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1'he pos,qibility 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 Co304 , prepared 
from Co(N03 )z . 6 H20 of A.R. quality. In the synthesis of CoA1204 the influence 
of the molar ratio of reactants, temperature as well as the time of synthesis on the 
quality of the pigments obtained was studfrd. 'l'he process of the synthesis was 
described mathematically by linear and non-hnear models in the temperature 
region of 1000-1200 °C in order to determine the effect of the process parameter.
on the reaction of spine/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. % 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, 
;;ignificant quantities of cobalt concentrate with an average content of 8 wt. % 
of cobalt are obtained. 

EXPERIMENTAL 

To prepare the experimental materials, the waste sediment was first dissolved 
in sulphuric acid. ln this way the cobalt was dissolved as CoSO 4 and the remaining 
ferrous compounds were oxidized and precipitated with Ca(OH)z as hydroxides. 
The sulphates of copper and cadmium were separated from the warm solution 
by so-caller\ cementatio n with the use of zinc sheet metal. The Coz+ ions were 

Table I 

Th(' content of irnpuriti('s in cobalt hydroxide obtained from waste 

impurity Ni Zn Cd Cu i Fe Sb Chlorides Sulphates 

wt.% 0,54 0.95 0.13 0.18 0.016 0.18 0.32 0.45 
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oxidized by NaOOl, 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 oc-A}zO3 from Kidri
cevo, Yugoslavia (with the content of Na2O 0.4 wt. %, SiO2 0.025 wt. % and 
Fe2O3 0.04 wt. %) and powdered ZnO (produced by "Zorka" Sabac, Yugoslavia) 
of A. R. quality were used. Parallel experiments were made with 00304 obtained 
from Oo(NO3 )2 . 6 H2O (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, OoO(OH). 

The starting material Oo(NO3 )2 . 6 H2O was heated to 300 °0 in order to decomp� 
ose it according to the reactions 

Oo(NO3 )2. 6 H2O ---+ Oo(NO3 )2 + 6 H2O (t = 50-233 °0) (1) 

Oo(NO3 )2 ---+ 1/3 00304 + 2 NO2 + 1/3 02 (t = 233-280 °0) (2) 

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

Table II 

The composition of reaction mixtures for synthesis of cobalt pigments 

Mixture 
t. % of component in the Molar ratio reaction mixture

number 
Al,03 I CoO(OH) I Co304 I ZnO Al,03 : CoO 

I 52.58 I 47.42 - - 1 : 1 
2 68.92 31.08 - - 2: 1 
3 76.89 23.11 - - 3: I 
4 60.0 - 21.42* 20.0 
5 60.0 24.53* - 20.0 

*) calculated as CoO 

H e a t  treatment  of  t h e  samples  

The dry reaction mixtures were homogenized in  a ball mill for  I hour. The so. 
called flash ignition firing was used in order to obtain finely dispersed powders. 
According to the literature [I], 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. 

R e act ion course  i n  t h e  system OoO-Al2O3 

In order to determine the influence of the process parameters in the synthesis 
of cobalt aluminates from waste OoO(OH), the method of full factor experiment 
according to Luri [4] was applied in the case of reaction mixture I from Table II. 
As the response function, the content of unreacted OoO 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 III. 

Table III 

The content of unreacted Co2+ in the reaction mixtures of CoO(OH) and Al203 heated at different 
temperatures in air 

Molar Time 
I 

Temperature Uncreacted Co2+ 

I
(wt.%) 

ratio of treatment 
(QC) Al203: 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 -

I 

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 ll00 00 and the 
time of 4 hours was used. The interval of the temperature change wa.s 100 °0, 

Fig. 1. The plan of experiment for the modelling of the process. 
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Tahle IV 

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

Coding valuPs of variable I Response function y Number of I 
experiment 

I I 
(xI -- 2/3) I (xf - 2/3) I I I I.,., X2 X1X2 y, Y2 Ymean 

1 -1 - l 1/3 1/3 +l 14.56 15.43 14.99 
2 +l -1 1/3 1/3 -1 0.67 0.67 0.67 
3 -1 +l 1/3 1/3 -1 8.44 9.11 8.77 
4 +l +l 1/3 1/3 +l 0.50 0.87 0.u8
5 -1 () 1/3 -2/3 0 12.39 10.66 11.52 
{i +l 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 l.55 
9 I 

