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ABSTRACT 
In this study, flower-like NiO structures were synthesized by hydrothermal method. Then, Fe3O4 was doped on 

NiO that NiO structures gain magnetic properties. TEM (Transmission Electron Microscopy) and SEM 

(Scanning Electron Microscopy) were used to assess the morphology of the NiO structures. XRD (X-ray 

Diffraction) was used to evaluate the crystal structures of the NiO structures. Magnetic properties of the NiO 

structures were investigated using VSM (Vibrating Sample Magnetometry). Catalysis properties of the produced 

structures were assessed use of products as catalyst in the reduction of 4-nitrophenol (4-NP) was examined. 

Especially NiO and Fe3O4 were found to exhibit excellent catalytic performance for nitrophenol reduction, while 

NiO@Fe3O4 magnetic microflowers were found to exhibit very low catalytic activity. 
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Hidrotermal olarak Sentezlenen Çiçek benzeri NiO@Fe3O4'ün 

Katalitik Özellikleri 
 

ÖZET 
Bu çalışmada, çiçek benzeri NiO hidrotermal yöntemle sentezlendi. Daha sonra NiO üzerine, Fe3O4 katkılanarak 

manyetik özellik kazandırıldı. Elde edilen ürünlerin kristal yapıları XRD (X-ışını kırınımı) metodu ile 

incelenmiştir. Üretilen yapıların morfolojik özellikleri SEM (Taramalı Elektron Mikroskopisi), ve TEM 

(Geçirimli Elektron Mikroskobisi ) ile karakterize edildi. Ayrıca manyetik ölçümleri için VSM (Manyetik 

Histeresis Ölçümü)  analizi yapıldı. Daha sonra ürünlerin, 4-nitrofenolün (4-NP) indirgenmesinde katalizör 

olarak kullanımı incelendi. Özellikle NiO ve Fe3O4’ün nitrofenolün azaltılması için mükemmel katalitik 

performans sergilediğini görülürken NiO@Fe3O4 manyetik mikro yapıdaki çiçeklerin çok düşük katalitik aktivite 

sergilediğini belirlendi. 
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I. INTRODUCTION 
 

Industrial and agricultural wastewaters contain nitrophenol, which is one the most common organic 

pollutants. Elimination of nitro groups can be accomplished by reducing them to amines groups. Amin 

groups are less toxic and biodegradable [1,2].  4-aminophenol (4-AP) is a powerful intermediate which 

can be used in the synthesis of drugs. 4-aminophenol is also widely used as a corrosion inhibitor, hair 

colouring agent and, etc [3,4]. Therefore, conversion of nitrophenol to aminophenol is essential for 

wastewater management where biodegradation of toxic substance can be achieved. It is stated that the 

main process for the reduction of the nitro group in general can be achieved by methods such as 

catalytic / electrochemical reduction of nitrobenzene in the presence of strong acids or hydrogenation 

of nitrobenzene, which involves molecular rearrangement of the phenylhydroxylamine intermediate in 

the presence of iron-acid [5-8]. In the presence of sodium borohydride (NaBH4), 4-NP can be reduced 

to 4-AP in aqueous media [9-12]. However, this reduction reaction mechanism works slowly in the 

absence of a metal catalyst. For this purpose, various metal nanoparticles have been used as catalysts 

to reduce nitrophenols to aminophenol.  

 

Pt, Ag, Pd and Au nanoparticles are very effective in catalysts reactions and they are commonly used 

as nanocatalyst [1,13-17]. Noble nanoparticles attract the attention of researchers since they have 

outstanding properties such as small size, high electron affinity, quantum confinement effect, good 

magnetic characteristics, etc. Besides, noble nanoparticles exhibit exceptional catalysis properties. 

Such properties are surface related properties which can be seen on nanoparticle surface. For example, 

only the electrons at the surfaces of these nanoparticles are used in catalytic reactions where most of 

the atoms in the nanoparticles are catalytically inactive during the catalysis reaction [3]. Therefore, 

enhanced surface - volume ratio results in enhanced catalysis activity. Traditionally, flower-like metal 

oxide nanomaterials have attracted attention in a variety of fields, including catalysis, electronic and 

analytical sciences, due to their rough surface with large surface / volume ratios [18-21]. Many 

researchers are willing to use transition metal oxide nanoparticles instead of noble metal nanoparticles. 

They consider that transition metal oxide nanoparticles are highly reactive, they can be cheaply 

synthesized and can be an alternative to noble metal nanoparticles [21-23]. 

 

Nanocatalysts are quite small hence, it is difficult to separation the nanoparticles from the reaction pot. 

