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UPTAKE OF PHOSPHATES FROM WATER SOLUTIONS
ON METALLURGICAL SLUDGE

Steel-making dust slurry (SS) and convertor dust slurry (CS) were tested for uptake of phosphates
from aqueous solutions. The adsorption of phosphates on SS and CS corresponded well with both Langmuir
and Freundlich adsorption isotherms, which indicated the combination of physical and chemical processes.
The maximum adsorbed amount of phosphates on both dust slurry samples was ca. 11 mg P/g. The study
evaluates also the effect of acidic leaching on the retention characteristics of both dust slurry samples.
From the slurry samples prepared by acidic leaching, the leached convertor dust slurry (CSL) was the
only sample capable to retain phosphates. To reveal the retention mechanisms of phosphates, the orig-
inal and leached dust slurry samples were analyzed by IR and Raman spectroscopy. Co-precipitation
of Ca and Fe phosphates, or surface complexation of phosphates were evaluated as the retention mech-
anisms of CS and CSL while the retention of phosphates by zincite in the case of SS is probably based
on their adsorption.

1. INTRODUCTION

One of the most problematic wastes originating from the metallurgy of iron are fine-
grained metallurgical wastes coming from wet cleaning of waste gases. These materials
contain not only high iron levels but also high concentrations of heavy metals, namely
Zn, Cd, and Pb. Therefore, as being considered as hazardous waste materials, their dis-
posal represents an environmental hazard. These materials can be partially processed by
pyrometallurgical [1] or hydrometallurgical methods [2]. The purpose of these two
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methods is the separation of heavy metals, namely Zn. Then, the processed dust slurry
is partially reused in metallurgical processes and the rest is disposed. One of the possi-
bilities how to prevent landfilling is the utilization of processed dust slurry as an adsor-
bent. For this reason, these materials are frequently studied as adsorbents for the reten-
tion of heavy metals.

For example, in the study described by Loa Pez-Delgado et al. [3], the adsorption
of Pb*", Zn*", Cd**, Cu*" and Cr’" from aqueous solutions on steel-making dust slurry
was studied. Blast-furnace dust slurry was studied as an adsorbent for the retention of
Ni*" from aqueous solutions [4] and utilization of convertor dust slurry for the adsorp-
tion of Mn, Co, and Ni from mine wastewater was evaluated by Rozumova et al. [5].
Abundant studies are dealing with the retention of metal cations on other adsorbents
than metallurgical dust slurry samples, e.g., on clay minerals, and its dominant mecha-
nism is usually adsorption or ionic exchange [6].

Studies related to the testing of metallurgical wastes for the retention of anions are
quite scarce. For example, the adsorption of arsenates from wastewaters on blast furnace
dust slurry was discussed by Carrillo-Pedroza et al. [7] — the adsorption mechanism was
characterized by Langmuir adsorption isotherm and the dominant retention mechanism
was the formation of Fe?" and Fe’* arsenates as corrosive products. Adsorption of phosphate
anions from aqueous solutions is studied namely for slag materials. Other solid met-
allurgical wastes are used for this purpose rather scarcely. For example, crystalline (BFSC)
and amorphous (BFSAS) blast furnace slags were used for phosphate removal [8]. Disin-
tegrated slag (BFS-D) was tested as an adsorbent of phosphate from aqueous solutions by
Kostura et al. [9]. An excellent linear relationship between the retention capacities and
optical basicities of model BFSAS was observed [10]. Granulated blast furnace slag
(BFGS) was used for the retention of phosphates from wastewaters by Korkusuz et al.
[11]. In all these cases, precipitation of Ca phosphates was concluded as the dominant
retention mechanism. The removal of phosphates from solutions by steel-making slag
(SMS) and magnetic separation was studied by Xiong et al. [12]. In the case of blast-
furnace dust slurry (BFSd), it was concluded that the adsorption of phosphates from the
solution was given by Freundlich isotherm and reached its maximum at pH 5-7 [13].

This study deals with the evaluation of the retention mechanisms of phosphate ani-
ons from aqueous solutions on steel-making and convertor dust slurry. The attention is
paid also to the effect of acidic leaching on retention characteristics of the aforemen-
tioned dust slurry samples and the possibility of desorption of retained phosphates.

