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Abstract: In the Swedish steel industry, much work is put on further increasing the recycling and
use of residual materials. However, blast furnace sludge is one residual which currently, despite its
valuable contents of iron and carbon, is put on landfill or long-term storage due to its zinc content.
Linde has developed the OXYFINES technique which is suitable for upgrading of fine particulate and
zinc containing materials. The material is fed to the OXYFINES burner whereby its zinc content is
vaporised to a generated dust phase whereas other non-gasifiable contents, such as iron, forms an
oxidic sinter phase in the bottom of the reactor. The technique has proven a high degree of zinc
separation, is relatively flexible and straightforward, and does not require sludge pre-treatment such
as drying. Pilot set-up and trials, using the OXYFINES technique, were performed at Swerim’s
research facility. In the trials, the effects from altering different process parameters were tested aiming
to develop an optimal concept for upgrading the blast furnace sludge. The pilot trials’ results showed
the required process settings to attain a high degree of zinc separation from the sludge, and to generate
an iron oxide product, suitable for straightforward charging to the steelmaking process.
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1. Introduction

The production of iron and steel generates a variety of residual materials such as dust, sludge,
scales, and slag. Much effort is devoted to finding possible ways of improving the material efficiency
by utilising the residual materials and thereby minimising long-term stored or landfilled amounts.
Corporate aspirations on sustainability, costs, and space for the construction of new storage-/landfill
sites, are motivators for the further strive for increased recycling and use of residual materials. A recent
review publication, analysing the most recent results on the reuse and recycling of residual materials
of the steelmaking cycles, concludes that, an increased quality of the residual materials is essential in
order to improve the material use and recovery rates [1]. New technological solutions are required for
achieving higher by-product qualities and hence increasing their utilisation in an environmental and
economic sustainable way.

Established routes for recycling in ore-based steel production are through sintering process,
via injection of the blast furnace (BF) flue dust in the BF and by charging cold-bonded briquettes,
basic oxygen furnace (BOF) slag and desulphurisation scrap to the BF [2–6]. The Nordic sintering
plants have been closed due to environmental issues whereas the recycling of in-plant fines in Swedish
ore-based steel production is mainly by BF flue dust injection and via cement-bound briquettes charged
to the BF. The BF briquettes consists of a variety of iron-, carbon- and lime-containing residual materials
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such as fine-grained scrap, dust and sludge. Other direct recycling is made via BOF slag charged to the
BF and the recovery of scrap arising from the production chain.

In Sweden, up to 20,000 tonnes of BF sludge (dry weight) is annually generated from hot metal
production. Although the sludge contains substantial amounts of valuable elements, such as iron
(ca. 35%) and carbon (ca. 25%), all freshly generated BF sludge is deposited in sludge ponds at the
production site today. The reason for this is the zinc (Zn) content in the sludge, which due to process
related restrictions makes it unsuitable for a direct recovery to the existing in-plant processes.

Zinc occurs in a cyclic flow in the BF, which has negative effects on the consumption of coal and
coke and thus the CO2 emission. Zinc may cause processing issues by acting as an adhesive and
disrupting the flow of materials through the furnace [7,8] and induce problems in the nozzles through
which hot air is supplied to the BF process.

The issues associated with accumulating zinc limits the recovery of residual materials. The zinc
content of the BF material feed has increased as a result of an increased recovery via the BF briquettes.
The main parts of the zinc exit with the exhaust gases to be collected in the BF’s gas purification system,
especially in the finest particles proportion separated by the scrubber system in which BF sludge
is generated. In recent times also parts of old BF sludge, i.e., with considerably lower zinc content
compared to the freshly generated sludge, have been used in the BF briquettes, Figure 1. Over the years,
the increased recycling of zinc-containing materials to the BF, has accumulated the zinc, mainly in the
generated BF sludge [9].

Figure 1. Schematics of the zinc flow in the iron and steel production route at SSAB Europe, Luleå.