At this point, nanocomposites are found to be promising to overcome this issue. Nanocomposites are 

nanoplatforms [24,25]. Thus, special nanocomposites having magnetic properties can be fabricated. 

Consequently, such nanocatalysts with magnetic properties can be separated from the reaction pot with 

a strong magnet. Such a case eliminate the need for physical filtration where catalysts can be lost in 

the filtration process. Materials with superparamagnetic characteristics are suitable candidate to 

fabricate such nanoplatforms.  

 

In this study, NiO, Fe3O4 and NiO@Fe3O4 samples were prepared using the hydrothermal method. 

Various techniques were used in the sample characterization.  In the presence of NaBH4, catalysis 

performance of metal oxide compounds with flower-like morphology was evaluated. Flower-like NiO 

and Fe3O4 were found to exhibit high catalytic activity. 

 

 

II. MATERIALS AND METHODS 
 

A. MATERIALS, SPECTRAL DATA MEASUREMENTS, AND SYNTHESIS 

PROCEDURE  

 
All the chemical reagents used in the experimental process are analytical grade pure. No purification 

process was applied to the chemicals. NaOH (sodium hydroxide), Ni(ac)2.4H2O (nickel acetate 

tetrahydrate), urea (CO(NH2)2), FeSO4.7H2O iron(II) sulphate heptahydrate) were purchased from 

Sigma-Aldrich. 



1966 

 

 

XRD patterns were recorded using the RIGAKU miniflex600 X-ray diffractometer has a scan range of 

10 < 2θ < 90. Also, the surface morphology of the nano structures was assessed using a Field Emission 

Scanning Electron Microscopy (FESEM). In the confirmation of elemental composition, EDX (Energy 

Dispersive X-Ray) spectrometer was used. FEI Quanta 400F model device was used in FESEM-EDX 

investigation. TEM studies were carried out on a JEOL JEM 1220electron microscope. 

Cryogenic Limited PPMS VSM was used in the magnetic measurements which has the maximum 

magnetic field of 2±Tesla. Shimadzu UV-2600 Ultraviolet-Visible (UV-Vis) spectrophotometer was 

used in the catalytic study. 

 

A. 1. Synthesis of Flower-like NiO  

 
0.5 g (Ni(ac)2.4H2O) and 0.25 g CO(NH2)2 were dissolved in 30 mL ethanol. Mixture was stirred using 

magnetic stirrer. The homogeneous mixture was then poured in a teflon-lined stainless steel 50mL 

autoclave. Mixture was kept in oven for 12h at 190 °C. Teflon autoclave was cooled at room 

temperature. The product was centrifuged to get the precipitate. The precipitate was washed with 

ethanol and deionized water. The washed precipitate was dried in the oven for 24h at 60 °C. Green 

powder was obtained and calcination procedure was applied to the powder in an oven for 1 hour where 

powder was heated with a ramp rate of 10 °C / minute up to 400 °C. Result product was then cooled to 

room temperature [26]. 

 

A. 2. Synthesis of Magnetic Fe3O4 Nanostructure 

 
Hydrothermal method was used in the production of magnetic nanoparticles. To this end, 0.656 g 

FeSO4.7H2O and 3.2 g NaOH were dissolved in 40 mL deionized water. The solution was mixed for 

10 minutes until it homogenizes, then 50 mL of teflon autoclave covered with stainless steel was 

placed and left at 150 °C for 6 hours. The resulting black precipitate was collected by centrifugation at 

8000 rpm for 20 minutes. The product was washed several times with deionized water and absolute 

ethanol. Powder like precipitate was treated in vacuum oven at 40 °C for 12 hours [27]. 

 

A. 3. Synthesis of Magnetic NiO@Fe3O4 Nanoflowers 
 

0.1 g Ni(ac)2.4H2O was dissolved in 10 mL deionized water using ultrasonic bath. In a separate 

beaker, 0.13 g FeSO4.7H2O was dispersed in 10 mL deionized water. 0.64 g NaOH was added and 

mixed for 10 minutes. The prepared solution was then poured onto Ni(ac)2.4H2O. The ultrasonic bath 

was mixed for a further 5 minutes, a stainless steel coated 40 mL capacity teflon autoclave was taken 

and kept at 150 ° C for 6 hours. The resulting black precipitate was collected by centrifugation at 8000 

rpm for 20 minutes. The product was washed several times with deionized water and absolute ethanol. 

Powder like precipitate was treated in a vacuum oven at 40 ° C for 12 hours. 

