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Abstract

Spent pickling liquor containing almost FeCl, is a considered hazardous waste because
of its very high level of acidity and high metal concentration, and the conventional neutralization
method regenerates an excessive quantity of sludge that poses a serious problem concerning to
the landfill disposal and risk of ground water contamination. Therefore, recovery of spent
pickling liquor is necessary. Several approaches have been investigated for spent pickling liquor
recovery, but they are generally costly and lead to produce various iron salts or oxides which
have a limited value. In the present study, we explore the potential of using spent pickling liquor
and FeCl, solution as iron precursor for the synthesis of magnetic nanoparticles. Here, Fe;O4
nanoparticles were prepared easily by oxidation-precipitation from spent hydrochloride acid
pickling liquors in aqueous saturated solution of calcium hydroxide at room temperature, in the
air, and under suitable speed of rotation. The FT-IR, XRD and TEM results shown that
monodisperse Fe;O4 nanoparticles in the size range of 10-40 nm were obtained, with a high level
of crystalline. The BET surface area of particles from spent pickling liquor was about 46 m’g’”,
and from FeCl, salt was about 24 m* g, The synthesized Fe;O4 nanoparticles exhibited the super
paramagnetic behavior with relatively high saturation magnetization, from spent pickling liquor
about Ms=73 emu g and from FeCl, salt was higher, about 83 emu g'. The tested adsorbed
capacity of As (V) of particles from spent pickling liquor was about 90 mg As/g Fe;0y4, and from
FeCl, salt was about 42 mg As/g Fe;O4, This proves that some impurities in the pickling solution

such as Mn, C ... help to develop the surface and adsorption capacity.
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L. INTRODUCTION

Pickling is an important stage for surface treatment in the metal processing industries. It

is the cleaning process by strong acids to remove impurities, such as stains, inorganic



contaminants and rust from ferrous metals, copper, precious metals and aluminum alloys. Carbon
steels are often pickled in hydrochloric or sulfuric acids which are called pickling liquor.
Through the usage the pickle liquors were gradually contaminated with dissolved metals. As the
metal concentration increases, the free acid concentration decreases and pickling efficiency drop,
the spent picking liquor must be discarded [1]. A considerable amount of waste generated by the
metal pickling industries is identified as an environmentally hazardous waste because of its very
high level of acidity and also high metal concentration [2]. Until now, the most economical
method for treatment of spent pickling liquor is the neutralization with lime or some other cheap
alkaline agent. This conventional method regenerates an excessive quantity of sludge that poses
a serious problem concerning to the landfill disposal and risk of ground water contamination
[3].Therefore, recovery of spent pickling liquor is necessary, in order to reduce the steel

processing cost and also the risk of environment pollution.

Several approaches and methodologies have been investigated for recovery of acid and
metal from the ferrous chloride-bearing spent HCI pickling liquor, such as anion exchange [4],
solvent extraction [5], pyrohydrolysis [6], crystallization [7], membrane distillation [8,9],
microwave-hydrothermal processes [10], etc... Generally, these methods are costly and lead to

produce various iron salts, iron oxides which have a limited value.

Among the different types of iron oxides, magnetite (Fe;O4) particles gained more
attractive attention due to their potential applications in various fields, such as ferro fluids,
catalysts, environment, high-density magnetic recording media and medical diagnosis. Many
technologies have been investigated for synthesis of magnetic nanoparticles during the last few
years, such as micro emulsions [11], co-precipitation [12,13], hydrothermal reactions [14,15],
etc. ... Among these, chemical co-precipitation of ferrous and ferric ions by base is the most

frequently used method.

