JME

Journal of Mining & Environment,
Vol.8, No.3, 2017, 447-453.
DOI: 10.22044/jme.2016.736

Magnetic Nano mineral and acid mine drainage interaction: An
experimental study

K. Seifpanahi Shabani” and A. Vaezian

School of Mining, Petroleum & Geophysics Engineering, Shahrood University of Technology, Shahrood, Iran

Received 6 September 2016; received in revised form 28 September 2016; accepted 15 October 2016
*Corresponding author: seifpanahi@shahroodut.ac.ir (K. Seifpanahi Shabani).

Abstract

In the environment, two main sources of heavy metals are natural backgrounds derived from parent rocks
and anthropogenic contamination including mineral industrial wastes, tailing damps of sulfide mines,
agrochemicals, and other outputs of industrial activities and factories. In this work, the physico-chemical
aspects of the magnetic Nano- mineral surfaces are studied in contrast to acid mine drainage using the multi-
-analytical techniques XRF, XRD, BET, SEM, TEM, FT-IR, and AFM before and after adsorption of toxic
elements. According to the results obtained, the FT-IR analysis presents a suitable curve, showing that the
adsorption site of the sorption is filled with Ni(ll) and Cd(ll) ions. The results obtained show that the
adsorption reaction is due to the high removal of the toxic elements from acid mine drainages.
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1. Introduction

Heavy metals, even at very low concentrations,
pose threats to the human and environmental
health for their hazardous effects, persistency, and
accumulation tendency. Different technologies
including precipitation, ion exchange, membrane
filtration, electroplating, and adsorption have been
developed to remove heavy metals from
wastewater. Adsorption is a cost-effective,
easy-to-operate, and environmentally friendly
method. Natural adsorbents having adsorptive
sites have proved to be the most effective ones in
treating wastewaters containing heavy metals with
concentrations below 100 mg L™ [1]. The increase
in the industrialization and technological
developments during the last century has resulted
in a severe metal pollution of the environment.
Heavy metals such as copper [2-4], manganese
[5-8], chromium [9, 10], cadmium [11], lead [12,
13], nickel [14], and mercury [15, 16] are
nowadays among the most important pollutants in
the aquatic environments. The mesoporous mass,
as an adsorbent, has emerged as a potentially
low-cost and environmentally friendly alternative
technique to the existing methods for metal

removal. Many studies have demonstrated a
desirable and reliable performance of adsorption,
and separation and removal of organic and
inorganic pollutants [17-19]. In this work, the
physico-chemical aspects of the nano-mineral
surfaces were studied in contrast to the acid mine
drainage (AMD). Thus to express the changes in
the surface of porous magnetic nano-minerals, the
multi-analysis techniques XRF, XRD, BET, SEM,
TEM, FT-IR, and AFM were considered before
and after adsorption of the toxic elements. For this
purpose, the removal of Ni(ll) and Cd(ll) ions in
real binary AMD systems were carried out. Thus
in a batch system, the interaction between
magnetic  nano-minerals and AMD  was
investigated. Without any extra explanation, in
this paper, the potential use of magnetic
nano- minerals as a novel nano-adsorbent and acid
mine drainage interaction for the removal of the
two toxic Ni(Il) and Cd(Il) ions was considered.

2. Materials and method
2.1. Preparation of magnetic nanoparticles
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Minerals consisting of perlite were produced in a
local area, and were then thoroughly washed using
hydrochloric acid (3 M) to remove the impure and
volatile components. After wet mill, the
nanoparticles were filtered using a spray dryer
(B-290 model). In the final stage, in order to
prepare the magnetic perlite nanoparticles
(MPNSs), the Fe(lll) and Fe(ll) ions were coated
on the natural mineral nanoparticles.

2.2. Physical characterization of MPDCN

The BET (Quantachrome 2200e model) specific
surface area analysis was carried out for the
MPNs and raw perlite nanoparticles (RPNs). The
specific surface areas of MPN and RPN are given
in Table 1.

Table 1. BET specific surface area of MPN and
RPN adsorbents.

Adsorbent Specific surface area (m“/g)
MPN 11.2
RPN 3.5

According to the research work carried out by
Muller in 2010, an increase in the surface area of
nanoparticles by decreasing the perlite particle
size results in a higher uptake of heavy metal ions
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by the smaller particles rather than the larger ones
[20].

A scanning electron  microscope, model
LEO-1455VP, was used to investigate the
morphology and homogeneity of the MPN and
RPN adsorbents. Figure 1shows the SEM
images for the original  MPN and RPN
adsorbents.

Figure 1 shows that pure MPNs are spherical in
shape, arranged closely, with an average diameter
of <100 nm and massive prose wholly, while the
RPN samples have a massive and amorphous-
granular morphology with an average diameter of
150-200 nm. A transmission electron microscope
(TEM), model PHILIPS CM120, was used to
study the morphology and homogeneity of the
MPN and RPN adsorbents (Figure 2).

