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Fluorides and chlorides, particularly the combinations BaF; + CaF, or
LiF + NaCl, appear to be the most efficient mineralizing additions 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 miazture 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. %,
admiztures in the form of Sb,0; and NH,VOs, 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.

INTRODUCTION

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 Turnov institute yielded
three basic compositions with a relatively low cobalt content (a raw material
imported for hard currency), schematically designated ZrSi—AINiCo (further
on composition A4) 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 flattest 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.

EXPERIMENTAL

The following raw materials were used in the preparation of the grey zircon
pigment: ZrO, (Type 7, Goldschmidt, FRG), SiO; (local ground quartz SUK),
cobalt oxide (RKO, imported from Belgium), NiO (Lachema Kazng&jov), Cr,0; (type
GX, Bayer, FRG), Fe;03 (local red pigment Fepren TD 202). The other type
of the TiSbV pigment was prepared from local TiO, (Pretiox AV 01), Sbh.03
(Ziar nad Hronom), NH,VO; (Lachema, imported). The particle size distribution
curves for the basic oxides, ZrO, and TiO,, determined by electron microscopy,
show that for ZrQ,, particles up to 8 pm take up 109, those of up to 14.5 um
50 %, and up to 27 pm 90 %, In the case of TiO., there are 10 %, 50 %, and 90 %,
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of particles smaller than 0.27 pm, 0.47 um and 0.8 pm 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. 9%, with a
firing temperature of 1000 °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*
coordinates 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 AR and by the mean value of reflectance R in the wave-
length region measured, i.e. flatness P = AR/R.

EXPERIMENTAL RESULTS

1. The results of experiments with preparing
a grey pigment of zircon type

The type ZrSi—NiCoAl or ZrSi—NiCoCrFe pigments practically exhibit the
X-ray diffraction pattern of ZrSiO4. 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 mixturee melting over the interval of 750 to 1000 °C [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 4 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 C, 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 1

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

Mineralizer Firing CIE coordinates
Sample tempera- L*a*b* 1976 AR o
No. _ conc. ture P——— |AR%
(in wt. %) ° R
° C L* ’ a* ’ b*
10 LiF (1.5) 920 72.76 | —5.73 | 5.59 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 Na3AlFs (1.5) 920 72.62 | —5.04 | 5.42 0.22 9.5
17 Na3AlFs (3.0) 980 71.33 | —6.02 | 3.46 0.29 12.4
20 BaF; (3.0) 920 69.70 | —6.22 | 2.80 0.28 12.0
21 BaF; (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 CaF; (3.0) 920 69.68 | —6.09 | 3.39 0.27 11.6
43 NaF + BaF; (3.0) 980 70.83 | —5.98 | 4.33 0.28 12.0
45 NaF + CaF: (3.0) 980 69.27 | —b5.80 | 5.15 0.24 10.3
47 LiF + NazAlFs (3.0) 980 72.61 | —5.64 | b5.16 0.23 | 9.9
48 LiF - BaF; (3.0) 980 73.17 | —5.02 | 5.32 0.21 9.0
61 KCl1 + CaF; (3.0) 980 71.36 | —5.61 5.67 0.29 12.56
Reimbold-Strick
K2286 57.38 | —5.16 | 4.19 0.38 16.0

The mean reflectance amounted to about 0.46 (46 %)

Table 11
Reflectance curve characteristics of selected pigment formulations B (ZrSiNiCoCrFe) in glaze
PW 141. Reaction mixtures fired at 980 °C with a time of holding of 3 hours. Mineralizer con-
centration 3 wt. 9.

CIE coordinates
Sa;;;}')le Mineralizer L*a*b* 1976 P = _'%R; ARY%,
* a* b*
51 NaCl 61.56 —2.74 6.09 0.23 6.9
6 KCl1 62.49 —3.85 6.03 0.20 6.0
9 CaF; + BaF; 48.10 —0.07 2.76 0.18 5.4
21 CaF,; + LiF 48.78 —1.65 4.87 0.28 5.6
27 KC1 4+ NaCl 64.39 —2.67 6.33 0.23 7.6
30 LiF + NaCl 56.14 —2.569 4.80 0.20 4.6
33 LiF + KCl1 69.36 —2.86 5.66 0.24 6.7
35 LiF + NaF 47.61 —3.26 0.13 0.24 4.3
36 LiF + Na3AlF, 50.42 —1.84 3.49 0.24 4.6
3 BaF; + Na3;AlFs + CaF; 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 Co:03)
is only 2.97 wt. 9. Table I indicates that the best results are provided by the LiF
and Na3;AlFs mineralizers and by the combinations NaF + CaF;, LiF + Na3AlFs,
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Table 111

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 with a time of holding of 3 hours. Mineralizer
concentration 3 wt. 9,.

