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Abstract: In this paper, a CVD method is used for the synthesis of multi-wall carbon nanotubes (MWCNT) which have 
been purified and functionalized. The approach consists of thermal oxidation and subsequent chemical oxidation. Accord-
ing to TEM images, the CNTs have a diameter about 20-30 nm. We synthesized the FePt nanoparticles on the surface of 
the functionalized carbon nanotubes through a polyol process. The synthesized FePt nanoparticles have the chemically-
disordered face-centered cubic (fcc) structure with superparamagnetic behavior and with a size of about 2.5 nm. To 
achieve phase transition from fcc to ordered structure (fct-L10 phase), high-temperature annealing under a reducing at-
mosphere (90% Ar + 10% H2) is required. The CNTs as a substrate prevent the aggregation of particles during thermal 
treatment. The FePt nanoparticles after phase transition have ferromagnetic behavior. Furthermore, they have finite size 
with an average about 5.6 nm and their coercivity reaches to 5.1 KOe at 700°C. We characterized the structure, composi-
tion and magnetic properties of FePt/CNT by X-ray diffraction (XRD), transmission electron microscopy (TEM), field 
emission scanning electron microscope (FE-SEM), Fourier transform infrared spectroscopy (FT-IR) and vibrating sample 
magnetometer (VSM). 

Keywords: Carbon nanotubes, chemically-disordered structure, fcc and fct- L10 structure, FePt nanoparticles, ferromagnetic, 
superparamagnetic. 

1. INTRODUCTION 

 L10 FePt nanoparticles with face-centered tetragonal (fct) 
structure have very high magnetocrystalline anisotropy  
(ku=7 x107 erg/cm3) as compared to other nanoparticles. So, 
they have very high coercivity which makes them suitable 
for using in different applications such as ultrahigh density 
magnetic recording media [1, 2], permanent magnets, mag-
netic sensors and drug delivery in biomedical [3-7]. For the 
synthesis of FePt nanoparticles with uniform size, chemical 
methods are suitable. But, the as-synthesized nanoparticles 
have disordered A1 phase with face-centered cubic (fcc) struc-
ture that they shows superparamagnetic behavior at room 
temperature because of their small anisotropy [8, 9]. There-
fore, to transform FePt nanoparticles from the A1 phase to 
the L10 phase, a thermal treatment is required. Since 
nanoparticles aggregate at high temperature, their size in-
creases and making them inappropriate [10]. 
 In recent years, different processes have been developed 
for preventing the aggregation of FePt nanoparticles, such 
as: decreasing of phase transition temperature using the addi-
tive metal like Au, Ag and B2O3 [11-13], the salt method 
(NaCl) [14, 15], direct synthesis method [16], rapid thermal 
annealing [17]. Also, Core/shell structure is an interesting  
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approach to prevent coalescence of FePt nanoparticles where 
the magnetic cores are coated with non-magnetic oxide 
shells, SiO2 [18], and MgO or magnetic shell Fe3O4 and 
CoFe2O4 [18-20]. But the results after annealing denote that 
in these methods, the coercivity decreases significantly. To 
solve this problem, we use an appropriate substrate for mag-
netic nanoparticles during the annealing process. 
 Carbon nanotubes have received extensive attention be-
cause of their high electrical, optical and mechanical proper-
ties and high thermal stability [21, 22]. Their use is not re-
stricted to just as an adequate substrate to prepare monosize 
nanoparticles, but they can also be used in high temperature 
annealing for prevention of particles aggregation from each 
other. In this paper, has been suggested the coating of the 
FePt nanoparticles on the CNTs surface and then annealing 
them at high temperature to phase transition from A1 to  
fct-L10 phase. 
 Since these synthesized nanotubes have no ability to ab-
sorb Fe or Pt atoms for growth of FePt nanoparticles. There-
fore, the nanotubes are functionalized with carboxyl  
(-COOH) functional groups. The sites of this functional 
group are an appropriate place for growth of nanoparticles in 
the reaction media. For functionalization of CNTs, they 
should be first oxidated at high temperature and then oxi-
dized at the mixture HCl, HNO3 and H2SO4 [23, 24]. FePt 
nanoparticles are prepared on carbon nanotubes in the pres-
ence of Pt(acac)2 and Fe(acac)3 and 1,2 hexadeconediol as 
the reduction agent. 
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 Nanotubes morphology, their coating percent with FePt 
nanoparticles in synthesis process, aggregation and changing 
of their structure after annealing have been studied by XRD, 
FT-IR, SEM, TEM, EDX and VSM. 