The zinc content in the BF sludge (less than 1% Zn) is too low for external recovery, for instance
in zinc production, for which a desired zinc content in the sludge is at least 30%. In addition to its
zinc content, the BF sludge also has a high moisture content. BF sludge taken directly from the gas
purification system has a moisture content of ca. 96 wt. % and the sludge taken from sludge ponds
includes some 50 wt. % moisture.

Treatment in a separate unit process is proposed to improve and to optimise the utilisation of
residual materials. By the treatment, raw material products, derived from residual materials, can be
introduced in the production route in an optimal stage, or to be applicable for external usages [10,11].

The sintering process is a pre-treatment step, used in the production of iron and which comprises
the agglomeration of fine mineral particles (e.g., fine particulate iron ores, iron oxide residuals such as
zinc containing dusts and mill scale together with lime raw materials) into a porous and semi-molten
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lumpy mass [12,13]. However, a previous study on the recovery of fine-grained dust/sludge via
sintering plants, showed the sintering operations to be inefficient in zinc removal [14].

The use of established thermal treatment technologies, such as reduction furnaces e.g., rotary
heart furnace (RHF), [15,16] OxyCup [17] or Waelz kiln, [18] requires in general considerably large
amounts of residual materials and entails high investment costs. Prior to reprocessing, using these
techniques, the BF sludge also requires pre-treatment such as drying and agglomeration. In addition,
it is essential that the new residuals generated in such a process, e.g., dust, sludge or slag, in turn are
possible to be utilised.

In a study from the literature, the composition of BF sludge was examined regarding possibilities to
separate different elements. The results of the study showed that the concentration of the investigated
elements significantly depends on the particle size. Coarser particles (>100 µm) had a higher
proportion of carbon, and fine-grained particles (<20 µm) showed enrichment of iron and of zinc, lead,
and cadmium, due to their condensation on the surfaces of the particles [19].

Hydrocycloning has been used for the upgrading of BF sludge, by removing zinc and recovering
iron and carbon [20,21]. However, a previous study performed by SSAB, on the prospect of mechanically
separating the zinc content of the BF sludge in a zinc-rich fraction via, e.g., a hydro cyclone showed
that the zinc content of the BF sludge was difficult to separate and independent of the fractions as the
BF sludge is very fine grained. It was concluded that mechanical fractioning of the specific BF sludge
is not applicable for zinc separation.

Leaching is another alternative for zinc separation by either conventional approaches or by
microwave-assisted leaching [22–24]. From the results of microwave-assisted leaching the dissolution
rate of zinc was improved to 92% [25].

Linde has developed the OXYFINES technique for which dust or sludge is fed to a special designed
OXYFINES burner whereby components such as zinc, sulphur and alkalis at various degrees are
vaporised to a generated dust phase. The OXYFINES technique is relatively straightforward and
cost-effective and previous tests have shown a high degree of zinc separation and with which no
pre-treatment of sludge, such as drying, is required. In the process the carbon in the BF sludge is used
for the reduction of zinc, whereas other non-gasifiable contents in the BF sludge, such as iron, form an
oxidic phase in the bottom of the reactor, in either molten or semi-molten sintered form, depending on
process temperature [26,27].

The zinc evaporation is enhanced by higher temperature and lower oxidation potential. By the
utilisation of the coal content of the BF sludge, the degree of oxidation is increased and thereof an
increased oxygen potential is attained in the reaction zone. Increased oxygen potential has a negative
effect on the zinc evaporation which takes place in the form of elemental zinc vapor generally described
by the reaction:

ZnO (s) + C (s)→ Zn (g) + CO (g) (1)

In this regard, an optimal level of oxidation is proposed to be found in the process, measured
with CO2/CO ratio (and H2O/H2 ratio) or with oxygen potential, Lg (pO2/bar) (or RTln (pO2/bar)) [27].