CIE coordinates
P
Sai{;:fle Mineralizer L*a*b* 1976 P= 7AR?R; AR,
L* a* b*

8 LiF 60.08 —3.99 2.76 0.28 8.1
13 NaF 4 BaF, 55.99 —3.28 3.13 0.29 7.3
16 Na.SiF¢ + CaF, 52.89 —3.81 2.93 0.22 4.8
30 LiF 4 NaCl 63.18 —3.64 3.99 0.28 8.9
33 LiF 4 KCl 64.71 —4.51 3.36 0.28 9.2
35 LiF + NaF 62.39 —3.99 3.74 0.21 6.5

i

and particularly LiF + BaF, (weight ratio 1 : 1). 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 9, 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: CaF, + BaF, (1:1), LiF +
+ Na(Cl, KCl, or BaF, -+ Na3;AlFs 4 CaF,. Sample No. 9, with a reflectance
curve flatness of 18 9%, (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
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Fig. 1. Examples of spectral reflectance curves of grey ptgment formulations A, B and C after applica-
tion in the PW 141 glaze. The mean reflectance value is about 28—309, .
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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 CaF, + Na,SiFs. The ,colority’
of the three groups of compositons (4, B, C), in coordinates of identical colour
differences to CIE L*e*b* 1976, is plotted in Fig. 2.

Fig. 2. Grey pigment of formulations A, B and C applied in glaze PW 141, colority region of coordi-
nates a*, b* in the CIE L*a*b* 1976 system.

2. The results of experimental preparation of a black pigment with
a rutile structure

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+,
Sbs+, V3+ 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 Sb5+ and vanadium as V3+ and
possibly Vs+,

X-ray analysis and calculation of lattice parameters of the tetragonal rutile-type
structure with D1} — 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 9, of elementary V; « = b = 4.60 4 0.002, ¢ = 2.96 4 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 4+ 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 @ and ¢ 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, ¢ (A) on substitution of titanium by vanadium
and antimony

.
(lontoent Lattice parameters Eluable V
Sample (wt. %)
Ne.

Sb v « c % Vin % V of

pigment initial V
47 2 ‘ 2 4.593 + 0.002 2.963 4 0.003 0.032 ! 1.61
48 2 1 4 4.597 4 0.003 2.967 4 0.005 0.034 ; 0.84
49 2 8 4.597 4+ 0.001 2.956 + 0.002 0.038 0.47
50 2 | 16 | 0.042 0.26
97 20 20 4.588 + 0.004 2.972 4+ 0.003 0.11 0.54
98 20 30 4.581 4+ 0.010 2.976 4+ 0.011 0.21 0.70
99 20 40 4.561 4 0.009 2.959 4+ 0.009 0.25 0.62
100 20 50 4.561 4+ 0.005 2.967 + 0.005 | 0.27 0.54
47 | 2 2 4.593 4+ 0.002 2.963 4+ 0.003 | 0.032 1.61
51 4 2 4.600 4+ 0.002 2.968 4 0.004 0.027 1.33
52 ‘ 8 2 4.595 4 0.003 2.964 + 0.005 0.024 1.19
53 16 2 4.601 4 0.003 2.969 4 0.002 0.021 1.05
97 | 20 20 4.588 + 0.004 2.972 4+ 0.003 0.11 ; 0.54
101 | 30 20 4.598 4+ 0.007 3.001 + 0.009 0.25 | 0.75
102 40 20 4.602 + 0.003 3.027 + 0.004 | 0.14 ’ 0.71
103 | 50 20 4.603 + 0.004 3.059 4+ 0.008 }‘ 0.10 i 0.50

|

of the Vs+ ion and thus with the formation of mutually compensated defects
Sbiis Vi, Vii: on the other hand, the latter is related with the necessary occurence
of the Sby,; defect with a large ionic radius of Sb3+. 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 4 = 400 to 700 nm.

a) The effect of mineralizer type

The reaction mixture contained 20 wt. 9% of Sb,0; and NH,VO; 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. %: H3;BO;, NaF + NaCl (1: 1), Na,SiFs, K,CO; + 2 H;BO;, CaCO3 4
+ 2 H3;BO;, Na3AlFs, NaF 4 y-AlL,0s;, LiF and Bi;Os;. 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 Bi.O; and
H3BOs. 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 H3BO; (0.09%,) and
with Bi;0; (0.10 9%). 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—5% V per 1g of fired product, b — %, V in terms of V introduced, p — reflectance curve flatness
p = R|R, R = 5—6%,.
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Fig. 4. Temperature of firing the reacti jcture vs. the a nt of eluable vanadium and the gquality

