 11.6 

43 NaF + BaF2 (3.0) 980 70.83 -5.98 4.33 0.28 12.0 
45 NaF + CaF2 (3.0) 980 69.27 -5.80 5.15 0.24 10.3 
47 LiF + ,Na3AlF6 (3.0) 980 72.61 -5.64 5.16 0.23 9.9 
48 LiF + BaF2 (3.0) 980 73.17 -5.02 5.32 0.21 9.0 
61 KC! + CaF2 (3.0) 980 71.36 -5.61 5.57 0.29 12.5 

Reimbold-Strick 
K2286 57.38 -5.16 4.19 0.38 16.0 

I The mean reflectance amounted to about 0.46 (46 %) 

Table II 

Reflectance curve characteristics of selected pigment formulations B (ZrSiNiCoCrFe) in glaze 
P\V 141. Reaction mixtures fired at 980 °C with a time of holding of 3 hours. Minere.lizer con

centration 3 wt. % . 

I
CIE coordinates 

Sample Mineralizer L*a*b* 1976 p = AR 
AR% No. R 

I L* t a* 
I

b* 

5 NaCl 61.55 -2.74 6.09 0.23 6.9 
6 KC! 62.49 -3.85 6.03 0.20 6.0 
9 CaF2 + BaF2 48.10 -0.07 2.75 0.18 5.4 

21 CaF2 + LiF 48.78 -1.65 4.87 0.28 5.5 
27 KCl + NaCl 64.39 -2.67 6.33 0.23 7.6 
30 LiF + NaCl 55.14 -2.59 4.80 0.20 4.6 

I 33 LiF + KC! 59.35 -2.86 5.66 0.24 6.7 
35 LiF + NaF 47.61 -3.25 0.13 0.24 4.3 

I
36 LiF + NaJAIF6 50.42 -1.84 3.49 0.24 4.5 

3 BaF2 + Na3AlF6 + CaF2 58.46 -4.11 2.19 0.21 6.0 

From this aspect, the composition of series B is the best, and at the same time 
the Co content in the form of RKO oxide ( commercial designation of Co203) 

is only 2.97 wt. %. Table I indicates that the best results are provided by the LiF 
and Na3AlF6 mineralizers and by the combinations NaF + CaF2, LiF + Na3AlF6 , 
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Table III

Reflectance curve characteristics of selected samples of pigment formulations C (Zr Si Ni Co Cr Fe) 
in glaze PW 141. Reaction mixtures fired at 980 °C withs time of holding of 3 hours. Mineralizer 

concentration 3 wt.%. 

CIE coordinates 

AR% l 
Sample 

Minera.lizer 
L*a*b* 1976 t:.R 

No. p = --_-

I I 
R 

L* a* b* 
·- -�� 

8 LiF 60.08 -3.99 2.76 0.28 8.1 
13 Na.F + Ba.F2 55.99 -3.28 3.13 0.29 7.3 
16 Na.2SiF6 + CaF2 52.89 -3.81 2.93 0.22 4.8 
30 LiF + Na.CI 63.18 -3.64 3.99 0.28 8.9 
33 LiF + KCI 64.71 -4.51 3.36 0.28 9.2 
35 LiF + Na.F 62.39 -3.99 3.74 0.21 6.5 

I 

and particularly LiF + BaF2 (weight ratio 1 : l). Over the given range, neither 
the firing temperature nor the concentration of the mineralizer affect the P factor 
to any significant degree. This is why the concentration of 3 % and the temperature 
of 980 °C were used in the subsequent experiments. In series B (Table II), the best 
results were obtained with fluorides and chlorides: CaF2 + BaF2 (1 : 1), LiF +
+ NaCl, KCl, or BaF2 + Na3AlF6 + CaF2• Sample No. 9, with a reflectance 
curve flatness of 18 % (P = 0.18), exhibits almost complete elimination of the 
raised ends of the reflectance curve (an example of a typical relationships is shown 
in Fig. 1). This sample was also prepared in larger amounts (250 g) and the flatness 
of the reflectance curve was less than 0.20. Similarly, in series C, differring only 

'i
f

f.-.--------

400 450 500 550 600 65� (nm/00 

Fig. 1. ExampleB of Bpectral reflectance curvea of grey pigmentformulationa A, Band C after applica
tion in the PW 141 glaze. The moon reflectance value iB about 28-30 % . 
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in percent contents of Ni, Co, Cr and Fe oxides, the most efficient mineralizer
was fluoride in the combination LiF + NaF, or CaF2 + Na2SiF6. The ,colority'
of the three groups of compositons (A, B, 0), in coordinates of identical colour
differences to CIE L*a*b* 1976, is plotted in Fig. 2. 
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Fig. 2. Grey pigment of formulations A, Band G applied in glaze PW 141, colority region of coorii
nates a*, b* in the GIE L*a*b* 1976 system. 