Pilot trials using OXYFINES technique for upgrading BF sludge was performed in this research
work in an up-scaled test set-up. Earlier, the OXYFINES technique was tested for material treatment,
i.e., both dry dusts and sludges at temperatures of 1300–1500 ◦C [26,27]. In the performed pilot trials of
this work, temperatures were kept in a lower range, between 1100–1300 ◦C thereby avoiding melting
to the point of liquefaction, and preferably generating a sintered product. The sinter product generated
in the pilot trials was intended for use as raw material in steel production and the zinc dust was in this
case evaluated for its suitability as raw material in zinc production.

The study aimed to verify and to develop the OXYFINES technique to enable the recovery of
zinc-containing BF sludge by refining and making useful products of the valuable contents of the BF
sludge. By the pilot trials the OXYFINES technique was demonstrated and developed for increased
knowledge by evaluating the effects of different process parameters on the BF sludge processing
and upgrading.
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The results of the pilot trials showed a very stable, easily operated, and adjustable OXYFINES
process. An iron-rich sinter product suitable for utilisation in the steel production was obtained.
The prospects of a successful implementation of the OXYFINES concept have positive effects on
sustainability mainly by improved material efficiency and by waste prevention. The recovery of BF
sludge decreases landfill use and using generated OXYFINES products contributes to the value chain
by reduced need for virgin raw materials.

2. Materials and Methods

The SSAB steel plant in Luleå is part of the SSAB Europe group with ore-based steel plants in
Sweden and in Finland. The operation in Luleå, Sweden is focused on production of slabs for strip
steel. The plant is equipped with a coke plant, one BF (2.3 Mtonne/year), two units for hot metal
desulphurisation (DeS) in transfer ladles, two LD-type basic oxygen furnaces (BOF) with 130 tonne tap
weight, two CAS-OB units for ladle treatment, one RH vacuum degasser unit and two single stranded
slab-casting machines. Total annual crude steel production capacity is 2.2 Mtonne [28].

Based on average reference production data of the BF, weeks 51 to 52, at SSAB Luleå works in the
year 2019, 1996 ktonne hot metal (HM) was produced from iron ore pellets (ca 1330 kg/tHM). Additives
such as limestone of ca 28 kg/tHM, BOF slag of ca 21 kg/tHM and BF briquettes of ca 98 kg/tHM
are charged at the top. Hot blast air together with pulverised coal injection (PCI) of ca 135 kg/tHM
and BF dust injection of ca 7 kg/tHM supplied from below via the tuyeres. In addition to the HM
produced, ca 167 kg/tHM of BF slag, ca 21 kg/tHM of BF dust and ca 6 kg/tHM of BF sludge (dry weight)
was generated.

Two pilot trial campaigns were carried out at Swerim’s pilot plant facilities in Luleå during the
summer months of 2019 (in May and in August) with a corresponding three trial days each. Moisture
measurements of the BF sludge and preparatory tests were made to evaluate the required moisture
content for a pumpable sludge and to simultaneously avoid unnecessarily high moisture content
regarding the OXYFINES process energy requirements. A suitable moisture content of the BF sludge
was assumed to be about 55%.

The BF sludge used in the pilot trials was collected from one of the BF sludge ponds at the SSAB
steel production site. The principle of the pilot arrangement, Figure 2, included pumping the BF sludge
from containers for feeding into the cylinder-shaped furnace via the OXYFINES burner together with
oxygen and propane.

Figure 2. The principle of OXYFINES pilot set-up for BF sludge upgrading and expected products.
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The sludge fed to the OXYFINES burner (Linde Gas AB, Solna, Sweden) is atomised, and the
water content evaporates in the burner flame. Zinc and other volatile elements leave the reactor,
via the exhaust gases forming a zinc rich dust, intended as a raw material for the zinc production.
The non-gasifiable contents, mainly iron oxides, form a virtually zinc free product for utilisation as a
raw material in the steel production (i.e., in BF or in BOF).