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 Sb;03 + NHVO; ¢n the reaction mixture. The

temperature of firing the 6474 glaze (pigment content 10 wt . %) was 950 °C (x), 1000 °C (QO) and

1050 °C (), 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 4-15 9%,). 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 4 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 Sb,03 and NH,VO3) of 20 wt. 9, 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 Sb,0; + NH,VO; over the range
from 5 to 30 wt. 9%, of admixtures have borne out an earlier finding [6] in that the
optimum amount is 20 wt. 9%. The higher contents do not improve the results;
moreover, raising the amount of eluable vanadium; lower contents (e.g. already
15 9,) yield grey to brown colour shades. '

CONCLUSION

According to X-ray analysis, grey pigments of the zircon type, exhibit practically
solely the structure of ZrSiO,4. 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 BaF, + CaF,, 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 9, 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:

— TiO; in the form of anatase Pretiox AV 01, 20 wt. 9, of Sb,0; + NH,VO;
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~!, 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 9, between the maximum and the minimum reflectance value, mean reflectance
5.28 9,). About 0.02 9, 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
curve, 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 TiO, Pretiox is another advantage.
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NEPESTRE KERAMICKE PIGMENTY

Zdenék Sole, Libor Solc*, Lubomir Fajfr*

Katedra anorganicksé technologie, VSCHT, 532 10 Pardubice
* Vyzkumny dstav Monokrystaly, 511 19 Turnov

Jsou popsény dva typy nepestrych keramickych pigmenti — zirkonovy $edy a rutilovy éerny.

Sedy zirkonovy pigment typu ZrSi—AINiCo, resp. ZrSi—NiCoCrFe vykazuje rentgenogra-
ficky prakticky jen strukturu ZrSiOs4. Zbarveni proto dodévaji dalsi oxidy pfechodnych prvku,
které substituuji ionty Zr v ZrSiQ4. Byla pouzita t¥i slozeni reakéni smési (oznadené jako A, B,
C) vyvinuté autory [2]; pro né pak byl hledan optiméalni mineralizdtor (10 latek a jejich dvoj-,
resp. trojkombinace). Kritériem vhodnosti mineralizatoru byla co nejvyssi plochost remisni kfivky
P = AR/R; AR —rozdil nejvy$si a nejnizdi hodnoty remise, R — pramérné hodnota remise
v oboru 400—700 nm v %,. Remise byla méfena vidy az po aplikaci pigmentu v kryeci glazufe
PW 141. Mineralizétory, resp. jejich kombinace, jejichZ pouziti vedlo k pigmentiim s vétsi plochosti
remisni kiivky (niz8i P) nez zahrani¢ni vzorek K 2286, jsou uvedeny v tabulce I. az ITI. NejlepSich
vysledki bylo dosazeno s fluoridy Li, Mg a Ba, a to u slozeni reakéni smési B (obr. 1 a 2). Napt.
u vzorku B 9 ¢inil pii pramérné remisi B = 309%, rozdil mezi nejvyssi a nejniz$i hodnotou AR
pouze 5% ; vyrazné bylo potlaceno obvyklé zvySeni remise v okrajovych oblastech viditelného
spektra.
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V ptipadé éerného rutilového pigmentu (typ TiSbV podle patenti Hunda [5]) byly zjistovany
optimélni podminky jeho pripravy s ohledem na maximaélni plochost remisni kfivky a miniméIni
obsah nezachyceného (vylouzZitelného) vanadu. PFi pouziti tuzemského TiO, (anatas Pretiox
AV 01) jako hlavni slozky reakéni smé&si (80 hmotn. %), je optimélni pomér Sb : V v reakéni
smési 1,4 : 0,6. Podminky vypalu: ohfev § K . min~!, max. teplota 1150 az 1200 °C s 2h vydrzi.
Neni tfeba priddvat mineralizdtor. Dosazené vysledky ukazuji obr. 3 a 4; plochost remisni kfivky
P = 0,20 pii AR = 1%, obsah vylouzZitelného vanadu 0,02 hmotn. % V z vypalku. Aplikace
pigmentu je vhodné i pfi teplotdch glazovani 950—1050 °C.

