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To control the packing density of carbon nanotubes (CNTs) and the number of graphene layers, carbon nanotube/graphene
composites are directly grown on cobalt (Co) catalysts-coated nickel foam by one-step ambient pressure chemical vapor deposition
(CVD) at different temperatures and times.The carbon nanotube/graphene composites grown by one-step CVD at 850∘C for 10min
possess the highest specific capacitance. Furthermore, a lower growing temperature leads to a higher packing density of CNTs and
a smaller number of layers of graphene. A shorter growing time also leads to a smaller number of layers of graphene.

1. Introduction

Electrochemical capacitors are charge-storage devices which
possess a higher power density and a longer cycle life than
batteries [1, 2]. Their applications include power sources
for hybrid vehicles, starting power for fuel cells, and burst-
power generation in electronic devices [3–7]. Electrochem-
ical capacitors are classified into two types, electric double
layer capacitors (EDLC) and pseudocapacitors according to
the energy-storage mechanisms.The capacitance of an EDLC
arises from the separation of charge at the interface between
the electrode and the electrolyte. However, pseudocapaci-
tance arises from redox reactions of electroactive materials
with several oxidation states [1, 8–12].

CNTs have nanometer size, hollow structure, low ratio of
micropores, high accessible surface area, low resistance, and
high stability [13]. Graphene has higher accessibly specific
surface area compared with CNTs as well as activated carbon
and higher conductivity compared with activated carbon as
well as CNTs [14–16]. These properties make them poten-
tially suitable for fabrication of electrodes in electrochemical
capacitors.

The densities of CNTs grown on Fe, Co, and Ni catalysts
are 4×109 1/cm2, 4×109 1/cm2, and 2×109 1/cm2, respectively,
due to the easy agglomeration of the small sized Ni particles
compared with Fe or Co particles [17]. Furthermore, Co
catalysts have shown the highest intensity ratio of the C-C
stretching mode to the disorder-induced mode of graphite
structure for carbon products at lower temperatures [18].
Therefore, in this study, CNTs were grown on Co (catalysts)
in order to minimize amorphous carbon formation and
achieve a higher density of CNTs, thus producing higher elec-
trochemical stability. The capacitive properties of graphene
films depended on the number of graphene layers, and
the graphene films with three layers possessed low charge-
transfer resistance as well as higher specific capacitance than
those of thicker graphene films due to the close attachment
of graphene films on the Ni substrate [19]. Too high carbon
supply rate leads to increasing defect density of graphene
and thicker graphene results from higher growth temper-
ature [20]. Bilayer graphene can be synthesized by CVD
on polycrystalline Ni films and the average defect density
decreases with the increasing growing time [21].Thickness of
graphene films can be controllably synthesized by chemical
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vapor deposition (CVD) on polycrystalline copper and the
number of layers of graphene increases with the increasing
growing time and temperature [22].

The layer spacing between the graphene nanosheets
controlled through interacting function nanocarbons such
as CNTs might be crucial for enhancement of the storage
capacity [23]. The CNTs can act as the spacer in fabricating
a three-dimensional hierarchical structure with graphene
sheets, thus enhancing its effective surface area and capaci-
tance performance [24]. The multiwalled carbon nanotubes
in the graphene/multiwalled carbon nanotube film can effi-
ciently increase the basal spacing and bridge the defects for
electron transfer between graphene sheets, thus increasing
electrolyte/electrode contact area and facilitating transporta-
tion of electrolyte ion as well as electron into the inner
region of electrode [25]. Three-dimensional CNTs/graphene
sandwich structures with CNTs pillars grown in between
the graphene layers were prepared by CVD and the unique
structure possessed the high-rate transportation of electrolyte
ions aswell as electrons throughout the electrodematrix since
the introduction of CNTs can provide diffusion path for elec-
trolyte ions on the surface of graphene and the interconnec-
tion of CNTs with graphene can form a conductive network
for the transport of electrons [26]. Carbon nanofibers were
grown by CVD on graphene sheets synthesized by amodified
Hummers method; the carbon nanofibers with many cavities
and open tips as well as edges of exposed graphene platelets
can be homogeneously distributed in between the graphene
sheets as spaces to separate the neighboring graphene and
be beneficial for fast ion/electron transfer as well as suffi-
cient contact between active materials as well as electrolyte
[27]. Vertically aligned CNTs were directly grown by CVD
(60 sccm C

2
H
2
, 120 sccm H

2
, and 200 sccmAr, 750∘C) on

graphene paper coated with Fe as well as Al
2
O
3
and a higher

as well as more stable discharge capacity compared with
graphene paper as well as CNTs was achieved [28]. Graphene
filmswere grownon copper foil by lowpressureCVD (20 torr,
1000∘C, and 100 sccm CH

4
, 200 sccm H

2
, and 200 sccmAr),

then functionalized with 1-pyrenebutyric acid by drop cast-
ing, and coated with multiwalled carbon nanotubes by
drop casting after functionalization [29]. Hybrid CNTs and
graphene nanostructures were directly grown by ambient
pressure chemical vapor deposition (CVD); methane was
introduced to form graphene on copper foils at 950∘C, then
Fe catalysts were deposited on graphene/copper foils by e-
beam evaporation, and ethylene was next introduced to
grow pillar CNTs on graphene/copper foil at 750∘C [30].
The CNTs-graphene hybrid materials were grown by simple
one-step ambient pressure CVD on copper foil spin-coated
with silicon nanoparticles using ethanol as precursor at
different temperatures and the density of CNTs can be
controlled by the CVD growth temperature [31]. The CNTs-
graphene hybrid materials were synthesized on an oxygen-
plasma treated copper film coated with Fe catalysts by e-
beam evaporation through a one-step CVD process using a
mixture of acetylene and hydrogen at 650 torr for 10 to 20min
[32]. Vertically grown multiwalled CNTs on a single-layer
graphene floor were synthesized by a one-step acetylene-
CVD process on copper foil (catalysts for graphene growth)
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Figure 1:The CV curve at a potential scan rate of 100mV/s in a 6M
KOH solution for carbon nanotube/graphene composites grown by
one-step CVD for 10min at 850∘C.
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Figure 2: The effects of carbon nanotube/graphene composites
grown by one-step CVD for 10min at different growing tempera-
tures (850, 900, and 950∘C) on specific capacitance.