The OXYFINES burner is a water-cooled main burner with variable insertion depth in the reactor
and with atomisation of sludge via oxygen. The media for the burner is oxygen and propane depending
on the required CO content in furnace gas analysis operated via the process control system. The Oxygon
support burner is a water-cooled burner with a flame guard. Media to the support burner for heating
and flame retention (250 kW) are oxygen and propane. The support burner was mainly used for
heating the furnace shaft, up to 800 ◦C.

The trials were carried out as a series of batch tests with altered process conditions, primarily to
evaluate the influence on the zinc separation degree and quality, as well as produced amounts of sinter
dust. The batches in the first campaign were performed by keeping different temperatures, within the
range 1100 ◦C to 1300 ◦C, constant and altering the stoichiometry (the CO/CO2 ratio) in the furnace gas
analysis from ca 2 to 10 Vol. % CO.

The process temperature in the pilot trials was intended to be kept as low as possible to minimise
energy consumption, but at the same time operating at a temperature sufficient to produce a virtually
zinc free sinter product. Temperature measurements were made via four thermocouples placed through
the furnace wall for measuring the temperature profile in the furnace shaft. Furnace gas analyses were
taken for CO, CO2, O2 and H2. Exhaust gas analyses (i.e., CO, CO2, and O2) as well as temperature
and flow measurement were taken in the exhaust duct and off-gas system hose filter.

In the second pilot trials campaign, the focus was on reducing the dust generation and thus
increasing the zinc concentration in the dust. Four trial batches were performed with reduced sludge
feeding rate, two with adjusted depth of the OXYFINES burner in the reactor, and further one batch
was made with reduced oxygen for the atomisation flow. During the campaigns also the filter flow,
i.e., off-gas flow through the exhaust purification filter, was altered in three different flow rates.

The sinter product was collected in a sandbox on a trolley. The dust product was collected in
barrels. Material samples were taken for analyses on the BF sludge moisture content in the separate
batches. Further samples were taken for chemical analysis of the BF sludge, generated sinter, and dust
products for evaluating e.g., the zinc separation degree, iron contents and consumed carbon. Chemical
analysis of the BF sludge and generated products from the trials was performed via X-ray fluorescence
(XRF) analysis from melt iso formation, Leco (for C and S) and wet chemical analysis of zinc content.

3. Results

In general, the results from the pilot trials demonstrated a very stable OXYFINES process with
easily controlled temperature and Vol. % CO in the furnace atmosphere. A refined sinter product,
with almost no zinc content, and a dry zinc containing dust, was generated. The average chemical
analyses of the BF sludge, generated OXYFINES dust and sinter as well as the sand used in sandboxes
from campaigns (C) No. 1 and 2 are presented in Table 1.

The sinter was easily crushed into lumps after cooling, practically without any fines’ generation,
making it a suitable product for handling, and charging to the steelmaking processes. Table 2
summarises the performed trial batches of the two campaigns. Average moisture content (H2O) in
the BF sludge in the campaigns was 58%. In campaign 1, i.e., batches indexed No. 1 to 8, process
settings were made for evaluating the relation of temperature and Vol.% CO to attain a high zinc
separation degree.
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Table 1. Average chemical analyses of the BF sludge, generated OXYFINES dust and sinter as well as the sand used in sandboxes from campaigns (C) No. 1 and 2.

% Dry wt. BF Sludge
avg. C No. 1

BF Sludge
avg. C No. 2

BF sludge
Total avg.

Dust avg.C
No. 1

Dust avg.C
No. 2

Dust Total
avg.

