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Summary
Sodium and ammonium jarosite precipitates from the sulfuric acid leaching of deep-sea nodules were converted into well crystallized he-
matite by alkali decomposition of jarosite using sodium hydroxide or ammonia solutions at different temperature and subsequent sintering
at 400 and 750°C. The obtained sodium and ammonium jarosite precipitates were intergrown aggregates composed of half-prism and
tabular-like crystals with sharp corners and edges. It was found that base-strength of alkali solutions effected the kinetics of conversion
reactions and morphology of solid phase. The residual solids retained the shape and the particle size of the original jarosite precipitates.
The main feature of the residual from sodium jarosite is a severe surface pitting and an erosion of edges and corners. The decomposition
of ammonium jarosite precipitates at different temperatures took place very fast and completed within 15 minutes at 25°C. Increasing
temperature increased the decomposition rate. At 60°C jarosite decomposition was completed in less than 2 minutes. But the experimental
results indicated that the sulfate anions slowly diffused from the jarosite structure after the completion of the decomposition reaction. The
main impurities in jarosite precipitates such as Mn, Cu and Ni reported into the final product but hematite obtained from decomposition
of ammonium jarosite contained significantly less Cu due to formation of copper ammonia complex. The XRD analysis results indicat-
ed that the decomposition products at temperatures lower than 90°C are amorphous. At 90°C the decomposition products consisted of
poorly crystallized hematite. After sintering the decomposition products from both sodium and ammonium jarosites at 400°C and 750°C,

well-crystallized hematite was obtained.
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Introduction

Jarosite precipitation using an alkali, such as ammonia,
sodium or potassium as MeFe,(SO,),(OH), (Me=K', NH ",
H,O" etc.) is the most common process to remove iron from
leach liquors in the zinc industry. The main advantages of
precipitating jarosite compounds are the high precipitation
efficiency and ease of filtration. It also allows the process to
be carried out at lower temperatures and in strongly acidic
media, which avoids the expensive neutralization step. This
jarosite precipitate however, often includes small amounts
of lead, arsenic, cadmium and mercury (Ismael and Carval-
ho, 2003; Moors, 2000; Dutrizac and Jambor, 2000) and
co-precipitation of the divalent base metals such as Cu?,
Zn**, Co*, has also been reported (Dutrizac, 1982). For the
above reasons the jarosite precipitate waste is one of the
biggest environmental problems in the zinc production in-
dustry.

Several hydrometallurgical jarosite treatment routes
have been investigated to prepare hematite and magnetite.
Kunda and Veltman studied three treatments of ammonium
jarosite: thermal decomposition with recovery of hema-
tite, decomposition in an aqueous slurry to hematite and/or
magnetite; and defined the decomposition conditions of all
three methods (Kunda and Veltman, 1979). Dutrizac inves-
tigated the hydrothermal conversion of sodium jarosite to
hematite and established the time-temperature relationships
for the conversion reaction (Dutrizac, 1989). Bohacek et al.
prepared black pigments (Fe,O,) by the neutralization of
the hydronium jarosite suspension in FeSO, aqueous solu-
tions with NH, and the subsequent thermal treatment of this
mixture at controlled pH and temperature (Bohacek et al.,

1993). The production of magnetite from synthetic sodi-
um jarosite using MgO as a neutralizing agent and pure
acid-washed cellulose as a reducing agent was described by
Hage et al. (1999).

The objective of the present study is to produce pig-
ment-quality hematite from unique sodium and ammonium
jarosite, which were precipitated from manganese sulfate
leach liquors obtained from acidic leaching deep sea nod-
ules. The conversion was carried out by alkali decomposi-
tion of sodium and ammonium jarosite in sodium hydrox-
ide and ammonia solutions, respectively. The conversion
time, morphological, mineralogical and chemical changes
of solid phase during conversion were investigated.

Experimental
Materials

Jarosite compounds used in this study were precipitat-
ed from leach solutions which were prepared by leaching
deep-sea nodules in FeSO,-H,0-H,SO, media under ex-
perimental conditions as determined in our previous study
(Jandova et al., 2001, Vu et al., 2005). All chemicals used
were of analytical grade and supplied by Pentachemicals
Ltd.