2. The resu l t s  of  exper imenta l  prep a r a t i o n  of a b lack  p igment  w i t h
a rut i l e  str u c t u re 

According to the patents by F. Hund [5], a black pigment can be obtained 
substituting titanium it the rutile structure with Sb and V ions. The results a solid
solution of Sb and V oxides in the rutile structure and the substitution charged
defects show mutually compensating charges. In view of the ionic radii of Sb3+,
Sb5+, VH and Vs+ (0.090, 0.062, 0.067 and 0.040 nm respectively), and the ionic
radius of Ti4+ (0.064 nm), Sb obviously occurs as Sbs+ and vanadium as V3+ and
possibly Vs+. 

X-ray analysis and calculation of lattice parameters of the tetragonal rutile-type
structure with D,ll - P 4/m showed that dissolution of vanadium oxide alone in ru
tile does not affect the lattice parameters at all up to a vanadium content of
50 wt% of elementary V; a = b = 4.60 ± 0.002, c = 2.96 ± 0.003 A. Antimony
oxide. up to 50 wt. % of the element, raises just a little the lattice parameters:
a = b = 4.60 to 4.61 ± 0.003 A. The changes in lattice parameters due to the
combination of the two elements are listed in Table IV. 

At high concentrations of Sb and V oxides both separately and in combination
(roughly above 20 wt. % of the elements) most of the characteristic diffraction
peaks show a decrease of intensity and even disappearance of reflectance of some
densely occupied atomic planes in the rutile structure. However, as such high
concentrations are not used in the preparation of the pigment, the behaviour
of the system Ti-Sb-V was not studied in greater detail. 

The results shown in Table IV indicate an only slight decrease of a and c para
meters with increasing vanadium content at a constant Sb content and a constant
V content. The former phenomenon is probably associated with the small radius
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Table IV 

Lattice parameters of the rutile structure a, c (A) on substitution of titanium by vanadium 
and antimony 

Content 
Sample (wt.%) 

No. 

I Sb V 

47 2 I 2
48 2 I 4 
49 2 8 
50 2 16 
97 20 20 
98 I 20 30 
99 20 40 

100 
I 

20 50 
47 2 2 
51 

I 
4 2 

52 8 2 
53 16 2 
97 

! 
20 20 

101 I 30 20 
102 I 40 20 
103 50 

I 
20

I 

Lattice parameters 

I 

a I C 

4.593 ± 0.002 2.963 ± 0.003 
4.597 ± 0.003 2.967 ± 0.005 
4.597 ± 0.001 2.956 ± 0.002 
4.588 ± 0.004 2.972 ± 0.003 
4.581 ± 0.010 2.976 ± O.Oll 
4.561 ± 0.009 2.959 ± 0.009 
4.561 ± 0.005 2.967 ± 0.005 
4.593 ± 0.002 2.963 ± 0.003 
4.600 ± 0.002 2.968 ± 0.004 
4.595 ± 0.003 2.964 ± 0.005 
4.601 ± 0.003 2.969 ± 0.002 
4.588 ± 0.004 2.972 ± 0.003 
4.598 ± 0.007 3.001 ± 0.0011 
4.602 ± 0.003 3.027 ± 0.004 
4.603 ± 0.004 3.059 ± 0.008 

I 

I 

i
i 

I 

I 

I 
I 

Eluable V 

% Vin 
pigment 

0.032 
0.034 
0.038 
0.042 
0.11 
0.21 
0.25 
0.27 
0.032 
0.027 
0.024 
0.021 
O.ll
0.25 
0.14 
0.10 

% Vof 
initial V 

1.61 
0.84 
0.47 
0.26 
0.54 
0.70 
0.62 
0.54 
1.61 
1.33 
l.19
1.05 
0.54 
0.75 
0.71 
0.50 

of the V5+ ion and thus with the formation of mutually compensated defects 
Sb�i, V�;, V�1: on the other hand, the latter is related with the necessary occurence 
of the Sb�1 defect with a large ionic radius of SbH. The Table also specifies the 
amount of unretained and thus eluable vanadium, in terms of the amount of fired 
product and in that of the amount of vanadium in the reaction mixture before 
firing at 1150 °C for two hours. The vanadium was eluted in two stages in boiling 
water. Although in experiments 47-50 and 97-100 the initial vanadium content 
was increased, its eluable amount increased just very little; it decreased mildly 
with rising content of Sb. 