In Figure 2, MPNs have a tiny and opaque fine
granular texture, and RPNs have a massive joined
structure.

The FT-IR technique is one of the most important
characterization techniques used to elucidate the
changes in chemical structures. The FT-IR spectra
for MPNs for 1 min are shown in Figure 3.
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Figure 2. TEM images for MPN (A) and RPN (B) adsorbents.
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Figure 3. FT-IR spectra for MPN (A) and RPN (B) adsorbents for 1 min.

For MPNs, five main common absorption bands
were observed at 474-482 cm ' (B1), 922-936.1
cm™* (B2), 1275-1331 cm' (B3), 2095-2106
cm™ (B4), and 3595-3615 cm™* (B5). Bands B1
and B2 are attributed to the Si—O stretching
vibrations of Si—-O-Si and Si—O-Al, respectively
[21]. Band B3 is the deformation band of
molecular water [22, 23]. Band B4 is attributed to
adsorbed water molecules [21]. Band BS5 is
attributed to a combination of OH stretching
arising from hydrogen bonding and free Si—-OH
[21, 24]. The intensity of the B3, B4, and B5
bands is closely related to the water content,
similar to the other silicate materials and minerals
such as volcanic tuffs and zeolites.

2.3. Chemical characterization of MPDCN

The chemical composition of MPNs and RPNs,
determined by an XRF (XRF-1800 model), is
given in Table 2.

According to Table 2, MPNs and RPNs are
mainly composed of silica, as SiO,, and iron, as
FeCl,+FeCls. The hydroxyl species and acid sites
on the MPN surfaces and hydroxyl species were
identified as a function of the adsorption process.

X-ray diffraction (XRD) patterns for the MPN and
RPN adsorbents were obtained using an

XMD300-Unisantis X-ray diffractometer (Figure
4).

In Figure 4, the coating of Fe ions in MPNs and
RPNs is shown clearly. The AFM image was
prepared for consideration of the surface
morphology and dimension of the MPN and RPN
particles. The AFM analysis of MPNs and RPNs
is shown in Figure 5.

Table 2. Chemical analysis of MPNs and RPNs.

Constituent MPN (wt. %0) RPN (wt. %0)
SiO; 27.98 56.87
K,0 10.39 17.70
Al,O, 15.54 18.36
Na,O 1.37 2.61
Fe,0;3 40.74 2.53
CaO 1.88 0.96
ZrO, 0.09 0.19
MgO 0.29 0.20
SO; 0.37 0.27
TiO, 1.28 0.17
MnO, 0.07 0.13
Total 100 100
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Figure 4. XRD patterns for MPN (A) and RPN (B) adsorbents.
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and

Figure 4. Continued.
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Figure 5. AFM analysis of MPN and RPN adsorbents.

2.4. Magnetic Nano mineral and acid mine
drainage interaction

Figure 6 shows the FT-IR spectra for MPNs and
RPNs after Ni(ll) and Cd(ll) ion adsorptions.

As shown, band B5 has a weaker OH band after
the Ni(ll) and Cd(Il) ion adsorptions than before
adsorption due to OH function saturating the
Ni(ll) and Cd(ll) ions.

Also Figure 7 shows the SEM images for MPNs
and RPNs after Ni(Il) and Cd(ll) ion adsorptions.
As it is obvious, the MPN and RPN reformations
after the Ni(ll) and Cd(ll) ion adsorption
processes than before, which is due to the Ni(ll)
and Cd(ll) ion adsorptions.

3. Conclusions

The surface properties and potential use of MPNs
and RPNs as sorbents for Ni(ll) and Cd(ll) ions
were studied. The MPNs and RPNs were first
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modified and then characterized by the XRD,
XRF, SEM, TEM, FT-IR, AFM, and BET analytic
techniques. The XRD and XRF spectra obtained
showed that the main components were SiO, and
Fe,Os. FT-IR showed the positive effect of the
OH function in SiO2. Also according to the FT-IR
spectra for MPNs and RPNs before and after
Ni(ll) andCd(ll) ion adsorptions, one may
conclude that band B5 has an OH band weakened
after Ni(ll) and Cd(ll) ion adsorptions. This
ability can be explored in the treatment
technologies since perlite is a cheap, abundant,
and locally available resource.

Acknowledgments
The authors appreciate the support of Shahrood
University of Technology towards the project.



Seifpanahi Shabani & Vaezian/ Journal of Mining & Environment, Vol.8, No.3, 2017

214595
242985 195776

178566

163406

3436.18

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 450.0
cm-1

216387

232771

1634.75

a5
40
343508
T 35
30
25
20

15

10

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 450.0

Figure 6. FT-IR spectra for MPNs and RPNs after A: Ni(ll) and B: Cd(ll) ion adsorptions.
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Figure 7. SEM images for MPNs and RPNs after A: Ni(ll) and B: Cd(ll) ion adsorptions.