Experimental procedure

The conversion experiments were carried out in a 1-L
glass reactor fitted with a condenser and a thermometer,
heated with a mantle controlled by a regulator and agitated
with a mechanical stirrer. At first the suspension of 33.7 g
jarosite in 175 mL H,O was heated up and then 76 mL of
25% w. NaOH or 76 mL of 25% w. aqueous ammonia was
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Tab. 1 Content of selected metals in jarosite precipitates

Tab. 1 Zawarto§¢ wybranych metali w wytrgconym jarosycie

Jarosite % Fe % Mn % Ni % Co % Cu
Na 33.96 0.21 <0.01 <0.01 0.23
NH,4 33.94 0.16 <0.01 <0.01 0.15

Tab. 2 A change of pH values of reaction mixtures at different temperature/ammonium jarosite

Tab. 2 Zmiana wartos$ci pH w reakcji mieszanin w réoznych temperaturach/jarosyt amonu

Time [min]
0 1 2 3 4 5 10 15 20

25°C 1211 11.28 10.90 10.68 10.54 | 10.42 10.16 10.03 9.96

Temp.

40°C 11.52 9.79 9.53 9.39 9.32 9.27 9.18 9.17 9.16

60°C 11.04 8.75 8.64 8.61 8.60 8.61 8.62 8.63 8.62

Tab. 3 Content of main elements in iron oxides obtained at different reaction temperatures [%]

Tab. 3 Zawartos¢ gtéwnych elementow tlenku zelaza w réznych temperaturach reakcji [%]

Teperatur
Jarosite e Fe Cu Mn Ni Co S

d

25 63.71 0.38 0.38 0.02 0.02 -
g 40 63.66 04 0.40 0.02 0.02 -
§ 60 63.44 0.39 0.39 0.02 0.01 -

90 63.53 043 043 0.02 0.02 -
c 25 63.09 0.07 0.27 0.01 0.01 0.94
E 40 65.72 0.08 0.29 0.01 0.02 -
o
g 60 65.71 0.11 0.28 0.02 0.02 -
< 90 65.07 0.12 0.32 0.02 0.02 -

Tab. 4 Content of main elements in decomposition products versus reaction time: 40°C [%]

Tab. 4 Zawartos¢ gtownych elementéw w produktach rozktadu wobec czasu reakcji: 401C [%]

Jarosite T"T‘e Fe Cu Mn Ni Co S
[min]

2 5524 | 035 | 035 | 002 | 001 15

6 5044 | 034 | 035 | 002 | 001 1.64

13 5419 | 037 | 036 | 001 002 | 135

E 15 5442 | 037 | 036 | 002 | 001 16
3 30 5456 | 036 | 036 | 003 | 001 1.48
60 5579 | 036 | 037 | 002 | 001 1.39

20 5499 | 037 | 037 | 002 | 001 157

420 6313 | 042 | 042 | 002 | 002 | 007

2 5042 | 0.11 | 0.21 0.01 0.01 591

5 5570 | 0.11 | 022 | 001 0.01 418

7 5895 | 0.11 | 022 | 001 0.01 3.29

5 10 5809 | 0.11 | 023 | 001 0.01 2.92
é 15 5839 | 0.12 | 024 | 001 0.01 2.79
g 30 61.89 | 0.11 | 023 | 001 0.01 2.18
60 6160 | 0.12 | 023 | 001 0.01 1.95
90 6107 | 0.11 | 023 | 001 0.01 1.92
420 6466 | 007 | 029 | 001 002 | 008
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added. Samples were collected at selected time intervals
and filtered off. Solid phase was analysed for mineralogical
composition and chemical attack, and the liquor analysed
for sulphate concentration. After the reaction mixture was
cooled to the laboratory temperature, the products were
separated by filtration, washed and dried at 90°C in an air
oven. Same prepared iron oxides were subjected to thermal
treatment in a muffle furnace at 400 and 750°C for 3h.

