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Abstract In this paper, the effects of carbon nanotubes as

a support to the morphology and size of Fe3O4 magnetic

nanoparticles have been investigated. The synthesis of

Fe3O4/CNTs nanocomposite powder was performed by the

direct precipitation method through ferric chloride (II) and

(III) at room temperature. The prepared samples were

analyzed by X-ray diffraction spectra, Fourier transform

infrared spectroscopy, scanning electron microscopy and

transmission electron microscopy. The results demon-

strated considerable changes in the Fe3O4 nanoparticle

size, also the morphology of Fe3O4/CNTs nanocomposite

powder from agglomerative into rode shape.
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Introduction

Extensive investigations’ have been conducted on

improving the synthesis and characterization of magnetic

nanoparticle due to their possessing unique properties and

their wide application in the various industries (Tjong and

Chen 2004; Laurent et al. 2008; Zhang et al. 2006; He et al.

2008). Among the various magnetic nanoparticles, Fe3O4

the nanoparticle has leading properties such as chemical

stability, high dispersion in liquid circumferences, good

bio-adaptability, stability in various physiological condi-

tions and low dissolubility (Yan et al. 2009; Tartaj et al.

2003; Qiao et al. 2009; Ghandoor et al. 2012).

These kinds of nanoparticles have been successfully

used and applied in magnetic recorders (Laurent et al.

2008; Ghandoor et al. 2012), cancer therapy (He et al.

2008; Figuerola et al. 2010) storing information processes

(Yan et al. 2009), magnetic resonance imaging (MRI)

(Qiao et al. 2009), and drug targeting (Figuerola et al.

2010).

Moreover, since the discovery of carbon nanotubes

(CNTs), they are being used as a support for controlling the

size and morphology of nanoparticles (Cheng et al. 2008).

Therefore, every effort is being made to allow the place-

ment of metal nanoparticles, metal oxides and semicon-

ductors nanoparticles onto the nanotubes (Cheng et al.

2008; Ramin and Taleshi 2013). Due to the high aspect

ratio of the carbon nanotubes, they prevent the agglomer-

ating of the particles and increase their applicability con-

siderably (Cheng et al. 2008; Ramin and Taleshi 2013; Liu

et al. 2009). However, there are two basic problems in the

preparation of such a composite. The first problem is

spinning and the varied diffusion rate of the nanotube in the

composite. The second is the suitable non-adhesion of the

carbon nanotube surface with synthesized nanoparticles,

which is due to a strong covalent bond between the con-

sidered nanoparticle and the white carbon nanotubes

(Taleshi and Hosseini 2012). As a result, the nanotubes

surface activation makes a suitable reaction between their

surfaces, and with the nanoparticle, which is necessity

(Taleshi and Hosseini 2012; Wang et al. 2010). The CNTs
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activation of the surface is typically performed by a

chemical oxidation process and produces the formation of

various functional groups such as COOH, C–O, C=O and

OH (Taleshi and Hosseini 2012; Wang et al. 2010). These

chemical bonds could act as sites for nucleation of

nanoparticle.

The effects of CNTs as a support for size and mor-

phology of Fe3O4 nanoparticles prepared by direct pre-

cipitating were further explored in this research paper.

Fourier transform infrared spectroscopy (FT-IR, Shima-

dzu—8400 s) has been used for the study of functional

groups on the CNTs surface, as well as X-ray diffraction

(XRD, Pw, 1800, Philips) was applied for identifying the

crystalline structure of the nanoparticles. The morphology

of Fe3O4 nanoparticle powder and Fe3O4/CNTs nano-

composite powder has been analyzed by the scanning

electron microscope (SEM, Philips, SE, 3000K, and 15X)

and transmission electron microscope (TEM, Philips,

CM10, and HT100 kV). The results showed that carbon

nanotubes had decreased considerably and the size of the

Fe3O4 magnetic nanoparticles changed in morphology in

the powder forming an agglomerative into a fibrous

shape.

Experimental process

Iron (II) chloride tetrahydrate (FeCl2�4H2O, 99 %?), Iron

(III) chloride hexahydrate (FeCl3�6H2O, [99 %), ammo-

nium hydroxide solution (NH4OH), carbon nanotube

(CNTs, Neutrino china, pure percentage 99 %, 20 nm

\ d \ 30 nm), sulfuric acid H2SO4 and nitric acid HNO3

were used for preparing the samples for this research.

