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The decomlbosition of  hydronium jarosite occurs in two temperature ranges: first a loss of 8 
moles of  H20 from 2 moles ofjarosite, then in the second step one mole of  H20 and 4 moles of  

SO 3 are simultaneously evolved. Fe(OH)(SO4) 2 and Fe20(SO4) z are assumed intermediates. 
During the thermal treatment of  Na or K jarosits, only Fe2(SO4) 3 appears as intermediate. The 
decomposition temperatures are significantly influenced by the type of  crucible used 
(determinatior~ of partial pressure of  gaseous decomposition products). The particle size 
distribution of the starting jarosite has no effect upon the temperature of  the decomposition steps 
and of  the reaction with ZnO. 

The results of  TG measurements were evaluated via calculations of  the steps of  the 
experimental activation energies for these partial decomposition jarosites and for their reaction 
with ZnO. 

In accordance with current economic needs, a new method of production of 
iron(III) oxide by means of thermal decomposition ofjarosite precipitates has been 
introduced. These hydroxide-sulphates are waste-products of Cu-Pi~Zn concen- 
trates. The separation of iron in this form of jarosite precipitates is very 
advantageous, especially as concerns the economy of zinc production [1]. 

Different conditions of precipitation (the iron content, the free H2SO 4 content in 
the solution, the temperature, etc.) may lead to different results [1]. Particularly the 
formation of hydronium and sodium jarosites (H Ja, Na Ja) in this technology is 
important. The jarosites form an isomorphous series of compounds: the cation 
H3 O+ may be replaced by Na +, K +, NH,~ etc. 

The mechanism of decomposition of NH~- jarosite was studied in [2], while [3] 
deals with NH~, Na + and K + jarosites. The formation of Fez(SO4) 3 as an 
intermediate is assumed. Many papers (e.g. [4, 5]) deal with the thermal 
decomposition of iron(II) sulphate. The formation of hydroxide-sulphate 
Fe(OH)(SO4) and oxid-sulphate Fe20(SO4)2 as intermediates is usually presumed. 

In this paper we present a study of the thermal decompositions of H Ja and 
NaSa,  and of their reactions with ZnO, when pigments of spinel type are formed. 
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Experimental 

Samples of various jarosites test-produced in hydrometallurgical works were 
analysed for Fe and S (Table 1). The sample of H-Ja contains about 1 wt.% of 
Na-Ja, Na-Ja contains 1.5 wt.% of K-Ja contains about 1 wt.% of Ha-Ja. 

T a b l e  1 Analyses ofjarosites used, in wt.% 

Contents of  Fe203 and SO3, wt.% 

Jarosite Symbol theoretically determined 

Fe203 SO3 H20 Fe203 SO3 

Wt.loss % on 
calculation 

to 1100 ~ 

H30[Fe3(SO4)2(OH)6 ] H-Ja  49.82 33.28 16.85 50.1 32.9 47.7 
Na[F%(SO4)2(OH)6 ] Na-Ja  49,41 24.78 11.14 48.8 24.8 37.3 
K[Fe3(SO4)2(OH)6 ] K-Ja  47.83 23.98 10.79 47.9 23.8 35.1 

The jarosite samples were calcined in en electric muffle kiln under isothermal or 
dynamic (linear temperature increase 5 deg. min- 1) conditions in air atmosphere. 
Thermal analyses were carried out with a Q-1500 D derivatograph. X-ray analyses 
showed only the diffraction maxima of jarosites (ASTM 11-302). 

The particle size distribution curves of the samples ofjarosites are shown in Fig. 1 
(Joyce Loebl disc centrifuge). The specific surface areas of H-Ja, Na-J and K-Ja 
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Fig .  1 Particle size distribution: 1 - H-jarosite, 2 - Na-jarosite, 3, 4 - Na-jarosite prefired to 650 and 800 ~ 
5 - H-jarosite prefired to 800 ~ 6, 7 - Na-jarosite prefired to 700 ~ when the starting material was 
coarse (d> 60 i~m) or fine (d< 20 Ixm) 
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were 2.2-2.6 and 1.7 m 2 g-~ (thermal desorption of N2).  H-Ja and Na-Ja were 
divided into three fractions by sedimentation (Sch6ne apparatus). The larger 
particles (d> 60 ~tm) had a regular crystalline form, while the smaller particles 
(d<20 I, tm) were sticklike in form. On calcination (temperature increase 
5 deg- min 1) to various temperatures, iron(III) oxide was formed. The changes in 
the Fe20 3 particle size distribution are also shown in Fig. 1 (curves 6 and 7). It can 
be seen that the size distribution of the starting jarosite has only a negligible 
influence on the size distribution of the decomposed product. 

