
Investigation of nanosized carbon materials containing Fe, Co ions
by studying its optical and geometrical properties

INTRODUCTION

The synthesis and characterization of nanoparticles
have attracted increasing attention in recent years be-
cause particles with sizes in the range of few nanom-
eters behave differently than larger, nonnanoscale par-
ticles. According to specialized literature[1], the two main
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reasons for this change in behavior are an increase in
the surface area/mass ratio and the dominance of quan-
tum size effect as particle size decreases. Such increase
in the surface area/mass ratio will result in a correspond-
ing increase in chemical reactivity. On the other hand,
as the size of particles is reduced (<10  nm), quantum
effects can significantly change optical, magnetic, or
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ABSTRACT

Carbon materials containing iron, cobalt ions have been prepared by a
novel process based on the reaction of aluminum and dicholoroethane in
liquid paraffin, modified with the chlorides of Fe (III), and Co (II), and the
obtained xerogel designated as Fe/CTC-110 and Co/CTC-110. The resulting
materials were deposited by micro plasma chemical vapor deposition
(MPCVD) method at 800 °C in inert mixed atmosphere (C

2
H

2
 and He). The

obtained materials from this method were characterized by means of
different techniques, such as X-ray fluorescence microscopy (XRFM), X-
ray diffraction (XRD), UV-vis spectroscopic studies and Dynamic light
scattering analyses (DLS) for particle size determination and size
distribution of the targeted samples. The cobalt and iron � carbon

nanoparticles have been discussed, and the stability of the formed
nanoparticles of these samples have been studied at different temperatures
at the range from 18 to 70 °C. UV�visible spectroscopy has been carried

out for determination of optical band and the nanoparticles size of the
samples. Powder X-ray analysis (XRD) revealed the amorphous structure
of these systems before deposition and crystallinity after deposition. X-
ray fluorescence microscopy (XRFM) studies revealed the homogeneous
distribution of elements over the depth. Overall, the results of size of iron,
cobalt- carbon nanoparticles have been compared through time-dependent
absorption behavior and UV studies. The morphology of the samples has
been studied by using scanning electron microscopy (SEM).
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electrical properties. It is known also that in hetero-
geneous catalysis on carbon- based catalysts, the
chemical and physical properties play an important
role. They can be modified by metal salts and new
catalytic activities can be generated. Amongst the het-
erogeneous catalysts, alumina matrices have been used
as interesting supports for diverse active phases[2-5].
Nanosized particles exhibit different, often enhanced,
magnetic, electronic, optical, and reactive properties
compared to corresponding bulk materials, making
them desirable for applications including catalysis,
adsorption, ferrofluids, electronic sensing, medical
applications, and drug delivery[6-12]. Specific applica-
tions for iron nanoparticles include Fischer�Tropsch

catalysts, oxygen reduction catalysts in fuel cells, en-
vironmental adsorbents for CO or arsenic, and cata-
lysts for CO oxidation or destruction of polychlori-
nated dibenzodioxins or dibenzofurans (PCDDs/
PCDFs)[7,12-17]. Nanoscale iron particles represent a
new generation of environmental remediation technolo-
gies that could provide cost-effective solutions to some
of the most challenging environmental cleanup prob-
lems. Nanoscale iron particles have large surface ar-
eas and high surface reactivity. Equally important, they
provide enormous flexibility for in situ applications.
Research has shown that nanoscale iron particles are
very effective for the transformation and detoxifica-
tion of a wide variety of common environmental con-
taminants, such as chlorinated organic solvents, orga-
nochlorine pesticides, and PCBs. Modified iron
nanoparticles, such as catalyzed and supported
nanoparticles have been synthesized to further enhance
the speed and efficiency of remediation[18]. Cobalt
nanoparticles used to enhance the permeability of an
insulator layer, it is essential to have the metallic mate-
rial as isolated particles. Otherwise the insulating prop-
erties of the dielectric are compromised. Furthermore,
utilizing nanoparticles with size between 20 and 100
nm prevents inducing circulating currents into the par-
ticles at frequencies of interest in communication ap-
plications[19]. This study suggest that after modifying
these carbon based materials with different metal chlo-
ride (iron and cobalt) leads to modification in physical
and chemical properties of the formed samples and
the different techniques which had been used confirmed
these results.

