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a  b  s  t  r  a  c  t

Carbon  coated  Fe,  Co and  Ni  nanoparticles  (Fe@C,  Co@C  and  Ni@C)  have  been  fabricated  by  an  efficient
solid-state  route  using  melamine  as carbon  source.  The  structure  and  morphology  of  Fe@C,  Co@C  and
Ni@C nanoparticles  were  characterized  by  X-ray  diffraction  (XRD)  and transmission  electron  microscopy
(TEM).  It is  shown  that  the  structure  and  morphology  of  Fe@C  are  different  from  those  of  Co@C  and  Ni@C.
The  crystallinity  of  carbon  in Fe@C,  Co@C  and  Ni@C  nanoparticles  was  examined  by  Raman  spectroscopy.
eywords:
e@C
o@C
i@C
agnetic properties

The  results  indicate  that  the  graphitization  degree  of  carbon  decreases  in  the  order  Fe@C  >  Co@C  > Ni@C.
Additionally,  the  reactions  involved  in  the  syntheses  are  speculated.  The  magnetic  properties  of  Fe@C,
Co@C  and  Ni@C  nanoparticles  were  tested  by  VSM  at room  temperature.  The  variations  of  magnetic
properties  of  Co@C  and  Ni@C  with  the  increase  of  reactive  temperatures  are  discussed  respectively.

© 2011 Elsevier B.V. All rights reserved.

anoparticles

. Introduction

Ferromagnetic nanoparticles have unique electric, optical and
agnetic [1,2] properties that make them of potential use in

arious applications such as photocopying [3],  medical imaging
4],  magnetic drug targeting and magnetic hyperthermia [5,6].
nfortunately, bare nanoparticles of ferromagnetic metals of iron
roup (Fe, Co, and Ni) are prone to rapid environmental degra-
ation because of their high surface area to volume ratio and
igh reactivity. This drawback restricts their practical applications
nd even makes investigations of their nanocrystalline proper-
ies difficult [7–10]. One way to protect metal nanoparticles is to
ncapsulate the particles with a chemically stable species, such
s graphite. Carbon is one of the best solutions for encapsula-
ion as it is light, cheap and highly stable under extreme chemical
nd physical environments. The carbon coatings immunize the
anoparticles against environmental degradation and therefore
etain their intrinsic nanocrystalline properties. Furthermore, car-
on coatings can endow these nanoparticles with biocompatibility
nd a clear potential for further functionalization [11]. It is enor-
ously significant for prospective biomedical applications [12].
Carbon-encapsulated magnetic nanoparticles (CEMNPs) have

ttracted great interest on account of their important applications

n magnetic data storage, ferrofluids, biosensor, drug delivery and

agnetic contract reagents [13–16].  Among the many types of
EMNPs with different core materials, those with iron group metals

∗ Corresponding author.
E-mail address: huayang86@sina.com (H. Yang).

925-8388/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jallcom.2011.10.018
are in the center of interest, not only because these metals exhibit
ferromagnetism at room temperature, but also because they have
a unique catalyzing ability to transform amorphous carbon into
graphite [17,18]. The synthesis routes of CEMNPs involve various
methods, such as arc discharge [13], microwave heating [19], ther-
mal  plasma [20], explosion [21], chemical vapor condensation [22],
and hydrothermal reaction [23]. Most of these methods, however,
involve high energy consumption and require sophisticated appa-
ratus, which typically leads to complicated operation and high costs
in terms of practical applications.

In this work, we  report a simple and economic method of syn-
thesizing CEMNPs based on the pyrolysis of an organic compound
melamine. The Melamine is an important raw material such as
in the syntheses of flame-retardant thermoplastic polyester and
of fireproof materials [24]. It has been reported that melamine
can be used both as nitridation reagent [25] and carburization
reagent [26]. The melamine is as carbon source for fabricating
carbon-encapsulated Fe, Co and Ni nanoparticles respectively. The
hydrothermally prepared nanocrystalline Fe/Fe3O4, Co3O4 and NiO,
respectively, are used as corresponding metal precursor. The struc-
ture, morphology and graphitization degree of the nanocomposites
are investigated. The effects of reactive temperature on the mag-
netic properties of carbon-encapsulated Co and Ni nanoparticles
are discussed respectively.

