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Abstract  Iron-rich acid mine drainage (AMD) is a toxic wastewater generated from the oxidation of pyritic metal ores 

with water and oxygen to form coloured liquid solution and the disposal of the wastewater becomes a nuisance to the 

environment. The aim of this study is to use commercial reagent grade and iron-rich AMD solution as a ferric iron source to 

synthesize iron nanoparticles. Chemical precipitation reduction method was used to synthesize the iron nanoparticles using 

hydrazine as reductant. The solid residues obtained from the synthesis were characterized using analytical techniques such as 

inductively coupling plasma-optical emission spectroscopy (ICP-OES), ion chromatography (IC), X-ray diffraction (XRD), 

scanning electron microscopy (SEM), High resolution transmission electron microscopy (HRTEM), X-ray fluorescence 

(XRF), and Brunuaver-Emmett Teller (BET). The results of the XRD analysis identified Goethite and magnetite mineral 

phases for AMD and commercial reagent grade ferric sources respectively. The SEM images of the two iron nanoparticles 

revealed spherical morphology. The HRTEM analysis revealed a tiny spherical particle structure with average particle size of 

4.95 ± 0.55 nm and 8.66 ± 0.58 nm for reagent grade and AMD ferric iron sources respectively and the XRF analysis result 

revealed that the samples are very rich in Fe iron but reagent grade is richer than the AMD ferric iron source. In conclusion, 

iron-rich acid mine drainage waste solution was used as a source of ferric salt for the synthesis of quality iron nanoparticles 

using hydrazine.  
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1. Introduction 

Iron nanoparticles is one the novel nanomaterials that is 

synthesized and could be applied in different fields because 

of its distinct properties [1]. With the aid of nanotechnology, 

bulk material can be manipulated to make them stronger, 

lighter, durable, extremely reactive and conductive materials. 

The positive impact of nanotechnology is that, it is a fast 

growing technology because of its remarkable potential and 

application of manipulating bulky materials to a nanoscale 

[2]. The fabrication of zerovalent iron nanoparticle is very 

important because of its potential in wastewater treatment 

process and other applications [3]. Iron nanoparticles (INPs) 

have been found to be very effective in so many applications 

and it can be used for the removal of contaminant because 

they are very reactive and possesses high surface area [4]. 

The synthesis of iron nanoparticles depends on the purity  

of the reagent used, speed, concentration of solution, 

temperature, time, etc. Iron nanoparticles can be classified 

into three categories which are: (i) iron oxide nanoparticles 

 

* Corresponding author: 

alegbemj@gmail.com (Alegbe M. J.) 

Received: Jan. 31, 2022; Accepted: Feb. 28, 2022; Published: Mar. 24, 2022 

Published online at http://journal.sapub.org/chemistry 

(IONs) consist of magnetite (Fe3O4), maghemite (γFe2O3), 

hematite (αFe2O3); (ii) iron oxide hydroxide (FeOOH) 

nanoparticles and (iii) zero-valent iron (ZVI) nanoparticles 

[5]. Nanomaterials exhibit electrical, optical, magnetic, 

chemical, and some related surface properties that are 

entirely different from their respective bulk materials [6]. 

Synthesis of iron nanoparticles can be top-down or 

bottom-up approach but the top-down approach involves 

breaking down of large solid substance to nano-sized 

particles by different technological routes/methods while the 

bottom-up grow nanostructured materials [7]. Recently, 

focus has been on the synthesis of different types of iron 

nanoparticles as medical nanomaterials. Synthesis of iron 

nanoparticles by reduction method has a long time history 

dated as far back in the seventies and eighties [8]. The 

physical methods used in the synthesis of magnetic iron 

nanoparticles are milling [9], etching or machining [10],  

[11], [12] [13] and the chemical methods are: precipitation    

[14], [15], [16], hydrothermal [17], sonochemical [18],  

[19], thermal decomposition [20], ultrasonication [21], [22], 

[23], solvothermal [24], [25], etc. The precipitated iron 

nanoparticles are characterized with small particle sizes, 

large surface area and high reactivity. The morphology of the 

iron nanoparticles can be controlled by the flow rate of 

reductant solution, pH, and temperature of the reaction 
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condition [26]. The purpose of this study is to synthesize 

magnetic iron nanoparticles from iron-rich acid mine 

drainage (AMD) waste solution using hydrazine as reductant, 

the iron-rich AMD which could serve as an alternative or 

substitute to commercial reagent grade ferric chlorides/ferric 

sulphates salts and to assess the quality of the synthesize iron 

nanoparticles.  

