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The decomposition of hydronium jarosite occurs in two temperature ranges: first a loss of 8
moles of H,0 from 2 moles of jarosite, then in the second step one mole of H,O and 4 moles of
SO, are simultaneously evolved. Fe(OH)(SO,), and Fe,O(80,), are assumed intermediates.
During the thermal treatment of Na or K jarosits, only Fe,(SO,), appears as intermediate. The
decomposition temperatures are significantly influenced by the type of crucible used
(determination 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(1IT) oxide by means of thermal decomposition of jarosite precipitates has been
introduced. These hydroxide-sulphates are waste-products of Cu—Pb-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 H,SO, 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
H;0" 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 Fe,(SO,), 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)(SO,) and oxid-sulphate Fe,0(S0,), as intermediates is usually presumed.

In this paper we present a study of the thermal decompositions of H-Ja and
Na-Ja, 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.

Table 1 Analyses of jarosites used, in wt.%

0
Contents of Fe, 0, and SO,, wt.% Wt loss % on

Jarosite Symbol theoretically determined calculation
Fe,0, SO, H,0 Fe,0, so, ©!H%®
H,0[Fe;(S0,),(OH)]  H-Ja 49.82 3328 16.85 50.1 329 47.7
Na[Fe3(S0,),(OH),} Na-Ja 49.41 2478 11.14 48.8 24.8 373
K[Fe3(S0,),(OH),l K-Ja 47.83 2398 10.79 47.9 238 35.1

The jarosite samples were calcined in en electric muffle kiln under isothermal or
dynamic (linear temperature increase 5 deg-min ™ ') 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 of jarosites are shown in Fig. 1
(Joyce Loebl disc centrifuge). The specific surface areas of H-Ja, Na-J and K-Ja

OA

d,um .
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 pm) or fine (d<20 pm)
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were 2.2-2.6 and 1.7 m? g~ ! (thermal desorption of N,). H-Ja and Na-Ja were
divided into three fractions by sedimentation (Schéne apparatus). The larger
particles (4> 60 um) had a regular crystalline form, while the smaller particles
(d<20 pm) were sticklike in form. On calcination (temperature increase
5 deg-min " ') to various temperatures, iron(IIT) oxide was formed. The changes in
the Fe, O, 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 of the
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Fig. 2 DTA (1-5 and TG curves (6-9) of the decomposition of J-jarosite.
1 - H-jarosite (standard sample), 2, 3 —fine and coarse fractions of H-jarosite, 4 — measurement of
4H, 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

) Reaction | Reaction II Type of crucible,
Jarosite I : 1 ¢ increase of temp., &
0 m m
H-Ja 400 457 710 785
H-Ja fine
(d<20 um) 400 457 705 785  covered crucible
H-Ja coarse & = 10 deg min™'
(d>60 um) 395 456 708 785  weight ~0.5-1 g
Na-Ja 403 470 730 790  covered crucible
Na-Ja fine 403 470 734 790 & = 10 deg min !
Na-Ja coarse 402 470 735 800  weight ~0.5-1 g
H-Ja 399 445 662 721 Perkin—Elmer 1700
AH(I) = 224.0 AHQI) = 3125 & = 20 deg min ™!
Na-Ja 419 449 665 713
AH(I) = 250.6 AHII) = 2554
\ .
H-Ja 330 450 S10 600  multiple crucible
& = 5deg min™!
K-Ja 380 462 750 812  covered crucible

& = 10 deg min~*

1o,m = Onset temp., temp of maximum, °C; 4H = reaction enthaly, kJ mol ™!

starting material. The losses of constitutional water molecules and of SO, 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., through solution of the equation of Coats and Redfern [7]
(Ing(a)—2 In T'vs. 1/T). Optimum results were obtained when diffusion equations
D2 or D3 for g(a) 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)(SO,), Fe,(SO,), and
Fe,O0(SO,),, probably according to the schemes:

-H,0
(A)

—8H,0 [ 2Fe(OH)(SO4)* +
2H30[Fe3(S04)2(OH)e ] — { 480,
+ F32 0(804 )2 + Fe2 03* —_ 3Fez 03
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—6H,0 " ~380
INa[Fes (S04 )2 (OH)s ] ——— { Fea(S04)s™ + } 2272, 3Fe, 0 + Nay SO, (B)
+ 2F6203* +Na2804

A scheme analogous to (B) may be accepted for K—Ja. Compounds denoted by =
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 kJ mol™!