The conditions for the preparation of the black pigments were seeked with regard 
to_ the minimum possible content of eluable vanadium and the flattest possible 
shape of the spectral reflectance curve over the range ). = 400 to 700 nm. 

a) The effect of mineralizer type

The reaction mixture contained 20 wt. % of Sb203 and NH4 V03 admixtures;
the ratio Sb : V was 1 : 1 or 0.8 : 1.2. The reaction mixture was fired at 1150 °C 
for 2 hours. The following substances were used as mineralizers in amounts of 
3 wt. %: H3B03, NaF + NaCl (1 : 1), Na2SiF6, K2C03 + 2 H3B03, CaC03 +

+ 2 H3B03 , Na3AlF6, NaF + y-Al203, LiF and Bh03. A black colour of the 
pigment (always assessed after addition to the 6474 transparent glaze) was 
achieved only with samples free of mineralizer or with the use of BiiOJ and 
H3B03• The other mineralizers led to brown-black or grey pigments. With respect 
to the content of eluable vanadium, the best results were obtained with the 
samples free of mineralizers (0.07 % V in pigment), with H3B03 (0.09 %) and 
with Bi203 (0.10 %). In the other cases, the content of eluable vanadium was 
higher up to 20 times. 
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Fig. 3. Vanadium eluable from the fired product in terms of the Sb: V ratio (0.8: 1.2 to 1.6: 0.4); 
a - % V per 1 g of fired product, b -% V in terms of V introduced, p - reflectance curve flatness 

p = R/R, R = 6-6%, 
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Fig. 4. Temperature of firing the reaction mixture vs. the amount of eluable vanadium and the quality 
of the pigment. Rapid heating rate, holding time 2 hours at the maximum temperature, the Sb : V
ratio in the reaction mixture 1.4: 0.6, 20 wt. % of Sb203 + NH4V03 in the reaction mixture. The
temperature of firing the 6474 glaze (pigment content 10 wt.%) was 960 °0 ( x ), 1000 °0 ( O) and 
1050 °0 ( D ); a - percent of vanadium eluated from 1 g of fired product, b - percent of eluated vanadi-

um in terms of vanadium introduced, p -flatness of the reflectance curve, R = 5-6%. 
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b) The effect of molar ratio of the admixtures

The ratio Sb : V was varied over the range from 0.8 : 1.2 to 1.6 : 0.4; no minera
lizer was used; the samples were fired at 1150 °C for 2 hours. Fig. 3 shows the result 
of four executions of each experiment (relative error ± 15 %). It appears that from 
both points of view (the lowest amount of eluable vanadium and the lowest value 
of P, i.e. the flattest shape of the spectral reflectance of the pigment in the 6474 
glaze), a higher Sb : V ratio is most suitable. However, decreasing the V content 
beyond the Sb : V ratio of 1.6 : 0.4 no longer yields a visually black pigment, but 
a merely black-brown one. At a mean reflectance of 5 to 6 %, the value of P = 0.2 
indicates a difference of only 1 % between the minimum and the maximum reflec
tance over the A range of 400 to 700 nm. The lower V content is also advantageous 
in terms of costs (imported material). 

c) The effect of temperature used in firing the reaction mixture and the glaze

At a ratio of substitution admixtures Sb : V = 1.4 : 0.6 and at their content
(as Sb203 and NH4V03) of 20 wt.%, the effect of the firing conditions was investi
gated without the use of mineralizers. The results are summarized in Fig. 4. With 
respect to eluable vanadium and flatness of the reflectance curve, the best results 
are obtained from the highest temperatures, i.e. 1175-1200 °C (at still higher 
temperatures, the material tends to fuse into lumps that are difficult to process). 
Glaze firing at 1050 °C already leads to a mild deterioration of optical properties. 
The same results were obtained with experiments at the ratio Sb : V = 1.6 : 0.4. 
A decrease of the heating rate down to 5 °C/min had no distinct effect. 