2. Experimental 

2.1. Sample Collection 

Raw acid mine drainage (RAMD) water samples collected 

from navigation coal mining site in Mpumalanga province of 

the Republic of South Africa were collected in 5L plastic 

containers and stored in the refrigerator at a temperature   

of 4°C. The AMD samples were filtered with 0.45 µm 

membrane filter to remove particulate materials present. 

Nitrogen gas was bubbled into the deionized water so as to 

de-oxygenate for about 30 minutes before use. All chemicals 

used without further treatment or purification include 

absolute alcohol, hydrazine are reagent grade purchased 

from Merck chemicals. 

2.2. Synthesis 

(A) 200 mL iron-rich AMD sample collected from 

Navigation coal mine was measured into a 500 mL beaker 

and subjected to continuous stirring with magnetic stirrer. A 

50 mL of 0.9 M hydrazine solution was added to the iron-rich 

sample and stir constantly with magnetic stirrer for adequate 

mixing of the mixtures at a temperature of 70°C. A brownish 

yellow precipitate was formed with a gradual change of 

colour of the solution from yellow to colourless. The 

precipitate in the mixture solution was filtered with a 0.45 

µm membrane filter. The precipitate was washed with 100 

mL ultrapure water twice before drying with nitrogen gas. 

The residue was dried and weighed continuously until a 

constant mass was obtained. The dried residue was kept in a 

sample container and characterized using XRD, HRSEM, 

HRTEM, XRF, BET and FTIR. 

4Fe3+ (aq) + 3N2H4 (aq) + 6H+ (aq) + 6H2O (aq) 

4Fe 0 + 6NH4OH (aq)       (1) 

(B) Ferric chloride hexahydrate (FeCl3·6H2O, 98%) was 

purchased from Merck and used without further purification. 

0.1 M of reagent-grade ferric chloride solution was prepared 

in which 100 mL of the solution was measured into a 250 mL 

beaker and saturated with nitrogen gas for 30 minutes and 

stirred constantly. 50 mL of 0.5M N2H4 solution was added 

gradually into the ferric chloride solution with constant 

stirring at 70°C a black precipitate was obtained. The black 

particles precipitated was separated with a strong magnet 

before washing with 100 mL of deionized water twice and 

100 mL absolute alcohol once and immediately sonicated for 

10 – 15 minutes to make the particles to be well dispersed. 

The precipitate obtained was dried with nitrogen gas     

and weighed until a constant weight was obtained before 

recording the weight. 

4Fe3+ (aq) + 3N2H4 (aq) + 6H+ (aq) + 6H2O (aq) 

 4 Fe 0 + 6NH4OH (aq)      (2) 

2.3. Characterization  

The chemical composition of the iron-rich AMD was 

determined with Varian Radial Inductively Coupled Plasma 

Optical Emission Spectroscopy (ICP-OES) and a Dionex 

DX-120 Ion Chromatography with AS40 automated sampler, 

ASRS-300 suppresser, AS14 analytical column, AG14guard 

column and a detector was used for the analysis. The iron 

oxide phase in the black and orange powdered particles were 

separately identified with an x-ray powder diffraction 

patterns using on a Bruker D8 Advance x-ray diffractometer 

with Cu Kα radiation (45kV, 40mA, λ = 1.542Å). Scan   

was conducted from 10° to 80° (2θ). The morphology and 

particle size of synthesized iron nanoparticles were 

examined with both scanning electron microscopy (SEM) 

and transmission electron microscopy (TEM). Dried iron 

nanoparticle samples placed on the coated carbon grid   

was allowed to dry at room temperature before the SEM 

analysis was conducted using a HITACHI S-4700 electron 

microscope. Morphological analysis was carried out using 

Phillips Tecnai F20 super-twain TEM and the iron 

nanoparticle was prepared by putting little amount of the 

particles in a sample bottle containing 5ml absolute alcohol 

and sonicated for 10 minutes to obtain a good particle 

dispersal on the copper grid and allowed to dry at room 

temperature. TEM analysis was carried out to was examined 

the size and morphology of the iron nanoparticle samples. 