2. EXPERIMENTAL 

2.1. Synthesis of Functionalized MWCNTs 

 In this paper, MWCNTs were prepared through Catalyst 
Vapor Deposition (CVD) method in tube furnace at 650°C 
using acetylene (C2H2) as carbon precursor and MgO nanopar-
ticles as catalyst for CNTs growth. To synthesize of CNTs, the 
flow of acetylene (C2H2) and Ar gases was passed through the 
furnace with rates of about 10 sccm and 150 sccm, respec-
tively. Then, MgO nanoparticles were dispersed on quartz 
glass and inserted into the furnace. After 20 min, quartz glass 
was removed from furnace with black powder on its surface. 
Since the resulted products were a mixture of nanotubes, cata-
lyst nanoparticle, florin, amorphous carbon and graphite. They 
had to be purified and functionalized for growth of FePt 
nanoparticles on the surface of CNTs. 
 Fist, the resulted products were heated under O2 atmos-
phere at 500°C for 90 min. Then, the remaining products 
were dispersed in the mixture of HCl and HNO3 (3 M) with 
ratio 1:1 and ultrasound for 10 min. Then, they were stirred 
at 60°C for 2h. Nevertheless, catalyst nanoparticles and car-
bon impurities dissolved in the acid solution. 
 At last, CNTs were immersed in a mixture of HNO3 and 
H2SO4 (3 M) with the ratio of 1:3 for the functionalization of 
the CNTs surface with carboxylic functional group [25]. The 
resulted solution was stirred (1600 rpm) at 90°C for 2-4 
hours. Oxidized nanotubes were washed several times with 
distilled water until the pH 6 was reached and then were 
dried at 150°C.  

2.2. Synthesis of FePt/CNT Nanocomposites  

 For the growth of FePt nanoparticles on oxidized CNTs, 
a polyol method was used [1]. Since the oxidized CNTs were 
dispersed in 40 mL phenyl ether and ultrasound was per-
formed for 10 min. Pt(acac)2 (0.5 mmol) and Fe(acac)3  

(0.5 mmol) salts and also 1,2 hexadeconediol as reducing 
agent were mixed in above solution. After flowing N2 gas for 
10 min under stirring (1000 rpm), the solution temperature 
was increased to 100°C during 20 min for starting the reduc-
tion of Fe and Pt salts and nucleation. During 90 min, the 
temperature of solution was raised to the boiling point of 
phenyl ether (259°C) and was kept at this temperature for 30 
min. Finally, the heat source was removed and the solution 
was left to cool down to room temperature. 
 40 ml ethanol was added to purify the product. Then the 
black product was precipitated and separated via centrifuga-
tion (8000 rpm, 10 min). The ethanol and impurities were 
separated, and the discarded black product was dispersed in 
hexane in the presence of oleic acid and oleyl amine. Cen-
trifugation (8000 rpm, 10 min) was performed again to re-
move any un-dispersed residue.  

2.3. Characterization of Nanocomposites 

 Synthesized CNTs were studied before and after purifica-
tion using FE-SEM (HITACHI S-4160) to determine the 
purity of nanotubes and their diameter and size. To study the 
functionalization of nanotubes, FT-IR spectrum (Thermo 
Nicolet system) was used. The size and shape of the 
nanoparticles and nanotubes were specified by TEM analysis 
using a LEO system (9120AB, 120 kV). The Fe and Pt ele-
mental analysis of the samples was performed by EDX at 17 
kV using Philips XL30. To determine the structure proper-
ties of nanoparticles, the XRD measurement was performed 
using an X’Pert MPD Philips system with Cu-Kα radiation 
(λ=1.54 A˚). The magnetization of FePt samples was meas-
ured using a VSM (Lake-Shore model 7400) with the maxi-
mum field of up to 20 kOe. The nanocomposite annealing 
was carried in tube furnace under reducing atmosphere (%90 
Ar + %10 H2) at 600°C for 2h. 

