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Abstract

Large volumes of ferrous metallurgical slags (FMS) are generated annually as waste materials from metal extraction,
purification, casting and alloying processes worldwide. Some attempts have been made to use bulk FMS in metal precipitation
and concrete works but little success has been achieved because of unstable precipitates and volume expansion of concrete
structures. As a result, significant quantities of FMS are still disposed in landfills. This disposal leads to land conflicts and
poor environmental practices. The present study focuses on the characterization and separation of iron oxide from selected
bulk FMS (Cupola Furnace Slag - CFS) obtained from Ghana into constituent components for use as engineering materials.
Quantitative X-ray diffractometry was used to determine the mineralogy of CFS. Iron oxide morphology and spot composition
in the CFS were determined using scanning electron microscopy, combined with energy dispersive spectroscopy. The
inductively coupled plasma-optical emission spectrometry was used to ascertain the chemical composition of CFS after acid
digestion. Wet low intensity magnetic separation technique was employed for beneficiating iron oxides from the CFS. It is
shown that the CFS is amorphous and consist of ferrous and non-ferrous material. Results of the investigation confirmed that
ferrous materials in the slags can be separated using magnetic separation technique. The study further confirmed that fine
grinding (- 75 um) liberates the magnetic portions of the slag efficiently, and as such, they can be recovered using a low
magnetic field. The recovery was 99.04 % and the concentrates obtained from the beneficiation process consist primarily of
pigeonite, quartz, magnetite and jacobsite. The beneficiated concentrates have the capacity to adsorb arsenic from mine
effluent. This study has demonstrated that, slags can be utilized as secondary resources rather than a waste.
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1 Introduction

Metallurgical slags primarily comprise; CaO, SiOa,
Al;O3, MgO, Fe304, FeO and MnO (Proctor et al.,
2000; Semykina, 2010). Over the past decades,
metallurgical slags have been utilised for road
construction, cement additive, land fill cover
material, fertilizers/soil conditioners, neutralization
of acidic mine drainage and industrial discharge and
for heavy metal adsorption from waste water
(Fidancevska et al. 2009; Skuza et al. 2009; Navarro
et al. 2010; Sarkar et al. 2010; Chowdhury, et al.
2014). However, some of these applications do not
ensure  stable  constituents/products in  the
environment. For instance, the use of metallurgical
slags containing free CaO and MgO in road
construction results in road expansion (about 10 vol
%) in humic areas (Andrews et al., 2012). Also,
utilisation of metallurgical slags for production of
cement is limited due to high FeO content which
causes stress in concrete structures as a result of the
oxidation of the iron (Semykina, 2010). In addition,
the use of metallurgical slags for arsenic remediation
(Chowdhury, et al. 2014; Wilkens et al. 2003) results
in formation of calcium arsenate which is
chemically unstable (Swash and Monhemius, 1996;
Mahuli et al., 1997) and can leach into the geo-
environment. Thus, bulk metallurgical slag will be
unsuitable for such applications; certain unstable
components must be removed to enhance the slag’s
usage. To address these limitations of bulk slag use,
separation of the bulk slag into constituent
components will ensure acceptable use of the slags.

