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1 Introduction
Pollution is one of the most significant challenges today, as 
it affects all crucial aspects of the environment, especial-
ly the hydrosphere.1 Natural and synthetic organic com-
pounds, such as phosphorus and nitrogen compounds, 
nitrates, industrial colourants, and pesticides, are the most 
common pollutants found in the hydrosphere, along with 
inorganic pollutants, particularly heavy metals and met-
alloids.2,3 Heavy metals are persistent, highly toxic, and 
non-biodegradable pollutants.4 Among them, chromium’s 
toxicity depends on its oxidation state and duration of ex-
posure. Trivalent chromium [Cr(III)] and hexavalent chro-
mium [Cr(VI)] are the most stable forms of chromium in the 
environment, with Cr(III) being about 1000 times less toxic 
than Cr(VI).5 Therefore, the removal of Cr(VI) from water 
resources is a major concern.

Nano zero-valent iron (nZVI) is an efficient remediation 
agent that can be used to address various environmental 
issues, such as soil and groundwater remediation, mainly 
due to its particle size ranging from 60 to 70 nm, a specif-
ic area of 10–30 m2 g−1, and a high tendency to oxidise. 
nZVI is a highly reactive metal with a standard reduction 
potential of E0 = −0.44 V (Fe(II)/Fe).6–9 However, its per-
formance is limited due to the agglomeration, sur face pas-
sivation, pH sensitivity, and sensitivity to dissolved oxygen 

in the environment. To mitigate these drawbacks, various 
methods for surface modifications and coating of nZVI 
have been developed and applied.10–12

Nano zero-valent iron has been successfully applied to 
treat groundwater and wastewater contaminated with 
heavy metals such as Pb(II), Zn(II), Cd(II), Co(II), Ni(II), ar-
senic, nitrates, colourants, halogenic organic compounds, 
antibiotics, pesticides, etc.13–21 The removal of pollutants 
using nZVI typically involves two phases: the reduction of 
pollutants through direct electron transfer from nZVI, and 
the subsequent oxidation of nZVI to Fe(II) or Fe(III), where 
the iron ions are generally removed as Fe(OH)3.22 

Recently, various physical and chemical methods have 
been implemented for nZVI synthesis. When milling is 
used as a physical process, nZVI is prone to oxidation due 
to the presence of water, oxygen, or other oxidants, re-
sulting in a significant loss of nZVI. As a result, this process 
is not recommended when the goal is to obtain Fe(0) na-
noparticles with particle sizes less than 100 nm.23 Ther-
mal reduction of iron compounds is another potential and 
cost-effective method for nZVI synthesis.24 This process oc-
curs at relatively high temperatures, and gases such as H2, 
CO, and CO2 produced during the thermal decomposition 
of carbon-based materials are usually used as reducing 
agents.25 To date, electrolysis is a highly efficient and rela-
tively simple method commonly used in nZVI synthesis. It 
involves the reduction of Fe(II) or Fe(III) ions in a solution 
by applying electricity, resulting in the deposition of nZVI.26 
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Nano zero-valent iron (nZVI) was synthesised through the chemical reduction of Fe(III) ions using iron(III) chloride and sodium 
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94.5 % after 300 min at initial nZVI concentrations of 20, 40, and 60 mg l−1, respectively. This study suggests that the obtained 
nZVI is an environmentally friendly and effective reducing agent for treating wastewater and groundwater contaminated with 
hexavalent chromium.
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The reduction of Fe(II) or Fe(III) ions in solutions with 
NaBH4 is a chemical method for nZVI preparation. The 
reduction process follows Eqs. (1)–(3):26 

2Fe2+ + BH4
− + 3OH− → 2Fe0↓ + B(OH)3 + 2H2 (1)

4Fe3+ + 3BH4
− + 9OH− → 4Fe0↓ + 3B(OH)3 + 6H2 (2)

BH4
− + 4H2O → B(OH)3 + OH− + 4H2 (3)