2. EXPERIMENTAL

Prepration of dust slurry samples. For the adsorption of phosphates from aqueous
solutions two types of metallurgical wastes — steel-making dust slurry (SS) and conver-
tor dust slurry (CS) — were tested along with their solid residues after acidic leaching



Uptake of phosphates from water solutions on metallurgical sludge 39

(SSL and CSL, respectively). Both original dust slurry samples were collected in the
Northern Moravian industrial agglomeration. The samples were ground and sieved to
prepare a particle size of <0.1 mm. SSL and CSL samples were prepared by leaching
40 g of SS/CS in 1000 cm® of 1 M HCl for 24 h followed by filtration, rinsing by distilled
water (once), and drying at 105 °C.

Sample characterization. Determination of elemental concentrations in the studied
samples was carried out employing X-ray fluorescence spectrometry using homoge-
nized samples with a particle size <50 pm. Fusion machine VULCAN 4MA was used
for the preparation of 40-mm fusion beads using lithium tetraborate as a flux. The XRF
analysis itself was conducted using wavelength-dispersive X-ray fluorescence spectrometer
ARL PERFORM’X (Switzerland) equipped with 4200 W X-ray tube (with 50-u Be win-
dow), 2 detectors (FPC, SC), 9 crystals, 4 primary collimators, and elemental mapping
function. All analyses were conducted under a vacuum.

The specific surface area of samples was measured at 77 K under vacuum (<1 Pa)
using Sorptomatic 1990 device (ThermoFinnigan, Italy) with gaseous nitrogen as ad-
sorbate. The specific surface areas were calculated according to the Brunauer—-Emmet
—Teller (BET) theory in the range of relative pressures of 0.05-0.25. The sizes of micro-
and mesopores were evaluated using the Horwath—Kawazoe, and Barrett—Joyner
—Halenda models, respectively.

Determination of phase composition of the studied samples was conducted by X-ray
diffraction analysis using a fully automated URD-6 diffractometer (Rich Seifert-FPM,
Germany) operating at radiation CoK,, 40 kV, 35 mA. The obtained data were digital-
ized using the RayfleX Software (RayfleX ScanX a RayfleX Analyze, version 2.289).
Phosphate (as phosphorus) was determined spectrophotometrically as phosphomolyb-
denum blue on a UV spectrophotometer (UV-1800 Shimadzu, Japan).

The IR spectra of all samples were measured by the potassium bromide pellets tech-
nique. Exactly 1.0 mg of the sample was ground with 200 mg dried potassium bromide.
This mixture was used to prepare the potassium bromide pellets. The pellets were
pressed by 8 t for 30 s under vacuum. The infrared spectra were collected using FTIR
spectrometer Nicolet iS50 (Thermo Scientific, USA) with DTGS detector. Following
parameters were used for measurement: spectral region 4000400 cm™', spectral reso-
lution 4 cm™, 64 scans, Happ—Genzel apodization. Treatment of spectra: polynomial
(second order) baseline, subtraction spectrum of pure potassium bromide.

Raman spectra of all samples were measured using a 180-deg measurement tech-
nique without any sample preparation. Raman spectra were recorded at dispersive Ra-
man spectrometer DXR SmartRaman (Thermo Scientific, USA) with CCD detector.
The measurement parameters were as follows: excitation laser 780 nm, grating 400
lines/mm, aperture 50 um, exposure time 1 s, number of exposures 250, and the spectral
region 200050 cm™'. An empty sample compartment was used for background meas-
urement. Treatment of spectra: fluorescence correction (6th order).
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Adsorption kinetics. To evaluate the adsorption kinetics, a series of suspensions
containing 0.5 g of adsorbent and 100 cm® of phosphate solution (500 mg PO?f/dm3)
were prepared. Suspensions were agitated in a horizontal shaking apparatus at 180 r/min
and after a given dwell time (1, 3, 8, 24, 72 or 120 h) they were filtered. Prepared filtrates
were used for the spectrophotometric evaluation of residual phosphate (as phosphorus).
Experimentally determined data were evaluated by kinetic model for pseudo-second or-
der reaction:

dQ, AV
7—k(gp,m 0, (1)

where Op nax, and O, mg/g, are amounts of phosphate (as phosphorus) adsorbed in equi-
librium and at time ¢, respectively, & is the equilibrium rate constant of pseudo-second
order sorption, g/(mg-h).

Isotherm models. For phosphates uptake from water solutions on SS and CS sam-
ples, batch experiments at room temperature were performed. 100 cm® aqueous solu-
tions containing different P concentrations and 0.5 g of dust slurry were applied. Aque-
ous solutions (10-500 mg POff/dm3) were prepared from KH,PO, salt. Suspensions
were agitated in a horizontal shaking apparatus vibrated at the rate of 180 min™' for
5 days and then filtered.