Spent pickling liquor containing a large amount of iron salts can be used as precursor for
the fabrication of magnetic nanoparticles. Recently, Bing Tang et al. demonstrated the synthesis
procedure to obtain the Fe;O4 from spent chloride pickling liquor by ultrasonic-assisted chemical
co-precipitation [16]. In their study, sodium perchlorate (NaClO,) was used to adjust the molar
ratio of Fe(Ill) and Fe(I) to 2:1, and co-precipitation reaction was carried out at 75°C in an
ultrasound bath. Continuous and homogeneous ultrasonic irradiation of frequency 40 kHz has
been provided all over the solutions. The Fe;O4 particles obtained of 13-23nm diameter and

exhibited paramagnetic behavior, with saturation magnetization of 67.77 emug.

In this study, we report a simple approach for synthesis of Fe;Os super magnetic

nanoparticles via chemical oxidation-precipitation in aqueous saturated solution of calcium



hydroxide, at room temperature. The chemical and crystalline structure of synthesized
nanomaterials was examined by Fourier transform infrared spectroscopy (FTIR) and X-ray
diffraction, the morphology was observed by TEM, BET surface area was also determined and

magnetic property was characterized by Vibrating Sample Magnetometer.
II. EXPERIMENTAL

Samples of chloride pickling liquors (pH ~0.1, total iron 151.2 g L', trace amounts of
other heavy metals, e.g. Mn 26.7 mg L™, Cr 16.9 mg L and Cu 9.3 mg L") was collected from
Hoa-Phat Steel Factory, Vietnam. Samples of FeCl, solution was preperated from chemical
FeCl, salt made China with pH ~0.1. Oxidation-precipitation reaction was caried out at room
temperature in a beaker containing 600 mL of saturated Ca(OH), solution (pH ~12) under
vigorously stirring in the air. 4.5 mL SPL was added drop-wise into the solution within 2 min.
Reaction mixture was further stirred for 30 min to abtain the black precipitate of the Fe;04 which
was separated from solution by an external magnet, then washed with distilled water until pH
reached 7. The rotation speed was changed from 200 to 800 rpm to choise the optimized value,
in accordance with the saturation magnetization (Ms) of the samples. Ms was measured at room
temperature using a vibrating sample magnetometer (VSM, DMS 800, Quantum Design, Inc.).
The chemical and crystalline structure of Fe;O4 was examined by Fourier transform infrared
spectra (Nicolet iS10 FT-IR Spectrometer) and X-ray powder diffraction pattern
(Siemens/Bruker D5005 X-ray diffractometer). Transmission electron microscopy images were
obtained by the JEM 1010 TEM in order to investigate the morphology of the samples. The
specific surface area of Fe;O4 nanoparticles was determined by physical absorbent of nitrogen

gas using Micromeritics TriStar 3000 apparatus.
II1. RESULTS AND DISCUSSION

The hysteresis loops of the samples synthesized with different rotation speed were
presented in Fig.1, all they showed the super paramagnetic behavior when the remanence and the

coercively are close to zero [17].
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Fig. 1. Magnetic properties of the magnetite nanoparticles synthesized with rotation speed of (a)
200; (b) 400; (c) 600 and (d) 800 rpm.

The values of the saturation magnetization (Ms) were strongly influenced by the rotation
condition, the maximum Ms was obtained 73 emu/g in the case applied the speed 400 rpm. In the
waste chloride pickling liquor at pH close to zero, iron exists as the ferrous ions (F ez+). When it
was added to the saturated Ca(OH), solution, Fe*" ion oxidized partially to Fe’" by oxygen
dissolved in the solution, then Fe** and Fe*" were co-precipitated to form magnetite particles.
Rotation speed during the synthesis reaction may affect on the oxidation level and thus on the

_ . . 3+ 2+
stoichiometric ratio Fe” /Fe™".

The magnetic particles synthesized with rotation speed of 400 rpm were characterized by

FT-IR spectroscopy and X-ray diffraction methods as shown in Fig.2 and Fig.3.

The FT-IR spectrum shows clearly the characteristic absorption band at 576 cm™
attributed to the stretching vibration of the Fe—O bond of Fe;O4 [18,19]. Additional, the
broad bands at around 3449 and 1634 cm™ can be attributed respectively to the stretching

and bending vibrations of —OH groups on the surface of nanoparticles.
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Fig. 2. FT-IR spectrum of magnetite nanoparticles synthesized with 400 rpm.