Surface areas (BET area) of the iron nanoparticle samples 

obtained from different sources were measured at a 

temperature of 77.35 K using nitrogen adsorption method 

with a quantachrome NOVA 2000 surface analyzer. Before 

the BET analysis, the samples were prepared by washing the 

iron nanoparticles with acetone and drying them at 100°C for 

5-8 hours under the flow of nitrogen. Only a small amount of 

the sample was required for the analysis by FTIR. The FTIR 

instrument was first cleaned and then it was set-up to obtain  

a background spectrum trial before the sample analysis. A 

small quantity of the test sample powder was placed on the 

sample holder of the attenuated total reflectance (ATR) 

attachment where a specified force was applied for analysis. 

The instrument produced a spectrogram of the test sample, 

which gives a reflection of sample quality through their 

peaks of absorbance or transmittance. Vibrations of some of 

the functional groups common to the analyzed samples were 

identified and used for resolution of molecular structures of 

compounds. Small amount of the iron sample was required 

for the FTIR analysis. The sample powder was dried in    

an oven regulated at 105°C for 12 hours to remove any trace 

of moisture present in the synthesized iron. The FTIR 

instrument was first cleaned and then set-up to obtain a 

background spectrum trial before the sample analysis. A 

small quantity of the test sample powder was placed on the 

sample holder of the attenuated total reflectance (ATR) 
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attachment where a specified force was applied for analysis. 

The instrument produced a spectrogram of the test sample, 

which gives a reflection of sample quality through their 

peaks of absorbance or transmittance. Vibrations of some of 

the functional groups common to the analyzed iron samples 

were identified and used for resolution of molecular 

structures of compounds. Atomic force microscope (AFM, 

Veeco, Nanoscope IV Digital Instruments) was used to 

characterize the size and morphology of the synthesized iron 

nanoparticles. 

3. Results 

3.1. Chemical Composition of AMD  

 

Figure 1.  ICP concentration (mg/L) of major species in AMD. 

Experimental conditions: concentration of AMD = 4492.1 mg/L, pH = 2.14, 

EC = 7.16 and TDS = 5.94, n = 3 

The analysis of the raw AMD sample revealed that it  

was characterized with low pH (2.14), high electrical 

conductivity (7.16 mS/cm) and high total dissolved solids 

(5.94 mg/L). The chemical composition of raw AMD was 

conducted with inductively coupled plasma optical emission 

spectroscopy (ICP-OES) and it showed that the sample 

consist majorly of dissolved metals such as iron, calcium, 

magnesium, aluminum, silicon, and manganese in high 

concentration. From the analysis the mine water, the AMD 

was found to be very rich in ferrous and ferric iron metals 

(3492.33 mg/L) which could be due to the geological 

composition of the site and the amount of oxygen available 

for the oxidation of rock metal tailings. Figure 1 revealed 

that iron has the highest concentration of some of the 

dissolved metals present in the raw AMD which implies that 

the iron-rich AMD would be a good source of iron as raw 

material for making iron nanoparticles. The AMD analysis 

revealed 62.96% Fe content which indicated Fe to be the 

predominant and most abundant metal with the highest 

concentration (4492.1 mg/L) while the other metal 

compositions are Al (668.8 mg/L), Ca (533.0 mg/L), Mg 

(421.7 mg/L), Mn (128.1 mg/L), Si (50.8 mg/L). Other 

metals are present in the AMD were very low in 

concentration. The concentration of anions present in the 

mg/L, AMD solution revealed the concentrations of NO3
-, 

Cl-, and SO4
2- are 56.72 mg/L, ND and 22,587 mg/L 

respectively. 