Results and discussion 

The DTA curves of H-Ja, Na-Ja and K-Ja are shown in Fig. 2. The 
decomposition reactions proceed independently of the size distribution o f  the 
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Fig. 2 DTA (1-5 and TG curves (6-9) of the decomposition of J-jarosite. 
l-H-jarosite(standardsample),2,3 fineandcoarsefractionsofH-jarosite,4 measurement of 
AH, Perkin-Elmer 1700, 5 multiplate crucible, 6, 7 - TG, 8, 9 - Q-TG, two types of crucible 
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Table 2 DTA peaks of decomposition reactions 

Jarosite 
Reaction I Reaction II 

tO lm lo tm 

Type of crucible, 

increase of temp., gO 

H-Ja 400 457 710 785 

H-Ja fine 
(d< 20 Bm) 400 457 705 785 

H q a  coarse 
(d> 60 Bm) 395 456 708 785 

Na-Ja 403 470 730 790 

Na-Ja fine 403 470 734 790 

Na-Ja coarse 402 470 735 800 

H q a  399 445 662 721 

AH(I) = 224.0 AH(II) = 312.5 

Na-Ja 419 449 665 713 
3H(1) = 250.6 AH(II) = 255.4 

H-Ja 330 450 510 600 

K-Ja 380 462 750 812 

covered crucible 

gO = 10 deg min-I  
weight ~0.5-I  g 

covered crucible 

gO = 10 deg min 

weight ~0.5-1 g 

Perkin Elmer 1700 

gO = 20 deg min-  i 

multiple crucible 

gO = 5 deg min-x 

covered crucible 

gO = 10 deg rain- 1 

to,,. = onset temp., temp of maximum, ~ A H  = reaction enthaly, kJ tool -1 

starting material. The losses of constitutional water molecules and of SO3 occur at 
the same temperatures (Fig.~2, Table 2). 

The partial pressure of the gaseous decomposition products determined by the 
crucible type (labyrinth crucible ~0.1 MPa, covered ~ 20 kPa, multiplate type 
,~ 1 kPa) influences the position of the first peak only slightly, whereas the second 
one is shifted much more (by 150 deg). 

Figure 2 shows the TG curves too. They allow the calculation of the activation 
energy E~xp. through solution of the equation of Coats and Redfern [7] 
(ln g(0t) - 2 In T vs. I /T ) .  Optimum results were obtained when diffusion equations 
D2 or D3 for g(~) were used (Table 3). 

The shape of the TG curves when quasi-isothermal and quasi-isobaric conditions 
were used (Q-test) indicated crust formation during the decomposition process [8]. 

The mechanism presupposes the formation of Fe(OH)(SO4) , Fe2(SO4) 3 and 
Fe20(SO4)2, probably according to the schemes: 

2HaO[Fea(SO4)2(OH)6 ] L -8H2 O> { 
2 F e ( O H ) ( S O 4 ) *  + ! 
+ Fe2 0(S04)2 + Fe2 03" / 

- H ~ O  

(A) 
- 4 S O ~  3Fe203 
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_ 6 H 2 0  { F e 2 ( S O 4 ) 3 .  + } - 3 S O ~  
2 N a [ F e a ( S O 4 ) 2 ( O H ) 6 ]  --+ ' > 3 F e 2 0 3  + N a 2 S O 4  (B )  

+ 2 F e 2 0 3 "  + N a 2 S O 4  

A scheme analogous to (B) may be accepted for K-Ja.  Compounds denoted by �9 
were found by X-ray examination. The earlier samples of H-Ja  showed the first 
reaction to be divided into two steps [9], but the new samples investigated in this 
paper did not exhibit this division. 

Table 3 Activation energies of decomposition reactions 

E,xp,, kJ tool -1 
Jarosite Type of crucible 

step I step II 

H-Ja  165 • 15 350 4- 24 labyrinth 
H-Ja  145 4- 15 3054- 30 multiplate 
H-Ja  170-1:8 3454-30 covered with a lid 

Na Ja 220 4- 18 360 4- 30 labyrinth 
Na Ja 210•  3604-28 with a lid 

When zinc oxide was mixed with the jarosites or prefired jarosites, to produce Zn 
ferrite (pigment with spinel structure), the DTA curves shown in Fig. 3 were 
obtained. The decomposition effect near 700 ~ is compensated by the exothermic 
effect of ferrite formation. When prefired jarosite was used, the exothermic peak 
was higher. The conductometric method [10] gave the initial temperatures of this 
reaction as 580, 620, 620 and 600 ~ for curves 6, 5, 4 and 2 in Fig. 3. The endothermic 
effect above 900 ~ probably relates to the growth of ferrite grains. The X-ray 