451



Seifpanahi Shabani & Vaezian/ Journal of Mining & Environment, Vol.8, No.3, 2017

B
1um EHT=1D.DV WD= 8mm Mag= 500KX Signal A = SE1
Institute of Color Science & Technology
Figure 7. Continued.
References
[1]. Ediz, N., Bentli, I. and Tatar, I. (2010). nanoparticles. Journal of Hazardous Materials. 173:

Improvement in filtration characteristics of diatomite
by calcination. International Journal of Mineral
Processing. 94: 129-134.

[2]. Egashira, R., Tanabe, S. and Habaki, H. (2012.
Adsorption of heavy metals in mine wastewater by
Mongolian natural zeolite. Procedia Engineering. 42:
49-57.

[3]. Lopes, G., Guilherme, L.R.G., Costa, E.T.S, Curi,
N. and Penha, H.G.V. (2012). Increasing arsenic
sorption on red mud by phosphogypsum addition.
Journal of Hazardous Materials. In Press.

[4]. Martins, A., Mata, T.M., Gallios, G.P.,
Vaclavikova, M. and Stefusova, K. (2010). Modeling
and simulation of heavy metals removal from drinking
water by magnetic zeolite. Water Treatment
Technologies for the Removal of High-Toxicity
Pollutants. Project No. APVT-51-017104. 24 P.

[5]. Roulia, M., Chassapis, K., Kapoutsis, J.A.,
Kamitsos, E.l. and Sawvidis, T. (2006). Influence of
thermal treatment on the water release and glassy
structure of perlite. Journal of Material Science. 41:
5870-5881.

[6]. Schiewer, S. and Volesky, B. (1995). Modeling of
the proton-metal ion exchange in biosorption.
Environmental Science & Technology. 29: 3029-3058.

[7]. Yuan, P., Liu, D., Fan, M., Yang, D., Zhu, R., Ge,
F., Zhu, J.X. and He, H. (2010). Removal of hexavalent
chromium [Cr(VI)] from aqueous solutions by the
diatomite-supported/unsupported magnetite

452

614-621.

[8]. Zheng, H., Liu, D., Zheng, Y., Liang, S. and Liu,
Z. (2009). Sorption isotherm and kinetic modeling of
aniline on Cr-bentonite. Journal of Hazardous
Materials. 167: 141-147.

[9]. Caliskan, N., Kul, A.R., Alkan, S., Sogut, E.G. and
Alacabey, 1. (2011). Adsorption of Zinc(ll) on
diatomite and manganese-oxide-modified diatomite: A
kinetic and equilibrium study. Journal of Hazardous
Materials. 193: 27-36.

[10]. Chiban, M., Soudani, A., Sinan, F. and Persin, M.
(2011). Single, binary and multi-component adsorption
of some anions and heavy metals on environmentally
friendly Carpobrotus edulis plant. Colloids and
Surfaces B. 82: 267-276.

[11]. Danil de Namor, A.F., El Gamouz, A., Frangie,
S., Martinez, V., Valiente, L. and Webb, O.A. (2012).
Turning the volume down on heavy metals using tuned
diatomite. A review of diatomite and modified
diatomite for the extraction of heavy metals from
water. Journal of Hazardous Materials. 241-242: 14-31.

[12]. Ghassabzadeh, H., Mohadespour, A., Torab-
Mostaedi, M., Zaheri, P., Maragheh, M.G. and Taheri,
H. (2010). Adsorption of Ag, Cu and Hg from aqueous
solutions using expanded perlite. Journal of Hazardous
Materials. 177: 950-955.

[13]. ljagbemi Ch, O., Baek, M.H. and Kim, D.S.
(2009). Montmorillonite surface properties and
sorption characteristics for heavy metal removal from


http://www.sciencedirect.com/science/article/pii/S1877705812027944
http://www.sciencedirect.com/science/article/pii/S1877705812027944
http://www.sciencedirect.com/science/article/pii/S0304389412006942
http://www.sciencedirect.com/science/article/pii/S0304389412006942

Seifpanahi Shabani & Vaezian/ Journal of Mining & Environment, Vol.8, No.3, 2017

aqueous solutions. Journal of Hazardous Materials.
166: 538-546.

[14]. Jing, Q., Fang, L., Liu, H. and Liu, P. (2011).
Preparation of surface-vitrified micron sphere using
perlite from Xinyang. China Applied Clay Science. 53:
745-748.

[15]. Karami, H. (2013). Heavy metal removal from
water by magnetite nanorods. Chemical Engineering
Journal. 219: 209-216.