2. Experimental
2.1. Preparation of metal precursors

All chemicals used are of analytical grade from commercial sources. The
Fe/Fe3O4 nanocomposites were prepared by the hydrothermal method. Typi-
cally, 15 mmol  ferrous chloride (FeCl2·4H2O) was dissolved in 40 mL KOH aqueous

dx.doi.org/10.1016/j.jallcom.2011.10.018
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:huayang86@sina.com
dx.doi.org/10.1016/j.jallcom.2011.10.018
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Fig. 1. Schematic of synthesis process.

olution (1 mol/L) under flowing nitrogen with magnetic stirring for 30 min. Then
he reaction mixture was  transferred into a Teflon-lined stainless steel autoclave
ith capacity of 50 mL,  which was subsequently sealed and maintained at 180 ◦C

or  18 h. After the autoclave was naturally cooled to room temperature, the result-
ng powder was  centrifuged, washed with distilled water and ethanol for four times.
he  precipitate was  dried in a vacuum oven at 60 ◦C for 6 h.

The Co3O4 and NiO nanoparticles were prepared by the hydrothermal method
sing CoCl2·6H2O and NiCl2·6H2O respectively, then were annealed at 400 ◦C for 2 h

n  air.

.2. Synthesis of carbon-encapsulated Fe, Co, and Ni nanoparticles

The carbon-encapsulated Fe, Co and Ni nanoparticles were synthesized by solid-
tate reaction at atmospheric pressure. The metal precursor (MP) of Fe/Fe3O4, Co3O4

nd NiO were mixed with the melamine at various molar ratios, then grounded with
n  agate mortar and pestle for 20 min  to reduce agglomerations, crush large parti-
les and increase contact between the carbon source and MP powder. In a typical
ynthesis, the ground powder with a predetermined molar ratio of melamine to MP
as  put in an alumina boat and then the boat was loaded into a quartz glass tube.

he  tube was  placed into a horizontal electric tube furnace with the boat at the
enter of furnace. A thermocouple was inserted into the tube and kept very near to
he boat to measure its exact temperature. Ultra pure nitrogen (purity; >99.999%)
ow was introduced into the tube and after purging air for 10 min, the furnace was
eated at a rate of 15 ◦C/min to required temperature and kept for a certain period of
ime. Finally the furnace power switch was turned off and the product was allowed
o  cool to room temperature while maintaining the flow of nitrogen. The nanocom-
osites were collected from the tube and once again ground up into a fine powder.
he schematic of synthesis process is shown in Fig. 1.

.3. Sample characterization

The X-ray powder diffraction (XRD) patterns were collected on a Shimadzu
iffractometer with Cu K� radiation (� = 0.15405 nm). The transmission elec-
ron microscopy (TEM) and high-resolution transmission electron microscopy
HRTEM) images were obtained on a field-emission transmission electron micro-
cope (TECNAI G2, 200 kV). The Raman spectra were recorded on a confocal Raman
pectrometer (Renishaw-1000, UK) with 514 nm argon ion laser as excitation source.
he  room temperature magnetic hysteresis (M–H) loops were measured using a
ibrating sample magnetometry (VSM) system (JDAM-2000D) with a maximum
agnetic field of 10,000 Oe.

. Results and discussion

.1. Structure

Fig. 2A displays the XRD pattern of nanocrystalline Fe/Fe3O4
omposite. It can be clearly seen that all the diffraction peaks,
xcept the one at around 2� = 44.7◦, can be perfectly indexed to face
entered cubic (fcc) phase Fe3O4 (JCPDS card no. 88-0866) with

 spinel structure and a space group of Fd3 m. The small peak at
round 2� = 44.7◦ can be assigned to body centered cubic (bcc) of
e (JCPDS card no. 87-0722), indicating that there are Fe and Fe3O4
n the system.

Fig. 2B(a) shows the XRD pattern of as-prepared Co(OH)2
anoparticles by hydrothermal method at 180 ◦C for 18 h. All the
iffraction peaks can be indexed to hexagonal phase of ˇ-Co(OH)2

JCPDS card no. 30-0443). The XRD pattern of Co3O4 obtained by
nnealing Co(OH)2 nanoparticles at 400 ◦C for 2 h in air is shown in
ig. 2B(b). It can be seen that all the diffraction peaks in this pattern
an be well indexed to cubic phase of Co3O4 (JCPDS no. 74-1656).
mpounds 513 (2012) 193– 201

No other peaks of impurities are observed, indicating the complete
transformation of Co(OH)2 to Co3O4.