This method of nZVI synthesis is relatively complex, in-
volving several processes such as particle nucleation, par-
ticle growth, and nZVI agglomeration. Since Fe oxidation 
should be avoided, production is mainly guided under inert 
conditions.27 However, ensuring inert conditions increases 
the process cost, so this method is commonly performed 
under atmospheric conditions, often producing nZVI with 
a particle size of 10 to 100 nm.28 The economic efficiency 
of the process can be improved by the appropriate utili-
sation of the hydrogen generated during NaBH4  reaction 
and hydrolysis.29 Particle size can also be reduced using 
high-power ultrasonication during synthesis.30 

Recently, nZVI synthesis processes following green chem-
istry principles have become increasingly attractive due to 
their numerous advantages. These processes are environ-
mentally friendly, non-toxic, and safe, often utilising plants, 
seeds, fruit extracts, and other natural materials. Typically 
performed at low pressures and temperatures, these meth-
ods are energy-efficient and easy to implement.31–33 The 
performance of nZVI largely depends on factors such as 
synthesis method, particle size, specific surface area, ag-
glomeration, storage method, and purity. Therefore, the 
characterisation of nZVI is prescribed as a mandatory step.8 

This study aimed to synthesize pure zero-valent iron na-
noparticles and evaluate their performance using various 
instrumental techniques for characterization. The main ob-
jective was to produce a low-cost, environmentally friend-
ly, and highly efficient material with suitable physicochem-
ical properties for addressing local Cr(VI) contamination in 
groundwater through an in situ remediation system. 

2 Experimental
2.1 Synthesis of nano zero-valent iron

Nano zero-valent iron was synthesised through the chem-
ical reduction of Fe(III) ions using ferric chloride and sodi-
um borohydride solutions under atmospheric conditions. 
The nZVI was produced in a lab-scale reactor according to 
the method described by Yuvakkumar et al.,34 with specific 
modifications to obtain application-ready material. For this 
purpose, 2.5 g of iron(III) chloride hexahydrate (Merck, 
for analysis) was dissolved in a mixture of 96 % ethanol  
(Ph.Eur., Alkaloid) and deionised water. The mixture was 
stirred in a 1000-ml laboratory batch glass reactor using 
a magnetic stirrer until iron(III) chloride hexahydrate was 
fully dissolved. Separately, an aqueous solution of 0.25 М 
sodium borohydride was prepared in a laboratory bottle. 
The NaBH4 solution was stirred for approximately 1 min 
with a vortex mixer. 

The solution was then transferred to a separatory funnel 
and added dropwise to the FeCl3 solution (2 drops per 
second). The reaction was performed at a stirring speed 
of 300 rpm under atmospheric conditions. After the com-
plete addition of the NaBH4 solution, the reaction mixture 
was left for an additional 15 min. The synthesis process of 
nZVI is illustrated in Fig. 1.

H2(g)

magnetic stirrer

NaBH4 solution

FeCl3 solution

Fig. 1 – Schematic diagram of the nZVI synthesis process

After synthesising nZVI, the next crucial step was to sepa-
rate the nZVI from the liquid reaction medium. This was 
accomplished through vacuum filtration, where the black 
solid nZVI nanoparticles were collected on filter paper 
(Мacherey-Nagel MN640 DE). The nZVI was then washed 
with a solution of ethanol and deionised water to remove 
residual NaCl. A subsequent wash with ethanol was per-
formed to remove water and other products. The nZVI 
nanoparticles were then dried for 20 h in a vacuum desic-
cator at a pressure of 20 kPa and a temperature of 50 °C. 
Once dried, the nZVI was stored in a vacuum bag until 
further analysis.

2.2 Characterisation of nZVI

The structural and chemical characterisation of nZVI was 
conducted using scanning electron microscopy (SEM), 
X-ray powder diffraction (XRPD), energy dispersive X-ray 
fluorescence spectrometry (EDXRF), thermogravimetric/
differential thermal analysis (TGA/DTA), specific surface 
area analysis (SSA), and ultraviolet-visible spectroscopy 
(UV/Vis). 

