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The possibility of synthetizing cobalt pigments from a waste sediment from
hydrometallurgical production of cadmium metal was studied. For the sake
of comparison a parallel synthesis was made with the use of Co3O4, prepared
from Co(NO3), . 6 H,0 of A.R. quality. In the synthesis of CoAl,04 the influence
of the molar ratio of reactants, temperature as well as the time of synthesis on the
quality of the pigments obtained was studied. The process of the synthesis was
described mathematically by linear and non-linear models in the temperature
region of 1000 —1200°C in order to determine the effect of the process parameters
on the reaction of spinel formation.

INTRODUCTION

Because of the attractiveness and high temperature stability of the ceramic
decors they produce, cobalt pigments are very expensive and sought-for materials.
They are used for colouring ceramic glazes in amounts from 2 to 6 wt. 9%, The
colours of the pigments differ in dependence on the elements they contain, for
instance green (Co and Cr), blue (Co, Al, Zn, Zr, Si and Cr), pink (Co, Si, P) or
brown and black (Co, Cr, Ni, Fe and Mn).

In the present study the authors investigated the possibility of synthetising
the cobalt pigments from waste sediments which are a by-product of hydrometal-
lurgical production of cadmium metal. In industrial production of cadmium metal,
significant quantities of cobalt concentrate with an average content of 8 wt. 9,
of cobalt are obtained.

EXPERIMENTAL

To prepare the experimental materials, the waste sediment was first dissolverl
in sulphuric acid. In this way the cobalt was dissolved as CoSO,4 and the remaining
ferrous compounds were oxidized and precipitated with Ca(OH), as hydroxides.
The sulphates of copper and cadmium were separated from the warm solution
by so-called cementation with the use of zinc sheet metal. The Co2* ions were
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oxidized by NaOC], precipitated as hydroxide and separated by filtration. The
impurities present in the cobalt hydroxide obtained are listed in Table I. For
synthesis of the pigments beside cobalt hydroxide, powdered «-Al,0; from Kidri-
¢evo, Yugoslavia (with the content of Na,O 0.4 wt. %,, SiO, 0.025 wt. 9, and
Fe;03 0.04 wt. %) and powdered ZnO (produced by “Zorka” Sabac, Yugoslavia)
of A. R. quality were used. Parallel experiments were made with Co;04 obtained
from Co(NOs)2 . 6 H;O (Merck) of A. R. quality. X-ray analysis showed that the
cobalt hydroxide obtained from the waste material was in the form of the mineral
heterogenite, CoO(OH).

The starting material Co(NO;); . 6 H,O was heated to 300 °C in order to decompx
ose it according to the reactions

Co(NO;):.6 H,0 - Co(NOs); + 6 H,0 (t = 50—233 °C) (1)
Co(NO3)2 - 1/3Co304 + 2 NO, + 1/3 0, (¢t = 233—280 °C) 2)

The composition of the reaction mixtures for the synthesis of cobalt aluminates
is given in Table II.

Table 11
The composition of reaction mixtures for synthesis of cobalt pigments
t. % of component in the .
Mixture A)reactionpmixture Molar ratio
number
AL,O, | CoO(OH) | Co304 ZnO AL,05 : CoO

1 52.568 ‘ 47.42 — — 1:1

2 68.92 31.08 - - 2:1

3 76.89 23.11 — - 3:1

4 60.0 — 21.42* 20.0

5 60.0 | 24.53* - 20.0

*) calculated as CoO

Heat treatment of the samples

The dry reaction mixtures were homogenized in a ball mill for 1 hour. The so-
called flash ignition firing was used in order to obtain finely dispersed powders.
According to the literature [1], it is thus possible to prevent the reaction mixture
from sintering so that the final product of synthesis need not be ground.

Because the literature data [2, 3] indicated that a change of atmosphere from
oxygen to nitrogen had no significant influence on the reaction kinetics, the heat
treatment was carried out with air in free access.

Reaction course in the system CoO—AlL;0O;

In order to determine the influence of the process parameters in the synthesis
of cobalt aluminates from waste CoO(OH), the method of full factor experiment
according to Luri [4] was applied in the case of reaction mixture 1 from Table II.
As the response function, the content of unreacted CoO was determined in the
samples treated for certain time intervals at the selected temperatures. The content
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of unreacted Co2* ions was determined in solutions obtained after the dissolution
of samples in warm (1 : 1) HCl by atomic absorption (Perkin Elmer Apparatus,
wavelength 240.7 nm). The determinations were made at two points of each sample.
The results are given in Table ITII.