Ferrous metallurgical slags (FMS) are waste
products generated in large quantities from
pyrometallurgical processes in metal extraction,
purification, casting and alloying. They are named
from the process of which they are generated: blast
furnace (BF) slag, basic oxygen furnace (BOF) slag,
electric arc furnace (EAF) slag and ladle furnace
(LF) slag (Proctor et al., 2000; Andrews et al.,
2012). Rapid growth in industrialization around the
globe has resulted in vast land-take for disposal of
ferrous metallurgical slags thereby resulting in land-
use conflicts, increasing disposal cost and poor
environmental practices (Altun and Yilmaz, 2002).
A global quantity of more than 400 million tonnes
of iron and steel slags are generated annually
(Herbelin et al., 2020). In Ghana the annual slag
production stood at 50,000 tonnes in 2012 (Andrews
et al., 2012) and this value keeps rising. Most of
these slags are currently disposed in un-engineered
landfills which require large land-take. Therefore, it
is important to develop a sustainable system that can
convert all the waste materials into useful products
(Reuter et al., 2004). In addition, land-filling with
waste has generally been observed to be a potential
source of pollution in the geo-environment ( Osipov
et al. 1990; Reuter et al. 2004; Ghosh et al. 2002).
Because of these difficulties, converting
metallurgical slags into useful products is a
necessary option for ensuring optimal use of natural
racniirrac
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Consequently, in this research, magnetic separation
was employed to recover the iron oxide portions of
the slag. This process exploits the difference in
magnetic properties between the ore mineral and
gangue to effect separation. The magnetism
phenomenon is such that the field around a magnet
exerts a force on minerals surrounding it. This field
is referred to as the magnetic field and it attracts
minerals that are strongly magnetic. The force
exerted by the magnet is directly related to the
particles mass, m (kg) by equation
1(Dworzanowski, 2010).

F o« xm? (@)}

x (m3%kg™) is a property of the particle and it known
as magnetic susceptibility.

The use of waste minerals, such as, ferrous
metallurgical slags for removing other waste,
(Wilkens et al. 2003; Metz and Benson 2007;
Chowdhury et al. 2014) is an emerging trend that
can help minimise the environmental footprints of
most  industrial operations and  contribute
significantly to sustainable development.

Due to the toxic nature and detrimental effects of
arsenic on human health and plant growth, the
maximum contaminant level (MCL) of arsenic in
drinking water is 10 ppb (W.H.O, 2004; Pandey et
al., 2009).

Many different types of adsorbents have been
exploited in the removal of contaminants from
heavy metals. Materials such as carbon (Shooto et
al., 2016), metal oxides (Bhaumik et al., 2014; Dave
and Chopda, 2014; Malik et al., 2018) and bio-
adsorbent (Pandey et al., 2009) to mention a few
have been exploited in this field. Amongst these iron
oxides is one of the most preferred due to its
magnetic property which enables easy separation of
adsorbents from the system and hence could be
reused for further application (Dave and Chopda,
2014).

Hence, in this work beneficiated iron oxide from
cupola furnace was used as an adsorbent for arsenic

removal. Ferrous content of different particles sizes
was beneficiated prior to being used as an adsorbent.

2 Resources and Methods Used

2.1 Materials

In this research, Cupola furnace slag samples were
obtained from Abudia Foundary, Kumasi, Ghana.
Slags were used as received.

2.1.1 Sample Preparation

The Cupola Furnace Slag sample was firstly crushed
with a jaw crusher (JAQUES laboratory jaw
crusher), homogenized and then sieved to obtain a —
2.5 cm particle size range. This was then followed
by pulverization. The pulverization was conducted
for 5 min using ~ 13000 g solid loading (1000 g
FMS and 12 000 g pulveriser disc; LM2-ESSA,
Australia). A fine particle size range of 80 % passing
75 um was obtained. As a precaution to prevent
contamination, stainless steel coated pulverising
discs were used in this study.

2.2 Methods
2.2.1 Characterisation of FMS
Particle Size Analysis

The particle size analysis of the sample was
determined by laser diffraction; Mastersizer 2000
(Malvern Instruments Ltd., U.K.). In this work, all
particle size distribution measurements were
conducted in de-ionised water and at room
temperature. An ultra-sonication of approximately 2
minutes was adhered to in order to ensure good
dispersion of particles.

Quantitative X-ray Diffraction (QXRD)

Bulk mineralogy of samples was determined by
using quantitative x-ray diffractometry (QXRD;
Phillips PW 1050 X-ray generator equipped with
Sietronic automated data collection). XRD analysis
was performed using the Scintag ARL X’tra
diffractometer and CuKa radiation. The data were
collected between 5° and 90° 20 at 0.02° intervals,
with an integration time of 1 second per interval. The
quantitative (Rietveld) analysis was performed
using SIROQUANT V3 software. Prior to taking
measurements, the samples were spiked with about
10 wt% of ZnO to allow for calculation of
amorphous content of the sample. The sample was
then placed into a sample cup insuring that it was
well packed, flat and levelled at the top of the cup
for analysis.