Jarosite = Type of crucible
step 1 step 11
H-Ja 165+15 350+ 24 labyrinth
H-Ja 145+ 15 305+30 multiplate
H-Ja 170+ 8 345430 covered with a lid
Na-Ja 220+ 18 360+30 labyrinth
Na-Ja 210+20 360+ 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
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Fig. 3 DTA curves of the reaction Fe,O,+ZnO.
Source of Fe, O, 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 — Fe,O, Fepren DR 63
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Table 4 Values of activation energy for reactions of prefired jarosites with ZnO

ZnO + jarosite E..,. k]l mol™!
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 °C, 10 min. 260112
ZnO+ Na-Ja, prefired to 700 °C, 1.5 hour 2905425

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 um;
curve 5b: particle fraction 60 um; curve 5: standard H-Ja material) did not
influence the ferrite formation.
The values of E,,, 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 E,,, for
decomposition reactions. For g(a), the best results were obtained when diffusion

mechanism D2 (or D3) was used.

References

1 V. Reichert, Proceedings of Symposium 6 A. A. Milner, A. K. Zapolskij and N. P.
“Progressive Methods of Processing of Ryzuk, Z. prikl. Chim., 3 (1986) 499.
Concentrated Polymetallic Ores”, Jesenik, 7 J. Sestik, Thermophysical Properties of Solids
1979, p. 117. (in Czech), Academia, Prague, 1982, p. 316.

2 J. Subrt, T. Hanslik, A. Solcova, V. Zapletdl 8 F. Paulik and J. Paulik, Thermochim. Acta,
and J. Lipka, Chem. prumysl, 36/61 (1986) 100 (1986) 23.

637. 9 Z. Solc and M. Trojan, Proceedings Kommu-
3 V. Koroleva, G. Georgiev and N. Spasov: nikaty 1V. Krajowe seminarium im. St. Bret-

Therm. Anal. Proc. Int. Conf., 4th 1974 (Publ. sznajdera™, Plock 1986, p. 15.

1975) 11, 601. 10 Z. Solc, M. Trojan and M. Pokorny, Silikaty,

4 T.P. Prasad, J. Thermal Anal., 31 (1986) 553. 29 (1985) 351.
5 Z. Jerman, B. Knob, Chem. pramysl, 23/48
(1973) 499.

Zusammenfassung — Die Zersetzung von Hydronium-jarosit verlauft in zwei Stufen: (1) Abgabe von 8
Mol Wasser, (2) simultane Abspaltung von 1 Mol Wasser + 4 Mol SO,/2 Mol Jarosit. Als
Zwischenprodukte werden Fe(OH)(SO,) und Fe,0(SO,), vermutet.

Bei der thermischen Zersetzung von Na- und K-Jarosit tritt nur Fe,(S0,), als Zwischenprodukt auf.
Die Zersetzungstemperaturen werden durch die Tiegelform erheblich beeinflusst (iiber den Partialdruck
der gasformigen Zersetzungsprodukte). Die Teilchengrossenverteilung 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 TG-Messungen werden experimentelle Aktivierungsenergien fur die
Zersetzungsreaktionen der Jarosite und ihre Umsetzung mit ZnO berechnet.

Penlome — Pa3jioxenne OKCOHMH-APO3NTA NPOUCXOANT B IBYX TEMIEpaTypHHIX obiacTax. B nepeoi
MPOHCXOANT NOTEPs 8 Mojed BOJAbl M3 ABYX MOjeHd APO3UTa, 4 BO BTOPOH — MPOUCXOAMT
OJHOBPEMEHHOE BBIAEJICHME OJHOTO MOJS BoAbl M 4 Mouseil TpexokucH cepsl. [lpeanosoxeso
0Gpa3oBaHue Ha 3THX CTaJMAX JBYX MPOMEXYTOUHbIX NpoaykToB Fe(OH)SO, u Fe,O(SO,),. Ilpu
Tepmudeckoil 06paboTke Apo3NTa HATPHUA HIIM KAJIHA €AHHCTBEHHBIM POMEXYTOYHBIM TIPOAYKTOM
asnaerca Fe,(SO,);. TemnepaTypbl pa3snoXeHUs, KaK MOKA3aIH Pe3yabTaThl ONpeae/ieHHs Mapiraib-
HOrO [aBJIEHUS Ia3000pa3HbIX NPOAYKTOB, B 3HAYHTENLHON Mepe 3aTparvBaloTC THAOM THIAA.
Pa3Mep 4acTHIl HCXOHOTO SPO3MUTA HE OKA3BIBACT BJIMSHHA HA TeMnepaTypHbIii MHTEPBAN peaxumid
Pa3JIOKEHNs H HA PEaKIMIO ero ¢ OKCHIOM uuHKa. Ouenka pesynbratoB TT u3mepenui nposeneHa
PacCcUETOM IKCICPUMEHTAILHBIX JHEPIMH AKTUBALHMH OTAENbHBIX CTaUil Pa3/I0XKEHHs U PEAKIHH ETO C
OKCH/IOM LIMHKA.
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