Experiments with varied contents of the Sb203 + NH4 V03 over the range 
from 5 to 30 wt. % of admixtures have borne out an earlier finding [6] in that the 
optimum amount is 20 wt. o/o. The higher contents do not improve the results: 
moreover, raising the amount of eluable Yanadium; lower contents (e.g. already 
15 %) yield grey to brown colour shades. 

CONCLUSION 

According to X-ray analysis, grey pigments of the zircon type, exhibit practically 
solely the structure of ZrSi04• The transient elements thus enter the zircon structu
re by substitution. For three formulations of reaction mixtures, developed at the 
Monokrystaly Turnov Research Institute (designated A, B, C), the most efficient 
mineralizer for the preparation of an optically adequate grey pigment was seeked. 
The results were evaluated according to the criterion of the course and flatness 
of the optical reflectance curve, measured on pigments utilized in the PW 141 glaze 
and by comparison with the foreign pigment K 2286 made by Reimbold-Strick. 

With respect to the evaluation of optical properties, the best results were obtained 
with formulation B (ZrSiNiCoCrFe) having a relatively low content of Co oxide 
(2.9 % ). Among ten types of single-component mineralizers and their two-and 
three-component combinations, the combined fluoride-containing types, particular
ly BaF2 + CaF2 , LiF + NaCl and others, were found to be most efficient ones. 
The flatness of their reflectance curve amounted to 0.18, i.e. at a mean value of the 
spectral reflectance coefficient of 30 % the difference between the highest and the 
lowest reflectance amounted to 5 % . For example; with sample No. 9 the reflectance 
uniformity over the visible light region is much more favourable than that of 
the foreign sample (Figs. 1 and 2). 
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The black rutile pigment (TiSbV) was prepared from various reaction mixture 
formulations at various firing conditions. In view of the lowest possible content 
of eluable vanadium and the desirable flatness of the reflectance curve, the follo
wing formulation rules appear suitable: 

- Ti02 in the form of anatase Pretiox AV 01, 20 wt.% of Sb203 + NH4V03 

admixtures; 
- the Sb : V molar ratio should be 1.4 : 0.6;
- the reaction mixture should contain no mineralizer;
- firing: heating rate 5 °C min-1, maximum temperature 1150 - 1200 °C,

time of holding 2 hours. 
On application in the 6474 transparent glaze (firing temperature 950-1000 °C), 

the pigment exhibits a flat spectral reflectance curve (flatness 0.20, difference 
1.09 % between the maximum and the minimum reflectance value, mean reflectance 
5.28 % ). About 0.02 % V is eluted from the calcined reaction mixture (i.e. several 
tenths of a gram from 1 kg of calcinate). 

In view of the very satisfactory optical properties (flatness of the reflectance 
cm·ve, a high refraction index and thus a high hiding power) and of a suitable 
thermal stability in the glaze, at least up to 1050 °C ( cf. Fig. 3, the top curve), 
the pigment is also suitable for glazing applications. Its high content (80 wt. % ) 
of the local raw material Ti02 Pretiox is another advantage. 
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NEPESTRE KERAM ICKE PIGMENTY 

Zdenek Sole, Libor Sole*, Lubomir Fajfr* 

Katedm anorganicke technologie, V,'ICHT, 532 10 Pardubice 
*Vyzkumny ustav Monokrystaly, 511 19 Turnov 

Jsou popsany clva typy nepestrych keramickych pigmentu - zirkonovy sedy a rutilovy cerny. 
Seely zirkonovy pigment typu ZrSi-AlNiCo, resp. ZrSi-NiCoCrFe vykazuje rentgenogra

ficky prakticky jen strukturu ZrSi04 • Zbarveni proto dodavaji dalsi oxidy pfechodnych prvku, 
ktere substituuji ionty Zr v ZrSi04 • Byla pouzita tri slozeni reakcni smesi (oznacena jako A, B,