 

A. 4. Catalytic Test 
 

In a typical test, freshly prepared NaBH4 solution (0.2 M, 0.3 mL) was added to 3 mL of 0.1 mM 

aqueous 4-NP solution. It was scanned on the UV spectrometer between 250nm - 550 nm wavelength. 

3 mg of catalyst (NiO, Fe3O4 and NiO@Fe3O4) were added to the mixture and stirred for 1 min at 

room temperature (25 °C). Reduction of 4-NP to 4-AP was tracked using UV-Vis spectrophotometer. 
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III. RESULTS AND DISCUSSION 
 

A. CHARACTERIZATION OF NiO, Fe3O4 AND NiO@Fe3O4  

 
In Figure 1, XRD pattern of flower-like NiO, Fe3O4 NiO@Fe3O4 structures were presented. In the 

XRD pattern of NiO, three strong peaks with high density were seen which illustrates (111), (2 0 0) 

and (2 2 0) crystal orientation. Peaks indicate that prepared NiO is cubic crystal structure [28]. When 

XRD patterns are examined, sharp peaks prove the pure and well crystallized NiO products that are 

obtained by hydrothermal synthesis method. When the XRD pattern of Fe3O4 magnetic nanoparticles 

was examined, it was seen that the characteristic peak positions found for the spinel structures in the 

Fe3O4 structures. It has been found that Fe3O4 samples are pure, in other words, they are not 

contaminated, and they do not contain trace of other elements [27,29]. NiO@Fe3O4 magnetic 

nanoflowers were obtained by NiO with Fe3O4. XRD pattern of NiO@Fe3O4 magnetic nanoflowers 

revealed that the diffraction peaks that both nano structures have remained. Both peaks observed at the 

pattern of NiO and peaks observed at the XRD pattern of Fe3O4 were seen at the XRD pattern of NiO 

@Fe3O4. Such a case is an indication that both NiO and Fe3O4 structures protect their structures which 

indicate that NiO@Fe3O4 structure is in composite form.  

 

 
 

Figure 1. XRD patterns of NiO, Fe3O4 and NiO@Fe3O4 

 
The morphology and microstructure of the samples were analysed by field emission scanning electron 

microscopy (FESEM). Figure 2 shows low and high magnification FESEM images of flower-like 

NiO, Fe3O4 and NiO@Fe3O4 structures. NiO's nano-bowls and nano leaves (nanosheets) were found to 

turn into well-packed and self-organizing rose-like flowers. Figure 2(e) shows that the Fe3O4 magnetic 

nanoparticles have relatively uniform octahedral morphology. The average diameter of the flower-like 

NiO was found to be approximately 2.5-3 µm. In addition, FESEM images of NiO@Fe3O4 was also 

obtained. Images confirm that the flower-like structure was preserved. Figure 2(i) shows the high 

resolution TEM micrograph of single nanosheet of NiO@Fe3O4. TEM results are quite consistent with 

FESEM observations.  

 

Figure 3(c) shows the EDX spectrum of the prepared samples. The presence of Fe atoms in the EDX 

spectrum of NiO@Fe3O4 is a proof that Fe3O4 is bound to the NiO microparticle. 
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(d) 

 
(e) 

 
(f) 

 

 
(g) 

 
(h) 

 
(i) 

 

Figure 2. Low and high magnification FESEM images of as-synthesized NiO (a,b), Fe3O4 (d, e), NiO@ Fe3O4 

(g,h) and TEM images of the flower-like NiO (c), Fe3O4 (f), NiO@ Fe3O4 (i) 
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Figure 3. EDX spectrum of NiO, Fe3O4, NiO@Fe3O4  

 

Figure 4 shows the magnetization curves of the Fe3O4 and NiO@Fe3O4 nanoparticles. It was 

determined that the Fe3O4 magnetic nanoparticles obtained after six hours had a superparamagnetic 

character at room temperature. At this temperature, the saturated magnetization values for the Fe3O4 

nanoparticle were determined to be 89.8 emu / g. Due to the high crystalline properties of Fe3O4 

nanoparticles, saturated magnetization value was found to be quite high. Sahin et al. reported the 

saturated magnetization value for Fe3O4 nanoparticles as 52.2 emu g -1[30]. Saturated magnetization 

values of NiO@Fe3O4 o found as 21.5 emu / g. They also show super paramagnetic characteristics. 