Scanning electron microscopy (SEM)

Scanning electron microscopy (SEM; FEI Quanta
450 FEG) was used in determining the morphology
of samples. Samples for the analysis were prepared
by gently pressing unto a double-sided carbon tape
placed on a metal stab. Samples were then coated
with thin carbon films in a vacuum evaporator, in
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order to prevent electron build up on the sample
surface during analysis. The instrument operates at
an accelerating voltage of up to 30 kV.

Acid Digestion

To ascertain the chemical composition of samples
used in this work, a known mass of the sample (3 ¢
of - 75 um) was digested and refluxed with a mixture
of acids including hydrofluoric, nitric, perchloric
and hydrochloric acid. Selected elements in
supernatant solutions were then analysed using
inductively coupled plasma optical emission
spectrometry (ICP-OES; Perkin Elmer 5300 DV).
Loss on ignition (LOI) of the slag samples was
determined using the ISO 11536 (2015) procedure.

Magnetic separation

Magnetic separation was conducted in the
laboratory with a hand-held magnet obtained from
dysfunctional loudspeakers. A hand-held digital
TeslaMeter (TD8620) and G-858 MagMapper
Magnetometer were used to determine the magnetic
strength of the hand-held magnets. Fig. 1 is a
schematic diagram of the setup for the magnetic
separation process used in this work. The
experiment was conducted as follows; 40 g of the
various particle sizes (500pum, 425um, 300um,
260pm, 150pum and - 75 pm) of the cupola sample
was slurried to achieve 10 % solid loading. The
hand-held magnet was then used to separate the
magnetic fraction in an anti-clockwise panning
manner (a gravity concentration method as
employed by small scale gold industries in Ghana)
by flushing de-ionised water (500 ml) continually on
the magnetic material to remove available gangue
materials. The panning process was repeated
severally to obtain a much cleaner concentrate.
Concentrates and tailings from the entire process
were then oven dried at 60 °C for metal assay
analysis. This was done for both cupola and
induction furnace. Results of recoveries were then
computed using Equations 2:

_ ce
R= 1% 100% )

where:

R is the % Recovery

C is the weight of concentrate
c is the assay of concentrate
F is the weight of feed

f is the assay of feed
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Fig. 1 Schematic Diagram of Set-up for

Magnetic Separation Process
Arsenic  Adsorption Concentrates
Beneficiated from FMS

Using

For batch adsorption studies, about 20 mL of
laboratory prepared arsenic (5 mg/L) solution at pH
2 and 9 were contacted with the concentrates. The
amount of adsorbent used in the experiment was 50
g/L. For mine tailings decant water, experiments
were conducted with 25 g/L and 50 g/L adsorbent at
a pH of 8.31.

A bench top suspension mixer (Rowe Scientific Pty
Ltd; Model: Ratek) was then used to provide a gentle
end-over-end tumbling at 180 rpm to enhance the
adsorption process for 6 h. The initial pH of the
adsorption process was conditioned to 2 and 9 by
adding few drops of 1 M HNO; or 0.5 M KOH
respectively. The experiment was conducted at room
temperature (23 + 1 °C). Measurement of pH was
performed using a 211 microprocessor bench pH
meter (Hanna instruments).