Fig. 2C(a) shows the XRD pattern of Ni(OH)2 nanoparticles by
hydrothermal method at 180 ◦C for 18 h. All the diffraction peaks
can be indexed to hexagonal phase of ˇ-Ni(OH)2 (JCPDS card no.
14-0117). Fig. 2C(b) shows the XRD pattern of NiO obtained by
annealing Ni(OH)2 nanoparticles at 400 ◦C for 2 h in air. In this
pattern, all the diffraction peaks match well with those of cubic
phase of NiO (JCPDS card no. 71-1179). No other peaks of impurities
are observed, indicating the complete transformation of Ni(OH)2 to
NiO.

The XRD patterns of Fe@C nanoparticles obtained at different
reaction temperatures with molar ratio 4:1 of melamine and com-
posite are shown in Fig. 3A. There are bcc-Fe and Fe3C in Fig. 3A(a).
There are Fe and a trace amount of Fe3C in Fig. 3A(b). There are only
bcc-Fe (JCPDS card no. 87-0722) in Fig. 3A(c), whose characteristic
peaks are located at 2� = 44.7 and 65.1◦.

The XRD patterns of carbon-encapsulated Co nanoparticles
obtained at different reaction temperatures with molar ratio 4:1 of
melamine and Co3O4 are shown in Fig. 3B. All three XRD patterns at
2� value of 44.4◦, 51.6◦ and 76.0◦are belong to the (1 1 1), (2 0 0) and
(2 2 0) of face centered cubic Co (JCPDS card no. 89-4307). The XRD
pattern of sample obtained at 650 ◦C exhibits two additional minor
peaks at 2� = 42.0◦ and 47.8◦ which are probably attributable to
some unknown byproducts in Fig. 3B(a). The XRD patterns shown in
Fig. 3B(a–c) are similar and both reveal a very weak and broad peak
at around 2� = 26.4◦ corresponding to the (0 0 2) diffraction plane
of graphite. The XRD peak intensities of fcc-Co are increased with
increasing temperature, which indicates the sample crystalline has
been improved by increasing temperature.

The XRD patterns of carbon-encapsulated Ni nanoparticles
obtained at different reaction temperatures with molar ratio 2:1
of melamine and NiO are shown in Fig. 3C. All three XRD patterns
at 2� value of 44.5◦, 51.9◦ and 76.4◦ are corresponding to the (1 1 1),
(2 0 0) and (2 2 0) of face centered cubic (fcc) Ni (JCPDS card no. 70-
0989) in Fig. 3C. The XRD peak at around 2� = 26.4◦ is corresponding
to the (0 0 2) diffraction plane of graphite. The XRD peak intensity
of fcc-Ni is decreased with increasing temperature, which is just
opposite to the variation of that of fcc-Co. The XRD peak intensity
of graphite is increased with increasing temperature.

3.2. Morphologies

Fig. 4(a) shows a typical low-magnification TEM image of
carbon-encapsulated Fe nanoparticles obtained at 750 ◦C. It can be
seen that the sample is composed of nanoparticles and nanosheets
(indicated by the arrow). The nanoparticles are dispersed in the
graphite nanosheets. A typical high-magnification TEM image of
the sample shown in Fig. 4(b) reveals the particle size is in the range
of 100–200 nm.

The TEM images of Co@C nanoparticles obtained at 750 ◦C are
shown in Fig. 5. As can be seen in Fig. 5(a–c), the sample con-
sists of carbon-encapsulated nanoparticles and carbon nanotubes
(indicated by white arrows). Several nanoparticles trapped at the
tips of carbon nanotubes can be observed in Fig. 5(b) (marked
by white circles). Most of the nanoparticles are in the size range
of 100–200 nm (Fig. 5(c)). A typical high-magnification image of
the square region marked in Fig. 5(c) is shown in Fig. 5(d). It
clearly reveals the core–shell structure of the carbon-encapsulated
nanoparticle. Fig. 5(e) shows the HRTEM image of the square region
in Fig. 5(d). The encapsulation is composed of a nanolayered mate-

rial with interlayer distance of 0.34 nm [27] typical for the graphite
(0 0 2) planes. The inter-lattice distance of the core is calculated
to be 0.21 nm [28], which is consistent with that of fcc-Co (1 1 1)
planes.
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Fig. 2. XRD patterns of Fe/Fe3O4 (A); Co(OH)2 (B) and Ni(OH)2 (C) nan