Rentgenometrické studie ukazuji na velmi malé zmény miizkovych parametru struktury
rutilového typu i pfi vysokém obsahu vanadu nebo antimionu (tabulka IV.).

Obr. 1. Ptiklad remisnich kiivek Sedych pigmenté slofeni A, B, C po aplikaci v glazufe PW 141.
Pramérnd hodnota remise je cca 28—30%, .

Obr. 2. Sedy pigment slofent A, B, C aplikovany v glazufe PW 141, oblast barevnostt soufadnic a*,
b* systému C1E L*a*b* 1976.

Obr. 3. Vanad vyluhovatelny z vypalku v zdvislosti na poméru Sb : V (0,8 : 1,2 a 1,6 : 0,4); a —
% V na 1g vypalku, b — %, V vztaZené na vlofeny vanad, p — plochost remisnt kfivky p =
= AR/R, R = 5—6 %.

Obr. 4. Vliv teploty vypalu reakéni smési na obsah vylouZitelného vanadu a na kvalitu pigmentu.
Ndbéh teploty rychly, vydri pfi max. teploté 2h, pomér Sb : V v reakéni smési 1,4: 0,6,
20 hmotn. % Sb;0; + NH,VOs v reakéni smési. Vypal glazur 6474 (obsah pigmentu 10% )
na teploty 950 °C (x ), 1000 °C (Q), 1050 °C (OQ); a — Y% vyloufeni vanadu v 1 g vypalku,
b — % vyloufeni. V vztatené na vlofeny vanad, p — plochost remisni kfivky, B = 5—6%, .

AXPOMATUYECKHUE KEPAMUYECKHWE IIUTMEHTBI

3nenex Hlomenm, JlmGop llombu*, Jly6omup ®aiidp*

Xumuro-mexronozuseckutl uncmumym, xagedpa MeopeaHlNecKolt METHOA0LUL,
532 10 ITapdy6uye

* H ayuro-uccaedosamenvckuii unwucmumym Monoxpoicmaaant, 511 19 Typros
,

B mpusonmmoil paGore omncHBaoTICA fBa OecHBEeTHHX KepaMHYeCKUX OATMEHTA: IMPKO-
HHEBLIH CEpHl M PYTHUIOBHIl YepHHI.

¥ nupkorueBoro ceporo murmMesTa tuma ZrSi—AINiCo, miua ZrSi—NiCoCrFe apakrm-
gecKHd [0KasaHA cTPYKTypa ZrSiOs Tosibko peHTreHorpaguuecku. IloaroMy oxpacka BBI3HI-
BaeTcd JIHIIb NAJpHEAIDMMHM OKCHAMH IePeXOJHHX 3JIeMeHTOB, KOTOpbie 3aMelIaloT HOBHI
Zr B ZrSiO4. Brutn Acnosib30BaHE TPH COCTaBa PeaKIHMOHHOM cMecH (00o3HaueHHe yepes A,
B, C), paspaboragHme aBTOpaMu [2], mya HuX OblT TaKie HalijieH onTHMAJILHEIA MUHEPAIIH-
3atop (10 BeilecTB M uX ABOA- MM TpexkoMbuHanuu). KpaTepnem mpUrojHOCTH MUHEPAJIH-
3aTopa OKa3sbiBaeTcA HamOOJbIIaA ILIOCKOCTHOCTh KPUBOHU ¢TemeHM orpaskeHHss P = A R|R,
A R — pasamune HauGoJee BRICOKOM B HanboJilee HU3KOM BeMIAH KOIPPUIIMEHTA APKOCTH,
R — c¢pejEAa BelmanHA KodggunueATa APKOcTH B mpefesnax 400—700 nm B %. Koad-
¢unueAT APKOCTH Bcerfa M3MePsIM TOJBKO Iocjle IPMMeHeHHMA IMIMeHTa B HeopO3pauHOR
1i1a3ypu PW 141. MurepasnusaTops! miim ux kOMOMHAOUH, HCHOJIL30BaHHE KOTOPHIX HOCIHY-
JKAJIO 1JIA MMOJIyYeHHA MUrMeHTOB ¢ GOJIpImedl IIIOCKOCTHOCTHI0 KPHBOU cTeneHHM OTparKeHUsA
(6031ee HA3KOIT P) HO cpaBHEHMIO ¢ MMOOPTHEIM o6pasiioM K 2286, npuBogarca B Tabi. I—III.
Hausnyumme pesyinsraTer 6biiin mosydeHn ¢ ¢ropumamu Li, Mg 1 Ba, a uMeBHO y cocraBa
peakiMoHHOU cMecu B (puc. 1 u 2). Hanpumep, y o6pasma B 7 npu cpegseM koadduinenre
sspkoctd B = 30 9% pasimune Mesxkny Hauboilee BhICOKOH m Haumboilee HHM3KOH BeJIMYHHOU
A R cocraBifeT TOABKO O %, Pe3KO HOHM:KaeTcsi 0OhIKHOBeHHOE MOBHIIEHNEe KO3(PunuenTa
SIDKOCTH B KpaeBHIX 00J1acTAX BHAMMOIO CHEKTpA.