3 Results and Discussion

3.1 Characterisation of FMS
3.1.1 Physical Characteristics of Slags

Image of cupola furnace slags used in this study is
presented in Fig. 2. It can be seen that the colour
appears to be black to blue-black. This observation
is consistent with work done by (Andrews et al.,
(2012). The PSD curves of the slags are presented in
Fig. 3. The Dso, which represents the average
particle size of the slags after comminution was
found to be 38.24 pm. In choosing an efficient
magnetic separator, the influence of particle size
cannot be over emphasized (Zong, et al., 2018). Dry
High Intensity Magnetic Separators (HIMS) for
instance, are limited to ores with particle sizes > 75
um (Wills and Napier-munn, 2006), hence wet
separation was adopted in this work.
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Fig. 2 Image of the Cupola Furnace Slag
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Fig 3 Particle Size Distribution (PSD) Curves of
Cupola Furnace Slags

3.1.2 Chemical and Mineralogical Characteristics
of Slags

The results of the partial chemical analyses, spot
chemical ~ composition and  mineralogical
composition of the slags are presented in Table 1,
Figure 4 and Figure 5 respectively. From the results,
it can be observed that the slags consist of ferrous
and non-ferrous compounds. The samples contain
enough proportion of iron, therefore can be
physically separated using magnetic separation.

The slag contains Fe and Si as a major constituent;
19.2 wt% and 22.2 wt% respectively. Constituents
such as Al, Ca and Mn were in minor amounts for
the slag while Mg, P, Tiand S were in trace amounts.
The loss on ignition (LOI) for the slags was
negative. This suggests that there was a gain of
weight on heating for the two slags rather than LOI,
indicating that they contain compounds that can
oxidise. For instance, magnetite in these slags can
oxidise to maghemite.

42

Table 1 Partial Chemical Composition of Slag

Composition

Element (wt%o)
Al 6.10
Ca 5.07
Fe 19.2

Mg 0.335
Mn 1.25
Na 4.88
P 0.075
Si 22.2
Ti 0.245
S 0.10
LOI -3.03

Results of SEM-EDX analysis of the slags are
presented in Figs. 4. These results confirmed the
presence of iron oxides in the slags. Iron oxide
grains examined in the cupola furnace slag was
found to be highly crystalline. Spot composition
analysis revealed iron and oxygen compositions of
~36.26 and ~30.22 atomic wt.% respectively. Other
elements identified in the slag were sodium,
calcium, silicon and aluminum.

Micrograph of CFS showing Iron Oxide
Grain surrounded by Gangue Material

The XRD results for the slags are shown in Figure
5. The slag was found to be amorphous in nature.
The slag had an amorphous content of 71 wt. %. The
results revealed the presence of major phases like
Quartz (SiOy), ilmenite (FeTiOs), Hedenbergite
(Ca(Mg,Fe)[Si»0s]), Fayalite(Fe,SiOa4), Aluminium
silicate(Al,SiO3), and magnetite (Fe3O4). Other
identified phases include Hematite (Fe.O3), Calcium
silicate (Ca,SiO4), Mayenite (Cai2Al14033) and
Merwinite [CasMg(SiO4)2]. Table 2 shows the
phases and composition of the major phase
identified. These phases compare well with results
achieved by (Tsakiridis et al., 2008; Andrews et al.,
2012; Lan et al.,, 2017). The rate at which a
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metallurgical slag is cooled has a significant
influence on the crystalline and amorphous phases
created. The slower the cooling rate, the larger the
crystalline phases (Rao, and Nayak 1992). As the
amorphous phase is high for both slags, it can be
inferred that the slags were rapidly cooled. The

ferrous phases present, such as magnetite and
lImenite have relatively high magnetic
susceptibility values of 20 000-110 000 and 46-80
000 x 108 md¥kg (De Kimpe et al., 2001)
respectively making magnetic separation an
appropriate method of beneficiation.
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Fig 4 (b) EDX Spectra Showing the Composition of the Grain
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Table 2. Mineralogical Composition of Cupola Furnace Slag

Composition i Composition

Ferrous Component (Wt%) Non-ferrous Component (Wt%)
Hedenbergite .
(Ca(Mg,Fe)[Si,04]) 3 Quartz (SiOy) 4
Augite . . .
(Ca.Mg,Fe, Al)(Si, Al 5 Cristobalite (SiO,) 4