Sinter avg.
C No. 1

Sinter avg.
C No. 2

Sinter Total
avg. Sand

Fe tot. 34.28 33.25 33.76 43.70 43.19 43.45 47.81 40.85 44.33 3.03
CaO 8.86 9.74 9.30 10.86 12.29 11.57 12.63 12.75 12.69 3.10
SiO2 5.11 5.36 5.24 4.21 7.74 5.98 12.40 21.46 16.93 74.11
MnO 0.24 0.31 0.27 7.06 0.73 3.89 0.35 0.39 0.37 0.05
P2O5 0.16 0.17 0.17 3.63 0.26 1.94 0.22 0.23 0.22 0.16
Al2O3 2.11 2.20 2.16 0.58 3.34 1.96 4.22 7.59 5.90 14.87
MgO 1.43 1.42 1.43 0.35 2.93 1.64 2.07 1.99 2.03 1.33
Na2O 0.13 0.14 0.13 0.27 0.54 0.40 0.24 0.61 0.42 4.64
K2O 0.09 0.12 0.10 0.92 0.37 0.65 0.32 0.75 0.54 3.74
V2O5 0.24 0.22 0.23 0.84 0.29 0.56 0.33 0.26 0.29 0.03
TiO2 0.28 0.28 0.28 0.19 0.35 0.27 0.42 0.42 0.42 0.36

Cr2O3 0.03 0.03 0.03 0.14 0.10 0.12 0.12 0.09 0.10 0.09
C 24.92 24.02 24.47 2.14 0.56 1.35 2.81 0.04 1.42 0.08
S 0.32 0.37 0.34 0.63 0.39 0.51 0.14 0.10 0.12 0.02

Zn 0.74 0.84 0.79 3.71 4.00 3.85 0.23 0.14 0.18 0.02

Table 2. Evaluated process parameters in campaigns (C) No. 1 and 2.

C Batch Index Feeding Rate H2O Lance Length O2 Atomisation Oxygon Burner TempTgt. CO Tgt. Filter Flow

No. No. No. kg/min wt.
% m Nm3/min kW ◦C Vol. % Nm3/h

1 O-002 1 14 63 1 0.8 250 1250 5 7500
1 O-003 2 14 62 1 0.8 250 1300 5 7500
1 O-006 3 14 59 1 0.8 250 1250 5 3500
1 O-007 4 14 64 1 0.8 250 1100 1 3500
1 O-008 5 14 68 1 0.8 250 1200 5 3500
1 O-009 6 14 54 1 0.8 250 1250 10 3500
1 O-010 7 14 59 1 0.8 250 1200 10 3500
1 O-011 8 14 55 1 0.8 250 1250 7 3500
2 O-012 9 10 57 1 0.8 0 1270 8 6000
2 O-013 10 8 56 1 0.8 0 1270 8 6000
2 O-014 11 10 56 1 0.6 0 1270 8 6000
2 O-015 12 10 57 1.5 0.8 0 1270 8 6000
2 O-016 13 14 57 1.5 0.8 0 1270 8 6000
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The generated sinter product was on average about 320 kilo per tonne total solids (TS). The wt. %
iron (Fe) on average 44% and coal (C) in the sinter product from the respective batches are presented
in Figure 3. In most batches the main parts of the carbon contained in the BF sludge was consumed.
The higher carbon contents in the sinter product in the batches indexed No. 4 and No. 7 is explained
by the lower process temperature of 1100 ◦C and 1200 ◦C, respectively, and thus resulted in some
unreacted carbon, Table 2.

Figure 3. Wt. % iron (Fe) and carbon (C) in the sinter product from respective batches during the campaigns.

The results illustrated in Figure 4, shows that the temperature span between non melted and
unreacted sinter product (at 1100 ◦C), and melted and reacted sinter (at 1300 ◦C) was very narrow.
At 1200 ◦C, the sinter product had partially melted and reacted.

 

 

 

 

Figure 4. Sinter heating and reaction at process temperatures 1100 to 1300 °C. 