The synthesis of Fe3O4 nanoparticles was conducted by

direct precipitating method for this reason, we initially

poured 4 mmol (1.08 g) FeCl3�6H2O and 2 mmol (0.4 g)

FeCl2�4H2O into the rotating beaker containing 50 ml

distilled water and prepared a brown solution. Then 2.5 ml

of ammonium hydroxide was quickly added to the solution,

during rotation black sediment resulted. We then poured

the obtained sediment through filter paper and washed it

with distilled water. The resulting sample was dried in the

oven at 110 �C for 3 h.

For application of the reagent to the CNTs surface, a

required amount of CNTs was mixed with a 6 M composite

solution of nitric and sulfuric acid and placed under the

ultrasonic waves for 1 h, the resulting product was rotated

over the hotplate at 80 �C for 2 h. We poured the sample

through filter paper to neutralize the acidic phase form,

then washed the sample with distilled water several times

to reach to a neutralized state (pH = 7).

To synthesize the nanocomposite powder Fe3O4/CNTs

to various composition ratios of 2/1, 1/1, 1/2, 1/4 and 1/8,

we poured 0.25 g of the CNTs with the applied regent into

50 ml of distilled water and placed it under ultrasonic

waves for 10 min; we then added a required amount of

ferric chloride salts to the solution which contained the

carbon nanotubes, for each composition ratio, the obtained

solution was rotated by a magnetic mixer at room tem-

perature. Subsequently, after 5 min of rotating the solution,

2.5 ml of ammonium hydroxide was added to the obtained

solution and was separated by pouring the solution through

a filter paper, the resulting samples were dried in the oven

at 110 �C for 2 h.

Results and discussion

Figure 1 represents the XRD patterns of pure Fe3O4

nanoparticles and Fe3O4/CNTs nanocomposite with vari-

ous composition ratios. In Fig. 1a, the peaks placed on 2h
of 18.4�, 30.2�, 35.6�, 43.2�, 53.6�, 57.1�, 62.6�, 73.9� and

74.2� represent the synthesis of magnetite phase (Fe3O4)

with reversed spin cubic structure that is, respectively, the

reflex of crystalline planes (111), (220), (311), (400), (422),

(511), (440) and (622) (Wang et al. 2010; Hoa et al. 2009).

In this chemical structure, oxygen ions are in a cubic

crystalline arrangement and the iron ions have occupied the

octahedral and tetrahedral (Han et al. 1994). Moreover, the

peaks being sharp like represents the crystalline order and

high crystalline structure of Fe3O4 nanoparticles, there

were no additional peaks, due to the existing impurity in

the prepared powder.

In the spectra obtained from Fe3O4/CNTs nanocomposite

powders with various ratios (Fig. 1b–f), the 2h = 25.9�,
42.9� as related to reflex of geraphen planes of carbon

nanotubes in (002) and (100) direction, respectively (Taleshi

and Hosseini 2012). Investigation of the sample spectra of

Fig. 1c–f shows that the heights of peaks related to this

nanotubes have reduced by reduction of Fe3O4 concentration

and its width has increased. These changes indicated the

considerable reduction of Fe3O4 nanoparticles size. On the

other hand, the height of peaks related to carbon nanotubes at

2h = 25.9� and 42.9� did increased. This increase could be

due to the reduction of Fe3O4 concentration on the CNTs

surface and more exposure to the geraphen planes in the

beam of X-ray. Studying the spectra of samples (Fig. 1c–f)

shows that the width of basic peak related to Fe3O4 nano-

particles has increased by increasing the Fe3O4 concentra-

tion and the separation and visibility of peaks improved. The

mentioned results represented the nanoparticles size that

increased, but the width of peaks was associated to the car-

bon nanotubes decreasing.

According to maximum peak of XRD at 2h = 35.8�,
the sizes of nanoparticles calculated by Scherrer formula

following as (Venkateswarlu et al. 2010):
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D ¼ K � k
b � cos h

where K is Scherrer constant (about 0.9), k is the X-ray

wave length equal to 1.54 Å, h is position of the maximum

peak in term of the degree and b is semi-width of spectra in

the half of maximum peak (FWHM) in term of radian.

Results of calculations show that average of nanoparti-

cles sizes for weight ratio of 1/0, 2/1, 1/1, 1/2, 1/4 and 1/8

is, respectively, 5.1, 2.7, 1.7, 1.5, 1.3 and 1.2 nm.