3.2. XRD 

Figure 2 is the XRD spectra of synthesized iron 

nanoparticles HAI (A) and HFCI (B) using JCPDS database 

at reflection angles where characteristic peaks of a particular 

mineral phase can be seen on the spectrum. The diffraction 

pattern of peaks exhibited by the synthesized nanoparticle 

HAI (A) whose reflection angles are indexed at 21.88°, 

26.46°, 33.85°, 47.79°, 54.2°, 63.38°, 65.84°, 71.12° and 

79.12° corresponds to goethite mineral phase. This 

diffraction pattern can be indexed to goethite [α-FeO(OH)] 

mineral phase and the assignment of these peaks agrees with 

some previously reported studies in the literature [27], [16], 

[22], [23], [28] and the peaks that are slightly broadened 

indicate that the iron nanoparticles have smaller crystal size 

[29]. The diffraction peak at reflection angle indexed at  

45.3° corresponded to pure iron (α-Fe) mineral phase which 

indicate the presence of zerovalent iron (α-Fe) with some 

amorphous crystallinity [30], [31]. The XRD pattern of 

synthesized HCFI (B) nanoparticles presented in Figure 2, 

identified a characteristic pattern of magnetite (Fe3O4) 

mineral phase. Twelve major peaks of 2θ angle reflection 

indexed at 18.3°, 30.1°, 35.3°, 43.1°, 53.3°, 57.1°, 62.5°, 

70.94°, 73.9°, 74.48°, 78.32° and 86.71° corresponds to 

diffraction at (111), (220), (311), (400), (422), (333),   

(440), (620), (533), (622), (444) and (642) lattice planes, 

respectively. JCPDS 19-0629 correspond to cubic magnetite 

mineral phase and the peak at reflection angle at 35.3° of the 

HFCI (A) nanoparticles corresponds to spinel phase of 

magnetite (Fe3O4). The peaks of HFCI (B) nanoparticles 

showed no unassigned peaks which means that the sample 

was a pure and crystalline magnetite mineral phase. The 

black colour of the powder was further verified that the 

sample was magnetite mineral phase. The peak broadening 

of the XRD patterns indicates the small size of the 

synthesized particles. The XRD result of HFCI particle is 

consistent with those reported in previous studies [32],   

[33]. The mineral phases of the HAI (A) and HFCI (B) 

nanoparticles were both crystalline in nature. The 

crystallinity and crystal phases of the HAI (A) and HFCI (B) 

were examined by X-ray diffraction (XRD) in Figure 2 and 

the results revealed several well defined diffraction 

reflection peaks which are seen in the observed XRD pattern 

which matched with the face-centred cubic structures with 

calculated lattice constants of a = 8.39700 Å . The observed 

XRD pattern is well matched with previously reported 

literature [34]. JCPDS card no. 01-082-1533 face centred 

cubic with no reflection for other impurities was found in  

the pattern of HFCI (B) which reveals that the prepared 

nanoparticles are pure synthesized magnetite. But HAI (A) 

nanoparticles exhibited a trace peak of pure iron at reflection 

angle 45.3°. However, with the sharp and strong diffraction 

reflection peaks, one can say that the HFCI (B) is more 
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crystalline than HAI (A) nanoparticles. The average particle 

size was calculated by Debye Scherrer formula: D = 

0.9λ/βcos θ Where, D is thickness of nanoparticle, λ is 

wavelength of X-ray, β is half maxima of reflection at 

bragg's angle 2θ and θ is diffraction angle or bragg's angle. 

3.3. SEM-EDS 

Figure 3 presents SEM-EDS of the synthesized iron 

nanoparticles HAI (A) and HFCI (B) gave morphology that 

appear as tiny strand-like structures called nanowires with 

particle size range from 48-105 nm. The bare nanowire 

morphology of HAI (A) synthesized from iron-rich AMD 

looks like that of HFCI (B) which has been reported in the 

literature [35], [36]. The EDS spectral analysis of HAI (A-1) 

and HFCI (B-1) in Figure 3 revealed the type of elements 

present in the HAI (A) which are O, Fe Al, and S while HFCI 

(B) are O and Fe only. The presence of Al and S in the HAI 

can be attributed to the presence of Al and SO4 in the 

iron-rich AMD sample are some of the components of the 

AMD identified from ICP-OES and IC analysis respectively. 