. . Nepheline

Fayalite (FezSiOa4 ) 5 (Nas(Na,K)[Al4Si:01c]) 5
Magnetite (FesOq) <1 Fluorite (CaF2) 2
IImenite (FeTiO3) <1 Aluminium silicate (Al;SiO3) 2

Amorphous Content 69

Total ~ 100

3.2 Magnetic Separation

Results from the magnetic separation using a
59.12 + 0.05 mT magnet is presented in Table 3.
From the table, it is observed that for coarser particle
sizes, less iron content is recovered. This is due to
interferences from gangue materials surrounding the
magnetic particles making it less exposed to the
magnetic field to be attracted. Finer particle sizes
recover more metals of interest due to less
interference of the non-magnetic phases and
therefore the metal of interest is easily attracted
during the magnetic separation (Yu, 2018).

From equation 1, when a constant mass is employed,
coarse particles will exhibit a lower net
susceptibility due to the presence of minerals with
less susceptibility value surrounding the magnetic
portions, this leads to low attraction of magnetic
portions towards the surface of the magnet. Finer
particles however have more magnetic phases
liberated, hence high attraction of magnetic portions
towards the surface of the magnet and consequently
higher recovery values as observed for -75 pum
(99.04 %) as compared to — 500 +425 (71.46%).
Studies by Herbelin et al. (2020) confirms lower
susceptibility of slags when magnetic portions are
not liberated from non- magnetic portions.

Table 3 Recovery of Iron Oxide at different
Particle size range

Particle size (um) reegg\e/re]:?/g(i %)
—500 +425 71.46

— 425 +300 72.21
—300 + 260 74.73
—260 +150 76.16
—150+75 77.25

-75 99.04
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XRD of Iron Oxide Concentrate

XRD result of beneficiated concentrates is shown in
Figure 6. The concentrates consisted predominantly
of pigeonite, quartz, magnetite and

jacobsite. Additionally, it was noticed that not all
iron oxide minerals reported in the concentrates
have been fully liberated these are like to be from
the coarser particles. The pigeonite and jacobsite
were not found in the XRD analysis of the bulk slag.
It was however identified in the XRD analysis of the
concentrates. This is because, in the bulk slag, their
concentrations were low and below detectable limits
while in the concentrate they had been upgraded,
hence identified. The presence of jacobsite in the
concentrate is also as a result of its high magnetic
susceptibility. At a density of 4990 kg/m?3, jacobsite
can achieve higher susceptibility values of 270 x
10 m3/kg (Herbelin et al., 2020).
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Fig. 6 XRD of Iron Oxide Concentrate
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3.3 Arsenic Adsorption Using Iron Concen-
trates from FMS

3.3.1 Removal of Arsenic from Prepared Arsenic
solution Water using Beneficiated
Concentrates from FMS

To be able to demonstrate and ascertain the
applicability of the ferrous constituent component
beneficiated from FMS, the concentrates were
applied on arsenic removal from water at initial pH
2 and 9. Results from the experiment are presented
in Fig. 7.

The results show that the uptake was in two phases.
At initial pH 2, there was a rapid arsenic uptake
within the first 15 minutes of the study. The reaction
then slowed down and equilibrated after 2 h. Arsenic
removal of 99.99 % was achieved. A similar trend
was observed for arsenic removal at initial pH 9.
Within the first 15 minutes of the adsorption
process, arsenic removal of 99.97 % was achieved
by the concentrates. The uptake then gradually
increased until equilibrium was reached after 4 h.
The observed trends may be attributed to the
synergistic effects of different iron oxide minerals
present in the concentrates. From the XRD results of
the concentrates (Fig 6), it is shown that these
concentrates primarily consist of magnetite,
jacobsite and pigeonite which are different forms of
iron oxides. Therefore, during adsorption, each of
these iron oxide phases in the concentrates will
present individual surface functional groups
(FeOH?*, FeOH and FeO; depending on the pH)
(Koomson and Asiam, 2020) to interact with arsenic
in solution to complete the adsorption process
thereby yielding such results. Also As in solution is
usually in the form of H,ASO4, in the acidic region
(pH =2) the presence of more positive surface
charges on the adsorbent increases the affinity for
arsenic. At the basic pH, the surface becomes
negatively charged reducing the As adsorption due
to the repulsive effect.