EXPERIMENTAL

Preparation

Synthesis of the nanosized carbon materials con-
taining Fe III ions and Co II ions as samples

The carbon materials containing Fe III ions and Co
II ions were modified with metal chloride of Fe (III) and
Co (II) [20] in laboratory conditions under atmospheric
pressure in a solvent in the mode of «in situ», at a cer-

tain ratio of initial components in a round bottom flask
(reflux system) at 80-90 °C for 22-25h. The obtained
gel was cooled and aged in the mother liquor at room
temperature for 24 h. After that, the solvent was re-
moved under vacuum, and a final drying was carried
out at 100-110 °C. The obtained dried xerogels (des-
ignated as Fe/CTC-110, Co/CTC-110).

Synthesis of the nanosized carbon materials con-
taining FeIII ions and CoII ions by MPCVD method

Carbon nanosized materials containing iron and
cobalt catalysts which synthesized as above were de-
posited in a MPCVD system (MPCVD75-3 CVD
nanocarbon generation equipment). Vacuum was sup-
plied by a combination of a turbo-molecular pump and
a rotary pump. Working gases (C

2
H

2
 and He) were

fed into the deposition chamber through mass flow con-
trollers. Pressure in the chamber was controlled by ad-
justing a valve between the deposition chamber and the
vacuum pump. The deposition conditions were adapted
after typical condition. The substrate temperature ranges
from 600 to 800 °C, and the working pressure is about
-0.095 MPa. The flow rates of C

2
H

2
 and He are about

20 and 100 ml/min, respectively. The samples were
deposited for 1.5 hour and have a thickness of a few
hundred of nanometers. The deposition rate is about
2�6 nm/min. The obtained deposited samples (desig-

nated as Fe/CTC-800, Co/CTC-800).

Synthesis of the samples for particle size measure-
ments

The particle size measurements were performed at
different temperatures of 18, 20, 25, 30, 40, 50, 60
and 70 °C, respectively. 20 °C was chosen because
this is a temperature commonly used for DLS analysis,
and the higher temperature was selected to be just be-
low the dried samples of Fe/CTC -110and Co/CTC.
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The samples were equilibrated in a water bath (from
18 to 70 °C) for at least 1 h before the measurements.
The solvent dicholoroethane (DCE) was also tempered
at the measurement temperatures and were filtered im-
mediately before dilution. After that, the diluted test
samples were pipetted in the cuvette and allowed a 3-
min temperature equilibration, after which the DLS
measurement was promptly started. The DLS method
correlates the fluctuations of the average intensity of
scattered light over time with the size of particles in sus-
pension. The main quantity measured is the translational
diffusion coefficient D, which can be used to determine
the apparent particle diameter d by using the Stokes-
Einstein equation:

d)t(3
Tk

D B


 (1)

where k
B
 is the Boltzmann constant (1.38 × 10 -23 m2

kg s-2 K-1), T is temperature (K), ç (t) is viscosity (Pa
s), and t = time (s).

Characterization techniques

X-ray fluorescence microscopy (XRF)

Elemental analysis of the samples were performed
by using X-ray microscope XGT-7000, Horiba with
accelerating voltage of X-ray tube 50kV, the diameter
of the incident X-ray beam was 100 microns, and the
measurement time was 200 sec. the samples were
crushed to powder and pressed. The Full Vacuum mode
was used which provides elemental analysis for light
elements such as aluminum, with the sample chamber
maintained at normal atmospheric pressure.

X-ray diffraction (XRD)

XRD patterns were obtained using TD-3500 dif-
fraction at room temperature. Diffraction patterns were
obtained with Ni-filtered Cu Ká radiation (ë = 0.15418
nm), monochromatic X-ray beam, and X-ray tube pa-
rameters with 35 kV and 25 µA.

UV-Vis-Spectroscopy

Stability of iron and cobalt catalysts supported on
Carbon nanostrucured were measured for particle size
by UV� VIS spectral analysis, performed on Helios

omega UV/VIS spectrophotometer.

Dynamic light scattering particle size (DLS)

The DLS analyses were carried out by the dynamic

light scattering particle size analyzer LB-550 Horiba.
The particle size measurements were conducted at a
fixed 90° angle and a wavelength of 635 nm. The

samples were measured at 25 °C which was chosen as
this temperature is commonly used for DLS analysis,
and 1, 2-dichloroethane was used as a dispersant sol-
vent. To maximize the accuracy of the measurement,
the samples were diluted before the DLS analysis by
using the solvent mentioned above.

