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ABSTRACT: In this study, we synthesized
Nanoscale zero-valent iron (nZVI) Composite by
ferric iron reduction method using sodium
borohydride as a reducing agent under ethanol
medium at atmospheric conditions and study its
microscopic and spectroscopic structure using
XRD, SEM, TEM and FTIR equipment. The XRD
micrograph revealed that the material is
predominantly Fe® and F,O3 while the morphology
of the obtained iron nanoparticles revealed from
TEM micrograph show that it consists of a zero
valent core surrounded by oxide shell. The
diameter of iron nanoparticles synthesized was
6.23nm with 10nm particle size. In addition, the
SEM micrograph and spectra obtained from FTIR
further confirmed that synthesis of Fe0 was
successful with reduce agglomeration.
KEYWORDS: Nano zero-valent iron;
nanomaterial modification, pillared bentonite,
reducing agents, morphology and micrograph.

l. INTRODUCTION

Nanoscale zero-valent iron, nZV1, (Fe0) is
a nanomaterial with nanometer length scale (1-100
nm) and specific surface area of about 33.5m%g
with large surface area to volume ratio and
enhanced reactivity [1].The technology of
nanoparticle is growing rapidly in the area of
scientific research because of their intrinsic
properties such as small particle size, large specific
surface area, high number of reactive surface sites,
high reactivity and mild reaction conditions
[2,3].Although there are variety of nanomaterials
such as, iron (Fe°), magnesium (Mg®), palladium
(Pd% and silver (Ag®), zeolite (ze%) or bimetallic
nanoparticles (Fe/Pd, Fe/Ag) which are subject of
active research and development in recent
time[4,5]. Among them, nano zero valent iron (F°)

has become prominent nanomaterials and most
extensively applied nanoparticle becauseof its
ability to remove toxic pollutants including organic
compounds, inorganic anions and heavy metal ions
[6.7]

Although in recent times, the chemical
reduction of persistent pollutants using nanoscale
zero-valent iron (nzZVI) has received much
attention due to its smaller particle size, larger
specific surface area, higher density of reactive
surface sites, and greater intrinsic reactivity of
surface sites [8,9]. However, there are still some
technical challenges in applications that affect the
use of this material in in-situ remediation. These
challenges resulted from magnetic properties as
they have natural tendency to aggregate which
generates significant losses in reactivity and
decreases environmental mobility and of Couse,
they are prone to surface oxidation[2]. For instance,
the aggregation of nzZVI limits its mobility,
dispersivity, durability, and mechanical strength,
and the oxidization can significantly decrease its
reactivity [10,11].For this reason, nanomaterial
surface modification has been a widely studied area
and has attracted great attention because it can
provide tools to modify the interactions that nano
zero valent iron may have with the surrounding
environment [6]. Consequently,offering a support
for nZVI1 particles has been considered as an
alternative method [12,13].

Pillared clay due to its high surface area
and uniform pore structure have been used as
effective  supports for catalytically active
components such as oxides, metals and
organometallic complexes [14]. In the past few
decades there have been extensive studies on the
preparation, characterization and catalytic activity
of supportednano zero valent iron on pillared clays
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[10,13].Many of these studies point to the fact that
the catalytic efficiency of nanocomposite particles
is enhancedsignificantly when disperse in the
pillared clay matrix [12]. The interaction between
the nanomaterial and pillar in the clay
microenvironment has been crucial for the
stabilization of thenano particles [15]. Over the last
few years’ different types of nano zero valent iron-
supported on bentonites intercalated into organic
and inorganic cations have been synthesized:
Nanoscale zero valent iron supported on pillared
clay [2]; nanoscale zero valent iron supported on
pillared Al-bent [12]; nanoscale zero valent iron
immobilized on organo bentonite [2]; Aluminum
Pillared Palygorskite-Supported Nanoscale Zero-
Valent Iron [16] etc. However, to the best of our
knowledge synthesis of nano zero valent iron
supported on Aluminum-iron pillared bentoniteis
still limited in a peer reviewed journals. The
objective of this work was to synthesize nanoscale
zero valent iron (Nanocomposite) Supported on
Aluminum-iron pillared bentonite using
borohydride in liquid-phase reduction method and
to investigate its Physicochemical properties using
infrared  spectroscopy  (FTIR), transmission
Electron Microscope (TEM), scanning electron
microscope (SEM) and X-ray diffraction (XRD).