Table 111

The content of unreacted Co?* in the reaction mixtures of CoO(OH) and Al,O; heated at different
temperatures in air

Temperature Molar Time Uncreacted Co2+ (wt. %)
f)" C ratio of treatment
) Al,0; : CoO (h) Probe I Probe II
1000 1:1 2.0 14.56 15.43
4.0 12.39 10.66
6.0 8.44 9.11
1100 1:1 2.0 2.38 2.17
4.0 2.01 1.90
6.0 1.49 1.62
1200 1:1 2.0 0.67 0.67
4.0 1.67 0.90
6.0 0.50 0.87
1300 2:1 4.0 0.03 —
3:1 4.0 0.004 —

MATHEMATICAL TREATMENT OF THE EXPERIMENTAL DATA
The modelling of the process of synthesis was performed according to the plan

of experiments given in Fig. 1. As a zero level the temperature of 1100 °C and the
time of 4 hours was used. The interval of the temperature change was 100 °C,
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Pig. 1. The plan of experiment for the modelling of the process.
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Table 1V

Central orthogonal plan of the second order (k = 2) and mean values of the response function
(the amount of unreacted Co?*)

Number of Coding values of variable i Response function y
experiment | : N )
By T2 \ (x1 — 2/3) (x3 — 2/3) T1%2 Y1 Y2 Ymean
1 —1 -1 1/3 1/3 +1 14.56 | 15.43 14.99
2 +1 —1 1/3 1/3 —1 0.67| 0.67 0.67
3 —1 +1 1/3 1/3 —1 8.44| 9.11 8.77
4 +1 +1 1/3 1/3 +1 0.50 | 0.87 0.68
5 -1 0 1/3 —2/3 1] 12.39 | 10.66 11.52
6 +1 0 1/3 —2/3 0 1.16 | 0.90 1.03
7 0 -1 —2/3 1/3 0 2.38 | 2.17 2.27
8 0 +1 —2/3 1/3 0 1.49 | 1.62 1.55
9
zero point - — . . 95
point) 0 0 2/3 2/3 0 2.01 | 1.90 1.95
J
Table V
Check of the models obtained by comparing the calculated and the experimental values
Exverimental The amount of unreacted Co2* (wt. %)
:cl))ndixtl,zoﬁs Values calculated by means Experimental
of models (mean values)
zy x; Linear Non-linear
—1 13.43 14.35 14.99
-1 0 11.88 11.58 11.52
+1 10.33 8.81 8.77
-1 7.83 2.85 2.27
0 0 6.28 1.55 1.95
+1 4.73 0.54 1.55
—1 2.23 0.30 0.67
+1 0 0.67 0.62 1.03
+1 0.87 0.95 0.68

and that of the time change was 2 hours. For the experiment of type 22, the following
equation of regression was obtained:

y = 6.278 — 5.604x, — 1.553x; -+ 1.558z,2; (3)

where g is the cooling value of the response function (the amount of unreacted
cobalt), z; is the temperature and z; is the time of reaction.

The reproducibility test, according to Kohern, showed the experiment to be
well reproducible. However, the test for model adequacy according to Fisher’s
criterion indicated that the model was not adequate. The central orthogonal plan
for the second order (¥ = 2), presented in Table I'V, was therefore applied. In this
way the non-linear model represented by the following equation was obtained:
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y = 4.65 — 5.482; — 1.22%, + 1.55x,2, + 4.35(22 — o), (4)
2k
=l (5)

where n is the number of experiments in the plan (n = 9 in this case). All the
coefficients in equation (4) are significant according to Student’s criterion. It is
obvious that the effect of temperature on reducing the amount of unreacted CoO
is more expressive than that of time. For thisreason the pigments were synthetized
at 1300 °C for 4 hours.

A comparison of the calculated values from both models and the experimental
values is given in Table V. On the basis of these data it is obvious that the agree-
ment between the calculated and the experimental values was better in the case
of the non-linear model.

More experiments (at least fifteen) would be required for complete modelling
of the synthesis process.

APPLICATION OF THE SYNTHETIZED PIGMENTS

The pigments obtained were applied on industrial scale in glazes for ceramic
tiles in amounts of 3 wt. %, in the Zorka ceramic tile works at Sabac. It was shown
that '

— the temperature changes under industrial conditions had no effect on the colour
of glazed tiles, . '

— the atmosphere in the kiln had no effect on the stability of the pigments;
they are stable in oxidating and slightly reducing atmospheres, and

— the composition of the industrial glaze and stirrers did not affect the thermal
stability nor the colouring power of the pigments.

t 1 1 L 1 ] 1 1
380 430 480 530 580 630 680 730 780
A, nm

Fig. 2. Reflection curves of blue pigments, Composition of pigments: 2 — 68.92 9%, Al;0s, 31.08 %,
CoO(OH). 3 — 76.89 9, Al,O3, 23.11 Y, CoO(OH). 4 — 60.00 %, Al,053, 20.00 % ZnO, 21.42 9,
Co304*. 5 — 60.00 9, A1,03, 20.00 % ZnO, 24.53 % CoO(OH)*

* — calculated as CoO
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Pigments synthetized from pure Co;04 obtained from Co(NOs), . 6 H,O of A.R.
quality were heated under the same conditions (1200 °C, 4 hours) as the pigments
of the same compostion (mixtures 4 and 5 in Table II) based on the waste CoO(OH).
Their optical characteristics are given in Fig. 2; there is no significant difference
between the two.