SEM analysis of the synthesized nZVI was performed us-
ing the JSM-IT200 scanning electron microscope equipped 
with a fully integrated energy-dispersive X-ray spectrome-
ter (EDS). An untreated nZVI sample was examined under 
high vacuum at a voltage of 15 or 20 kV to determine the 
morphology and size of the synthesised particles. The EDS 
spectrum was recorded at a selected line on the surface of 
the nZVI to determine the elemental composition of the 
sample. 
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The thermal properties of the synthesized nZVI were an-
alysed using a PerkinElmer PYRIS Diamond Thermogravi-
metric/Differential Thermal Analyzer (TGA/DTA/DTG). Ap-
proximately 8.4 mg of nZVI was heated from 25 to 850 °C 
at a rate of 20 °C min−1 under air purging. TGA was carried 
out to determine the thermal stability of nZVI by monitor-
ing the weight change as a function of temperature, while 
DTA was employed to investigate the transformations in 
the sample. 

The chemical composition and crystalline properties of the 
nZVI were analysed using a Rigaku Ultima IV X-ray dif-
fractometer. An X-ray tube set at a voltage of 40 kV and 
electricity of 30 mA was applied to generate CuKα radi-
ation (λ = 0.154178 nm), with a Kβ filter in place. The 
XRPD diffractogram of nZVI was recorded in the 20–70° 
(2θ) range at a scan rate of 5° min−1 on a high-resolution D/
teX Ultra high-speed 1D detector. 

The elements present in the investigated nanoparticles 
were identified and quantified using the Thermo Scientific 
ARL QUANT’X EDXRF analyser, equipped with an Rh an-
ode X-ray tube and high-performance silicon drift SDD de-
tectors. EDXRF, as a non-destructive analytical technique, 
was employed due to its high efficiency and sensitivity in 
trace analysis. An as-prepared sample of nZVI was meas-
ured under air. Approximately 1.9 g of nZVI was used to 
determine the elemental composition. 

The specific surface area of the produced material was de-
termined using the Brunauer–Emmett–Teller (BET) meth-
od. Approximately 1 g of nZVI was dried at 200 ℃ for 
120 min under argon purging to remove surface moisture. 
The dried sample was then transferred into a glass tube and 
analysed using a Micromeritics TriStar II 3020 surface area 
and porosity analyser. The measurement was conducted 
with nitrogen gas at −196 °C under controlled pressure, 
and the BET surface area value was calculated from the 
nitrogen adsorption isotherm using the instrument’s soft-
ware. 

The UV/Vis spectrum of nZVI was recorded using Spec-
troquant® Prove 600 UV/VIS spectrophotometer. For this 
analysis, 10 mg of nZVI was placed in a 50-ml flask con-
taining absolute ethanol (Supelco), and subjected to ultra-
sonic treatment at a frequency of 40 kHz in an ultrason-
ic bath. After 120 min, the sample was filtered through a 
0.45 µm pore-sized filter. The baseline was automatically 
adjusted using absolute ethanol as a blank. The spectrum 
was recorded over 190 to 500 nm, with peak detection set 
at 0.05 and Δλ at 1 nm. 

The synthesised nZVI was packed in a vacuum-sealed 
plastic bag after the drying process, and stored in a dark 
environment at room temperature. The stability of nZVI 
stored under these conditions was an important analysis 
for performance. The presence of trace water in nZVI, as 
well as its high reactivity with oxygen, can potentially alter 
the zero oxidation state of nZVI. The Fe(0) loses electrons 
and forms oxides or hydroxides, reducing its effectiveness 
as a reducing agent. Among several available methods to 
analyse the chemical stability of nZVI, its efficiency in re-
moving Cr(VI) from aqueous solutions was tested using the 
batch experimental method. For this purpose, 2000 ml 