(zero point) 0 0 -2/3 -2/3 0 2.01 1.90 l.95 I 
I 

I 

Tahle V 

Check of the models obtained by comparing the calculated and the expt>rimental values 

The amount of unreacted Co>+ (wt.%) 
I 

Experimental 
conditions Values calculated by means Exp<'rimental 

of models (mean values) 

x, I X2 Linear I Non-linear 

! 
-1 13.43 14.35 14.99 

-1 0 ll.88 11.58 11.52 
+ l 10.33 8.81 8.77 

-1 7.83 2.85 2.27 
0 0 6.28 1.55 1.95 

+ l 4.73 0.54 1.55 

-1 2.23 0.30 0.67 
+l 0 0.67 0.62 1.03 

+l 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 - 5.604x1 - l.553x2 + l.558x1x2 (3) 

where y is the cooling value of the response function (the amount of unreacted 
cobalt), x1 iR the temperature and x2 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 (k = 2), presented in Table IV, was therefore applied. In this 
way the non\linear model represented by the following equation was obtained: 
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y = 4.65 - 5.48x1 - l.22x2 + l.55x1x2 + 4.35(:rf- <p), 
<p = V 2k

n.

(4) 

(5) 

where n is the number of experiments in the plan (n = 9 in this case). All thecoefficients in equation (4) are significant according to Student's criterion. It isobvious that the effect of temperature on reducing the amount of unreac�ed CoOis more expressive than that of time. For this reason the pigments were synthetizedat 1300 °0 for 4 hours. A comparison of the calculated values from both models and the experimentalvalues is given in Table V. On the basis of these data it is obvious that the agreement 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 modellingof the synthesis process. 
APPLICATION OF THE SYNTHETIZED PIGMENTS 

The pigments obtained were applied on industrial scale in glazes for ceramictiles in amounts of 3 wt. % in the Zorka ceramic tile works at Sabac. It was shownthat 
- the temperature changes under industrial conditions had no effect on the colourof 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 thermalstability nor the colouring power of the pigments. 
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Fig. 2. Reflection curves of blue pigments, Composition of pigments: 2 - 68.92 % AlzO3, 31.08 %
CoO(OH). 3 - 76.89 % Al,O3 , 2.1.11 % CoO(OH). 4 - 60.00 % Al,O3, 20.00 % ZnO, 21.42 %

Co3O•*· 5 - 60.00 % Al2O3 , 20.00 % ZnO, 24.53 % CoO(OH)*
* - calculated as CoO

Silikaty c. 1, 1990 65 



S. Eric, L. Kostic-Gvozdenovic, M. Miladinovic, L. P avlovic:

Pigments synthetized from pure Co304 obtained from Co(N03 )i . 6 H20 of A.R. 
quality were heated under the same conditions (1200 °C, 4 hours) a.s the pigments 
ofthe sa.me 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 Ah03 : 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 Ah03 

was greater. The content of unreacted Coz+ was negligible (Table III),
- the pigments synthetized from waste CoO(OH) can be successfully applied

in gla21es for ceramic tiles under industrial conditions.
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SYNTEZA KERAMICKYCH PIGMENTU NA B.AZI KOBALTU 
Z PRUMYSLOVEHO ODPADU 

Stanka Eric, Ljiljana Kostic-Gvozdenovic* Milanka Miladinovic, Ljiljana Pavlovic 

Chemicky prumysl ,,Zorka", Bohac, Jugoslavie 

*Fakulta Technologie a metalurgie, Bllehrad, Jugoslavie

Cflem prace bylo ovi\rit moznost syntezy kobaltovych pigmentu z kalu, ktere odpadaji pri 
hydrometalurgicke vyrobi\ kovoveho kobaltu. Nejprve byl tento odpadni material charakterizo
van chemickymi a mineralogickymi metodami. 