The equilibrium data determined for the uptake of PO; (as P) on SS, CS, SSL, and
CSL samples were fitted with the Langmuir, Modified Langmuir, and Freundlich iso-
therms. The corresponding relationships for these models are given by Egs. (2)—(4).

The Langmuir isotherm (A):

Pmaxkl P
QP = Q—C (2)

1+ kcp

where Qp, mg/g, is the quantity of PO; (as P) adsorbed on SS and CS samples, cp is the
equilibrium concentration of the solute, mg/dm?, Op.max represents the maximum sorbate
uptake, mg/g, and k; is the coefficient relating to the affinity between the solute and the
sorbent, dm*/mg.

The Modified Langmuir isotherm (B):

0, _ K¢
QP,max 1+KC;

3)

where Op . Mg/g, is the maximum quantity of PO, (as P) adsorbed on SS and CS
samples, K, (dm*/mg)*, is the affinity constant for adsorption and x is a constant charac-
terizing the heterogeneity of the system.
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The Freundlich isotherm (C):
Op = kpczlv/n 4)

where kr, (mg/g)/(mg/dm?)"”", and n are the Freundlich constants related to the adsorp-
tion quantity and intensity respectively.

Desorption tests. For the determination of the phosphate desorption scale, 100 cm?
of desorption agent (5% aqueous solutions of AlCI; or Na,COs) was added to the filter
cake (0.5 g of dust slurry). Dust slurry samples saturated with phosphates were desig-
nated SSg, CSsat, and CSLsa. These suspensions were agitated in a horizontal shaking
apparatus that vibrated at the rate of 180 min™' during 24 h, and then filtered. The whole
process was repeated once more.

3. RESULTS AND DISCUSSION

3.1. TEXTURAL CHARACTERISTICS

Specific surface areas of both original dust slurry samples determined by SBET

method are given in Table 1 along with their other textural characteristics.

Table 1

Textural characteristics of original SS and CS and their leached analogs

Sample Density |Specific surface area| Mesopore volume|Micropore volume
[g/em’] [m?g] [em?/g] [em¥/g]

SS 4.96 7.77 0.047 0.002

CS 5.08 4.19 0.024 0.001

SSL 5.03 7.30 0.043 0.002

CSL 5.01 12.72 0.018 0.003

Data summarized in Table 1 indicate that the sludges SS and CS and their leached
analogs (SSL and CSL) are non-porous materials of comparable density whose specific
surface areas are usually below 10 m%/g.

3.2. CHEMICAL COMPOSITION

The chemical composition of original and leached dust slurry samples is summa-
rized in Table 2. Contents of mineral phases in original and leached dust slurry samples
are listed in Table 3. The data in Table 3 indicate that both original dust slurry samples
differ in the level of the amorphous phase. In CS, the level of the amorphous phase is
dominant and reaches 80 wt. %. In leached samples, it is nearly the same as in original
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slurry samples before their acidic leaching. The percentages of dissolved mass during
the leaching for SS and CS samples were 27.7 and 65 wt. %, respectively.
Table 2

Chemical composition [wt. %] of original (SS and CS)
and leached (SSL and CSL) samples

. Sample

Oxide SS SSL s CSL
Si0s 1.62 124 248 2.96
TiO» 0.019 0.02 0.076 0.05
ALO3 0.15 0.11 031 0.96
Fetu 56,02 | 5876 | 5885 | 7273
MnO 121 121 114 0.61
CaO 0.99 025 7.82 0.24
MgO 0.68 0.52 2.40 0.28
ZnO 10.27 7.97 0.70 0.11
Naz20 _ _ 022 0.30
K20 0.12 0.07 0.06 0.06
C 151 1.60 431 12.40
SO; 0.24 0.09 0.35 0.485
P,0s 021 0.18 0.23 0.18

Table 3

Contents of mineral phases in original (SS and CS)
and leached (SSL and CSL) samples

. Sample

Mineral ss [ ssL [ cs | csL
Amorphous phase 42.70 | 44.80 | 80.61 | 85.74
Magnetite 34.67 | 34.62 | 1.94 | 3.94
Wiistite 2.68 2.80 7.22 4.56
Hematite — — 1.01 1.28
Zincite 1.42 0.02 - —
Franklinite 15.62 | 14.62 — —
Iron a — — 0.84 0.96
Merwinite — — 3.09 2.09
Calcite - — 1.68 -
Periclase - - 1.37 -
Portlandite - - 1.46 -
Grafite 2.88 | 3.13 | 0.78 1.43

Both dust slurry samples contain Fe associated with oxidic minerals. In SS and SSL
samples, the dominant occurrence of Fe is related to Fe;O4; much less abundant are
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franklinite and wiistite. In the original dust slurry, Zn occurs in two forms: predomi-
nantly as franklinite (ZnFe,O4) which is hardly soluble in acids, and less abundantly as
zincite (ZnO) which is an easily soluble form.