 

Figure 4. Sinter heating and reaction at process temperatures 1100 to 1300 ◦C.
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The zinc separation degree in the trial batches was high, on average 93%, with the highest achieved
zinc separation of 97% in the batch with the index No. 6, Table 1. The separation degree was calculated
according to the equations:

Zn separation (kg) = wt.−% Zn in BF sludge/100 * TS (kg) + wt.−% Zn in sand/100 *
sand (kg) −wt.% Zn in sinter/100 * (sinter (kg) + sand (kg))

(2)

Zn separation (%) = Zn separation (kg)/(wt.−%
Zn in BF sludge/100 * TS (kg) + wt.−% Zn in sand/100 * sand (kg)) * 100

(3)

From results of the campaign 1, the highest zinc separation was obtained at >5 Vol. % CO and
at temperatures >1250 ◦C, Figures 5 and 6. Based on this result, process settings in campaign No. 2
was set to be 8 Vol. % CO and 1270 ◦C. The sample of the batch with Index No. 3 shows a low zinc
reduction which is unexplained and most likely depending on the sampling or the analysis of the
zinc content.

Figure 5. Zinc separation degree (%) at average Vol. % CO in OXYFINES reactor gas analysis
(campaign 1, yellow colour and campaign 2 green colour). Points in chart are presented with index
number for the respective batch.

Figure 6. Zinc separation degree (%) at average OXYFINES process temperature (campaign 1,
yellow colour and campaign 2 green colour). Points in chart are presented with index number for the
respective batch.
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Table 3 presents the average off-gas analysis of the pilot trial campaigns regarding the off-gas
contents of H2O, H2, CO, CO2 and O2.

Table 3. Average off-gas analysis in campaigns (Nm3/min).

Content Nm3/min

H2O 14.41
H2 1.40
CO 1.12
CO2 4.89
O2 0.00

The dust generation was higher than expected with an average in batches of ca. 190 kilo per tonne
of TS. The zinc content in the dust was at best ca. 5%, with an average in the campaigns of 3.85%,
Figure 7.

Figure 7. Zinc content (%) in OXYFINES dust from the pilot trial campaigns (campaign 1, yellow colour
and campaign 2 green colour).

The results from the campaigns show that the major influence on the dust generation was by the
filter flow rate, Figure 8. The significantly reduced filter flow, from ca 7500 to ca 3500 Nm3/h after the
first two batches in campaign 1, resulted in the lowest dust generated. In campaign 2, the filter flow
was kept constant at ca 6000 Nm3/h.

Altered process parameters in campaign 2 for analysing the effects on the dust generation, were;
a reduced sludge feeding rate (in batches indexed No. 9 to 12), an increased burner depth (lance
length) by 0.5 m (in batches indexed No. 12 and 13) and a reduced atomisation oxygen flow (from 0.8
to 0.6 Nm3/h in the batch with index No.11), as shown in Table 2. Increasing the atomisation oxygen
flow and the increased burner depth decreased the dust generation to some extent, whereas sludge
feeding rate showed very little impact on the dust generation.
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Figure 8. Dust generation in batches in kilo per tonne dry BF sludge at different filter flow rates (Nm3/h)
(campaign 1, yellow colour and campaign 2 green colour).

The OXYFINES sinter, produced during the pilot trial campaigns, was tested in the BOF steel
production at SSAB in Luleå. Due to including of sand from the sandbox used for gathering the sinter
in the bottom of the furnace, the sinter contained ca 44 wt. % Fe and had a basicity B2 of ca 1–2
(decreased by SiO2 from the included sand).

The sinter was charged to the BOF via the scrap chute as part of the cooling scrap in amounts of
ca 1.2%, 1.6% and 2.4% of the total charge weight. BOF steel and slag samples were analysed against
reference charge showing no quality effects and thus it seems possible to use the OXYFINES sinter
product as a raw material in the BOF.

The dust product from the two campaigns was analysed theoretically by the zinc producer Boliden
Mineral AB based on the dust average composition, Table 1. The zinc content in the dust was too low,
ca 4% zinc compared to the required >30%, to be suitable as a raw material in the zinc production
process. The other contents in the dust were comparable to the typical analysis of the iron dust today
used in the zinc production.