Table 1 presents the EDS elemental composition of HAI and 

HFCI nanoparticles. The SEM-EDS elemental composition 

result of the iron nanoparticles presented in Table 1, revealed 

the Fe composition of HAI and HFCI as 70.08 ± 3.96% and 

75.8 ± 5.85% respectively. The elemental compositions of 

HAI and HFCI nanoparticles are Al, O, S, and Fe. The HAI 

is composed of O (20.64%), S (8.26%), Al (1.66%) and Fe 

(70.08%) while the HFCI is composed of O (24.11%), and 

Fe (75.8%) elements. This implies that Fe constitute bulk of 

the particles formed from the reduction process. However, 

the composition of Fe present in the HFCI nanoparticle is 

slightly higher than that of HAI but the EDS is only a 

qualitative technique and not quantitative. It gives accurate 

information of the type of elements present in a sample   

but not the accurate quantities of the elements. The iron 

nanoparticles made from acid mine water revealed that the 

AMD contained iron sulphate salt while the commercial iron 

chloride salt contained iron chloride. The presence of Al, and 

S in the HAI can be attributed to the presence of Al and SO4 

in the iron-rich AMD sample identified from ICP-OES and 

IC analysis respectively. 

Table 1.  EDS elemental composition of HAI and HFCI nanoparticles. 
Experimental condition: AMD pH = 2.14, FeCl3 pH = 1.63, temp = 70°C, 
speed = 250 rpm, vol. of AMD = 100 mL, vol. of N2H4 = 50 mL, Conc. of 
N2H4 = 0.9 M, time = 60 mins and n = 3, HAI = Hydrazine AMD synthesized 
iron, HFCI = Hydrazine ferric chloride synthesized iron 

ELEMENTS HAI (% atomic wt) HFCI (% atomic wt) 

Fe 70.08 ± 5.85 75.8 ± 3.96 

O 20.04 ± 0.6 24.11 ± 1.38 

S 8.26 ± 0.03 ND 

Al 1.66 ± 0.01 ND 

ND = Not detected 

3.4. HRTEM 

The HRTEM of synthesized iron nanoparticles HAI (A) 

and HFCI (B) presented in Figure 4 shows that the iron 

particles are spherical in shape and monodispersed with 

particle sizes determined using ImageJ software. The crystal 

size distribution of synthesized iron nanoparticles HAI (A) 

and HFCI (B) shows that the crystal distribution of the iron 

particles have average crystal size statistically calculated 

values of 8.66 ± 0.55 nm and 4.95 ± 0.58 nm for HAI and 

HFCI respectively. The HRTEM images revealed that these 

iron nanoparticles are single crystalline as shown by the 

atomic lattice fringes [9]. The ring-type pattern of the 

selected area electron diffraction (SAED) analysis for the 

two particles shows that the monodispersed iron particles 

were crystalline with their rings. The result shows that the 

crystal size of the HFCI (B) had smaller particle size than 

HAI (A). The particle average diameter can be calculated 

using Scherrer’s formula. The average calculated particle 

sizes for HAI and HFCI in Figure 2 were about 9.81 ± 0.43 

nm and 5.37 ± 0.31, which are close to the 8.66 nm and 4.95 

nm average particle sizes determined by statistical analysis 

of the TEM images for HAI and HFCI respectively. 

  

Figure 2.  XRD analysis of synthesized iron from HAI (A) and HFCI (B) nanoparticles. Experimental conditions: pH = 2.14, FeCl3 pH = 1.63, temp = 70°C, 

speed = 250 rpm, vol. of AMD = 100 mL, vol. of N2H4 = 50 mL, Conc. of N2H4 = 0.9 M, time = 60 mins and n = 3. G = goethite, M = magnetite, HAI = 

Hydrazine AMD iron, n = 3, HAI = Hydrazine AMD synthesized iron, HFCI = Hydrazine ferric chloride synthesized iron 
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Figure 3.  SEM-EDS image and spetral analysis of synthesized iron nanoparticles HAI (A) and HFCI (B). Experimental condition: pH = 2.14 and 1.63, 

temp = 70°C, speed = 250 rpm, vol. of AMD = 100 mL, vol. of N2H4 = 50 mL, Conc. of N2H4 = 0.9 M, time = 60 mins and n = 3, HAI = Hydrazine AMD 

synthesized iron, HFCI = Hydrazine ferric chloride synthesized iron 

 