In CS and CSL, the most abundant oxidic form of Fe is wiistite (FeO) which prevails
over magnetite (Fe3O4). CS contains also a noticeable level of Ca- and Mg-bearing min-
erals (calcite, merwinite, periclase, portlandite). Leached sample CSL does not contain
these phases (with the only exception of merwinite) as they were dissolved during acidic
leaching.

3.3. KINETIC MEASUREMENTS

Experimental data for the retention of phosphate over time for both original dust
slurry samples is depicted in Fig. 1. The experimental data in Fig. 1 indicate that the
sorption equilibrium became nearly reached after ca. one day and it was fully established
after 5 days. Evaluation of the experimental data according to Eq. (1) revealed that the
sorption of phosphates on both types of dust slurry samples could be described by
pseudo-second order kinetic model. Calculated values of kinetic parameters are sum-
marized in Table 4.

12

10

Q, (mg/g)
o

0 20 40 60 80 100 120 140
t (h)

Fig. 1. Dynamic adsorption of phosphate on dust slurry samples SSsat and CSsat;
0.5 g of adsorbent, 100 cm? of phosphate solution, 500 mg PO3 /dm?

Table 4

Calculated constants of pseudo-second order kinetics

k QP max
Sample R? ’
P [g/(mgh)] | [mg/g]
SS 0.9995 5.73-10* 10.34
CS 0.9995 1.38-10°3 11.11
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3.4. ADSORPTION TESTS

The results and the calculated values of corresponding constants for individual iso-
therm models are shown in Table 5. The data suggest that the sorption of phosphates on
the studied dust slurry samples can be described by both Langmuir (or modified Lang-
muir) or Freundlich adsorption isotherms. The observation is in agreement with the con-
clusion of other researchers studying the adsorption of phosphates on similar oxidic
materials. For example, the sorption of phosphates on blast furnace slags can be char-
acterized by Langmuir isotherm [8]. In the case of slags from oxygen converters, the
experimental data can be fitted by Langmuir and Freundlich isotherm models (Freund-
lich isotherm model was slightly better) [14]. To describe the sorption on iron oxide
tailings, the Langmuir—Freundlich isotherm was used [15]. The aforementioned results
indicate that the retention of phosphates from aqueous solutions on the studied wastes
is a complex combination of chemical and physical processes.

Table 5
Calculated constants for the isotherm models
Model
Calculated|  Langmuir Modified Langmuir Freundlich
Sample
values QP,max ki ¥ Q K kr n
[mg/g]|[dm*/mg] " [(dm?/mg)]|[(mg/g)/ (mg/dm?)""]
sS Constants | 10.93 | 0.029 [1.0]10.93 0.029 0.481 1.517
R? 0.979 0.979 0.933
cs 10.99] 0.169 [1.2]10.93] 0.118 5.335 7.369
R? 0.957 0.961 0.923
osL 11.43] 0.127 [1.2[11.30] 0.084 5.118 |7.148
R? 0.942 0.952 0.906
12 A
10 A
E
g6 A .
o original
c 4 - m after leaching
5 |
0

Ss Ccs

Fig. 2. The Langmuir retention capacities
of original dust slurry samples and samples after acidic leaching
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Adsorption experiments revealed comparable sorption ability of the original dust slurry
samples (Fig. 2). In contrast, leached dust slurry samples exhibited significantly different
sorption efficiencies — SSL sample nearly did not sorbed phosphates at all, whereas CSL
sample retained phosphates with the same efficiency as an original non-leached sample.
Maximum saturation capacities calculated from the Langmuir isotherm were: for SS slurry
10.93 mg P/g, for CS it was 10.99 mg P/g and for CSL it was 11.43 mg P/g.

These calculated values of the maximum saturation capacities expressed as mg P/g
are comparable with those of blast furnace slags and are higher than saturation capacities
observed by other authors on similar materials and by-products from metallurgical pro-
cesses (Table 6). These materials and by-products from metallurgical processes are blast
furnace dust slurry (BFSd) [11], crystalline blast furnace slag (BFSC) [8], amorphous
blast furnace slag (BFSAS) [8], granulated blast furnace slag (BFSG) [11], steel-making
slag (SMS) [12] and convertor slag (CVS) [16].