The TEM images of Ni@C nanoparticles obtained at 750 ◦C are
hown in Fig. 6. It can be seen from Fig. 6(a) that the nanoparticles
re spherical with sizes in the range of 30–60 nm. Fig. 6(b) displays
ell-defined core–shell structure of nanoparticles with shell thick-
ess of about 20 nm.  Fig. 6(c) shows a low-magnification image of
he sample. A high-magnification image of a single nanoparticle in
ig. 6(c) is shown in Fig. 6(d). The HRTEM image of the square region
n Fig. 6(d) is presented in Fig. 6(e). The interlayer distance of the
ncapsulation is 0.34 nm corresponding to graphite (0 0 2) planes.
he inter-lattice distance of the core is 0.20 nm [29], which is in
ood agreement with that of fcc-Ni (1 1 1) planes.

.3. Graphitization degree

Further information concerning the crystalline of the carbon
hase was obtained from Raman spectroscopy. The Raman spec-
ra of Fe@C nanoparticles obtained at 750 ◦C is shown in Fig. 7A.
wo characteristic bands appear on the spectra: D and G located at
a. 1350 cm−1 and 1575 cm−1, respectively. The disorder-induced

 band is a consequence of carbon atom vibration (A1g mode) of
efective graphite lattice, disordered carbon particles or amor-
hous carbon [30]. The G band, characteristic of graphite, is
ttributed to the stretch vibration (E2g mode) of sp2-hybridized
arbon atoms in the graphite layer [31,32]. The width of G band
s proportional to the extent of disorder in the graphite [33]. The

ntensity of D band is disproportional to the average size of graphite
articles [34]. Thus, the intensity ratio of G band to D band is

 convenient indicator of the overall graphitization degree [35].
t can be seen from Fig. 7A that the G band is strong and sharp
icles prepared at 180 ◦C for 18 h (a) and annealed at 400 ◦C for 2 h (b).

while the D band is weak and broad, which illustrates that the
graphite in the sample is highly ordered and the average size of
graphite-encapsulated nanoparticles is relatively large. According
to the spectra, the G/D ratio is calculated to be 3.27 which reflects
the high graphitization degree of the sample.

Fig. 7B shows the Raman spectra of Co@C nanoparticles obtained
at 750 ◦C. D and G bands located at ca. 1350 cm−1 and 1575 cm−1,
respectively, can also be observed in the spectra. The two  bands are
broader than those in Fig. 7A and the G/D ratio is 1.34 lower than
that for Fe counterparts, which indicates a relatively low graphi-
tization degree of the sample and the presence of more defects
and impurities. This result is consistent with that derived by TEM
observations.

Fig. 7C shows the Raman spectra of Ni@C nanoparticles obtained
at 750 ◦C. The two  bands D and G at 1350 cm−1 and 1575 cm−1,
respectively, are broader than those in Fig. 7C. The calculated G/D
ratio1.23 is lower than their Fe and Co counterparts. These results
can be related to the findings obtained by TEM observations.

3.4. Chemical reactions involved

This route is considered to be modified solid-state metathe-
sis (SSM) [36–39] pathway. The starting materials, melamine and
metal precursors (Fe/Fe3O4, Co3O4 and NiO) are in the solid-
state before the reactions. The melamine can be transformed

into different intermediates and meanwhile release ammonia
at different temperatures [40]. Several important intermediates
such as melam ((C3N3)2(NH2)4(NH)), melem (C6N7(NH2)3), melon
((C6N7)3(NH2)3(NH)3) and graphitic carbon nitride materials
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Fig. 3. XRD patterns of Fe@C (A), Co@C (B) and Ni@C (C) nan

g-C3N4) can be formed with increasing temperature. Then, g-
3N4 can be decomposed into various carbon nitride species
uch as C3N3

+, C2N2
+, C3N2

+, and CN2
+ over 600 ◦C [41–44].

hese highly active species can firstly make metal oxide reduce
nto elemental metal. Finally, these metal atoms may  further

eact with carbon nitride species to form metal carbide or metal
itride.