C) vyvinuta autory [2]; pro ne pak by! hledan optimalni mineralizator (10 latek a jeJich dvoj-,
resp. trojkombinace). Kriteriem vhodnosti mineralizatoru byla co nejvyssi plochost remisni krivky 
P = l::,.R/R; AR - rozdil nejvyssi a nejnizsi hodnoty remise, R - prumerna hodnota remise 
v oboni 400-700 nm v % . Remise byla mefena vzdy az po aplikaci pigmentu v kryci glazufe
F\\' 141. Mineralizatory, resp. jejich kombinace, jejichz pouziti vecllo k pigment um s vetsi plochosti 
remisni krivky (nizsi P) nez zahranicni vzorek K 2286, jsou uvedeny v tabulce I. az III. Nejlepsich 
vysledku bylo dosazeno s fluoridy Li, Mg a Ba, a to u slozeni reakcni smesi B (obr. 1 a 2). Napf.
u vzorku B 9 cinil pri prumerne remisi R = 30% rozdil mezi nejvyssi a nejnizsi hodnotou AR
potize 5%; vyrazne bylo potlaceno obvykle zvyseni remise v okrajovych oblastech viditelneho
spektra.
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Z. Solo, L. Sole, L. Fajjr:

V pripade cerneho rutiloveho pigmentu (typ TiSbV podle patentu Hunda [5]) byly zjisfovany 
optimalnf podminky jeho pripravy s ohledem na maximalnf plochost remisnf k:fivky a minimalni 
obsah nezachyceneho (vylouzitelneho) vanadu. Pri pouzitf tuzemskeho Ti02 (anatas Pretiox 
AV 01) jako hlavni slozky reakcnf smesi (80 hmotn. % ), je optimalni pomer Sb : V v reakcni 
smesi 1,4 : 0,6. Podmfnky vypalu: ohrev 5 K . min-1, max. teplota 1150 az 1200 °C s 2h vydrzi.
Nenf treba pridavat mineralizator. Dosazene vysledky ukazuji obr. 3 a 4; plochost remisni k:fivky 
P = 0,20 pfi !1R = l % , obsah vylouzitelneho vanadu 0,02 hmotn. % V z vypalku. Aplikace 
pigmentu je vhodna i pi'i teplotach glazovanf 950-1050 °C. 

Rentgenometricke studie ukazujf na velmi male zmeny mfizkovych parametru struktury 
rutiloveho typu i pri vysokem obsahu vanadu nebo antimonu (tabulka IV.). 

Obr. 1. Pfiklad remisnich kfivek sedych pigmentu slozeni A, B, C po aplikaci v glazufe PW 141. 
Prumerna hodrwta remise je cca 28-30%. 

Obr. 2. Sedy pigment slozeni A, B, C aplikovany v glazufe PW 141, oblast barevnosti soufadnic a*, 
b* systemu CIE L*a*b* 1976. 

Obr. 3. Vanad vyluhovatelny z vypalku v zavislosti na pomeru Sb : V (0,8 : 1,2 az 1,6 : 0,4); a -
% V na 1 g vypalku, b - % V vztazene na vlozeny vanad, p - plochost remisni kfivky p = 
= !1R/R, R = 5-6 %, 

Obr. 4. Vliv teploty vypalu reakcni smesi na obsah vylouzitelneho vanadu a na kvalitu pigmentu. 
Nabeh teploty rychly, vydrz pfi max. teplote 2h, pomer Sb : V v reakcni smesi 1,4: 0,6, 
20 hmotn. % Sb203 + NH4V03 v reakcni smlsi. Vypal glazur 6474 (obsah pigmentu 10%) 
na teploty 950 °0 ( x ), 1000 °0 (0 ), 1050 °0 (O); a-% vylouzeni vanadu v 1 g vypalku, 
b - % vylouzeni. V vztazene na vlozeny vanad, p - plochost remisni ki'ivky, R = 5-6%. 

AX POMATMqECKHE KEPAMllqECKME ITMfMEHTW 

3;wneK III0.rr1,11, Jln6op llio.ITLil.*, Jiy6oMD.p ©ai\:qip* 

X UMu1>0-mex1-to.rtoeu.,,ec1>ui1 u1-tcmumym, 1>a¢eapa 1-teopea1-t1t<iec1>oi1 mex1-to.rtoeuu, 
532 10 Ilapay6uu,e 

* H ay<i1-to-ucc.rteaoeame.n,bc1>ui1 u1-tucmumym M 01-to1>pb1cma.Mb1, 511 19 Typ1-toe 

B npHBO):\fl�OH pa6oTe O�JIChlBaIO;CH /IB8 6ec11BeTHhlX KepaMH'IeCKHX nnrMeHTa: Il,Hpr<O
HHeBhlll cepbIH II pyTH.ITOBhIH 11epHhlH. 