Analysis

Solution and solid samples from alkali decomposition
and magnetite formation were analysed using a GBC atom-
ic absorption spectrophotometer (model GBC 932 plus) to
determine metals composition. For elemental analysis of
solid samples, approximately 0.25g of jarosite or magnetite
were dissolved in 20 ml of 10% HCI. The solutions were
then diluted to 100 mL with 5% H,NO,. Mineralogical
analysis was undertaken with X-ray diffraction (PANalyti-
cal’s X’Pert PRO) using Cu radiation and surface analysis
was undertaken with a Scanning Electron Microscope (Hi-
tachi S4700). The particle size distribution of jarosite and
magnetite samples were measured by a laser sizer (Frisch,
Analysette 22) using Fraecunhofer approximation software.
Sulfur content in jarosite and magnetite samples was de-
termined using a total sulfur/chlorine analyser (Mitsubishi
TOX-100) where samples were burned in an argon/oxygen
atmosphere and the resulting sulfur dioxide was auto-titrat-
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ed coulometrically with triiodine. Sulfate concentration in
solution was determined gravimetrically using 10% BaCl,
solution.

Results and discussion
Characterization of jarosite precipitates

XRD analysis showed that only the jarosite-group
compounds were synthesized (Fig. 1). Chemical analysis
of the jarosite precipitates found that the main impurities
were copper and manganese, as shown in Table 1.

The strong co-precipitation of copper with iron is in
agreement with findings by Dutrizac (1982). A high content
of divalent manganese in jarosite precipitates, similar to
that of copper, was a result of a higher manganese concen-
tration in leach liquors. Incorporation of nickel, cobalt and
titanium into jarosite is negligible. Sodium and ammonium
jarosite precipitates are intergrown aggregates composed
of half-prism and tabular-like crystals with sharp corners
and edges, as shown in Figures 2 a-c.

Alkali decomposition of jarosite precipitates to iron ox-
ides

The alkali decomposition of jarosite takes place ac-
cording to the following reaction (Salinas et al., 2001):

MeFe,(SO,),(OH),, +3 OH —

Me' +3 Fe(OH), +2 SO,* (Me=Na’, NH,")

(aq)

View fleld: 23.7 pm Det:
‘SEM MAG:6.08 kx| Date(midy): 05125111

Fig. 2 SEM image of sodium (a,b) and ammonium (c,d) jarosite precipitates at different magnification

Rys. 2 Obraz SEM sodu (a, b) i amonu (c, d) wytrgconego jarosytu w réznym powigkszeniu

SEM MAG: 5.00 kx_ Date(midy): 052511

Fig. 3 SEM images of iron oxides prepared from sodium jarosite (a-b) and ammonium jarosite (c-d): 90°C, 7h

Rys. 3 Obraz SEM tlenku zelaza ztozonego z jerosytu sodu (a-b) i jarosytu amonu (c-d): 9071C, 7h
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Fig. 1 XRD patterns of jarosite prepipitate: a) — NaFe,(SO,),(OH),; b) — NH,Fe,(SO,),(OH),
Rys. 1 Schemat XRD wytraconego jarosytu a) — NaFe,(SO,),(OH),; b) — NH,Fe,(SO,),(OH),
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a) b)
Fig. 4 XRD patterns of iron oxides prepared from ammonium jarosite (a) and sodium jarosite (b): 90°C, 7h

Rys. 4 Schemat XRD tlenku Zelaza ztozonego z jarosytu amonu (a) i jarosytu sodu (b): 9001C, 7h
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Fig. 5 XRD patterns of iron oxides from ammonium jarosite , sintered at (a) 400 and (b)750°C
Rys. 5 Schemat XRD tlenku Zelaza z jarosytu amonu, podgrzanego do (a) 400 i (b) 75001C
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a) b)
Fig. 6 XRD patterns of iron oxides from sodium jarosite , sintered at (a) 400 and (b)750°C
Rys. 6 Schemat XRD tlenku Zelaza z jarosytu sodu, podgrzanego do (a) 400 i (b) 750°C
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The amount of OH- anions consumed by the decompo-
sition reaction resulted in decreasing pH values of the reac-
tion mixture. As shown in Tab. 2, the decomposition of am-
monium jarosite precipitates at different temperatures took
place very fast and completed within 15 minutes at 25°C.
Increasing temperature increased the decomposition rate.
At 60°C jarosite decomposition was completed in less than
2 minutes. The decomposition of sodium jarosite occurred
immediately even at laboratory temperature. On the other
hand, the sulfur content in both types of jarosites decreased
slowly with reaction time and achieved the steady state
after 7h (Tab. 4). These results indicated that the sulfate
anions slowly diffused from the jarosite structure after the
completion of the decomposition reaction. The summary
of the elemental content of decomposition products at dif-
ferent temperatures is shown in Tab. 3. All impurities from
jarosite precipitates reported to the decomposition products
except lower content Cu of those from ammonium jarosite
as a result of copper ammonia complexation.