of hexavalent chromium solution (2 mg l−1) was prepared 
using a chromate standard solution (Merck, 1000 mg l−1 
CrO4) and deionised pure water (conductivity below 
0.5 µS cm−1). The initial pH and temperature of the Cr(VI) 
solution were 7 and 20 °C, respectively. The initial pH of 
the solution was adjusted to 7 using a 0.1 M solution of 
HCl or a 0.1 M solution of KOH. The Cr(VI) solution was 
stirred with a magnetic stirrer at a speed of 1000 rpm un-
der atmospheric conditions. A total of 80 mg of nZVI was 
added to the Cr(VI) solution (initial concentration of nZVI 
was 40 mg l−1). Samples of 5 ml were taken at 0, 30, and 
60 min and filtered through a 0.45 µm membrane filter. 
The concentration of Cr(VI) was measured photometrically 
using the chromium (VI) test (Merck, Chromate test (chro-
mium VI) method) at 540 nm and Spectroquant® Prove 
600 UV/VIS spectrophotometer. The stability of nZVI was 
monitored over 90 days, with reduction tests conducted 
every 15 days. 

The removal efficiency of Cr(VI) by nZVI was mathemati-
cally calculated using the Eq. (4).

−
= 0 t

0

100C CR
C

 · 100 (4)

R is the removal efficiency of Cr(VI) (%), and C0 and Ct 
are the initial and time-specific concentrations (mg l−1) of  
Cr(VI), respectively. 

2.3  Removal (reduction and immobilisation)  
of Cr(VI) by nZVI

The synthesised nZVI was applied as a reducing agent for 
the treatment of Cr(VI)- contaminated water. Cr(VI) was re-
moved from the aqueous solution by nZVI in a glass beaker 
under atmospheric conditions. The effects of contact time 
and initial nZVI concentration were investigated. For this 
purpose, 2000 ml of Cr(VI) solutions were prepared using 
a chromate standard solution and deionised pure water. 
The catalytic reduction process was performed with initial 
nZVI concentrations of 20, 40, and 60 mg l−1 and contact 
times ranging from 0 to 300 min. The initial solution pH 
was adjusted to 7 using a 0.1 M solution of HCl or a 0.1 M 
solution of KOH, and the initial concentration of Cr(VI) 
was 2 mg l−1. The Cr(VI) removal process by nZVI was per-
formed at a mixing speed of 1000 rpm and a temperature 
of 20 °C. The samples were filtered through a 0.45 µm 
membrane filter for analysis. The concentration of Cr(VI) 
was measured using the photometric method described in 
Section 2.2. The percent removal of Cr(VI) was calculated 
using Eq. (4). 

3 Results and discussion
The SEM photographs of the synthesized nZVI using the re-
duction method of Fe(III) ions with sodium borohydride as 
a reducing agent under atmospheric conditions are shown 
in Fig. 2. The microphotographs show that the iron nano-
particles possessed almost one-dimensional (1D) morphol-
ogy, and their average diameter being less than 60 nm. 
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a) b)

Fig. 2 – SEM photographs of nZVI: a) ×20000 magnification, 
and b) ×40000 magnification

The EDS spectrum obtained at a selected line on the sur-
face of the nZVI is presented in Fig. 3. Strong lines charac-
teristic of iron were observed in the spectrum. In addition 
to iron, oxygen was also detected, which is likely due to 
the formation of a very thin iron oxide (FexOy) shell around 
the cores of the nZVI particles. This phenomenon has been 
documented in previous studies.35,36 The EDS analysis con-
firms that the iron in the sample was produced in the zero 
oxidation state. SEM analysis confirmed the nanochain 
morphology of the obtained Fe. 
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Fig. 2 – EDS spectrum of nZVI recorded at the selected line on 
the nZVI surface: a) EDS spectrum of nZVI, and b) se-
lected line of nZVI