B ciygae uwepHOro pyruioBoro murmesnra (tum TiSbV cormacEo matenTy XyHma [5])
yCTaHABIHBAJUCH ONTHMAJbHEIE YCIOBUA €ro IMoIyIeHHd ¢ yieTeM MaKCHMAJIBHOIT IITOCKOCT-
HOCTH KPHBOH cTelleHH OTpaseHMA M MAKCHMAJILHOTO COfep:KaHHA HeyCTaHaBJIMBAEMOI'O
(BrumesiaunBaeMoro) BaHaaus. Ilpm nmpumenennmu oteuecTBeHHOro TiO: (aBaTac Pretiox
AV 01) B kagecTBe OCHOBHOT'O KOMIIOHEHTA peaKlimoHHOK cMecH (80 % IO Becy) ONITHMAaJIbHOE
orHomeHue Sb : V B peakimonHoi cmecu — 1,4 : 0,6. YcmaoBusa obxura: HarpeB 5 K. Mua-1,
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MaxcEMadbHasg Temneparypa 1150—1200 °C ¢ 2 9. Beyiepsku. Jo0aBxka MuHepasMaaTopa
yke He Hy>kHa. [losrydeHHbIe 8e3lemaTm NPUBORATCA HA pPUC. 3 M 4; IVIOCKOCTHOCTH KPHBOM
cremeHd orpaskeHHsa P = 0,20 opu AR =1 %, cofep:xaHue BhlllleJJaTHBaeMOro BaHAAHA
0,02 % mo Becy V m3 orapka. Mcnons3oBaEne narMeHTa MPATOJHO jJaske IPH TeMIepaTypax
raagypoBaEna 950—1050 °C.

PerTreHorpaguyeckuM HccjiefJoBaHAEM HOKa3hIBAIOTCA BecbMa He0oJlpllMe H3MEHEHHS
napaMeTpOB DeHIeTKH pPYTHiia JasKe IPH BHICOKOM COflepKaHMM BaHaJuA MJIH CYPbMH
(tabiL IV).

Puc. 1. TIpumep kpuswir cmenenu ompanceHus cepbix nuemermos cocmasom A, B, C nocae
npumenenus ¢ 2aaaypu PW 141. Cpednas eeaununa krosppuyuenma ompaxcenus
npubausumeavio 28—30 %.

Puc. 2. Cepuiii nuemenm cocmasoss A, B, C, npumensemwii ¢ zaaaypu PW 141, o6aacms
yeemnocmelii koopdurnam a*, b* cucmemwr C1E L*a*b* 1976.

Puc. 3. Barnaduii, eviuyyeaavusaemsiii uz ocapka 6 aasucumocmu om omuouwerus Sb : V(0,8 : 1,2

90 1,6:0,4); a — % V na 1e oeapra, b — % V npu nepecueme na npumeHeHHbil
eanaduii, p — naockocmHocmb xpueoii cmenenu ompaxerus p = AR|R, R =25
80 6 %.

Puc. 4. Bauanue memnepamypt ob6xuza peaxyuorholi cmecu Ha codeprucanue ebvluyesavueae-
Mo20 6anadusn u na xavecmeo nuzmenma. Pocm memnepamypu oxaatieaemes 6sicmpbim,
6b10epHcKa npu mMaKcumabHoit mesmnepamype 2 waca, omnowenue Sb : V ¢ peaxyuon-
rou cmecu 1,4 : 0,6, 20 % no eecy Sb,03+ NH,VO; ¢ peasyuonroii cmecu. Obxcue aaazy-
peu 6474 (codepmcarnue nuemernma 10 %) do memnepamyp 950 °C (o), (z), 1000 °C
1050 °C (O); a — % enweaanusaemozo eanadun ¢ 12 ozapka, b — % eviujenavusae-
M020 6aHaA0UR NPU nepecieme Ha npuMeniembili 6anaduil, p — NAOCKOCMHOCMYb KPUEol
cmenenu ompaxcenus, R = 5—6 %.
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