[16]. Li, X., Liu, L., Wang, Y., Luo, G., Chen, Xi.,
Yang, X., Hall, M.H.P., Guo, R., Wang, H., Cui, J. and
He, X. (2012). Heavy metal contamination of urban
soil in an old industrial city (Shenyang) in Northeast
China. Geoderma. 192: 50-58.

[17]. Muller, B.R. (2010). Effect of particle size and
surface area on the adsorption of albumin-bonded
bilirubin on activated carbon. Carbon. 48: 3607-3615.

[18]. Najafi, M., Yousefi, Y. and Rafati, A.A. (2011).
Synthesis, characterization and adsorption studies of
several heavy metal ions on amino-functionalized silica
nano hollow sphere and silica gel. Separation and
Purification Technology. 85: 193-205.

[19]. Pehlivan, E. and Altun, T. (2008). Biosorption of
chromium (VI) ion from aqueous solutions using

453

walnut, hazelnut and almond shell. Journal of
Hazardous Materials. 155 (1-2): 378-384.
[20].  Sheikhhosseini, H., Shirvani, M. and

Shariatmadari, H. (2013). Competitive sorption of
nickel, cadmium, zinc and copper on palygorskite and
sepiolite silicate clay minerals. Geoderma. 192: 249-
253.

[21]. Sodeyama, K., Sakka, Y., Kamino, Y. and Seki,
H. (1999). Preparation of fine expanded perlite. Journal
of Material Science. 34: 2461-2468.

[22]. Song, J., Oh, H., Kong, H. and Jang, J. (2011).
Polyrhodanine modified anodic aluminum oxide
membrane for heavy metal ions removal. Journal of
Hazardous Materials. 187 (1-3): 311-317.

[23]. Thanh, D.N., Singh, M., Ulbrich, P., Strnadova,
N. and Stépanek, F. (2011). Perlite incorporating y-
Fe203 and a-MnO2 nanomaterials: Preparation and
evaluation of a new adsorbent for As(V) removal.
Separation and Purification Technology. 82: 93-101.

[24]. Urano, K. and Tachikawa, H. (1991). Process-
development for removal and recovery of phosphorus
from waste-water by a new adsorbent 2: adsorption
rates and breakthrough curves. Industrial &
Engineering Chemistry Research. 30: 1897-1899.


http://www.sciencedirect.com/science/article/pii/S1385894713000624
http://www.sciencedirect.com/science/article/pii/S1385894713000624
http://www.sciencedirect.com/science/journal/13835866/85/supp/C
http://www.sciencedirect.com/science/article/pii/S0304389407017001
http://www.sciencedirect.com/science/article/pii/S0304389407017001
http://www.sciencedirect.com/science/article/pii/S0304389407017001
http://www.sciencedirect.com/science/article/pii/S0016706112002832
http://www.sciencedirect.com/science/article/pii/S0016706112002832
http://www.sciencedirect.com/science/article/pii/S0016706112002832
http://www.sciencedirect.com/science/article/pii/S0304389411000483
http://www.sciencedirect.com/science/article/pii/S0304389411000483
http://www.sciencedirect.com/science/article/pii/S1383586611004990
http://www.sciencedirect.com/science/article/pii/S1383586611004990
http://www.sciencedirect.com/science/article/pii/S1383586611004990

P lojT olaio 33 b lido Jlyionogili 9 (yoime (gomsl ooy Jilise il (quny

obdicly wosl g lad 2Ly & yogas

Ol ) 09,0l (Saiuo olEAGIS (S 38955 9 Sl (yomo (oo 0SSN
ARRVZARYAVAIEVIERVIR R b4 Vg Wit

seifpanahi@shahroodut.ac.ir :oLslse Jgtus ot g #

RN

aleo slaalbl ails i slo codled 5l as olas polie g X 10 35250 (ormb Jlade il cnl & le e jlaze 1o K SI5LE odes e 90
S s plior 5558 slaaiz (3ot ()l o s slacdld pl s aleerd Slse laals IS (gunilses (olae aAlbl slacws (Sase
L3 AFM , XRF, XRD BET, SEM, TEM, FT-IR _alSius sl jlll 51 ooliial b yns sl ol b bl 5o 6 uliie 5o o pourbolii
aad e lts a5 el pslin amie FT-IR 5IGT conel css @ s 4 a3 b sl o0 casy o olo 30 0550 (paSiw 138 iz an] )5 5l o
slooo VT Cda 2iSTs 3150 a5 sas e oyl sdel s 4y b pizeed iloads gl 08 b 50 peedlS 5 USG5 slarygs izl ae i slacsle

Aload Bds Gase gl Sl 5 VL Glenily b Gley 5l 538

e Ddz (are Gl Olo; il wlide ;0 sod cwabline SIS colay abal jgddS OlolS