1. EXPERIMENTAL
2.1. Materials and chemicals

The bentonites used in this study was
obtained from Pindiga deposits, Gombe State,
Northeast of Nigeria and a simple physical method
composed of  grinding, dispersion  and
centrifugation was adopted to purify the simple.
The chemical composition was SiO,: 51 wt.%;
AlLO3: 15 wt.%; Fe,O3: 9.51 wt.%; MgO: 1.05
wt.%; CaO: 1.48 wt.%; K,0: 2.41 wt.%; Na,O:
3.51 wt.%; TiO,: 1.54 wt.%; P205: 1.03 wt.%;
LOI: 10.12 wt.% [17]. Chemicals used in this
study were of analytical reagent grade and used as
received. Chemicals: Iron(l11) chloride hexahydrate
(FeClz.6H,0); Aluminum(lll) chloride hexahydrate
(AICI3.6H,0); sodium borohydride (NaBHy);
absolute Ethanol (C,HsOH) and sodium hydroxide
(NaOH) were all supplied from Merck India.
Distilled water was used to prepared the solutions.
2.2.1 Synthesis of pillared bentonite

The Al-Fe pillared bentonite (AlFe-PILB)
was synthesized following an adaptation of the
method [18,19,20]. The synthesized was carried out
by preparing 0.2 mol L™'NaOH solution which was
added dropwise into a solution of 0.1 mol L™" AICI;
and 0.1 mol L-1 FeCl; to prepare pillaring solution
of poly (hydroxo (AIF*/Fe*")) cations. The pillaring
solution was slowly added into 2 g (2% w/w) of

bentonite suspension. The suspension was stirring
at 70 OC for 6 h and left to age for 3 days at
ambient temperature. The pillared slurry was
filtered, washed with distilled water until chloride-
free and oven dried at 60 °C for 12 h and calcined
at 500 °C for 3 h in a Muffle furnace.
2.2.2. Synthesis of pillared Bentonite-Supported
nZVI nanoparticle

Nanoscale zero-valent iron supported on
pillared bentonite (nZVI1-PILB) was synthesized by
ferric iron reduction method using sodium
borohydride as a reducing agent under ethanol
medium at atmospheric conditions as described by
other authors [16, 21].The preparation consisted of
PILB-nZVI with an iron/PILB mass ratio of 1:1.
FeCl; 6H,O (4.84 g) was dissolved in 50 mL of
miscible liquids (distilled water 80ml and absolute
ethanol 20ml at a volume ratio of 4:1), and PILB
(2.00 g) was added. The mixture was stirred with
magnetic stirrer for 30 min at atmospheric pressure,
and then 3.6 g NaBH, solution (200 mL) was
added to the mixtures and stirred with magnetic
stirrer under atmosphere pressure for 1 h to
disperse the aluminum-iron pillared bentonite.The
black solid materials were separated from the liquid
phase via vacuum filtration and rinsed three times
with absolute ethanol this is to prevented the nZVI
from oxidizing, and then it was dried at 60 °C 5 h.
The reduction reaction is as follows:
4Fe3+ + 3BH4 - + 9H20 — 4Fe0 + 3H2BO3- +
12H+ + H2(g) (1)

1. CHARACTERIZATION OF
PILLARED BENTONITE-

SUPPORTED NzZVI NANOPARTICLE
order to determine the physical properties

for the synthesized nZV1 particles, the material was
analyzed using several techniques: X-ray
diffraction analysis device (XRD, PANALYTICAL
XPERT PRO) using Cu Ka radiation (A = 1.5418
A) continuous scanning with PSD Mode
measurement temperature 25 °C at a speed of 29°
min~', was used to determine the crystalline
structure and composition of the produced
particles, the size of the crystallites synthesizedwas
measured using Scherer’s Equation; Transmission
Electron Microscope (TEM) (HRTEM Technical
G2 20 S-TWIN FEI 200 KV TEM) was used to
investigate the surface morphology and particle
shape structure; Scanning electron microscope
(SEM) (NOVA NANO FE-SEM 450 FEI) was
used to investigated the structure and morphology
of the particles; Fourier-transform infrared
spectroscopy (FTIR) (SPECTRUM 2 PERKIN
ELMER) was used in other to confirm the
functional groups presence in the particles, The
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spectra were collected with a resolution of 4 cm™ in

the range of 4,000-400 cm™

IV.  RESULTS AND DISCUSSION

4.1 FTIR analysis of pillared bentonite (PILB)
Spectran
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Figure 1: FTIR spectra of the studied pillared bentonite (PILB)

The FTIR spectra of pillared bentonite is
shown in Figure 1, It reveals that hydrogen-bonded
of water H-O-H and H-O-H deformation at
3414.45 cm-1 and 1631. 95 cm-1, respectively. The
spectral band of 3699 cm-1 has been attributed to
stretching mode of octahedral O-H groups that
attached to Al+3 or Mg+3. The Si-O and Si-O-Si
groups of the tetrahedral sheet stretching at 796.51
and 1031.80 cm-1 respectively. All characteristic
vibrational features of the bentonite material are
retained in the pillared bentonite. However, the
shift of 796.51 cm-1 band to 698.00 cm-1, weak
band of 527.38 cm-1 and presence of a new band at
1111 cm-1 show the intercalation of Fe3+ and
Al3+ into bentonite layer. These peaks belonged to
characteristic absorption peaks of pillared bentonite
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[22,23] and was corroborated by the XRD results
Figure 3.
4.2 FTIR analysis of nZVI-PILB