Table 6

Sorption capacities (Op, max) for the slag samples and other alternative adsorbents

Adsorbent BFSd | BFSC BFSAS BFSG | SMS | CVS
Op max, Mg/g 2.87 13.42 6.47-8.50 9.15 530 | 2.14

3.5. IR AND RAMAN SPECTROSCOPIC ANALYSIS

For the determination of the nature of retained phosphates, IR spectra of original
metallurgical wastes and the samples saturated with phosphates were measured. In CS
and CSL samples, Raman spectra as well to further specification and interpretation IR
spectra were used. The results for sample SS are depicted in Fig. 3.

2 .

SSsat
1
B 3 3
8 |
8 0 SS T T T T T
8 3000 2000
[o]
[
e}
<
1
e
©
8
3
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0 . : . ; . :
3000 2000 1000

Wavenumber [cm_1]

Fig. 3. IR spectra of an original sample before (SS) and after (SSsa) phosphate adsorption
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IR spectrum of the dust slurry saturated with phosphates (SSsa) provides new bands
in the range of 1200-900 cm™'. The bands at 1061cm™" and 1105 cm™" can be attributed
to asymmetric and symmetric vibrations of P—O bond in phosphate group PO?(, respec-
tively. The band at 953 cm™ could be assigned to P-O—Zn vibrations [17, 18]. Hence,
the surface complexes of phosphates and zincite are probably formed, for instance, fol-
lowing the equation [18].

ZnO (s) + H,0 + HPO;" — Zn(OH),HPO;" (5)

As zincite was dissolved during acidic leaching, SSL practically lost its ability to
retain phosphates.

CSsat

1041

0.20 o

0.10

CS 3000 2000 1000
0.20

Absorbance (au)

0.10 A

T

T T T T
3000 2000 1000

Fig. 4. IR spectra of original convertor dust slurry (CS)
before and after (CSsat) phosphate adsorption

IR spectra of original convertor dust slurry (CS) before and after (CSsa) phosphate
adsorption are shown in Fig. 4. In the spectra of CSs, there are overlapped bands in the
range of 1200-900 cm™ with dominant at 1037 cm™, which belong to asymmetric vi-
brations P-O—P in the phosphate group. As this band is not present in the spectrum of CS
sample, it corresponds with the phosphate retained from the solution — probably Ca-phos-
phate [19] or some form of Fe-phosphates [20]. The band at ca. 600 cm™ in the CSq Spec-
trum indicates the presence of FePO,-2H,O [21]. Very broad bands at ca. 3350 cm™ and
aband at 1655 cm™" are due to the presence of water in the sample CSgy. Various forms
of water should be taken into account, also crystalline water which could indicate the for-
mation of Fe-phosphate dihydrate. Strong bands at 1434 cm™, narrow bands at 875 cm™,
and weak bands at ca. 720 cm ™' in the spectrum of the dust slurry before and after phos-
phate sorption are attributed to carbonate anions. With the view of higher calcium con-
tent in CS sample (Table 2), the occurrence of calcite CaCOs can be expected. Further
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specification of retained phosphates can be achieved by examination of the Raman spec-
tra of CS samples before and after the uptake of phosphates (Fig. 5).

Intensity (cps)
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0 4

CSsat

1312 658

1592
ﬁ "\ 952 )\' 287

60 -

40 A

T T T
2000 1500 1000 500
cs 279

T T T
2000 1500 1000 500
-1
Wavenumber [cm ]

Fig. 5. Raman spectra of original dust slurry
before (CS ) and after (CSsar) phosphate adsorption

In Figure 5, significant differences are visible between the spectra of CS and CSsy
samples in the range of 750—-200 cm™'. Strong bands in the spectrum of CS are typical
of hematite [22]. They disappear in CSg, spectrum, pointing to Fe(III)-POy interaction.
A very weak band at 952 cm™' in the spectrum of CSgy can be assigned to P—O vibration
in phosphates [21]. Two bands in the range of 1700-1200 cm™' present in the spectra of
both samples could be attributed to D and G bands of graphite.