Figure 4.  HRTEM-SAED morphology of iron nanoparticles HAI (A) and HFCI (B). Experimental conditions: pH = 2.14 and 1.63, temp = 70°C, speed = 

250 rpm, vol. of AMD = 100 mL, vol. of N2H4 = 50 mL, Conc. of N2H4 = 0.9 M, time = 60 mins and n = 3, HAI = Hydrazine AMD synthesized iron, HFCI 

= Hydrazine ferric chloride synthesized iron 

3.5. XRF 

The XRF elemental composition of the synthesized iron 

nanoparticles HAI and HFCI presented in Table 2 shows the 

chemical composition of the two synthesized iron samples 

HAI and HFCI are majorly composed of pure iron (Fe) 

particles with about 96.7 ± 0.36% and 98.1 ± 0.8% 

respectively. HAI contained other elements like Al, Si, Ca 

and S which can be attributed to the source of the iron salt 

solution while HFCI is free from these contaminants due to 

the purity of the iron salt from contaminant.  
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Figure 5.  Histogram of crystal size distribution of synthesized iron nanoparticles HAI (A) and HFCI (B). Experimental conditions: pH = 2.14 or 1.63, temp 

= 70°C, speed = 250 rpm, vol. of AMD = 100 mL, vol. of N2H4 = 50 mL, Conc. of N2H4 = 0.9 M, time = 60 mins and n = 3, HAI = Hydrazine AMD 

synthesized iron, HFCI = Hydrazine ferric chloride synthesized iron 

Table 2.  XRF elemental composition of HAI and HFCI nanoparticles. 
Experimental conditions: AMD pH = 2.14, FeCl3 pH = 1.63, temp = 70°C, 
speed = 250 rpm, vol. of AMD = 100 mL, vol. of N2H4 = 50 mL, Conc. of 
N2H4 = 0.9 M, time = 60 mins and n = 3, HAI = Hydrazine AMD iron, HFCI 
= Hydrazine ferric chloride iron 

Elements Fe Si Al Ca 

HFCI 98.07 ± 0.8 ND 0.038 ± 0.01 0.029 ± 0.003 

HAI 96.73 ± 0.36 0.10 ± 0.001 1.14 ± 0.02 0.28 ± 0.02 

ND Not detected 

3.6. BET 

The BET surface area of HAI (goethite) and HFCI 

(magnetite) are 125 ± 3.73 m2/g and 134 ± 4.24 m2/g 

respectively. The surface area for HFCI is similar to some of 

the one cited in the literature and the value of HAI is very 

close to that of HFCI. The HAI (goethite) and HFCI 

(magnetite) shows adsorption isotherm classification to be 

Type 2 and Type 4 respectively for both particles. The 

adsorption hysteresis loop indicates they are type H3 for HAI 

and Type H1 for HFCI with steep and triangular shape 

(Michal Kruk et al, 2001). 3.4 BET surface area. 

The adsorption isotherm shown in Figure 6 for HAI 

(goethite) and HFCI (magnetite) nanoparticles was Type   

II and their N2 adsorption-desorption hysteresis loop 

classification was H3. The BET surface area for HAI and 

HFCI particles are 125 ± 3.73 m2/g and 134 ± 4.24 m2/g 

respectively. The value obtained for HFCI was a bit higher 

than the HAI and this can be due to the fact that chemical 

reagent used for the synthesis of HFCI was unadulterated 

while the wastewater from the mine used for the synthesis  

of HAI contained several inorganic substances. Both iron 

nanoparticles synthesized from AMD (HAI) and ferric 

chloride salt (HFCI) had large surface area which is an 

indication of a good adsorbent suitable for adsorption study. 

The BET surface area results obtained for HAI and HFCI 

were higher than some values reported in the literature   

[37], [31] but lower than the BET of some other iron 

nanoparticles previously reported in the literature [38],  

[39]. The synthesized iron nanoparticles from AMD using 

hydrazine had higher surface area than some made from pure 

chemicals [40], [41]. 