- 5 a - .  
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Fig. 3 DTA curves of the reaction Fe203 + ZnO. 
Source of Fe203 used: 1 - H-jarosite, 2-5 - H-jarosite prefired to 650 ~ (10 min.), 700 ~ (10 min.), 
700 ~ (0.5 hour) or 700 ~ (1.5 hour), 6 - FezO 3 Fepren DR 63 
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T a b l e  4 Values of activation energy for reactions of prefired jarosites with ZnO 

ZnO + jarosite Eoxv., kJ mo1-1 

ZnO + H-Ja, prefired to 700 'C, 10 min. 250 + 15 
ZnO + H-Ja, prefired to 700 'C, 1.5 hour 285 • 26 
ZnO+ Na-Ja, prefired to 700 ~ 10 rain. 2 6 0 t  12 
ZnO + NaSa,  prefired to 700 ~ 1.5 hour 295 :t: 25 

diffraction diagram of the reaction product at point A in Fig. 3 indicated nearly 
amorphous material, while calcinate B gave intense diffraction peaks of  Zn ferrite. 
Variation of the particle size fraction (Fig. 3, curve 5a: H-Ja  fraction <20 ~tm; 
curve 5b: particle fraction 60 ~tm; curve 5: standard H-Ja  material) did not 
influence the ferrite formation. 

The values of Eexp. calculated from analyses of uncreated ZnO for the reaction of  
prefired jarosites with ZnO supplement the values reported in [9] (Table 4). 

The calculations were carried out in the same way as for the values of  Eexp ' for 
decomposition reactions. For g(~), the best results were obtained when diffusion 
mechanism D2 (or D3) was used, 
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Z u s a m m e n f a s s u n g  - -  Die Zersetzung von Hydronium-jarosit verl/iuft in zwei Stufen: (1) Abgabe von 8 
Mol Wasser, (2) simultane Abspaltung von 1 Mol Wasser + 4 Mol 503/2 Mol Jarosit. Als 
Zwischenprodukte werden Fe(OH)(SO4) und Fe20(SO4) 2 vermutet. 
Bei der thermischen Zersetzung von Na- und K-Jarosit tritt nur Fe2(SO4) 3 als Zwischenprodukt auf. 
Die Zersetzungstemperaturen werden durch die Tiegelform erheblich beeinflusst (fiber den Partialdruck 
der gasf6rmigen Zersetznngsprodukte). Die Teilchengr6ssenverteilung des Ausgangs-Jarosits hat 
keinen Einfluss auf die Temperaturen der Zersetzungsschritte des Jarosits und der Reaktion mit ZnO. 
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Aus  den Ergebnissen  der  T G - M e s s u n g e n  werden  exper imente l le  Ak t iv i e rungsene rg ien  f/Jr die 

Ze r se t zungs reak t ionen  der  Ja ros i t e  und ihre  U m s e t z u n g  mi t  Z n O  berechnet .  

Pe~oMe - -  Pa3J~OXeHHe OKCOH~-HpO3HTa npOHCXO~tr~T B llByX TeMHepaTypHblX O6JIaCT~X. B nepBofi 

HpoHcxo/IHT HoTepH 8 MOYiefi BO)IbI Ha a s y x  MO.~e~ Hpo3J4Ta, a BO aTOpO~ - -  r/poHcxo,/IHT 

OllnoapeMeHnOe Bbl~Ie.aeHHe O,/1HOFO MOflR BOJlbl 14 4 MO.qe,q TpeXOKHCn cep~,L Flpe~InoJ~ox~eao 

o6pa3oBaHne Ha ~TnX cTa~max ~Inyx npoMexxyxoqm,lX npoayKxoB Fe (OH)SO 4 n Fe20(SO4)  z. I l p n  

TepMHqecKO~ o6pa6oTKe apo3nTa HaTpHH ItJIH KaJIHfl e/1HHCTBeHHblM llpOMeXyTOqHblM npo~lyKxoM 

aB.~IeTC~I Fe2(SO4) 3 . TeMnepaTypbi pa3~ox~eHria, Kal< rtoKa3a.nn pe3y.abTaTbl onpe~le~eHHa rtapurla.~b- 

HOFO )laB~qenHH ra3oo6pa3HblX Hpo/lyKTOB, B 3HaqHTe.abHOgi Mepe 3aTparHaa~oTca TI4PlOM TIdF.PlH. 

Pa3Mep qaCTHU I*ICXO/IHOFO ~po3riTa He OKa3bIBaeT BJIH~IHHH Ha TeMnepaTypHblfi HrlTepBadl peaKun~ 

pa3.no~eHrl~ H Ha peaKumo ero  c OKCn~OM IIHHKa. OuenKa pe3y.abTaTOn T F  rl3MepenHfi npoBejleHa 

paCCqeToM 3KcIIepHMertTaJH, HblX 3HepFrl~ aKTnaatlitl40TjIe.qbHblX CTa.I1H~ pa3.rIO~eHit~114 peaKtmH ero  c 

OKCH]IOM UHItKa. 
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