The results of thermogravimetric and differential thermal 
analyses of nZVI under a controlled atmosphere and tem-
perature are shown in Fig. 4. The TG curve represents the 
weight variation of nZVI as a function of temperature. It 
demonstrates that the weight of nZVI decreased linearly up 
to ≈100 °C. This mass loss was attributed to the evapora-
tion of water: 1) physically adsorbed water on the sample, 
and 2) residual water from the solvent used in the process 
of synthesis (ethanol 96 %). Between 100 °C to 850 °C, 
the weight of nZVI increased almost linearly, suggesting the 
oxidation of Fe(0) to Fe(II) and Fe(III). The total mass yield 
of 30 % corresponds to the stoichiometric Fe/O ratio in 
hematite (Fe2O3), confirming that the analysed material in 
the thermal analysis was pure zero-valent iron. This also 
indicates the high electron-donating tendency of nZVI. 
The exothermic peak observed in the DTA curve at 790 °C 
could be attributed to the oxidation of Fe(II) to Fe(III). 
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Fig. 4 – TG and DTA curves of nZVI

The XRPD diffractogram of nZVI is presented in Fig. 5. 
The X-ray diffraction pattern confirmed that the synthe-
sised iron was crystalline and existed in a zero oxidation 
state. The main peak at 2θ = 44.7° (100) and an additional 
peak at 2θ = 65.04° (200) indicated that the synthesised 
iron possessed a body-centred cubic (bcc) crystal struc-
ture, confirming the presence of predominantly alpha iron  
(α-Fe0). 
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Fig. 5 – XRPD diffractogram of nZVI

XRPD analysis confirmed the successful synthesis of nZVI 
consistent with the results from the TGA/DTA analysis. No 
iron oxide was detected, aside from zero-valent iron, ver-
ifying that the oxygen detected in the EDS spectrum origi-
nated from the thin iron oxide (FexOy) shell formed around 
the cores of the nZVI particles. The minimal amount of 
iron oxide in the sample indicated that the surface layer of 
iron oxide was too thin.

The EDXRF analysis results, presented in Table 1, further 
confirmed that the obtained material was pure iron with 
only negligible impurities. 
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Table 1 – EDXRF analysis of nZVI

Element Mass percentage ⁄ %
Fe 99.8
P 0.112

Ca 0.0468
Cl 0.0412

The amount of nitrogen gas adsorbed (mmol g−1) as a func-
tion of relative pressure (absolute/saturation pressure) is 
presented in Fig. 6. The BET surface area of the nZVI was 
calculated to be 23.79 m2 g−1, suggesting that the synthe-
sized material had a large specific surface area, enhancing 
its effectiveness in removing heavy metals from contami-
nated water resources.
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Fig. 6 – BET surface area analysis of nZVI

The physical and chemical properties of metal nanopar-
ticles differ from their macro equivalents. Metal nanopar-
ticles exhibit optical, magnetic, and electronic properties 
that are highly dependent on particle size and shape. The 
optical properties are correlated with quantum effects, due 
to the high density of free electrons. In zero-valence iron 
nanoparticles, the valence and conduction bands overlap, 
so there are delocalised electrons in the conduction band 
that move freely through the crystal lattice. These free 
electrons resonate with electromagnetic UV/Vis waves, 
producing surface plasmon resonance. In metal chains 
and nanotubes, such as the synthesized nZVI particles, the 
plasma wave propagates along the arrays through the se-
quential interaction of the particles.37–39 
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Fig. 7 – UV/Vis spectrum of nZVI

The UV/Vis pattern of the synthesised nZVI is shown in 
Fig. 7. Narrow absorption peaks were observed in the UV 
range from 190 to 290 nm, consistent with similar findings 
in other studies.6,16 Analysis of the UV/Vis spectrum con-
firmed the presence of nZVI particles in the studied sam-
ples, indicating the successful synthesis of the desired ma-
terial. The characteristic peak wavelengths further verified 
the presence of nZVI. Multiple peaks in the UV/Vis spec-
trum were expected in this heterogeneous system (etha-
nol-nZVI), since the samples contained various particle siz-
es and agglomerations exhibiting different properties. 