3. RESULT AND DISCUSSION 

 FE-SEM images of CNTs after synthesis and after ther-
mal oxidation have been shown in Fig. (1). Fig. (1a) shows 
the synthesized CNTs by CVD method. As illustrated in this 
figure, the CNTs have a diameter between 20-30 nm and 

 
Fig. (1). FE-SEM images of carbon nanotubes and they purification steps: (a) as-synthesis, (b) after thermal oxidation. 
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have many impurities. Image of CNTs after thermal oxida-
tion at 500°C shown in Fig. (1b), reports the complete re-
moval of amorphous carbon and graphite. They are oxidized 
quickly and change into CO and CO2 gas and exit from 
product. They have free bonds from all sides. But, the CNTs 
have free bonds only at their two ends, so their oxidation rate 
is slower and they remain in media. 
 The XRD patterns of CNTs after oxidation and purifica-
tion are shown in Fig. (2). According to patterns (2a), there 
are MgO peaks with CNTs after oxidation. The catalyst par-
ticles peaks are removed completely after purification and 
only CNTs peaks are observed in XRD pattern (2b). So, the 
acids oxidation process can dissolve catalyst particles and 
purified ones. 
 Fig. (3) shows TEM images of CNTs after thermal oxida-
tion and functionalization. As illustrated in Fig. (3a), there 
are a lot of MgO nanoparticles with CNTs. But after func-
tionalization (Fig. 3b), the length of CNTs becomes shorter 
than before and are removed all catalyst nanoparticles in the 
final product. Therefore, HCl and HNO3 can remove all im-
purities and catalyst particles. According to the figure, the 
CNTs have an external diameter of about 20-30 nm. 

 To investigate CNTs functionalization, FT-IR spec-
trum and dispersion states are used. Fig. (4) shows FT-IR 
of CNTs before and after functionalization. There are no 
peaks relating to carboxylic functional groups in Fig. 
(4a). Hence, they are not functionalized. Fig. (4b and c) 
show spectrum of CNTs that are functionalized for 2 and 
4 hours, respectively. The peak at about 1630 cm-1 relates 
to C=O bonds and the broad peak at 3423 cm-1 relates to 
O-H bonds. So, there are carboxylic functional groups on 
the surface of CNTs. 
 According to FT-IR analysis, a lot of active sites on the 
CNTs surface are made that are useful for nucleation and 
FePt nanoparticles growth. The peaks intensity of carboxylic 
group increases with growth of the functionlization time, 
which shows great number of active sites on the surface of 
CNTs. 
 Fig. (5) shows the dispersed states of CNTs samples in 
aqueous media, at the moment of dispersion and approxi-
mately 24 h and 10 days later. After a surface suffers oxida-
tion, chemical elements are adsorbed and form functional 
groups. These groups are positively or negatively charged. In 
this case, carboxylic groups are inserted on the CNTs sur-

 
Fig. (2). XRD patterns of CNTs samples after: (a) thermal oxidation and (b) purification. 
 
 

 
Fig. (3). TEM images of CNTs after: (a) thermal oxidation and (b) functionalization. 
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face, these groups are equally charged. The presence of equal 
charged particles on the surface of CNTs enables the CNTs 
to fend from each other, keeping the solution dispersed. 
Evaluating the precipitation, it is possible to estimate the 
amount of functional groups adsorbed on the surface of 
CNTs. Results show a good dispersion of CNTs in an aque-
ous media, indicating that mostly equally charged hydrocar-
bons are inserted on the surface of CNTs. Dispersion analy-
sis photographs indicate that the suspension stability of the 
pristine CNTs was poor as they easily sediment. This sedi-
mentation could be due to the agglomeration of CNTs and 
lack of hydrogen bonding. But with increasing in function-
alization time, the CNTs showed significantly better stabil-
ity. As the functionalized CNTs for 4 hours presented the 
best stability, concluding a higher percentage of functional 
groups absorbed. 
 Fig. (6A) shows TEM images of synthesized FePt/CNTs 
nanocomposite which are functinalized for 2 and 4h, respec-
tively. The black spots on CNTs are according to FePt 
nanoparticles which grow on its surface. According to  
Fig. (6Aa and b), the coating of CNTs surfaces improves 