V soustavi\ CoO-AhO3 byla syntetizovana fada pigmentu o ruznych barvach. Pro srovnanf 
byly paralelni\ pripraveny pigmenty z vychozfho Co3O4, ziskaneho z Co(NO3 )2. 6 H2O p. a. Pri 
synteze CoA12O4 byl sledovan vliv molarniho pomi\ru vychozich latek, teploty a casu na kvalitu 
ziskanych pigmentu. Proces syntezy byl popsan matematicky v teplotni oblasti 1000-1200 °C, 
aby se urcil vliv parametru procesu na reakci vzniku spinelu. 

Laboratorni\ pripravene pigmenty byly pouzity v prumyslovych podminkach do glazur pro 
keramicke dlazdice v mnozstvi 3 % hm. V tomto pripadi\ se ukazalo, ze opticka charakteristika 
pigmentu pripravenych z odpadu a z ehemikalii o cistoti\ p. a. je temi\r shodna. Na zakladi\ toho 
je mozno shrnout, ze odpad lze uspi\sni\ pouzit pro vyrobu fady keramickych pigmentu na bazi 
sloucenin kobaltu. 

Obr. 1. Plan experimentu pro modelovani procesu. 

Obr. 2. Kfivkyodraznosti modr.1Jchpigmentu.Slozenipigmentu: 2 - 68,92 % Al2O3, 31,08 % Co(OH). 
3 - 76,89 % Al,O3, 23,11 % Co(OH). 4 - 60,00 % AhO3, 20,00 % ZnO, 21,4 % Co3O•*· 
5 - 60,00 % AhO3, 20,00 % ZnO, 24,53 % CoO(OH)* 
* - pfepocteno na CoO.
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CHHTE:3 KEPAMHllECKHX IIItrl\lEHTOB

HA EA3E ROBA:IbTA H:3 flPO.\lbllIIJIEHHhIX OTXO,Il;OB 

CTaHirn 8pII'I, ,IliiIIm,HHa KorTII'l-fB03;.{eHoBH 11*, 
Mmwmrn M1wa;111HOBil'I, .'liin:11,HHa I1aBJIOBJl'I 

XuMU'{ec,w.n 11po.t1b1w.1.e1iHocmo ,,3opbKa ", l/1a6alf, JO�oc:iaeu.11, 

*<J,a1.y11,bmem meXHOJt02llU U MPnW,1,lYP•'UU, B eoipao, J02or Jt06U1' 

ll,eJiblO npIIBOJl;IIMOii pa60Thl HB:rneTr H JI('(' ne;\OBaHltc BGaMOlRHOCTif ('l!HTC3a KO0aJ!bTOBhlX 
lllfl'MBHTOB ll3 mJiaMOB, OTXO;.{HJI(HX np11 r11;1poMeTa;rnypr11•1ecK0M npOll3B0;(('TBe MeTa.-1.-rn
'IB!'KO!'O KO0aJibT/1. Ilpemne BCCJ'O 61,w yrTaH0BJieH C0CTaB OTXOi\0B C !I0MOlllblO XIIMll'IBCKIIX 
II Ml!HepaJIOl'll'JeCKIIX MeTOilOB. 

B COCTaBe Coo - Al,O, 01,JJI l'IIHTCTH:lllp(rnaH pH;_i, IIlffMCHT0B pa3H0l'O I(BeTa. ,Il;JIH co
!IO('TaBJIBHIIH 6blJIH na paJIJICJlbHO np11rOTC)B;IeHbl IlllrMeHTbl H3 11(' xo;1Horo Co,o., !I0Jiy'leH
HOl'0 II3 Co(NO,)z. 6 H20 )\. a. Ilpu nrnTc3e COAl,O, Hcc.11e;10Ba.1m BJIHHHIIe MOJIHpHoro 
0TH0IIIBHHH IICXO,IJ:HhlX Be]I(CCTB, TCMnep11Typ1,1 H BpeMeHII Ha Kll'JerTB0 II0JIY'IBHHhlX lllll'
MBHTOB. Ilpo1.1ecc CHHTe3a 0!IlfCJ,JBa:m MaTCMaTll'JenOt B npc;:i:e;rnx TeMnepaTyp 1000-1200 °C
(' I\CJII,I(J ycTaHOBllTI, BJillHHIIC napaMCTp0B npol\Bl'('a Ha peaKI.\IIIO o6pa30B11HIIH llllll!HeJIH. 