Scanning electron microscopy (SEM)

In order to observe any changes in surface mor-
phologies of the samples, the specimens were analyzed
by using scanning electron microscope (JEOL, model
5300).

RESULTS AND DISSCUSSION

DLS analysis

From DLS results (TABLE 1), it is obvious that the
temperature had a significant effect on the measured
effective diameter of the samples of Fe/CTC -110 and
Co/CTC-110. The particle size and poly dispersity of
Fe/CTC -110 samples at first from temperature of 18
to 25 °C increased, after that decreased as tempera-
ture increased. The effective diameter of Fe/CTC -110
diluted with DCE was about 90% with diameter 46.2
nm at 18 °C, 146.6 nm at 20°C, 143.6 nm at 30°C, and
57.2 at 70°C. This trend was justified by the increased
strength of hydrophobic bonds with increasing tempera-
ture. and for the sample Co/CTC -110was about 90%
with diameter 78.9 nm at 18 °C, 77.5 nm at 20 °C,
79.9 nm at 30 °C, and 95.3 at 70 °C, it was found that
the diameter decreased at 20 °C, but it did increase at
70°C, possibly because of precipitation of amorphous
Co/CTC -110at that temperature. Figure 1 shows the
different particle size distributions Fe /CTC and the Co/
CTC -110 depending on the composition at different
temperature measurements. The results from DLS in-
dicated that the scattering angle had some effect on the
hydrodynamic diameter of the samples of the samples
of iron and cobalt. This is due to the fact that the larger
particles within a polydispersed sample scatter prefer-
entially in the forward direction, and hence become more
represented when the scattering angle is decreased[21].
The effective diameter was virtually constant through-
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out the measurement, indicating that the nanoparticles
of these systems maintained their structure and size over
the duration of the experiment (Figures 2, 3). For the
Co/CTC -110samples a slight decreasing trend was
observed at 40 °C, but it did increase slightly over time
after this temperature, and for Fe/CTC -110 samples it
was observed that there is a sharp decrease in the di-
ameter of iron nanoparticles at 40 °C as mentioned
above. Figure 4 shows the nanoscale particles can com-
prise iron aluminum carbide particles at 800 °C having
an average particle size of from about 35 to 139 nm in

comparison with Fe/CTC at 110 °C having an average
particle size of from about 50.5 to 194.5 nm. Alterna-
tively, the nanoscale particles can comprise cobalt alu-
minum carbide particles having an average particle size
of from about 30 to 144 nm in comparison with Co/
CTC at 110 °C having an average particle size of from
about 42.7 to 166.7 nm. From these results it was ob-
served that there is a dramatic decrease in the particle
size with increase in the temperature due to the lost of
solvent and chloride salts and also the particle size is
stable at time intervals.

Figure 2 : Dynamics of the effective diameter of Fe/CTC-110
measured

Figure 1 : Particle size distribution of precursor samples at 110 °C (a) Fe/CTC-18 (b) Fe/CTC-20 (c) Fe/CTC-70 (d) Co/
CTC-18 (e) Co/CTC-20 (f) Co/CTC-70

Figure 3 : Dynamics of the effective diameter of Co/CTC-110
measured
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UV analysis

UV�vis absorption spectra of Fe/CTC -110and Co/

CTC-110 were recorded as shown in Figure 4. Both
the curves exhibit well-defined, and give absorption at
364 nm for Fe/CTC -110and at 367 nm for Co/CTC,

which is considerably red shifted as compared to Fe/
CTC, this shift can be interpreted in terms of a growing
process of the Co/CTC -110 nanoparticles and showed
also another two bands at 660 and 690 nm. This means
that during growth process the particle sizes of some
particles of Co/CTC -110 complex increases produc-
ing more number of particles that absorb in 600�700

nm region. Stability at different time intervals of Carbon
nanosized containing iron and cobalt catalysts Fe/CTC-
800 and Co/CTC-800 revealed that these samples, Fe/
CTC and Co/CTC remained constant after 2 days, as
shown in Figures 5, 6. UV spectrum also confirmed
that by deposition of Fe/CTC and Co/CTC at 800 °C
in He atmosphere, the characteristic peaks of each
sample were shifted to lower wave length at 362 nm
for Fe/CTC -800, and at 350 nm for Co/CTC- 800
this can be attributed to the generation of the novel
phases of iron and cobalt aluminum carbides as con-
firmed by XRD results.