¥ Il,HpKOHHeBoro ceporo n11rMeHTa THrra ZrSi-AINiCo, mm ZrSi-NiCoCrFe rrpaKrn-
11ecKH /IOKaaana CTPYKTypa ZrSi04 TO.ITLKO peHrreHorpaqm'IeCKll. IlonoMy OKpacKa BbI3hI
BaeTc.ll .ITllfilh /18.ITbHeHIIlllMH OKCH/I8Mll rrepexo;.\HhlX S.ITCMeHTOB, KOTOpbre 3aMelll,aIOT HOBhl 
Zr B ZrSi04. Bbl.ITH ncrrom,aoBaHhl TPH cocrnBa peaKIJ,HOHHoil: cMec11 (06oana11enne 11epea A, 
B, C), paapa6oTaHHhlC aBTOpaMH [2], /I.IT.II HHX 6hl.IT ram«e Ha.ii:geH OIITHMa.ITbHhlH MHHepa.rr11-
aaTOp (10 Belll,CCTB II llX /IBOH- II.ITH TPCXKOM6HHall,HH). KpnTepneM rrpHrogHOCTH MHHepa.rrn
aaTOpa OK83hlBaeTCH HaH60.ITbIII8H II.'IOCKOCTHOCTb KpHBOH CTeIIeHH orpameHH.11 p = 11 R/R, 
11 R - pa3.1Ill'Ille Ha1160.rree BhlCOKOH ll HaH6o.rree Hll3KOH Be.ITH'lllHhl KOS4l4lllI1IICHTa HpKOCTII, 
R - cpe;�H.11.11 BeJIII'IHHa KOSqJqJllll,IIeHTa HpKOCTll B rrpe11e.rrax 400-700 nm B %, Kosqi
qlllJ:IIIeHT .llpKOCTII Bcer11a II3Mepa.rrH TO.IThKO noc.rre npIIMCHeHHH nHrMCHTa B Henpoapa'IHOH 
r.rraaypn PW 141. M11nepa.rr11aaTOphl II.ITH HX KOM6HH3IIIIII, HCIIOJlb30BaHHe KOTOpbIX rroc.rry
)I(llJIO g.rr.11 rro.rryqeHIIH nIIrMCHTOB C 60.ITbIIICH II.ITOCKOCTHOCTbIO KPIIBOH CTeIICHH OTpameHIIH
(60.rree Hll3HOii P) no cpaBHeHHIO C HMIIOpTHhlM o6pa3Il,OM K 2286, rrpIIBO/IHTCH B Ta6JI. I-III.
HamryqIIIHe peay.rr1,TaThl 6bIJIH rro.rry11eHhl c qiTop1111aMH Li, Mg II Ba, a IIMeHHO y cocTaBa
peaKn;HOHHoii: cMecII B (pIIc. 1 II 2). HarrpHMep, y 06paa11a B 7 rrpH cpegHeM KOS4J4JHil,HeHTe
npKOCTll R = 30 % pa3JIII'IIIe MeJKAY HaII6o.rree BbICOKOH ll HaII60JICC HH3KOH BCJill'lllHOH
/1.R COCT8BJIHCT TOJlhKO 5 %, pe3KO noHII)I(80TCH o6bIRHOBCHHOe IIOBhlfileHIIC IWSqJ!pHI(HCHTa
npKOCTH B KpaeBhlX 06.rraCT.IIX BII/IIIMOro crreKTpa. 

B c.rry11ae 11epHoro PYTH.ITOBoro nHrMeHTa (mn TiSbV cornacHo rraTeHry XyHga [5]) 
ycTaHaBmIBa.ITIICh onTHMa.ITbHhle yc.rrOBH.11 ero norryqeHII.11 C Y'ICTeM M8KCIIM8JlbHOM II.ITOCKOCT
HOCTII KpHBOH CTeneHII OTpalRCHIIH II M8KCHM8.1IbHOrO co11epmaHH.II HeycrnHaB.ITHBaeMoro 
(BbIII�eJia'IHBaeMoro) BaHaAH.11. IlpII npHMeHeHHII OTeqecTBeHHOro Ti02 (aHaTac Pretiox 
AV 01) B Ka'leCTBe OCHOBHOI'O KOMnoHeHTa peaKil,llOHHOH CMeCH (80 % no Becy) OIITIIM8.1IbHOe 
OTHOIIICHHe Sb : VB peaKIJ,IIOHHOH CMecu - 1,4: 0,6. °YCJIOBII.11 o6mIIra: HarpeB 5 K. MIIH-1, 
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Achromatic Ceramic Pigments 