It is assumed that the thermal stability of metal carbides (e.g.
e3C, Co3C and Ni3C) is better than their corresponding nitride

ig. 4. TEM images of Fe@C nanoparticles obtained at 750 ◦C: (a) a low-magnification im
anosheets.
icles prepared at (a) 650 ◦C, (b) 700 ◦C and (c) 750 ◦C for 3 h.

counterparts in the present temperature range 650–750 ◦C [45].
Thus metal carbides (e.g. Fe3C, Co3C and Ni3C) may be produced by
the chemical reaction between carbon, nitride species and elemen-
tal metals. In this study, when the reactive temperature is 650 ◦C, Fe
and Fe3C are formed from the chemical reaction between melamine

and Fe/Fe3O4. The product obtained at 700 ◦C consists of Fe and a
small quantity of Fe3C, which can be ascribed to the decomposition
of Fe3C [46]. All of Fe3C are decomposed to Fe and carbon to over
750 ◦C.

age and (b) a high-magnification image. The white arrows indicate the graphite
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igh-magnification image of the square region marked in (c); (e) HRTEM image of
he square region in (d).

The overall reactive processes can be speculated as follows:

3N3(NH2)3
−NH3−→ (C3N3)2(NH2)4(NH)

−NH3−→ C7N7(NH2)3

6N7(NH2)3
−NH3−→ (C6N7)3(NH2)3(NH)3

−NH3−→ g-C3N4

C3N4 + 3Fe3O4 → 9Fe + 8N2 + 12CO

3N4 + 9Fe → 3Fe3C + 2N2

e3C → 3Fe + C
For the reactions between the melamine and metal oxide (Co3O4
r NiO), there are no carbide (Co3C or Ni3C) at 650–750 ◦C. It is
eported that the stability of carbides is decreased in the order
e3C > Co3C > Ni3C [47]. The decomposition temperatures of Co3C
Fig. 6. TEM images of Ni@C nanoparticles obtained at 750 ◦C: (a–c) low-
magnification images; (d) a high-magnification image of the square region marked
in  (c); (e) HRTEM image of the square region in (d).

and Ni3C are around 500 ◦C [48] and 400 ◦C [49], respectively, which
are both lower than 650 ◦C.

The formation reactions of elemental metals Co and Ni are:

4C3N4 + 3Co3O4 → 9Co + 8N2 + 12CO

C3N4 + 3NiO → 3Ni + 2N2 + 3CO

3.5. Magnetic properties
The magnetic properties of the nanoparticles are investigated
by VSM at room temperature. Fig. 8A presents the magnetization
curve of Fe@C nanoparticles obtained at 750 ◦C, which is denoted as
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e@C-750. It is shown that the Fe@C nanoparticles have
erromagnetic behaviors. Its special saturation magnetization

S is 198 emu/g, which is slightly smaller than the value
12 emu/g of bulk Fe [50]. Its coercivity is as small as about
6 Oe.

Fig. 8B shows the magnetization curves of Co@C nanoparti-
les obtained at different temperatures, which are denoted as
o@C-650, Co@C-700 and Co@C-750. These materials all exhibit
erromagnetic behavior at room temperature. They all exhibit
arger hysteresis loops than that of Fe counterparts. Their special
aturation magnetization MS and coercivity HC are listed in Table 1.
t is found that the MS and HC vary with increasing temperature
n the opposite direction. Among the three samples, Co@C-650 has
he highest MS 132 emu/g, which is slightly smaller than the value

62 emu/g of bulk Co [51]. Co@C-700 has the lowest magnetiza-
ion and highest coercivity. Co@C-750 has a higher magnetization
25 emu/g, which is smaller than that of Co@C-650. The varia-
ions of magnetic properties can be attributed to the changes of

able 1
agnetic properties of Co@C and Ni@C nanoparticles at different temperatures.

Sample Temperature (◦C) MS (emu/g) HC (Oe)

Co@C-650
650

132 187
Ni@C-650 48.5 180
Co@C-700

700
118 234

Ni@C-700 36.4 205
Co@C-750

750
125 226

Ni@C-750 33.8 206
 and Ni@C (C) nanoparticles at 750 ◦C.

crystallinity of Co@C. For Co@C nanoparticles with relatively large
sizes (100–200 nm), the crystallinity of both the Co as the cores
and carbon as the shells are increased with increasing temperature
(see above Fig. 3B). It is assumed that the magnetic properties of
core-shell nanostructures are depend mainly on the non-magnetic
carbon shells below the temperature of 700 ◦C. Therefore, the
increase of crystallinity of carbon as shells is caused a deteriora-
tion of magnetic properties. When the graphitic carbon reaches a
certain degree of crystallization over 700 ◦C, the ferromagnetic Co
cores play a major role in the magnetic properties. The increase of
crystallinity of Co as cores is caused an improvement of magnetic
properties.