with increasing in functionalization time and also increases 
uniformity of functionalized sites on the surface of CNTs. It 
is necessary to mention that in both, the average size of 
nanoparticles remains the same as about 2.5 nm. 
 The histograms of nanoparticles size have been shown in 
Fig. (6Ba and b). The average size of FePt nanoparticles 
equals to 2.47 nm and 2.54 nm, respectively. Their size dis-
tribution is narrow even without surfactant and their size is 
in the range of 1.5-3 nm with relative standard deviation 
(σ/<d>) 0.16 and 0.21, respectively. 
 Fig. (6C) shows the elemental analysis of FePt/CNTs 
nanocomposite. According to this result, one can deduce the 
chemical composition of Fe51Pt49 for the nanocomposite. A 
stoichiometry close to this one is suitable for forming L10 
structure after heat treatment. 

 Fig. (7) shows XRD patterns of as-synthesized 
FePt/CNTs nanocomposites which were annealed at 600°C 
and 700°C for 2h under a reducing atmosphere (90% Ar + 
10% H2). According to Fig. (7a), the synthesized nanocom-

 
Fig. (4). FT-IR spectrum of CNTs: (a) before functionalization, (b) after functionalization for 2h and (c) after functionalization for 4h. 

 
Fig. (5). Dispersion in aqueous media of pristine CNT and functionalized CNTs for 2 and 4 hours: just dispersed; 24 h and 10 days after. 
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posites have (1 1 1) at 2θ= 40.23, (2 0 0) at 2θ= 47.4 and  
(2 2 0) at 2θ= 67.8 broad peaks that show the chemically 
disordered fcc structure and are related to FePt nanoparticles. 
The average size of FePt particles by Scherrer’ equation 

 
is calculated about 2.9 nm. Fig. (7b and c) 

show XRD pattern of FePt/CNTs nanocomposite that were 
annealed at 600°C and 700°C for 2h, respectively. 
 The appearance of (1 1 0), (0 0 1) and (1 1 2) peaks and 
disunion of (2 0 0) and (0 0 2) peaks from together bode 
phase start transition from the chemically disordered fcc 
structure to chemically ordered fct-L10 structure. The differ-
ence in lattice constants in direction of a and c axis causes 
separation in location of (2 0 0) and (0 0 2) peaks. The inten-
sity of diffracted beams is different because of separating in 
Fe and Pt crystal planes and variation in electrons density in 
different planes. Since, the (1 1 0), (0 0 1), (2 0 1) and (1 1 2) 
peaks appear in XRD pattern after annealing. 
 The lattice constant at fcc structure (a) is calculated with 
location of (1 1 1) peak in Fig. (7a) that is at 2θ=40.32 and 
a=3.87 A˚. But, the lattice constants of fct-L10 structure (a 
and c) for samples which annealed in 600°C and 700°C are 
calculated with location of (1 1 0) and (0 0 1) peaks in  
Fig. (7b and 7c), respectively and their values are presented 
at Table 1.  