4. Discussion

The pilot trials using the Linde developed OXYFINES technique presented a very stable and easily
controlled process which is suitable for the separate treatment of dust and sludge, thereof achieving
higher material qualities and hence increasing their utilisation.

A zinc separation degree of up to 97% was demonstrated in the trials, producing a refined sinter
product, with virtually no zinc, and a dry zinc containing dust. The produced sinter was easily
crushed into lumps after cooling with virtually no fines’ generation, making it a suitable product for
handling, and charging to the in-plant steelmaking processes i.e., in BF ironmaking or in basic oxygen
furnace steelmaking.

The dust produced in the pilot trials had a zinc content of ca. 5% zinc whereas the prerequisite
on the dust, as a raw material in zinc production, is a zinc content corresponding to >30%. However,
the overall chemical compositions of the dust were similar to other steelmaking dusts being used in
zinc production.

By further work, the reduction of dust generation, and thereby increasing the zinc content in the
dust, can be managed by actions such as decreased leakage air to the off-gas flow and by reducing
the off-gas filter flow. Significant effects on dust amounts were seen in the trials by reducing the filter
flow from 7500 Nm3/h to 3500 Nm3/h. Also, the required zinc concentration in the dust can be met by
higher zinc concentration in the BF sludge or by recirculating the generated dust in the OXYFINES
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process. One other possibility of further improvement is installing a refractory lined cyclone on the
off-gas exit of the reactor.

In the context of available thermal treatment technologies, such as reduction furnaces,
the OXYFINES technique is less space-consuming, relatively simple, cost-effective, and adjustable to
the material amounts for treatment. Further the technique does not require pre-treatment of the sludge,
such as drying and agglomeration.

Implementing BF sludge recovery by using the technique would improve the steel plants material
efficiency and sustainability in regard to returning resources into the supply chain which will save
virgin raw materials and reduce environmental impacts by decreasing amount of residual materials
going to landfill sites. Furthermore, an industrial implementation contributes to a sustainable energy
and material supply by developing the technology to optimally utilise and refine valuable components
in residual materials and by cooperation between the steel and base metal industries.

The OXYFINES technique can be used for upgrading both dry and wet fine particulate materials
whereof the applications of the technique, and new concept development for the upgrading and
recovery of dust and sludge, are conceivable also regarding other applications in steel and ferro alloying
industries, or for recycling companies.

5. Conclusions

The performed pilot trials aimed to demonstrate the potential of OXYFINES technique for
developing a concept of reprocessing BF sludge into useful products. From the results of the pilot trials
the following conclusions were drawn:

• The OXYFINES technique is a refining process, not just a transformation, thus it should preferably
be used for materials that require both refining and transformation, such as removing zinc from
BF sludge.

• The technique is very stable, easily controlled, and flexible for different moisture levels. Furthermore,
the technique does not require sludge pre-treatment, such as drying and agglomeration.

• A refined sinter product, with virtually no zinc, and a dry zinc-containing dust, was generated.
The sinter, mostly completely melted, was easily crushed into lumps after cooling with
almost none fines’ generation, making it a suitable product for handling and charging in the
steelmaking processes.

• A zinc separation degree of up to 97% was demonstrated in the performed trials.
• The prerequisites regarding zinc concentration in the generated dust were not met in the trials,

whereby further work is required to achieve a desirable zinc content. However, this should be
managed through process measures such as decreased leakage air and off-gas filter flow, increased
zinc concentration in the BF sludge or by recirculating the generated dust in the OXYFINES process.

• Utilising the BF sludge eliminates the need of new sludge ponds with reduced environmental
impact through decreased material deposits.

• Implementation of BF sludge recovery, using OXYFINES technique, would contribute to improved
material efficiency and sustainability through the return of resources (mainly iron, carbon, and zinc)
from landfills to the value chain with savings in virgin raw materials.
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