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Extraction processes that utilise organic ligamdghe gas phase differ from conventional
energy intensive pyrometallurgical processes ad wael harsh chemical extraction
techniques, in the sense that it is less energnsite and the possibility exists to recover
and reuse the ligand. Even though the technologyfinst proposed in the 1980s, little is
known about the reaction kinetics and practicaliappons of such processes. As part of
an ongoing investigation into the application ot gdhase extraction, the extraction of
iron from iron(lll) oxide was studied in a fluiddebed. The reaction conditions were
varied to study the influence of reaction tempemgtligand concentration and metal
oxide concentration on the extraction kineticslod iron(lll) oxide concentrations more
that 80% of iron was successfully extracted aftes4ising the ligand, acetylacetone. It
was also found that all three reaction variablegehan influence on the extraction
kinetics.
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INTRODUCTION
Gas phase extraction of metals refers to procetmedogy first described by Cox and
co-workers (1985). The process, also referredstahe SERVO process (Allimann-

Lecourt, 2002), have been used on a laboratorg $oadxtract heavy metal contaminants



from low grade ore (Duke, 1985), sediment (Allimdrecourt, 1999), spent catalysts
and fly-ash. A metal bearing ore/ waste matewniddich contains a metal present as an
oxide, hydroxide, or sulfide, is heated in a flaell bed and subjected to fluidization by a
volatile organic chelating acid and a carrier gaptipnal). The extractant reacts
selectively with the targeted metal to produce ktle metal-extractant complex. The
product is carried away from the reaction zone #ra metal can be recovered by

reduction for example, while the volatile organietating acid is recycled (Duke, 1985).

Conventional metal extraction processes includeompgntallurgical processing and

hydrometallurgical processing. Pyrometallurgicabgesses cannot be applied to low
grade ore sources without concentration, it prodigreen house gasses” and require
large amounts of energy. Hydrometallurgical proessalthough applicable to low grade
metal sources, usually comprise of conventionatHew that are usually non-selective
and subsequent complicated recovery processeequaed. The final recovery from

solution give rise to additional process equipmeamd the leaching liquor is usually a

harsh chemical and non-recyclable after recoveth®metal.

Gas phase extraction offer a possible solutioréolimitations mentioned above. It has
been shown by Duke (1985) that very selective uelarganic chelating extractants can
be developed for specific applications. Even ifesal metal volatile metal complexes
are formed, a series of temperature controlled ensers can be used to produce clean
gas streams as these metal complexes have differgstiallization and condensation

temperatures (Berg and Hartlage, 1964; Alliman-ued002). If hydrogen reduction



is employed to recover the metal, the acidic exdrscis regenerated and the metal

obtained in its elemental form.

In order to obtain a better understanding of thactien kinetics of the gas phase
extraction process, our group has been studyingntheence of the reaction conditions
on the extraction of iron from iron(lll) oxide. Awgly is also currently under way to

determine the reduction conditions of iron.

IRON EXTRACTION

The global demand for iron is increasing and thenemical and technologically feasible
iron reserves are being depleted. Gas phase tatraf iron with acetylacetone (Fig 1)
offer a possible solution to this problem, as #ehhology allows the extraction of iron
from various alternative iron sources. A few ex#san include the recovery of iron
from spent iron oxide catalyst, coal mine sludgelings that contain a significant
amount of iron, red mud (waste stream from the Bayecess), etc. Iron(lll) oxide
reacts readily with acetylacetone (Allimann-Lecoett al, 1999) and the reaction
equation is given below:

Fe,0, (s)+6H(C,H,0,)(g) - 2Fe(C,H,0,), (g)+3H,0(g)
Acetylacetone is vapourized at its boiling poird@iC) and send through a bed of iron
bearing material. The flux of the ligand fluidigke bed and the solid gas reaction takes
place, forming a volatile iron(lll) acetylacetonatemplex. The fluidisation allows
excellent gas/ solid contact to improve extrackoretics. Iron(lll) acetylacetone melts

at 173°C and the solid volitalize between 92 — 2Z5(Potgieter et al., 2005). The



temperature in the fluidised bed is kept belowdBeomposition temperature of iron(lll)
acetylacetonate. The extraction product, iron@detylacetonate, can be recovered and
sold, or subjected to reduction for iron recovetyilesthe acetylacetone is recycled back

to the process.
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Figure 1 Gas phase Iron Extraction
EXPRIMENTAL

The gas phase extraction kinetics of iron(lll) axidere studied by varying the reaction
temperature, acetylacetone ligand flow rate andahegincentration. A 50g mixture of
silica and iron(lll) oxide of various iron conceations (1, 3, 10 wt %) was subjected to
extraction by vapour phase acetylacetone at diftdigand flow rates (1 mL/min and 3
mL/min) and various reaction temperatures (190°0)°€, 230°C and 250°C). A
detailed description of the experimental setup emditions is given by van Dyk et al.