11 pHr0T0BJieHHbJe JiaoopaTOpHbIM nyTeM IIIHMeHThl llCIIO,lh30BaJIJ! B npOM.biillJieHHblX 
ycJI0BllHX ,IJ:JIH npIIr0TOBJICHIIH rJia3ypeii, npeµ,Ha:Jml'JeHHI,JX ;.{JIH KepaMil'JeCKIIX IIJIIIT0K 
B K0JIH'IBCTBC 3 % no Bery. B /IaHHOM ClIY'!ae 61,1,ro ;10Ka3aHo, '!TO OIITil'ICCKIIH xapaKTCpllc
THKa IIllrMeHT0B, npln-0T0BJieHHhlX 113 0TX0ilOB II Xl!Mll'ICCKIIX BCII(CMTB 'IH('TOTOii ,'.\. a. 
II0'!Tll 0/ll!HaK0Ba. Ha OCHOBamrn TOl'O M0lRHO BhlB0/\llTh, '!TO OTXO)\hl M0lRH0 C ycneXOJI( 
IICII0Jlb30BaTb /JJIH rrp0113B0�('TBa p1qa nPpaMlf'!Cl'l{i1X Illll'MCHT0B, 110.:1y•meM.blX Ha 6aae 
COBAHH0HIIH K06aJibTa. 

Puc. 1. lI11,aH a1.cnepu.A1elinwe 011,.n .«oor11,upoeaHll.n t1J)()4ecca. 

Puc. 2. Kpueue ompa11Ce1iu.n CUHUX mu.Menmoo. Cocmaa nucMenmoe: 2 - 6R,92 % AbO1, 
31,08 % Co(OH), 3 -- 76,89 % Al,()., 23,11 % Co(OH), 4 - 60,00 % Al,O,, 
20,00 % ZnO, 21,4 % Co,O.*, 5 - 60,00 % Al2O,, 20,00 % ZnO, 24,53 % CoO(OH)* 
* - npu nepec'{eme Ha CoO. 

--- -� -- ---·------- --

FEUERFESTBAU. STOFFE-KONSTRUKTION-AUSFOHRUNG (2arovzdor
ne sta.vby. Ma.terialy-konstrukce-provedeni); redakce Nemeeka spolecnost pro stavbu zaro
vzdornych a.gregatu a. kominu, 303 stran, 98 DM, Vulkan Verlag, Essen 1987. 

Po delsi pa.use vyplnene pouze nekterymi pfeklady z japonske odborne litnatury do rustiny, 
objevuje se kniha. nemeckych speeialistu v oboru stavby zarovzdornyeh agregatu. Zahrnuje 
posledni poznatky a vyuziti progresivnieh materialu, vcetnc lehcenych zaromonolitu a via.ken. 

V prve casti je uveden strucny pfehled U1.rovzdornych staviv s durazem na jejich zakladni 
vlastnosti. Preferovany jsou predevsim tepelne izolacni a tez rada pomocnych materialu, jako 
jsou napf. tmely, natery, malty, smesi pro spary apod. 

Dalsi kapitola se tyka konstrukce agreg{1.tu s vyuzitfm z,,kladnich druhu materi,\.lu, jako jsou 
tvarove hutne, tvarove tepelne izolacni, netvarove a vh\.knite materialy. Soucasti teto kapitoly 
jsou tez poznatky tykajici se pfestupu a prostupu tepla a tepelne technicke vypocty. Zavcr ka
pitoly tvofi staticke vypocty pri pusobeni t<'ploty. 

Treti hlavni cast je vi\novana provedeni stavebnich 11koni1. Deleni je opet provPcleno po<lle 
zak)adnich druhu zarovzdornych Staviv S ohledem na I'l1Zl1e typy agregi\.t1i resp. jPjich C11Stl 
(rotaenf pPce, klenby, oblouky apod. ). 

Z,\.ver tvofi strucne pasaze o uv,,dcnf do provozu, tj. o st:seni, ternperov{1ni a odternperov,tnf 
pecnich agregatu a pi'fslusnych normach. 

Kniha je vybornou pffruckou predevsim pro konstruktery a stavit<>le vysokokplotnich agre
gatii, bude vsak jistc uzitecn,1 i pro posluchai':e a pedagogy vysokych skol prfslusnych oboru. 

J. Kutzendiirfer
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