 

Figure 6.  BET adsorption-desorption hysteresis loop of synthesized iron 

nanoparticles HAI (A) and HFCI (B). Experimental conditions: pH = 2.14, 

FeCl3 pH = 1.63, temp = 70°C, speed = 250 rpm, vol. of AMD = 100 mL, vol. 

of N2H4 = 50 mL, Conc. of N2H4 = 0.9 M, time = 60 mins and n = 3, HAI = 

Hydrazine AMD synthesized iron, HFCI = Hydrazine ferric chloride 

synthesized iron 

Table 3.  BET surface area of synthesized iron nanoparticles HAI (A) and 
HFCI (B). Experimental conditions: AMD pH = 2.14, FeCl3 pH = 1.63, 
temp = 70°C, speed = 250 rpm, vol. of AMD = 100 mL, vol. of N2H4 = 50 
mL, Conc. of N2H4 = 0.9 M, time = 60 mins and n = 3, HAI = Hydrazine 
AMD synthesized iron, HFCI = Hydrazine ferric chloride synthesized iron 

Sample Material Source Bet Surface Area (m2/g) 

HAI N2H4 and AMD 125 ± 3.73 

HFCI N2H4 and ferric chloride 134 ± 4.24 

3.7. FTIR  

The FTIR absorption spectra of synthesized iron 

nanoparticles HAI and HFCI are presented in Figure 7. The 

absorption spectra shows that HAI had peaks at 589 cm-1 and 

699 cm-1, and the spectra of HFCI at 540 cm-1 and 699 cm-1 

corresponds to Fe-O absorption peaks [42]. The HFCI 

absorption had a distinct peak at 540 cm-1 while the HAI 

showed a sharp short peak found at 1106 cm-1. [42] reported 

that the bands of iron nanoparticles around 540 and 699 cm-1 

corresponded to the bending and stretching vibrations of 
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Fe-O bonds that are characteristic to the crystalline lattice of 

magnetite mineral phase. The HAI nanoparticles showed 

broad absorption stretching bands of O-H stretching at 3263 

cm-1 which is due to the presence of O-H in the water or 

alcohol used in rinsing the particles [43]. The O-H bending 

absorption band at 1653 cm-1 and 1518 cm-1 of HAI and 

HFCI nanoparticles confirmed the traces of water [44]. The 

C-O stretching absorption bands at 1106 and 1120 cm-1 

confirmed the presence of O-H in the nanoparticles which 

could be as a result of the presence of water and ethanol used 

before drying. Only HAI nanoparticles showed a C=O 

absorption stretching band at (2165-2018 cm-1), which 

means that HAI particles have strong affinity for CO2 gas 

[45], [29]. Synthesis of iron nanoparticles from AMD using 

hydrazine formed goethite, identified with XRD as a 

non-magnetic particle with a trace of pure iron (α-Fe) while 

the synthesis of iron nanoparticles with commercial ferric 

chloride using hydrazine magnetite is a pure magnetic iron 

nanoparticle.  

 

Figure 7.  FTIR absorption peaks of synthesized iron nanoparticles HAI  

(A) and HFCI (B). Experimental conditions: AMD pH = 2.14, FeCl3 pH = 

1.63, temp = 70°C, speed = 250 rpm, vol. of AMD = 100 mL, vol. of N2H4 = 

50 mL, Conc. of N2H4 = 0.9 M, time = 60 mins and n = 3, HAI = Hydrazine 

AMD synthesized iron, HFCI = Hydrazine ferric chloride synthesized iron 

4. Conclusions 

Iron-rich acid mine drainage (AMD) is an environmental 

problem used as a substitute to commercial reagent grade 

iron salt for synthesizing iron nanoparticle. The mine water 

was used as a cheap feedstock for synthesizing iron 

nanoparticle in order to save cost of purchasing expensive 

commercial reagent grade iron salt. The quality of iron 

nanoparticles synthesized from mine water was 

characterized using some analytical techniques and XRD 

identifies goethite mineral phase for AMD (HAI) and 

magnetite mineral phase for reagent grade (HFCI) source; 

both particles have large surface area, spherical morphology, 

and their particle sizes range within 124-135 nm. Fe-O 

stretching and bending for HAI and HFCI nanoparticles were 

observed at 699 cm-1 and 540 cm-1 respectively, while a 

broad band O―H at 3246 cm-1 was observed for HAI. In 

conclusion, iron-rich AMD is a very good substitute material 

for commercial reagent grade salts for synthesizing iron 

nanoparticles. 
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