Fig. 8C shows the magnetization curves of Ni@C nanoparticles
obtained at different temperatures. The samples are denoted as
Ni@C-650, Ni@C-700 and Ni@C-750. They also exhibit distinct hys-
teresis loops and ferromagnetic behavior at room temperature in
Table 1. The Ni@C-650 nanoparticles has the highest magnetiza-
tion and lowest coercivity, which MS 48.5 emu/g is slightly smaller
than the value 55.4 emu/g of bulk Ni [52]. It is found that MS
is decreased with increasing temperature, while HC is increased.
For Ni@C nanoparticles with relatively small sizes (30–60 nm), the
crystallinity of carbon shells is increased with increasing tem-
perature (see above Fig. 3B). It is assumed that the changes of
crystallinity of carbon shells in the temperature range 650–750 ◦C

make the main contribution to the variations of magnetic prop-
erties of Ni@C nanoparticles. Thus the increase of crystallinity of
non-magnetic carbon shells is caused a deterioration of magnetic
properties.
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Fig. 8. Magnetization curves of Fe@C (A) nanoparticles at 750 ◦C, Co@C (B) and Ni@C (C) nanoparticles at (a) 650 ◦C, (b) 700 and (c) 750 ◦C.
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ig. 9. Digital photographs of aqueous dispersions of M@C-750 (M = Fe, Co, Ni) nan
 magnetic field applied on one side.

Fig. 9 shows the digital photographs of aqueous dispersions of
e@C-750 (Me  = Fe, Co, Ni) nanoparticles. Fig. 9(a) represents the

hotograph of the three dispersions after ultrasonication without
pplied magnetic field. It can be seen that the dispersions reflect
ifferent degrees of darkness. The degree of darkness of Fe@C-750
ispersion is lowest, while that of Ni@C-750 dispersion is highest.
his phenomenon is mainly attributed to different average particle
izes of three samples. Fig. 9(b)–(d) displays the photographs of the
hree dispersions under applied magnetic field. The three samples
re almost completely attracted to the side of the magnet after dif-
erent times. Fe@C-750 is shown to fastest response to the applied

agnetic field, while Ni@C-750 is shown to lowest response. This is
 consequence of differences in magnetic properties of the samples.

. Conclusions

We have developed a new approach to solid-state synthesis of
arbon-encapsulated magnetic nanoparticles using melamine as
arbon source. Fe@C, Co@C and Ni@C nanoparticles were synthe-
ized throng the reactions of the melamine with nanocrystalline
e/Fe3O4, Co3O4 and NiO, respectively. Fe@C is synthesized at
50 ◦C, while Co@C and Ni@C were synthesized in the range of
50–750 ◦C. Fe@C nanoparticles with diameters 100–200 nm are
ispersed in several graphite nanosheets. The Co@C-750 and Ni@C-
50 with diameter ranges 100–200 nm and 30–60 nm,  respectively,
re coated with graphite nanolayers. Furthermore, the crystallinity
f carbon in the three nanoparticles were examined by Raman spec-
roscopy. It is shown that carbons mostly are located in the form
f graphite and the graphitization degree of carbon is decreased
n the order Fe@C > Co@C > Ni@C. Magnetic measurements reveal
hat the synthesized materials all exhibit ferromagnetism at room

emperature. Fe@C-750 has a special saturation magnetization MS
198 emu/g) close to that of bulk Fe. Co@C-650 and Ni@C-650
ave maximum special saturation magnetizations MS of 132 emu/g
nd 48.5 emu/g, respectively, which are slightly smaller than the

[

[

cles under different conditions: (a) let stand for 10 s after ultrasonication; (b–d) in

ones of bulk materials. Considering the simplicity of the exper-
imental apparatus, the wide availability of melamine and good
reproducibility, the present approach has a potential for synthesis
of other carbon-encapsulated nanoparticles and nanomaterials.
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