SEM images of reacted particles of sodium and am-
monium jaroste after 420 min decomposition are shown in
Figure 3 a-b and c-d, respectively. Generally, the residual
solids retained the shape and the particle size of the original
jarosite precipitates. The main feature of the residual from
sodium jarosite is a severe surface pitting and an erosion of
edges and corners. This is evidently a result of the strong
base nature of sodium hydroxide. In contrast the reacted
particles from ammonium jarosite look identical as their
original jarosite. At higher magnification, a mild surface

pitting, which is probably caused by the weak base nature
of ammonia solution, was revealed.

The XRD analysis results indicated that the decompo-
sition products at temperatures lower than 90°C are amor-
phous. At 90°C the decomposition products consisted of
poorly crystallized hematite (Fig. 4 a-b). Well crystallized
hematite was obtained after sintering the decomposition
products from both sodium and ammonium jarosites at
400°C and 750°C (Fig. 5-6).

Conclusions

1. The alkali decomposition of jarosite was very fast and
completed within 15 min after the addition of aqueous al-
kali solutions. The solid residuals are mainly amorphous in
nature with similar shape and particle size as their original
jarosite precipitates.

2. Higher temperature led to a higher decomposition rate
and an increase in crystallinity of ferric oxide. Sulfate an-
ions diffused slowly from the jarosite structure after the
completion of the alkali decomposition.

3. Well crystallized hematite was obtained by sintering the
decomposition products — iron oxides at 400 and 750°C.
Higher sintering temperature resulted in higher crystallin-
ity of hematite.
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Badania nad konwersjg wytrgceti jarosytu w hematyt

Sodowy i amonowy jarosyt wytrgca si¢ podczas tugowania kwasem solnym guzkow glebinowych i zostaje przetworzony w wyraznie skrystal-
izowany hematyt za pomocg dekompozycji alkalicznej jarosytu, ktéra zachodzi przy uzyciu wodorotlenku sodu lub roztworéw amonowych
w réznych temperaturach oraz nastepujgcych potem procesow spiekania w 400 i 750°C. Uzyskane wytrgcenia sodowego i amonowego
jarosytu utworzyly nastepnie skupienia ztozone z pot-pryzmatycznych i tabularycznych krysztatéw o ostrych koricach i krawedziach. Stwi-
erdzono, ze sita roztwordéw alkalicznych wplywa na kinetyke reakcji konwersji oraz morfologie fazy stalej. Pozostate czesci state utrzymaty
ksztalt i wielkos¢ ziaren oryginalnego wytrgcenia jarosytu. Gtowng cechq reszt z sodowego jarosytu sq wzery powierzchniowe oraz erozja
krawedzi i koricéw. Dekompozycja wytrgceti jarosytu amonowego zachodzi bardzo szybko w innej temperaturze. Zajmuje to nie wigcej
jak 15 minut w temperaturze 25°C. Wzrost temperatury powoduje wzrost stopnia dekompozycji. W temperaturze 60°C dekompozycja
jarosytu zostata ukoriczona w czasie mniejszym niz 2 minuty. Jednakze, wyniki eksperymentu wskazaly, ze aniony siarczanowe ulegajg
powolnej dyfuzji ze struktury jarosytu po ukoticzeniu reakcji rozktadu. Gtownymi zanieczyszczeniami w wytrgceniach jarosytu sq takie
pierwiastki jak Mn, Cu oraz Ni, ktérych obecnos¢ stwierdzono w finalnym produkcie. Jednak hematyt otrzymany w wyniku dekompozycji
jarosytu amonowego zawieral znacznie mniej Cu ze wzgledu na utworzenie kompleksu amonowego miedzi. Wyniki analizy XRD wyka-
zaly, ze produkty rozkladu w temperaturze nizszej niz 90°C sq amorficzne. W temperaturze 90°C produkty rozktadu zawieraly stabo
skrystalizowany hematyt. Po spiekaniu produktéw rozkladu z zaréwno sodowego, jak i amonowego jarosytu w temperaturach 400°C oraz
750°C otrzymano dobrze skrystalizowany hematyt.

Stowa kluczowe: konwersja wodna, guzki glebinowe, jarosyt, tlenki zelaza
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