0
© 100,00 { XX X X X X X
o 0 0 0

20,981 Q
o
e |0°
g
z 99961
i

99.94 7 % Initial pH 2
m Q initialpH 9
& 99.92 -
@
4 . . . . . ;

0 1 2 3 4 5 6 7
Time (h)
Fig. 7 Arsenic Removal by CFS Concentrates as

a Function of Time

45

3.3.2 Removal of Arsenic from Tailings Decant
Water using Beneficiated Concentrates from
FMS

Having understood the underlying principles
governing arsenic in a solution, mine tailings decant
water was contacted with the beneficiated
concentrates from FMS. Results of the physical
properties and elemental composition of the tailings
decant water used in this study are presented in
Table 4.

Table 4 Physical Properties (A) and Chemical
Composition (B) of Tailings Decant

Water
A. Physical Properties
Parameter Value
pH 8.31
Temperature (°C) 33.09
Dissolved Oxygen (mg/L) 7.03
Total Dissolved Solids 1.65
(g/L)
Electrical Conductivity 2.58
(mS/cm)
Turbidity (NTU) 617
Colour Light Brown
B. Chemical Composition
Element Concentration
(mg/L)
As 2.13
Fe 5.66
Cu 0.41
Pb 0.02
Zn 0.02
Ca 20.30
Si 7.85
Cr 0.43
Cd 0.03
Co 0.86

The pH of the decant water was 8.31 indicating that
the solution is basic. This is in agreement with report
by (Acheampong et al., 2013) and (Acheampong
and Nukpezah, 2016) on a typical gold mine tailings
decant water from Ghana. The temperature recorded
at the time of sampling was 33.09 °C. The dissolved
oxygen concentration was also determined as 7.03
mg/L suggesting oxidation of ions can occur: As
(111) can be oxidized to As(V). Furthermore, the total
dissolved solids (TDS) and electrical conductivity
(EC) of the tailings decant water were 1.65 g/L and
2.58 mS/cm. Work done by Shinoda et al.(2016)
indicates that, the EC is dependent on the quantity
of dissolved salts in solution and that it is
approximately proportional to the TDS. Therefore,
the relatively high EC and TDS content is due to the
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abundant presence of free ions such as Fe3* As>*and
Ca?* etc., in the decant water.

The results of the chemical composition of the
tailings decant water show that the major elements
present are calcium, iron, silicon and arsenic.
Copper, lead and zinc exist as minor elements.
These minor elements can form complex with
cyanide. During intensive cyanidation/leaching,
calcium oxide/lime is added as a pH modifier, hence
its high concentration in the tailings decant water.
The results of the application of the beneficiated
FMS concentrates (CFS Concentrates) on arsenic
removal from the tailings decant water is presented
in Fig. 8.
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Fig. 8 Arsenic Removal by CFS Concentrates
from Tailings Decant Water as a Function
of Time

The results indicate that the beneficiated
concentrates readily adsorb arsenic from the decant
water. At an adsorbent dosage of 25 g/L, there was
a gradual arsenic uptake from 5 minutes up to 2 h
where the reaction equilibrated. At 5 minutes, 24%
of arsenic was removed while a maximum of 79%
arsenic removal was achieved in 2 h. A similar trend
was observed when the adsorbent dosage was
increased to 50 g/L. An arsenic uptake of 62% was
obtained within 5 minutes of contact. At 2 h, the
reaction equilibrated with a maximum removal of
90%. Comparing the adsorption capacity here with
that of the synthesized solutions (Figs. 8 and 7), it is
observed that a higher removal was achieved in the
latter. This observation can be attributed to the
presence of other ions in the tailings decant water
competing for adsorption sites on the surface of the
beneficiated FMS concentrate during adsorption. As
a result, high amount (> 50 g/L) of the beneficiated
concentrates will be required for complete removal
of arsenic from the tailings.
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Adsorption Isotherm