The FTIR spectra of the nZVI-PLB is
shown in Figure 2. The bands at 1634 cm—1 and
the broad high intensity band at 3432 cm—1 can be
assigned to the H-O-H stretching modes and
bending vibration of the free or adsorbed water
respectively. The band at 2917 cm—1 is associated
with the C-H of vinyl groups and the band at 1028
cm—1 is associated with the motion of oxygen in
Si-O-Si stretch The high-intensity band at 580
cm—1 is related to the characteristic absorption
peaks of FeO bending vibration [27,28 and 29].
This result revealed that FTIR spectra agreed with
XRD peaks and further confirmed that the
synthesized particles were predominantly Fe0.
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Figure 2: FTIR spectra of the studied nZVI-PILB

4.3 XRD analysis of pillared bentonite

The X-ray diffraction pattern of the
pillared sample is presented in Figure 3. As shown
in figure 3, suggest that the original bentonite was
successfully pillared, presenting a shift from basal
reflections at angles 5.8°, 20.95°, 26.75°, 50.20 are
characteristic XRD patterns of bentonite [17]. X-
ray diffraction provides immediate information

about the success of the intercalation/pillaring
process, evidence by shifting of the basal spacing
to higher values; usually lower angles in the
diffractograms [14]. Therefore, shift in 26° suggest
increase in basal space which is as a result of
intercalation of AI** and Fe®" into bentonite layer.
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Figure 3: X-ray diffraction pattern for pillared bentonite

4.4 XRD analysis of nZVI-PILB

The X-ray diffraction pattern of the
synthesized nZVI-PB particles is shown in Figure
4. The diffraction peaks at (26) value of 44.56°
indicate the presence of zero-valent iron in
agreement with the observation of [26] and low-
intensity diffraction peaks at (26) value of 36°

reveal that iron was slightly oxidized in PILB
[28,31]. The estimated particle size of the nZVI-PB
is 15 nm by using the Debye-Scherrer equation
which agreed with the result of [29] where he
obtained particle size of 10.1 nm for nzZVI
supported on bentonite.
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Figure 4: XRD patterns of nZVI supported on PILB

4.5 SEM analysis of nZVI-Supported on PILB
The SEM images of the synthesized PLB-
Supported nzZVI is shown in Figure 3. The
micrograph reveals that nZV1 were dispersed on
the PLB surface with decreased agglomeration of

nZV1 which agreed with the observation of [29,30].

Therefore, increase in the surface area of nZVI-PB
when compared with PILB. While the decreased
agglomeration of nZVI1 which may be beneficial to
more active sites for the catalytic degradation of
recalcitrant pollutants

4.5 EDX analysis of nZVI-Supported on PILB
Figure. 5. shows the EDX spectra of the
nZVI-PILB for the estimation of elemental
analysis. The EDX reveals the intense peaks of C
(2.07 wt.%), O (24.98 wt.%), Al (1.87 wt.%), Si
(2.27 wt.%), CI (0.90 wt.%) and Fe (67.92 wt.%).

Figure 4.3a: SEM images of nZVI-PILB

The iron contents in the sample was measured to be
67.92% which confirm that Fe®was predominant in
the sample. The C and O signals may be attributed
to ethanol, while CI, Al, and Si signals may be
attributed to ferric chloride [28,29].
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Figure 5: EDX pattern of nZVI-PLB

4.6 TEM analysis of nZVI- PILB

The TEM images of the synthesizednZV1-
PB is shown in Figure 6. Microscopic morphology
of nZVI-PILB shows clearly discrete and well
dispersed with decreased agglomeration. As shown
in the images the shapes were chain-like structures.
Some black particles were supported on chains.
The black particles were PILB as supports had
been used to prevent aggregation of nZV1 particles.
This fact is similar to the work of [25] and [13].In
addition, because of the magnetic properties of

nZVI, short needle shaped PILB were connected
together to form chainlike structures.
4.7 TEM analysisof core structure and size
distribution of nZVI-PILB

The Size distribution analysis in Figure 7
shows that the particle has an average length of
6.445 1/nm of core. The total particle size
measured was 10.1 nm from Figure 7. the total
which is in agreement with [13] that reported 10
nm. Fe® usually have core shell structure, the core
is Fe® while the shell layer is Fe,Os.

Figures 6: TEM images of nZVI- PILB
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Figure 7. TEM core structure and size distribution of nZVI-PILB

V. CONCLUSIONS

Nanoscaled zero valent iron-supported on
pillared bentonite (nZVI-PILB) was successfully
synthesized in ethanol medium by borohydride
reduction method under atmospheric conditions..
The microscopic and spectroscopic studies of the
synthesized nZVI-PILB was carried out using
XRD, SEM, TEM, FTIR analysis andit was
revealed that iron nanoparticles are predominantly
nZVI1 and that the material form a core-shell model
typical of nano zerovalent iron (nZVI). It has a
chainlike structure of iron nanoparticles with a
particle size of 10 nm. The TEM micrograph
indicate that iron nanoparticles consist zero valent
core and surrounding an oxide shell with average
diameter of 6.23 nm. The SEM micrograph indicate
that the synthesized iron nanoparticles have reduce
agglomeration when compare with work of [27]
and [8] who observed that the synthesised nZVI
exhibit some agglomeration and fairly non-uniform
particle size with void space. The FTIR revealed
that the high-intensity band at 580 cm™' is related
to the Fe® bending vibration.
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