The efficiency of Cr(VI) removal from aqueous solutions by 
nZVI over the 90-day period is shown in Fig. 8. The control 
chart illustrates that the reduction efficiency of nZVI re-
mained stable over time. The chemical composition of the 
nZVI remained unchanged for several months, confirming 
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Fig. 8 – Stability check of nZVI
C(Cr(VI)) = 2 mg l−1, C(nZVI) = 40 mg l−1, pH = 7.0, 
T = 20 °C, ω = 1000 rpm
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that the nZVI was properly dried and stored, and that the 
synthesis process was correctly modelled. The results indi-
cated that the efficiency of Cr(VI) removal using nZVI was 
27.9 ± 3 % for 30 min, and 43.5 ± 2 % for 60 min. The 
variations of the results are within the analytical error. 

One of the primary objectives of this study was to evaluate 
the practical applicability of the synthesised and character-
ised material for the removal of Cr(VI) from model aque-
ous solutions. A solid powder electron-donor material was 
chosen for production due to its suitability for in situ reme-
diation of contaminated groundwater. Among the several 
working parameters that influence the removal of Cr(VI) 
from aqueous solutions by nZVI, such as contact time, 
temperature, solution pH, Cr(VI) concentration, and nZVI 
concentration, the effects of contact time and initial nZVI 
concentration were studied. The other working parame-
ters were held constant (Fig. 9) at values close to those 
found in local groundwater contaminated with Cr(VI). The 
efficiency of Cr(VI) removal using nZVI at different initial 
nZVI concentrations and fixed initial Cr(VI) concentration 
is given in Fig. 9. 

contact time ⁄ min

re
m

ov
al

 e
ffi

ci
en

cy
 ⁄ 

%

100

80

60

40

20

0
0 60 120 180 240 300

C(nZVI) = 20 mg l−1

C(nZVI) = 40 mg l−1

C(nZVI) = 60 mg l−1

Fig. 9 – Efficiency of Cr(VI) removal from aqueous solution using 
nZVI 
C(Cr(VI)) = 2 mg l−1, pH = 7.0, T = 20 °C, ω = 1000 rpm

Three different initial nZVI concentrations were tested in 
the system. The kinetics of removal efficiency indicated 
that increasing the initial nZVI concentration led to a high-
er removal efficiency. During the first 120 min, the con-
centration of hexavalent chromium decreased significantly, 
followed by a slower rate of decline. The strong influence 
of the initial nZVI concentration on removal efficiency was 
possibly due to the nZVI/Cr(VI) concentration ratio. The 
Cr(VI) removal efficiency of nZVI was determined to be 
44.2, 74.6, and 94.5 % after 300 min at constant initial 

Cr(VI) concentrations of 2 mg l−1 and initial nZVI concen-
trations of 20, 40, and 60 mg l−1, respectively. 

The characterisation results confirmed that the synthesised 
material was pure nZVI, free from impurities that could 
further contaminate the treated water. This is particularly 
important from both engineering and environmental per-
spectives. The application of nano iron in the zero oxida-
tion state, characterised by minimal amounts of iron oxides 
or hydroxides, small particle size, and large surface area, 
maximizes the material’s potential as an absorbent and an 
electron donor, allowing for the use of a smaller amount 
of material to achieve the desired Cr(VI) removal efficien-
cy. The process kinetics analysis suggested that the opti-
mal removal efficiency for each investigated system (with 
different initial nZVI concentrations) was achieved by a 
contact time of 240 min. Furthermore, storing nZVI in vac-
uum bags is a cost-effective alternative to using inert gases 
or liquids, as it reduces production costs. Consequently, 
the synthesised material offers a low-cost, environmentally 
friendly, easy-to-implement, and highly efficient solution 
for in situ remediation of Cr(VI)-contaminated groundwa-
ter. Additionally, the synthesis procedure is well modelled 
and suitable for scaling up or developing industrial process-
es for producing large quantities of nZVI with the charac-
teristics presented in this study. 