Result of the adsorption experiment was fitted with
the Langmuir isotherm model as shown in Figure 9.
This was because Arsenic adsorption has been
shown to follow Langmuirian model (Koomson and
Asiam, 2013; Hao et al., 2018; Bahmani et al.,
2019). The results obtained in this work described
the isotherm model well. This could be attributed to
the fact that the Langmuir model indicates a
reversible phenomenon coupled with a monolayer
coverage for the reaction (Wibowo et al. 2017). The
maximum adsorption capacity (gmax) which
corresponds to the surface concentration of
adsorbent at monolayer coverage (Jeong, 2005) was
determined to be 0.04 mg/g. Furthermore, according
to Jeong (2005) the Langmuir constant b is related
to the energy of adsorption and tends to increase
with increasing adsorption bond strength. Therefore,
high “b” value (Tables 5) obtained for arsenic
removal using the beneficiated concentrates
indicates high adsorption bond strength.

301
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Fig. 9 Langmuir Model for As Adsorption onto
CFS Concentrates

Feasibility studies for the Langmuir adsorption
process for the experimental analysis was also
carried out using the dimensionless constant
separation factor “r” (Mckay et al., 1985;
Altundogan et al., 2000) defined in Equation 3:

r=1/(1+bCo) 3)
where:

r is the dimensionless separation factor

Co is the initial As concentration (mg/L)

b is the Langmuir constant

The “1r” values were calculated using the Langmuir
constant “b” obtained from the experimental data for
the concentrates for arsenic removal and shown in
Tables 4. Initial As concentrations of 1 mg/L and 5
mg/L yielded “r” values of 0.002 and 0.00038
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respectively for the that arsenic adsorption from
solution by the concentrates is favourable at all
concentrations studied.

Gibbs free energy for the adsorption process was
also calculated using Equation 4.

In (1/b) = AGIRT 4)

where:

b is the Langmuir constant (L/mg)

R is the Ideal gas constant (8.314 J/K mol)
T is the temperature in K

Gibbs free energy value of -15.20 kJ/mol was
obtained for the Langmuir fit. This indicates that the
adsorption of arsenic from solution onto the
adsorbent was spontaneous and that the adsorption
reaction involving the beneficiated ferrous materials
is thermodynamically stable.

Table5 Summary of Calculated Langmuir
Isotherm Constants and other Related
Parameters for Arsenic Removal by
CFS Concentrates

b (L/mg) 480.77
gmax (mg/g) 0.04

R? 0.8945
r min 0.002

r max 0.00038
AG (KJ/mol) -15.2

4 Conclusions and Recommendation

The mineralogical analysis confirmed that the slags
used in this study are typical CFS. The mineralogical
analysis further indicates that the slags consist of
ferrous and non-ferrous materials. The ferrous
phases of the slag are augite, hedenbergite, fayalite
magnetite and ilmenite while the non-ferrous
materials are quartz, crystoballite, nepheline, and
fluorite.

Also, the study concludes that fine grinding will be
required for effective magnetic separation.
Furthermore, fine grinding (- 75 um) liberates the
magnetic portions of the slag efficiently, and as
such, they can be recovered using a low magnetic
field. The ferrous phases recovered in the
concentrate are magnetite, jacobsite and pigeonite.
The beneficiated ferrous constituents from the slag
have the capacity to adsorb arsenic, within 15
minutes up to 99.99% and 99.97 % of arsenic can be
adsorbed at pH of 2 and 9 respectively. The
adsorption also follows a Langmuirian Model.
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The metallurgical slags which are considered as a
waste today are potential resources. In this work, it
is demonstrated that the slags can be separated and
beneficiated using a low intensity magnetic
separator if ground fine.

Future research should quantify the amount of the
iron oxide phases present in the concentrate and
their respective contribution to the adsorption
process.
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