Absorbance (au)

0.20

0.10

0.20
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CsL 3000

ﬂ
0 3000 2000
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Fig. 6. IR spectra of residues after acidic leaching
before (CSL) after phosphate adsorption (CSLsat)
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IR spectra of the CSL sample before and after its saturation with phosphates (CSLsa)
are shown in Fig. 6. After acidic leaching, the bands at 1434 and 875 cm™' disappeared;
these bands are attributed to the vibration of the carbonate group in calcite CaCOs. The
bands at the range of 3500-3000 and 1700-1600 cm ™' in the spectra of both samples
confirm the presence of various forms of water. The differences are visible again in
the lower wavenumber region. In the spectrum of CSL sample, the bands within the
region of 1200-800 cm™' are due to silicates, the bands at 566 and 462 cm™ originate
from Fe-oxides, respectively [23]. In the spectrum of CSL,, the bands assigned to sili-
cates in the region of 1200-800 cm™' contain a strong and broad band at 1013 cm™,
which is attributed to the phosphate group in Fe-phosphates. It might be related to the
formation of FePO4-2H»O or the formation of surface protonated and non-protonated
monomolecular and bimolecular Fe-phosphate complexes, as shown in [24]. The for-
mation of these surface complexes can be expected at pH < 7.5 [25]:

surface-Fe-OH + HPO; —> surface-Fe-PO3 + H,0 (6)
surface-Fe— PO; + H" — surface-Fe-PO,H 7
surface-Fe-PO4H™ + H" — surface-Fe-PO4H, )

The equilibrium pH of phosphate leachates after sorption was around 6.5. Raman
spectra of CSL and CSL, are shown in Fig. 7.

150 A
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100 A
1315 282
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50 1 392 17
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Fig. 7. Raman spectra of residues after acidic leaching
before (CSL) and after phosphate adsorption (CSLsar)

The differences between these two spectra occur in the lower wavenumber region
of 750200 cm™'. From the doublet at 605 and 649 cm™' (in the spectrum of CSL), the
band at 605 cm™' (in the spectrum of CSLs,) disappears again. Other hematite bands are
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significantly less intensive, pointing to partial interaction of Fe(III)-POs. The spectrum
of CSLgy contains a very weak band of P—O vibration of phosptates at 940 cm™ [21].

From the comparison of mineral crystalline phases of CS dust slurry before and
after acidic leaching (CSL) presented in Table 3, it is evident that acidic leaching pref-
erentially removed easily soluble calcium and magnesium phases from the dust slurry
whereas Fe-oxides remain in the residue after leaching. Iron bound in oxides facilitates
the retention of phosphate anions and leads to surface co-precipitation or complexation
of Fe-phosphates.

Analysis of IR and Raman spectra showed that the retention of phosphates by SS
and CS samples was based on different mechanisms even though their sorption capaci-
ties are comparable. This is consistent with the fact that acidic leaching significantly
changed the sorption characteristics of both dust slurry samples.

3.6. RESULTS OF DESORPTION TESTS

SSat, CSeat, and CSLg samples were used for desorption tests. Obtained results are
summarized in Table 7, from which it can be deduced that the best desorption agent for
all the studied samples is AICls. In contrast, poor desorption of phosphates was observed
if water was used as a desorption agent.

Table 7

Desorbed phosphates (as P, wt. %) previously
sorbed by samples SSsat, CSsat and CSLsat

Desorption agent
Sample|AICl; solution H0 Na2COs3 solution
(5 wt. %) (5 wt. %)
SS 85.35 10.39 69.42
CS 96.66 12.14 72.55
CSL 100 2.82 78.39

4. CONCLUSIONS

Both original dust slurry samples exhibited similar sorption capacities that are com-
parable with blast-furnace slags. The equilibrium was established after 6 days and the
sorption process can be characterized by the Langmuir and Freundlich isotherm models
which indicates the occurrence of the physical and chemical processes. Nevertheless,
the retention mechanisms are different for both dust slurry samples. In steel-making dust
slurry, the retention is based on the formation of surface complexes with zincite. The
high solubility of zincite phase in acidic solution is the predominant reason for sup-
pressed sorption of phosphates on the leached dust slurry. In non-leached convertor dust
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slurry, the formation of Ca and Fe phosphates is very likely; after leaching, the for-
mation of surface protonated and non-protonated mono- and bimolecular Fe-complexes
is probable as well. Despite rather different retention mechanisms, both dust slurry sam-
ples exhibited similar desorption behavior. The most efficient release of phosphates
from all studied samples was observed in weakly acidic solutions whereas in water the
phosphates desorption was very low. The achieved results can be used for the treatment
of municipal/industrial wastewater.
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