Mahmoud et al synthesized Fe3O4@NiO core-shell nanocomposite by precipitation method to 

investigate Cr (VI) adsorption efficiency. The saturated magnetization value of the synthesized 

nanocomposites was found to be 11.5 emu / g for their samples [31]. It is understood that our samples 

have higher magnetic saturation values than that of results reported in the literature. 
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Figure 4. Magnetic hysteresis of Fe3O4 and NiO@Fe3O4 nanostructures 

 

B. CATALYTIC ACTIVITY OF NiO, Fe3O4 AND NiO@Fe3O4  
 

In the presence of NaBH4, the catalytic activities of the samples were investigated for the reduction of 

nitrophenol to aminophenol. For all experiments, initial concentrations were reacted with 0.1 mM 4-

NP and 0.2 M NaBH4, respectively. The bounded peak was seen at UV-Vis spectra at 317 nm which is 

the indication of 4-NP. After the addition of NaBH4, the peak then shifted to 400 nm region. This peak 

illustrates the formation of the-p-nitrophenolate ions which was affected from the NaBH4  [32, 33]. 

Addition of 3 mg of NiO, Fe3O4 and NiO@Fe3O4 nanoparticles result in the simultaneous growth of 

new peaks which were appeared around 295-300 nm. Such appearance confirms the existence of 4-AP 

which results in a sudden diminish in the intensity of the peak at 400 nm (See Fig. 5). 

 

When 3 mg of NiO catalyst was added to the medium, the reduction process was observed to occur in 

55 minutes, while it was found that this time was reduced when using Fe3O4 (38 minutes). Mandlimath 

and Gopal were found to be completed in about 4 hours in the presence of 0.8 mg commercial NiO 

catalyst [20].  

 

The efficiency of the reduction reaction using our catalytic samples was investigated where produced 

samples were added to the reaction medium. To evaluate the reaction efficiency, linear graphs of ln 

(At / A0) against time were obtained. The reaction rate was assessed using the diminish in the intensity 

of 4-NP peak in the UV-Vis spectrum. Figure 5 (d) shows the relation between the absorption peak 

density and time where absorption peak density was illustrated in natural logarithm form. The slope of 

the plot was used to calculate the rate constant of the reduction reaction. The rate constant (kapp) of the 

NiO, Fe3O4 and NiO@Fe3O4 compounds were found to be 1.2x10-3, 1.4x10-3, 4x10-5 s-1, respectively. 

Jiang et al. synthesized nickel nanoparticles in varying sizes and morphologies that was used in the 

reduction process. All the nickel samples were compared to commercial RANEY Ni. When using 

RANEY Ni catalyst, the reaction rate constant (kapp) was found to be 0.32x10-3 s-1 and showed lower 

value to other Ni nanoparticles [34]. 

 

In the presence of NaBH4, NiO and Fe3O4 exhibited the best catalytic activity for the reduction of 4-

NP to 4-AP. The catalytic performance of the NiO@Fe3O4 was found to be low compared to NiO and 

Fe3O4 nanostructures. It was also seen that NiO@Fe3O4 managed to reduce 20% of product to 4-AP in 

70 min. 
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Table 1.  Results obtained for the reduction of 4-NP ([4-NP] = 0.1 mM, [NaBH4]= 0.2 M) 

 

Catalyst 

(3 mg) 

Time 

(min) 
Kapp (s-1) 

Conversion 

(%) 
R2 

NiO 55 1.2x10-3 97.55 0.9981 

Fe3O4 38 1.4x10-3 98.76 0.9748 

NiO@ Fe3O4 70 < 4x10-5 20.17 0.9824 
 

 

 
(a) 

 
(b) 

 

 
(c) 

 
(d) 

 

Figure 5. UV-Vis spectra obtained in the p-nitrophenol reduction in the presence of NiO (a), Fe3O4 (b) and 

NiO@Fe3O4 (c) and rate constants of the reaction (d). 

 

 

IV. CONCLUSION 
 

NiO, Fe3O4 and NiO@Fe3O4 samples were successfully produced using the hydrothermal techniques. 

The chemical and physical characteristics of the samples were illuminated using various spectroscopic 

and imaging methods. Flower-like NiO specimens were found to be cubic crystalline, while Fe3O4 

specimens were in face centred cubic (fcc) crystal form. It was seen that NiO nanoparticles gained 

magnetic properties with Fe3O4 doping. The use of the samples as a catalyst in the reduction process of 

4-NP was examined. It is known fact that noble metals are frequently used in this reduction process. It 

was found that the metal oxide catalysts samples, which were used in this work, showed as high 

performance as noble metals. The electron transfer mechanism existing on the surface of the noble 

metals affect the performance of the reduction process. Since our samples has flower like architecture, 
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electron transfer to can be existed in the inner surface samples. As a result, it was illustrated that NiO, 

Fe3O4, NiO@Fe3O4 nanostructures showed outstanding catalytical properties. Their catalytic 

performance is as good as noble metal nanostructures reported in literature. 
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