CONCLUSION

On the basis of experimental results it can be concluded that

— the impurities present in CoO(OH) obtained from the waste sediment probably
increase the reaction rate of cobalt aluminate formation,

— a change in the Al;03: CoO molar ratio from 1 to 3 caused the colour shade to
change to lighter blue tones because in this case the amount of unreacted Al,O3
was greater. The content of unreacted Co2* was negligible (Table III),

— the pigments synthetized from waste CoO(OH) can be successfully applied
in glazes for ceramic tiles under industrial conditions.
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SYNTEZA KERAMICKYCH PIGMENTU NA BAZI KOBALTU
Z PRUMYSLOVEHO ODPADU

Stanka Erié¢, Ljiljana Kostié-Gvozdenovié* Milanka Miladinovié, Ljiljana Pavlovié

Chemicky primysl ,,Zorka*, Sabac, Jugosldvie
*Fakulta Technologie a metalurgie, Bélehrad, Jugosldvie

Cilem prace bylo ové&Fit moznost syntézy kobaltovych pigmentu z kalu, které odpadaji pfi
hydrometalurgické vyrob& kovového kobaltu. Nejprve byl tento odpadnfi materidl charakterizo-
vén chemickymi a mineralogickymi metodami.

V soustavé CoO — AL O; byla syntetizovana Fada pigmenti o riznych barvach. Pro srovnéni
byly paraleln& pfipraveny pigmenty z vychoziho Co3Oy, ziskaného z Co(NOs),. 6 H,O p. a. PFi
syntéze CoAl,04 byl sledovéan vliv molédrniho pomé&ru vychozich latek, teploty a ¢asu na kvalitu
ziskanych pigmentu. Proces syntézy byl popsan matematicky v teplotni oblasti 1000 —1200 °C,
aby se urdéil vliv parametra procesu na reakci vzniku spinelu.

Laboratorné pfipravené pigmenty byly pouzity v pramyslovych podminkéch do glazur pro
keramické dlazdice v mnozstvi 3 9, hm. V tomto pfipads se ukdzalo, ze optické charakteristika
pigmentu pripravenych z odpadu a z chemik4lii o Cistots p. a. je témé&F shodné. Na zédklad& toho
je mozno shrnout, Ze odpad lze Usp&3né pouzit pro vyrobu fady keramickych pigmentu na bézi
sloucenin kobaltu.

Obr. 1. Pldn experimenti pro modelovdni procesu.

Obr. 2. K¥ivky odraznosti modrych pigmenti. Slofeni pigmenti: 2 — 68,92 Y%, Al;,03, 31,08 %, Co(OH).
3 — 76,89 9, AL,Os, 23,11 9 Co(OH). 4 — 60,00 %, AL,Os, 20,00 % ZnO, 21,4 %, Co,04*.
5 — 60,00 %, Al,0;, 20,00 % ZnO, 24,63 9%, CoO(OH)*
* — prepoéteno na CoO.
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CHHTE3 KEPAMUYECKHUX HHNTMEHTOB
HA BA3E KOBAIBTA U3 INPOMBIIIJEHHBINX OTXOIOB

Cranka Jpuy, Jliiuanaga KocTuu-T'Bo3jieHOBM u¥,
Muaauka Muaa;uaoBnu, Jlitninsaaa IlaBiloBuu

¢

Xumuueckar nposmviwaennocme ,,3opvka‘’, llabay, FOcocaansus

*Ppaxyavmem mexnoao2uu u memaaxypeuu, Beozpad, Keocaasus

Ilensio npuBoMMOI PaGOTH ABIAETC A 1 eJe,J0BAHUC BOBMOKHOCTH ¢ MHTE3a KOOAJILTOBEIX
IHAI'MEHTOB U3 MJIAMOB, OTXOIAINMX NMPH T'H;IPOMETASIIIY Prut¥ecKOM NPOH3BO;(cTBE MeTa.l 1 -
yeckoro kobaasta. IIpexiie Bcero 6bI1 yeTAHOB/EH COCTAB OTXOjI0B C [TOMOIIbI® XHMHYECKHMX
H MHHepaJIoI'MYecKHX MeTO;(0B.