(2010).



RESULTS AND DISCUSSION
The influence of the reaction temperature on theaekon kinetics were studied for
different weight percentages of iron(lll) oxidehélreaction temperatures that were used
are 190, 210, 230 and 250 °C. The cumulative ggtraction with time for 1 wt%

iron(Ill) oxide load and 1 mL/min acetylacetonevil@te is presented in Fig 2.
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Figure 2 Iron Extraction with time at different tparatures for 1 wt% iron(lll) oxide
load and 1 mL/min acetylacetone (van Dyk et al1(®0
It can be seen that the extraction increase witinarease in temperature. The highest
extraction, 87%, was obtained for 1 wt% at 250°@ra#thrs. As the temperature
increase the initial reaction rate increases sicamtly up to 230°C. This can be seen by
the large difference in iron extraction between °®@nd 230°C. The influence of
temperature above 230°C is much lower and a pessédason for this might be that
diffusion through a product layer can limit thectan rate at temperatures below 230°C.

As the temperature increase not only does the da¢mgaction rate increase, but also the
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rate of vaporization of the product, increasing tage of diffusion through a product
layer. Similar temperature dependencies were obdédor the 3 wt% [1 mL/min] and 10
wt% [1 mL/min] iron(lll) oxide loads, however, thafluence of temperature was less
significant.  In general it can also be seen that rate of reaction decrease as the
reaction progress and the metal oxide particl®isomed, thus reducing the surface area

available for reaction.

If one compares the extraction time behaviour ofiextraction (Fig 3) for 1 wt%
iron(Ill) oxide load with that of higher loads (&% and 10 wt%) at the same reaction
conditions (250°C, 1 mL/min), it can be seen tHareé is a decrease in the initial
extraction rates. The iron extraction decreasmf8Y% to 29% after 4 hours reaction
time when the load of iron(lll) oxide is increasedm 1 wt% to 10 wt%. However, the
actual amount of iron(lll) oxide that reacted wHghwt% of iron(lll) oxide was used, is
about three times higher than for the 1 wt%. I ¢hse of 10 wt% iron(lll) oxide, the
surface available for reaction is higher than whewt% is used as more particles are
present. The reaction efficiency thus increasesl tdua higher initial available surface

area or iron(lll) oxide concentration.
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Figure 3 The influence of iron(lll) oxide load dmetextraction of iron with time at 250°C

and 1 mL/min acetylacetone.

Additional experiments were carried out at a higlhgand flow rate of 3 mL/min and

250°C for the higher concentration mixtures (3 wé#td 10 wt%) to determine the

influence of the ligand flow rate on the extractkinetics. The results for the first 120

minutes reaction time are presented in Fig 4.
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Figure 4 The influence on acetylacetone flow rateéh® extraction of iron with time at
250°C and different iron(lll) oxide loadings.

By increasing the acetylacetone flow rate an ire@da the reaction rate, as well as, the
amount of metal extracted can be achieved. Fo0 avt% iron(lll) oxide load, the
extraction increase from 30 % to 59% after 4 HPetgieter et al.(2005) showed that a
maximum of 75% of iron extraction can be achievi¢édrat5min at 180°C from a 3 wt%
Fe,03; charge with an acetylacetone flow rate equal toL&min. These results confirm
that the acetylacetone flow rate play a significaé in the reaction kinetics. It should
be noted that the molar flux of acetylacetone i#f algove the stoichiometric ratios of the
reaction. According to Habashi (1980) the overalle of reaction of chemically
controlled processes are independent of the gas iflae, while diffusion-controlled
process depends on the gas flow rate. Kinetic thoderoved to be challenging as the
reaction kinetics of the extraction of iron froroni(lll) oxide depend on a combination of

rate limiting steps, depending on the reaction dar.

CONCLUSIONS

It has been shown that gas phase extraction casdzkfor iron extraction from iron(lll)
oxide using acetylacetone as a volatile organitating extractant. The reaction kinetics
is temperature dependent, and at low temperatwlasilization of the product layer may
affect the overall reaction rate. There existsraarielatedness between the influence of
iron(Ill) oxide concentration and the ligand floate on the reaction kinetics. With the

gas phase extraction process, 87% iron could baagt from a 1 wt% iron(lll) oxide



mixture after 4 hrs. This technology is thus dulgafor iron extraction from low grade

iron sources.
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