To investigate the influence of the acidification process

on the nanotubes surface and to study the reagent groups

prepared from carbon nanotubes before and after

purification process, the FT-IR spectra were prepared

(Fig. 2). The FT-IR spectra from CNTs purified (Fig. 2a),

over to initial CNTs (Fig. 2b), and the presence of some

absorptive peaks reflect the formation of binding between

the reagent groups placed on the carbon nanotubes through

ultrasonic and acidification processes in H2SO4 and HNO3

acids. These reagent groups include O–C=O 0C–O–O 0C–O

and C=O, which respectively related to 1,210, 1,415, 1,475

and 1,720 cm-1 wavelengths (Taleshi and Hosseini 2012).

The above reagent groups have an important role in

nucleation and formation of Fe3O4 nanoparticles. Due to a

strong chemical binding and the binding between ions of

iron atom with reagent groups of O–C=O 0C–O–O 0C–O

and C=O placed on the carbon nanotubes surface, Fe3O4/

CNTs will form.

In Fig. 3, SEM images of prepared pure Fe3O4 nano-

particles (Fig. 3a) and Fe3O4/CNTs nanocomposite powder

(Fig. 3b–f) with various weight ratios of 2/1, 1/1, 1/2, 1/4

and 1/8 are showed. SEM images of pure Fe3O4 nanopar-

ticles (Fig. 3a), represent the high assembly of synthesized

nanoparticles. This high agglomeration could be due to

synthesis of nanoparticles in the liquid medium and

because they were small the nanoparticles, due to the

surface effects, had a high tendency for surface adhesion

with the adjacent nanoparticles. SEM images of Fe3O4/

CNTs nanocomposite powder (Fig. 3b–f) demonstrated

that nanoparticles have different morphologies in agglom-

erating amount, irrespective to reaction condition. The size

of nanoparticles was reduced with the increase of the

concentration of carbon nanotube support in composite,

Fig. 1 XRD spectra from

various synthesized samples;

pure Fe3O4 nanoparticles

(a) and Fe3O4/CNTs

nanocomposite powder with

different weight ratios of 2/1

(b), 1/1 (c), 1/2 (d), 1/4 (e) and

1/8 (f)
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Fig. 2 FT-IR spectra from initial (a) and purified CNTs (b)
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and the agglomerations of the particles were reduced

considerably. Thus, the change of Fe3O4 nanoparticles

concentration ratio to carbon nanotubes has a bad funda-

mental influence on the morphology and sizes of nano-

composite, consequently the prepared powders were

converted from agglomerative state of nanoparticles (at

weight ratio of 2/1, 1/1) into a nanorode state (at 1/8 ratio).

Synthesis of Fe3O4/CNTs nanocomposite into a fibrous

state and their homogenous distribution on the nanotubes

surface could change their physical and chemical proper-

ties considerably, and show better performance in the

industrial application.

Fig. 3 SEM images of pure Fe3O4 nanoparticles (a); Fe3O4/CNTs nanocomposite powder with weight ratio of; 2/1 (b), 1/1 (c), 1/2 (d), 1/4 (e),

and 1/8 (f). (The magnification of all images is 925k)
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Figure 4 represents the images of TEM prepared from

pure carbon nanotubes and prepared Fe3O4/CNTs nano-

composite with 1/8 ratio. According to Fig. 4a, image of

the carbon nanotube was shown after the reagent process-

ing, in which no covering on the surface or in nanotubes

was observed. However, the image of Fe3O4/CNTs nano-

composite (Fig. 4b) showed Fe3O4 nanoparticles with

round and separated geometrical shapes, and with very

small improper dimensions, adhering to the nanotubes

surface.

Conclusion

Results of X-ray diffraction spectra show that the appli-

cation of carbon nanotubes caused a considerable reduction

of peaks height of the Fe3O4 nanoparticles and an increase

of their widths, consequently reducing the nanoparticles

sizes. Also, we reduced the high agglomeration of syn-

thesized Fe3O4 nanoparticles in the liquid medium, by

applying the carbon nanotubes. Thus, the presence of the

carbon nanotubes as a support for increasing Fe3O4 nano-

particles, in addition to reduction of nanoparticles size, has

produced a change in the morphology of the prepared

powder from agglomerative to a fibrous state. TEM images

revealed the formation of nanoparticles on the purified

carbon nanotubes surface, and this adhesion could be a

document suitable for the reagent processing of the nano-

tubes surface under the acidification process.
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