 For determination of volume fraction of fct structure, the 
ordering parameter S is measured which is given by [26]: 

            (1) 

 That  is the theoretical axis ratio for the chemically 

ordered fct phase and is equal to 0.96 [27], and  is the 
experimental axis ratio for partially ordered phase. S=1 
which means that the FePt nanoparticles are fully ordered 
in the fct phase. The values of S for FePt nanoparticles that 
annealed in 600°C and 700°C are presented in Table 1. 
Their values are very close to 1. It means that most FePt 
nanoparticles have transformed to the chemically ordered 
fct phase after annealing in temperatures higher than 600°C 
for 2h. 
 TEM images of FePt/CNTs nanocomposites that an-
nealed at 600°C and 700°C for 2h have been shown in Fig. 
(8). Annealing at temperature higher than 600°C causes lim-
ited coalescence and agglomeration of FePt on the surface of 
CNTs. 
 As shown in Fig. (8c and 8d), the nanoparticles size after 
annealing at 600°C and 700°C becomes about 3.47 nm and 
5.64 nm, respectively. 

 
Fig. (6). A) TEM images of FePt nanoparticles on the surfaces of CNTs after functionalization: (a) for 2h and (b) for 4h. B) Histogram of 
FePt nanoparticles on the surfaces of CNTs after functionalization: (a) for 2h and (b) for 4h. Fig. 6C shows EDX image of the as-synthesized 
fcc FePt nanoparticles. 
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Fig. (7). XRD patterns of FePt/CNT samples: (a) as-synthesis, (b) and (c) after annealing in 600°C and 700°C for 2h. 

 

Table 1. Values of lattice constant, ordering parameter and particles size from XRD pattern. 

Sample Structure  a (A˚) 

(lattice constant) 

c (A˚) 

(lattice constant)  

S 

(ordering parameter) 

d (nm) 

(particles size) 

as-synthesis Fcc 3.87 _ _ _ 2.9 

annealed at 600°C  Fct 3.856 3.80 0.985 0.64 3.9 

annealed at 700°C Fct 3.845 3.72 0.967 0.91 5.8 

 

 
Fig. (8). (a) and (b) TEM images of FePt nanoparticles and FePt/CNT nanocomposite annealed in 600 °C for 2h, respectively, (c) and (d) 
histogram of FePt nanoparticles for them. 
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Fig. (9). Hysteresis loops of FePt/CNT composites: (a) as-synthesis, (b) after annealing in 600 °C for 2h and (c) after annealing in 700 °C for 
2h. 
 
 

 So the CNTs as an appropriate substrate prevent the 
nanoparticles from coalescence effectively. Histograms of 
FePt nanoparticles on the surface of nanotubes have been 
presented in Fig. (8c and d). According to histogram, the 
standard deviation of nanoparticle after annealing at 600°C, 
is <σ>= 0.68 nm that shows the almost uniform distribution 
of particles size. But, the nanoparticles size after annealing at 
700°C is more non-uniform and larger. 
 Fig. (9) shows the hysteresis loops of FePt/CNTs nano-
composites at room temperature. The as-synthesis FePt 
nanoparticles have superparamagnetic behavior at room 
temperature for their low magnetic anisotropy.  
 Fig. (9b and c) presented the hysteresis loop of nano-
composites annealed at 600°C and 700°C, respectively. The 
coercivity of FePt/CNT composite at 600°C and 700°C is 2.2 
KOe and 5.1 KOe, respectively, even though they have aver-
age size less than 6 nm. With increasing in annealing tem-
perature, the coercivity of nanoparticles increases signifi-
cantly. 
 High coercivity after annealing process, like the XRD 
results, denotes that ordering of L10 phase improves at tem-
perature higher than 600°C. 

CONCLUSIONS 

 In this paper, the finite size FePt nanoparticles with size 
of 2.5 nm were synthesized, without any surfactant agent. 
The as-synthesized FePt nanoparticles have chemically dis-
ordered fcc structure and they have superparamagnetic behav-
ior because of their low magnetic anisotropy. Annealing at 
the temperature above 600°C leads to phase transition from 
disordered A1 phase to ordered L10 phase. The CNTs as a 
suitable substrate prevent the agglomeration of FePt 
nanoparticles during high thermal annealing (higher than 
600°C). The reaction between nanoparticles and the CNTs 
surfaces results in finite size nanoparticles with an average 
size of about 3.5 nm and 5.6 nm for annealing in 600°C and 
700°C, respectively and their magnetic coercivity reaches to 
5.1 KOe at 700°C.  
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