XRFM analysis

(XRFM) characterizations revealed that, after heat
treatment of these samples at 110 °C, it had been shown
(TABLE 2) that the distribution and mass thickness of
aluminum, chloride, iron and cobalt elements, respec-
tively, on the surface and over the depth at different
positions is rather homogenous throughout the organ-

Figure 4 : DLS spectra of samples at 800 °C in He (a) Fe/CTC
(b) Co/CTC

TABLE 1 : The particle size distributions, average particle size values, and distribution coefficient of the dried samples at
110 °C under the effect of temperature

Samples name Diameter on 10% Diameter on 50% Diameter on 90% Diffusion coefficient (m2/s) 

Fe/CTC 18 °C 12.0 28.3 46.2 1.5150 x 10 -7 

Fe/CTC 20 °C 36.8 89.4 146.6 4.8236 x 10 -8 

Fe/CTC 25 °C 37.5 91.3 148.9 4.7920 x 10 -8 

Fe/CTC 30 °C 36.5 87.8 143.6 5.0514 x 10 -8 

Fe/CTC 40 °C 13.9 32.8 53.1 1.3879 x 10 -7 

Fe/CTC 50 °C 14.2 34.1 55.3 1.3782 x 10 -7 

Fe/CTC 60 °C 14.3 34.5 55.8 1.4230 x 10 -7 

Fe/CTC 70 °C 15.8 35.8 57.2 1.3921 x 10 -7 

Co/CTC 18 °C 21.6 49.7 78.9 8.7405 x 10 -8 

Co /CTC 20 °C 21.7 49.2 77.5 8.8254 x 10 -8 

Co /CTC 25 °C 21.4 48.5 76.3 9.0870 x 10 -8 

Co /CTC 30 °C 22.0 50.6 79.9 8.8116 x 10 -8 

Co /CTC 40 °C 21.8 48.8 76.4 9.3376 x 10 -8 

Co /CTC 50 °C 23.9 52.6 83.0 8.8983 x 10 -8 

Co /CTC 60 °C 25.0 57.4 90.5 8.4538 x 10 -8 

Co /CTC 70 °C 27.8 60.8 95.3 8.1748 x 10 -8 
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ism. Figure 8 showed the optical image of Fe/CTC and
Co/CTC -110samples at the light and dark points. For
samples after thermal treatments at 800 C in inert at-
mosphere (He) for one hour as shown in TABLE 3, for
the complex CTC modified with iron and cobalt chlo-
ride the iron aluminide, Fe

3
AlC

x
 and cobalt aluminide,

Co
3
AlC

x 
were formed (Figure 9). The data in TABLE

2 showed that, the elemental percentage of carbon for
the Fe/CTC and Co/CTC complexes deposited at 800
°C in MPCVD is higher than that obtained for samples
treated at 110 °C as prepared (TABLE 2); this means
the formation of Carbon nanostructured containing iron
and cobalt nanoparticles at this temperature of higher
stability. These results were confirmed by XRD which
will be discussed later.

Figure 5 : UV absorbance of as prepared of (a) Fe/CTC and
(b) Co/CTC-110 measured at 50 °C

Figure 6 : Stability of Fe/CTC-800 in He at time intervals

Figure 7 : Stability of Co/CTC-800 in He at time intervals

Figure 8 : EDRF analysis and optical image of initial (a) Fe/
CTC-110 (b) Co/CTC-110 at (1) light and (2) dark points

Figure 9 :  EDRF analysis and optical image of (a) Fe/CTC (b)
Co/CTC complexes treated at 800 °C in He
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RD analysis

XRD patterns for the samples Fe/CTC -110and
Co/CTC -110 obtained with heat treatment at 110 °C
are shown in Figure 10. The patterns showed that we
have an amorphous structure for our systems. Figures
11, 12 shows the patterns of nanosized-carbon materi-
als containing Fe, Co ions (Fe/CTC-800 He and Co/
CTC-800 He) prepared by the chemical vapor depo-
sition process (MPCVD) in He treated at 800 °C. The
patterns for Fe/CTC-800 He show peaks at 2è =
33.7°, 41.5°, 49.5°, 70.7°, 85.4° of crystalline cubic

aluminum iron carbide AlFe
3
C

0.5 
phase (file no. 29-0044)

corresponds to (110), (111),(102), (220) and (311)
planes respectively, as well as at 37.5°, 41.7°, 66.9°

and 83.4° of monoclinic iron carbide Fe
2
C phase (file

no. 17-0897) corresponds to (010), (002), (-126) and
(200) planes, further more existence of hexagonal iron
Fe as traces (file no. 50-1275) at 49.5 ° corresponds

to (102) plane. The patterns for Co/CTC-800 He show
peaks at 2è = 34.3°, 42.3°, 55.6°, 72.3° of crystalline

cubic aluminum cobalt carbide AlCo
3
C

0.5 
phase (file no.

