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SYNTHESIS OF SPECIAL PIGMENTS 
A study by means of TA methods 
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Pardubiee, Czech Republic 

Abst rac t  

Several TA methods (including dynamic TA, Q-TA, emanation and special eonductometrie 
TA) were used in investigations of condensed phosphate synthesis, and in the evaluation and con- 
trol of the reactivity of the raw materials, when high-temperature stable pigments are developed. 
Conductometrie TA occupies a special position because of its high sensitivity to most changes in 
crystal structure at the beginning of reactions. 
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Introduction 

Our main research interest is concentrated on the synthesis of new special 
pigments, e.g. those used at higher temperatures in ceramics (for ceramic 
glazes, enamels or the colouring of ceramic bodies) or in paint technology as 
corrosion-inhibiting materials. The syntheses of these compounds are usually 
connected with high-temperature reactions in the solid state of polycrystalline 
reactants. The methods of thermal analyses (TA) X-ray diffraction, SEM and 
electron microprobe analysis are therefore the most useful. 

For the investigation of topochemical reactions and for optimization of the 
synthesis conditions, especially the following TA methods are employed: dy- 
namic TA (DTA, TG), quasi-isothermal-isobaric TA (Q-TA), amperometric TA 
(ATA), emanation TA (ETA), thermomechanical analysis (TMA) and differen- 
tial scanning calorimetry (DSC). 

The use of these methods is illustrated in some concrete cases. The scheme 
of synthesis of c-tetrametaphosphates of bivalent cations (M 2+) can be written 
as follows: 

-2H20 M(H2PO4)2 -H20 MH2P207 M(H2PO4)2"2H20 7"1 T2 
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- -H20  
MHzP207 ~ 1 / 2  c-M2P4OI2 (,,mon, h.) T4 

txl,ot2 1/2 or2 c-M2P4Ol~c~y,t) +2/n.H20 1/2 ohc-M2P4Ol~c~t) T5 T6 

cooling. 2/nMv~HzP~O3, + ~(g~,) 2/nMv~Hff',Ch,+l(uq.) to 25~ 

The temperatures vary with the metal cation used, e.g. for Zn2P4OI2 the tem- 
_peratures 1"1-1"6 are: 115-170~ 170-260~ 260-330~ 400, 670 and 810~ 
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Fig. 1 Thermal curves of starting phosphates. Labyrinth crucible: p(H20) = 100 kPa; tem- 
perature increase: 2.5 deg/min in air; sample mass: 800 mg 

J. Thermal Anal., 43, 1995 



~OLC, TROJAN: SYNTHESIS OF PIGMENTS 71 

Figure 1 illustrates the thermal decomposition of starting Mn(lI) or Co(II) dihy- 
drogenphosphate. 

Cu(II) dihydrogenphosphate cannot be prepared in this way. Therefore, a 
mixture giving as intermediate a compound corresponding to the formula 
3(CuHPOa.H20)-H3PO4.2.5H20 was used. At 150~ the sample can be re- 
garded as Cu(H2POa)2, even though it is rather a mixed product CuHPOa.H3PO4 
[1]. The release of crystal and constitutional water molecules is accompanied by 
a distinct endothermic effect. The small exothermic effects are connected with 
crystallization of the amorphous tetrametaphosphate. Another effect can be ob- 
served when various types of crucibles are used, because of the various water 
vapour pressures in the reaction space. This can be better demonstrated when 
the Q-test (Q-TA) is carried out. 
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Fig. 2 TG curves of starting phosphates under quasi-isothermal, quasi-isobaric conditions. 
Decomposition rate: 0.4 mg.min-l; polyplate crucible: pH20(~) = 1 kPa; atmosphere: 
air 

Figures 2 and 3 show that the first step of water release for the Mn com- 
pound is sharp and isothermal. For the other compounds this is not the case. 
When the TG curve forms a sharp step, the reaction proceeds isothermally at 
the selected rate, so the reaction may be assumed to lead to equilibrium [2, 3]. 

If this is not so, it may be explained by presuming that the crust-like new 
phase formed on the surface of the starting material tends to form a compact 
structure. If this idea is accepted as correct, it can also be presumed that the po- 
rosity of the new phase is greatly influenced by the liberated water vapour still 
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Fig. 3 TG curves of starting phosphates under quasi-isothermal conditions. Decomposition 
rate: 0.4 mg.min-~; labyrinth crucible; pH20(~) = 100 kPa; atmosphere: air 

in contact with the grains. The higher the water vapour pressure, the greater the 
porosity. 

In this sense the difference between the curves in Fig. 4 can be interpreted 
[4]. In the case of curve 1 (Fig. 4), it can be assumed that in the water vapour 
atmosphere (100 kPa) within the labyrinth crucible, the porosity of the new 
phase became high enough to ensure that the water of crystallization could still 
depart in an isothermal way. However, in the case of curves 2, 3, 4, the reac- 
tion-retarding effect of the poor porosity prevailed. 

Thus, by using these TA methods, various crucible types and measuring con- 
ditions (dynamic, Q-test) the influence of the water vapour pressure and of ther- 
modynamic or kinetic factors may be studied. These methods allowed 
establishment of the conditions for producing simple or binary condensed phos- 
phates of bi- or trivalent cations. 