4 Conclusion
Nano zero-valent iron was successfully synthesised through 
the chemical reduction of Fe(III) ions in FeCl3 solution with 
NaBH4 solution under atmospheric conditions. The syn-
thesis process included nZVI production, separation from 
the reaction mixture by vacuum filtration, washing drying 
under vacuum, and storage. SEM photographs confirmed 
the nanochain morphology of the obtained nZVI, while 
EDS analysis verified that the iron was in the zero oxida-
tion state. TGA results indicated that from 100 to 850 °C, 
the weight of nZVI increased almost linearly, indicating the 
oxidation of Fe(0) to Fe(II) and Fe(III), due to the high elec-
tron-donor tendency of nZVI. The X-ray diffraction pattern 
confirmed the zero oxidation state of the synthesised iron 
and its body-centred cubic crystal structure. The obtained 
material was pure iron with negligible impurities (EDXRF 
analysis). The SSA analysis indicated a BET surface area of 
23.79 m2 g−1. The chemical stability tests of nZVI revealed 
that the chemical composition remained stable for several 
months. The synthesised material was used for Cr(VI) re-
duction. The effects of contact time and initial nZVI con-
centration on the process efficiency of Cr(VI) removal from 
aqueous solution were studied. The removal efficiency 
increased with higher initial nZVI concentrations at a con-
stant initial Cr(VI) concentration. The removal efficiencies 
were 44.2, 74.6, and 94.5 % after 300 min at initial nZVI 
concentrations of 20, 40, and 60 mg l−1, respectively. This 
study demonstrates that the prepared nZVI is effective for 
treating wastewater and groundwater contaminated with 
hexavalent chromium. 
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List of symbols and abbreviations

C0 – initial concentration
Ct – given time concentration
E0 – standard reduction potential
C – concentration
R – Cr(VI) removal efficiency
T – temperature
θ – angle of incidence
λ – wavelength
p – absolute pressure
p0 – saturation pressure
ω – mixing speed
1D – one-dimensional
bcc – body-centred cubic
DTG – differential thermogravimetry
EDS – energy-dispersive spectrometer
EDXRF – energy dispersive X-ray fluorescence
nZVI – nano zero-valent iron
SDD – silicon drift detector
SEM – scanning electron microscopy
TG – thermogravimetric
TGA/
DTA

– thermogravimetric/differential thermal analysis

BET – Brunauer–Emmett–Teller
UV/Vis – ultraviolet-visible
XRPD – X-ray powder diffraction
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SAŽETAK
Sinteza i karakterizacija nano nula valentnog željeza za redukciju i 

imobilizaciju Cr(VI) u vodnim resursima
Martin Stojchevski,a* Stefan Kuvendziev,a Zoran Bozinovski,b Petre Makreski,c 

Perica Paunović,a Mirko Marinkovski a i Kiril Lisichkov a

Nano nula valentno željezo (nZVI) sintetizirano je redukcijom Fe(III) koristeći otopinu željezova(III) 
klorida i natrijeva borohidrida pri atmosferskim uvjetima. Strukturna i kemijska karakterizacija 
nZVI provedena je pretražnom elektronskom mikroskopijom (SEM), rendgenskom difrakcijom 
praha (XRPD), rendgenskom fluorescencijom uz disperziju energije (EDXRF), termogravime-
trijskom/diferencijalnom termičkom analizom (TGA/DTA), analizom specifične površine (SSA) i  
UV/Vis spektroskopijom. Sintetizirane nZVI čestice s kubičnom kristalnom strukturom ostale su 
kemijski stabilne nekoliko mjeseci. Srednji promjer nanočestica bio je manji od 60 nm uz SSA od 
23,79 m2 g−1. Sintetizirani nZVI primijenjen je za katalitičku redukciju Cr(VI) u vodenoj otopini. 
Ispitan je utjecaj vremena kontakta i početne nZVI koncentracije na učinkovitost uklanjanja Cr(VI) 
iz vodene otopine. Nakon 300 min, učinkovitost uklanjanja dosegla je 44,2, 74,6 i 94,5 % za 
početne nZVI koncentracije od 20, 40, odnosno 60 mg l−1. Ova studija ukazuje da je dobiveni 
nZVI ekološki prihvatljiv i učinkovit redukcijski agens za obradu otpadnih i podzemnih voda one-
čišćenih šesterovalentnim kromom.

Ključne riječi 
Nano nula valentno željezo, sinteza, karakterizacija, uklanjanje Cr(VI)
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