B cocraBe CoO — Al.@; Gnli1 ¢HHTCTH3MPOBAH Ps;{ IMIMEHTOB pa3Horo nsera. HidA co-
MOCTaBJIeHU s OpLIM 11 PAJLICJIHHO IPHTOTOB.IEHH MUI'MEHTH M3 HcX0,1H010 C0304, 10JIyUYeH-
Horo u3 Co(N@;3),.6 H,0 i a. llpu cunreze C@AL2O4 HccilejioBalln BJIUAHUE MOJIAPHOTO
OTHOIIEHMA HCXOMHHIX BelleCTB, TCMIEPATYPhL M BpPeMEHM Ha KauyecTBO II0JYUYeHHBIX IIHI-
meHTOB. Iponecc cuHTe3a oNHCLIBATH MaTeMaTHYec KM B npefe.lax TeMnepatyp 1000—1200 °C
¢ IleJ1pI0 YCTAHOBUTH BJIMAHHC IapaMeTpoB Ipollecca HAa peakIuio 00pa30BaHHA INIMHEIH.

[1puroTosiienHsie J1aGOPaTOPHBIM ITYyTEM IIMIMEHTHl HCIIOSIL30BAJIM B IPOMBIIIIEHHKIX
YCJIOBHEAX [JA INPUIOTOBJICHHA TIiladypeli, NpejHA3HaUeHHLIX 1A KeDaMUYeCKHMX IUIMTOH
B KoJimuecTBe 3 % Mo Becy. B 1aHHOM ciyuae Obli10 ;[0Ka3aHO, UTO ONTHYECKAS XapaKTepHc-
THKa OATMEHTOB, NPHI'OTOBJIEBHHIX M3 OTXO0;I0B M XHMHYECKHX BCIICMTB UMCTOTOH 1. a.
oouTH OjfiiHaKkoBa. Ha ocHOBaHMM TOI'0 MOJKHO BBIBO;IMTh, UTO OTXO/\bI MOMKHO C YCIEXOM
4CII0JIB30BATh JIIIA NMPOM3BOACTBA Pf/la KCPAMHYCCKAX I[MIMEHTOB, MHoO.iyuyaeMuix Ha Oade
coeqMHEHAR KO0OaJIhTa.

Puc. 1. Ilaan sxcnepumenmos 0as Modeauposanus npoyecea.
Puc. 2. Kpuswe ompaxcenus cunux nucmenmeos. £ocmae nuemenmos: 2 — 68,92 9% Al;0,,

31,08 % Co(OH), 8 — 76,89 % AlOs, 23,11 % Co(OH), 4 — 60,00 % Al;0s,
20,00 % ZnO, 21,4 % Cos04*, 5 — 60,00 % ALOs, 20,00 % Zn0, 24,53 % Co®(O H)*
* — npu nepecueme na CoO.

FEUERFESTBAU. STOFFE-KONSTRUKTION—-AUSFUHRUNG (Zérovzdor-
né stavby. Materialy — konstrukce — provedeni); redakce Némecka spoleénost pro stavbu zaro-
vzdornych agregati a komint, 303 stran, 98 DM, Vulkan Verlag, Essen 1987.

Po delsi pause vyplnéné pouze nékterymi preklady z japonské odborné literatury do rustiny,
objevuje se kniha némeckych specialisti v oboru stavby zarovzdornych agregatu. Zahrnuje
posledni poznatky a vyuziti progresivnich materiali, véetné lehéenych zaromonolitii a vldken.

V prvé casti je uveden struény prehled Zarovzdornych staviv s durazem na jejich zékladni
vlastnosti. Preferovany jsou predevdim tepelné izolaéni n téz Fada pomocnych materiala, jako
jsou napf. tmely, natéry, malty, smési pro spary apod.

Dalsi kapitola se tyka konstrukce agregiatii s vyuzitim zikladnich druhiti materiala, jako jsou
tvarové hutné, tvarové tepelné izola¢ni, netvarové a vlaknité materialy. Soucasti této kapitoly
jsou téz poznatky tvkajici se prestupu a prostupu tepla a tepelné technické vypodéty. Zavéer ka-
pitoly tvori statické vypolty pfi pusobeni teploty.

Treti hlavni ¢ast je vénovana provedeni stavebnich tikont. Déleni je opét provedeno podle
zékladnich druht zarovzdornych staviv s ohledem na ruzné typy agregitii resp. jejich éasti
(rotadni pece, klenby, oblouky apod.).

Zivér tvori struéné pasaze o uvadéni do provozu, tj. o sudeni, temperovani a odtemperovani
pecnich agregatu a prisludnych normaéach.

Kniha je vybornou prirudkou predevéim pro konstruktéry a stavitcle vysokoteplotnich agre-
gatt, bude vSak jisté uziteéna i pro posluchace a pedagogy vysokych kol prisludnych oboru.

J. Kutzendirfer
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