29-0023) corresponds to (110), (111),(210), and (220)
planes respectively.

SEM analysis

The SEM images of the Fe/CTC and Co/CTC
samples at 800 °C in inert atmosphere (He gas) showed
as illustrated in Figure 13a that the particle size of some

grains has ranged from 50 to 100 nm and revealed struc-
tural differences, which are probably due to the pres-
ence carbon nanoparticles. This synthesized systems
comprised large grains, which were embedded in a mix-
ture consisting of small grains as referred in image (Fig-
ure 13 a). However, the size of these grains grew larger
by agglomeration at this higher temperature. Figure 13b
shows the surface plot of a selected area of a SEM
image acquired from Fe/CTC at 800 °C in inert He
gas. As can be seen the Fe/CTC-800 He sample de-
posits which appeared heterogeneous in terms of par-
ticle size and shape and represented smooth surface
over long length scales. However, the more phases for
Fe/CTC at 800 °C in inert gas He prevent them from
diffusion into bulk and consequently increase its sur-
face plot.

TABLE 2 : The content of elements (wt. %) in samples treated at 110 °C for 6 hours and their distribution over the depth

Elements (wt. %) The distribution of elements over the depth 
Samples name 

Al Cl *C Fe Co Al Cl Fe Co 

light points 

Fe/CTC-110 19.7 31.7 21 27.6 - 0.045 0.178 0.255 - 

Co/CTC-110 15 45.4 18.4 - 21.2 0.031 0.214 - 0.305 

dark points 

Fe/CTC-110 17.3 33.5 21 28.1  0.048 0.236 0.316 - 

Co/CTC-110 14.9 45.6 18.4 - 21.1 0.030 0.217 - 0.303 

 *C content was determined by the balance of the treatment of the samples at 110 °C.

TABLE 3 : The content of elements (wt. %) in samples deposited in MPCVD at 800 °C for 1 hour in inert atmosphere (He)

and their distribution over the depth

Elements (wt. %) The distribution of elements over the depth 
Samples name 

Al *C Fe Co 
Volatile 

% 
Ash 
% Al Fe Co 

Fe/CTC-800 12.4 30.2 57.4 - 50.7 49.4 0.007 0.218 - 

Co/CTC-800 19.9 34.7 - 45.4 54.9 45.1 0.006 - 0.096 

* C content was determined by the balance of the treatment of the samples at 800 °C.

Figure 10 : XRD patterns of precursor samples at 110 °C (a)

Fe/CTC (b) Co/CTC
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COCLUSIONS

In summary, the nanosized carbon materials con-
taining iron and cobalt nano- particles were success-
fully synthesized by a modified carbon materials ap-
proach and deposited by MPCVD technique. XRFM

characterization showed that our system of high homo-
geneous elemental distribution on the surface and over-
all the sub layer surface. The as-resulting particles ex-
hibit by XRD analysis amorphous structure of these
complexes and crystals of iron and cobalt aluminum
carbides have been successfully synthesized. The com-
parison of the DLS results of both complexes Fe and
Co carbon materials showed that the particle size of
cobalt increased than the particle size of iron sample at
70 °C over the time of the experiment. Interestingly, for
the UV results depict in the case of Co/CTC, showed
that there is a red shift as compared to Fe/CTC -110
which are in a good agreement with the DLS studies. It
can be more specifically from the SEM results that,
higher calcinations temperatures resulted in crystallite
growth and agglomeration for samples treated in air,
however for the samples treated in inert atmosphere
(He) confirmed the presence of carbon nanoparticles.
It can be concluded that at high temperatures the rate
of carbon nucleation was too fast compared to that of
precipitation resulting to a rapid encapsulation of the
catalyst particles with a concomitant formation of car-
bon nanoparticles.
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