The diffraction peaks observed at 30.2°, 35.5°, 43.3° 53.7°, 57.2° and 62.9° on the XRD
pattern were corresponding to the (220), (311), (400), (422), (511) and (440) crystal planes of a
pure Fe;O4 with a spinel structure [20]. The absence of characteristic diffraction peaks at (113),

(210), (213) and (210) of magnetite and hematite [21], indicating that there is no other iron

compounds in the synthesized magnetite.
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Fig. 3. XRD pattern of magnetite nanoparticles synthesized with 400 rpm.

The morphology of synthesized Fe;O4 particles was analyzed by TEM as shown in Fig.
4. From the TEM images we can observe that the monodisperse magnetite nanoparticles were

successfully synthesized from spent pickling liquor, with size in the range of 10-25 nm.

Fig. 4. TEM images of Fe;0,

Synthesized Fe;Oy4 particles from pure iron (II) salts were measured magnetic properties
(Ms), were characterized by FT-IR, XRAY and observed by SEM. Results were shown in Fig. 5,
6,7 and 8.

The synthesized Fe;O4 nanoparticles exhibited the super paramagnetic behavior with

relatively high saturation magnetization, from spent pickling liquor about Ms=73 emu g'1 and

from FeCl, salt was higher, about 83 emu g™



Results of FT-IR, XRAY are the same as for samples from the pickling solution
The results BET showed that samples from the pickling solution had a specific surface

area (S) of approximately 45 m’ g'l, nearly double the sample from pure iron (II) salt - 24 m’ g'].
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Fig. 5. Magnetic properties of the magnetite nanoparticles synthesized from FeCl, salt
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Fig. 6. FT-IR spectrum of magnetite nanoparticles synthesized from FeCl, salt
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Fig. 7. XRD pattern of magnetite nanoparticles synthesized from FeCl, salt
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Fig. 8. SEM images of Fe;O4 synthesized from FeCl, salt

Adsorption Test of Fe;O, samples made from the pickling solution and from pure iron
(1) salts
To test the adsorption capacity of the above samples were conducted experiments with ion As
(V) from solution H;AsO,4 with concentration 100 mg/L . The experiments were carried out in
room temperature conditions, the volume of solution 100 ml, the mass of adsorbent 0,5 g, pH =
5. Adsorption time was 3 hours and the concentration of adsorbed solutions is checked by
standard AAS method. The adsorbed capacity results of samples are shown in Table 1. The
Adsorbed capacity of As of particles from spent pickling liquor was about 90 mg As/g Fe;Oa,
and from FeCl, salt was about 42 mg As/g Fe;O4 (table 1), This proves that some impurities in
the pickling solution such as Mn, C ... help to develop the surface and adsorption capacity.

Table 1: The absorbed capacity of As (V) of Fe;O4 particles

Sample S (m’/g) | mgAs (V)/gFe304
Fe;04 from FeCl, salt 24 40
Fe;04 from spent pickling liquor 45 90

IV. CONCLUSIONS

The magnetic nanoparticles are successfully synthesized from FeCl, salts and waste
pickling liquor in aqueous saturated solution of calcium hydroxide; the process is easily realized
at room temperature in the air. The obtained monodisperse particles present the single phase
magnetite (Fe;O4) with a size range of 10-45 nm, exhibit super paramagnetic behavior with
saturation magnetization, from spent pickling liquor about Ms=73 emu g and from FeCl, salt
was higher, about 83 emu g”'. a specific surface area (S) of approximately 45 m?® g, nearly
double the sample from pure iron (II) salt - 24 m*> g'. The test adsorbed capacity of As of
particles from spent pickling liquor was about 90 mg As/g Fe;O4, and from FeCl, salt was about
42 mg As/g Fe;04. This proves that some impurities in the pickling solution such as Mn, C ...

help to develop the surface and adsorption capacity.
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