Ma:KCHMam,HaH TeMnepaTypa 1150-1200 °C c 2 q_ BhliWPlf{K.11. ,J;o6aBKa MHHepami:aaTOpa 
yme He uymua. IloJiyqeHHhie pe3yJihTaThl rrpHBOIJ;HTCH Ha pHC. 3 n 4; IIJIOC:KOCTHOCTh :KpHBOH 
cTe11eun oTpameHHH P = 0,20 npn !:,. R = 1 %, cop;epmauae BhIIU:eJiaq11BaeMoro Bauap;nH 
0,02 % no Becy V H3 orapKa. McnoJib30Bauae n11rMeHTa rrpHrop;uo p;ame npn TeMrrepaTypax 
rnaaypoBaHHH 950-1050 °C. 

PeHTreHorpaq>H'IeCRHM HCCJl0,IJ;OBaHH0M IlOKU3hlBaIOTCH B0CbMa He60Jib!IlHe ll3M0H0HllH 
napaMeTpOB peIIleTKH PYTHJia p;ame npH BhlCO:KOM co;::i;epmaHHll BaHa)];llH llJlll cyphMhl 
(Ta6JI. IV). 

Puc. 1. IlpUMep 1,pue&1x cmene1-tu ompa:>1ee1-tu11, cep&ix nu2Menmoe cocmaeo.1t A, B, C noc.ae 
npuMme1-t= e e.aaaypu PW 141. Cpeo= ee.auttww ,;oa<.fiffiu!.fuenma ompa:>1ee1-tUJ1 
npu6.auaume.a&1-to 28-30 %. 

Puc. 2. Cep&1ii nueMe1-tm cocmaeo.1, A, B, C, npUMe/-tl/,eM&1ii e e.aaaypu PW 141, 06.aacm& 
1.feem1-tocmeii 1,oop8u1-tam a*, b* cucmeMbl CJE L*a*b* 1976. 

Puc. 3. Ba1-ta8uii, BbtUfMa1tueaeM&11'/, ua oeap,;a e aaeucUMocmu om om1-toute1-tu11, Sb : V (0,8: 1,2 
oo 1,6: 0,4); a - % V na 1 e oeap,;a, b - % V npu nepectteme 1-ta npUMe1-te1-t1-t&1ii 
ea1-ta8uii, p - n.aoc1,ocm1-tocm& ,;pueou cmene1-tu ompa:HCenu.1f. p = !:,. R JR, B = 5 
ao 6 %. 

Puc. 4. B.au11,1-tue me.Mnepamyp&1 06:HCuea pea1,1.fuo1-t1-toii c.1tecu 1-ta co8ep:>1ea1-tue e&iu+e.aattueae
.uoeo ea1-taou11, u na 1.a1tecmeo nue.1te1-tma. Poem me.1tnepamyp&1 01,aa&1eaemc11, 61,1,Cmp&IM, 
e&18ep:>1e1,a npu .tta1,cUMa.a&1-toi1 me.1tnepamype 2 ttaca, om1-toutenue Sb : V e pea,;1.fuon-
1-tou c.1tecu 1,4: 0,6, 20 % no eecy Sb203+NH4 V03 e pea1,1.fuo1-t1-toii c.1tecu. 06:HCue e.aaay
peu 6474 (co8epJ1Ca1-tue nue.1tmma 10 %) 80 me.1tnepamyp 950 •c (o), (x), 1000 °0 
1050 °G (D); a - % 6btUfe.aa1tueae.1toeo ea1-ta8u11, e 1 e oeap,;a, b - % e&iu+e.aattwrne
.,ioeo ea1-ta8u11, npu nepectteme Ha npu.ue1t.rteM&1ii ea1-ta8uu, p - n.aoc1,ocm1-tocm& 1,pueoii 
cmene1-tu ompa:>1ee1-tu11,, B = 5-6 %. 
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