Another field of application of TA methods is the evaluation of the reactivity 
of the raw materials or reactants used to synthesize high-temperature stable ce- 
ramic pigments. When any reactant in the reaction mixture is replaced by an- 
other (the same in chemical composition and purity, but, for example, 
originating from another commercial production), the resulting pigment is dif- 
ferent in hue or colour value. This effect is usually connected with the different 
reactivity of the new reactant. An example is the mixed spinel type pigments 
(e.g. Zn/Fe2-xCrx/O4, x = 1.1, a brown pigment). When different commercial 
products of iron oxide are used instead of the Bayferox 130 applied for this pur- 
pose by our producers, the resulting products have a different hue from that 
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Fig. 4 Q-TG curves of  hydrogenphosphate obtained m various types of  platinum crucibles 

brown colour. We have proved [5-7] that this can be explained by the different 
re.activities and kinetics of the two parallel reactions: 

(a - b) ZnO + (1 + x)/2 Fe203 
b ZnO + (1 - x ) / 2  Cr203 j Zn/Fe l  + xCrl - x/O4 + (a - 1) ZnO 

The relative reactivities of Fe2Os and ZnO are shown in Fig. 5. Bay- 
ferox 130 is seen to have the lowest reactivity (the highest onset temperature of 
the DTA effect) of all the Fe2Os samples measured. When our aim is to gain the 
same hue as when Bayferox 130 is used, the reactivity of another Fe2Os must be 
decreased or that of Cr203 must to be increased. The Fe2Os reactivity can be 
depressed by prefiring at higher temperature, but this is associated with the for- 
mation of coarser particles (the colour value then decreases). It is better to in- 
crease the reactivity of Cr2Oa, which is possible by doping it with ions of lower 
valency. The most efficient appear to be Li + or Ni 2+, which can be added to the 
overall reaction mixture. According to the mechanism of formation of the spinel 
compound (Sp) (see Fig. 6), Li § may accelerate both reactions (Li + enters the 
octahedral positions in the spinel structure nearly as well as the tetrahedral po- 
sitions, and the stabilization energy of the ligand field is small [8], whereas 
Ni 2+ accelerates only the formation of ZnCr204, because Ni 2§ strongly prefers 
octahedral positions (d 8 electron configuration, and high stabilization energy of 
the ligand field). Li + accelerates the reaction of ZnFeaO4 formation 1.2-fold, 
and the reaction of ZnCr204 1.9-2.0-fold (at 700~ while Ni 2§ accelerates 
only the formation of ZnCr204 (2.2-fold). The doping of a lower valency cation 
in the reaction mixture causes an increase of the interstitial ions Cri (or Zni) and 
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therefore of the rates of diffusion and reaction too. This is especially so in the 
case of NiO: 
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Fig. 5 DTA curves for ZnO + Fe~O3 (mol.ratio 1:1): rate of temperature increase: 
10 dcg/min; Fo203: Bayfcrox 130 (1), Fepren TD 202 (2), TP 303 (3), for fcrrite (4), 
Fepren Y (5), Fcpren DR (6), Fepren B (7); ZnO + Cr203 (Bayer GX) (8) 
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Fig. 6 Mechanism of ion transport in spinel compounds 
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This procedure (based on an evaluation of the reactivity) leads to a resulting 
brown pigment with the correct hue (the same as can be obtained with Fe203 - 
Bayferox 130). 

The reactivities of the oxides used can be described in terms of the kinetics 
(k and AE) or the onset temperature of the DTA peak. Conductance TA (ATA 
[10]), indicates the temperature of the reaction start most sensitively. The ATA 
arrangement is detailed in [9]. The automatic LCRG-meter (TESLA BM 591) 
connected to a personal computer gives, for the selected temperature steps, con- 
ductivity of a sample (reaction mixture) pressed into a pastille with thin Pt 
plates pressed on it. Simultaneously, the temperatures are recorded. The result- 
ing graphs of log a vs. l i T  for the systems ZnO+Fe203, ZnO+Cr203 and 
TiOz+Sb203 are shown in Figs 7 and 8. Measurements are carried out with al- 
ternating current with a frequency of 1000 Hz. The computer also calculates the 
intersection points of selected linear parts of the log c vs. 1 /T  relationship. The 
points tp (Fig. 7), the reaction start temperatures of the DTA peaks, are nearly 
100 deg lower, and the differences between the various iron oxides are therefore 
greater. The origin of the nuclei on the grain surfaces causes a change in the 
conductivity, which is sensitively detected by the described device. 
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Fig. 8 Conductance curve of solution of Sb203 (5%)-TIO2 (Pretiox AV-01). The point of in- 
tersection indicates the start of solution and futile formation (t=709.77~ =71.0~ 
Rate of increase of temperature 5 deg/min 

Figure 8 illustrates the use of the ATA method to determine the temperature 
of entry of Sb203 into TiO2. The structure of TiO2 changes from the anatase to 
the futile form. At 780~ the reaction mixture exhibited small diffraction pat- 
terns of the rutile structure when RTG analysis was carried out on the cooled 
sample. At 840~ the rutile content was about 25-35%. When pure anatase is 
measured, the relationship log a vs. l i T  shows an intersection about 100 deg 
higher (at 798~ 

This method has been employed for estimation of the reactivities of various 
TiO2 and ZrO2 oxides for investigation of the synthesis of rutile and zircon-type 
pigments. 
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Zusammenfassung - -  Versehiedene thermoanalytisehe Mcthoden (DTA, Q-TA, Emanations- 
und spczieIle konduktomctrisehe TA) wurden in Untersuehungen kondensierter Phosphatsynthe- 
se und in der Auswcrtung und Kontrolle der RcaktivilAt von Rohstoffen bei der Entwicklung von 
hoehtemperaturbest~ndigen Pigmenten angewendet. Dabei nimmt die konduktometrische TA we- 
gen ihrcr hohen Empfindlichkeit gegen/iber den meistcn Vcr~inderungen in der Kristallstruktur 
bei Reaktionsbeginn eine Sonderstellung ein. 
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