coated with Fe (catalysts for multiwalled CNTs growth) by
e-beam evaporation [33]. To increase the accessibly specific
surface area and the stability as well as conductivity between
the carbonnanotube bundles aswell as the nickel foam, three-
dimensional few layer graphene/multiwalled carbon nan-
otube architectureswere fabricated on oxygen-plasma treated
nickel foam coated with Fe catalysts by e-beam evaporation
through a one-step ambient pressure CVD process using a
mixture of acetylene and hydrogen [34]. Therefore, in order
to control the packing density of CNTs and the number of
graphene layers, carbon nanotube/graphene composites were
fabricated on hydrogen-annealed nickel foam coated with
Co catalysts by radio frequency (RF) magnetron sputtering
through a one-step ambient pressure CVD process at differ-
ent temperatures and times in this research.

2. Materials and Methods

Nickel foam with three-dimensional conductive network
structure working as template for the growth of graphene
facilitated easy access of electrolyte ions to electrode surface
and hence increased the active material utilization of the
electrode and then the specific capacitance of the electrode
with the Ni foam current collector was higher than that
with the Ti mesh current collector [35, 36]. The nickel foam
(1 × 2 cm2) was degreased ultrasonically in acetone until any
surface grease was completely eliminated. Next, it was rinsed
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Figure 3: Raman spectra of carbon nanotube/graphene composites grown by one-step CVD for 10min at different growing temperatures
((a) 850∘C, (b) 900∘C, and (c) 950∘C).

with pure deionized water and then oven-dried in air (50∘C)
to constant weight.

Carbon nanotube/graphene composites were grown by
one-step ambient pressure CVD. First, the pretreated nickel
foam substrate was heated at 1000∘C in H

2
(100 sccm) and

Ar (250 sccm) for 10min to reduce the surface oxide layer.
Next, before carbon nanotube/graphene composites growth,
the Co catalyst particles were deposited on the pretreated and
annealed nickel foam substrate by RF magnetron sputtering
from a 3-inch disk Co target (purity: 99.9%, purchased from
SCM, INC) in a vacuumchamberwith a background pressure
of 7 × 10−6 torr. The distance between the target and the
substrate was 10 cm. The sputtering power, sputtering pres-
sure, sputtering time, and the volume flow rate of argon were
maintained at 50W, 5mtorr, 5min, and 25 sccm, respectively.
Finally, carbon nanotube/graphene composites were grown
on the annealed as well as Co-coated nickel foam using
thermal chemical vapor deposition (CVD)with a gasmixture
of C
2
H
2
(15 sccm) andH

2
(100 sccm) as well as Ar (400 sccm)

at different temperatures (850, 900, and 950∘C) as well as
times (10, 15, and 20min) and then by cooling to ambient
temperatures at a rate of 10∘Cmin−1 in Ar with the same
volume flow rate as carbon nanotube/graphene composites
grown.

Electrochemical measurements for the prepared carbon
nanotube/graphene composite electrodes were performed

using an electrochemical analyzer (CH Instruments CHI
608B, USA).The three-electrode cell consisted of Ag/AgCl as
the reference electrode, Pt as the counter electrode, and the
prepared carbon nanotube/graphene composite electrodes as
the working electrode. The electrolytes were degassed with
purified nitrogen gas before voltammetric measurements
and nitrogen was passed over the solution during all the
measurements. The solution temperature was maintained at
25∘C by means of circulating water thermostat (HAAKE
DC3 and K20, Germany). The cyclic voltammetry (CV) was
undertaken with a 6M aqueous electrolyte (KOH) since
the high KOH concentration led to high capacitance, low
internal resistance, and a narrowvoltagewindow for activated
carbon electrodes [37]. A CV scan rate of 100mV s−1 in
the range −1∼0V was used in all measurements except
where stated. Capacitance is normalized to 1 g of the carbon
nanotube/graphene composites except where stated:

𝐶 =
1

𝑚Δ𝑉𝑆
∫ 𝑖 𝑑𝑉, (1)

where 𝑚 is the mass of the carbon nanotube/graphene
composites, Δ𝑉 is the potential window, 𝑆 is the scan rate,
and ∫ 𝑖 𝑑𝑉 is the integrated area of the CV curve.

Chronopotentiometry (CP) was undertakenwith varying
currents (1, 3, and 5mA).
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Figure 4:The FESEM images of carbon nanotube/graphene composites grown by one-step CVD for 10min at different growing temperatures
((a) 850∘C, (b) 900∘C, and (c) 950∘C).

The packing density of CNTs for carbon nanotube/
graphene composites grown at different temperatures as well
as times and the thickness of the carbon nanotubes for the
carbon nanotube/graphene composite grown for 10min at
850∘C were conducted by field emission scanning electron
microscope (FE-SEM: JEOL JSM-6700F, Japan). Further-
more, the 𝐼

2D/𝐼G for carbon nanotube/graphene composites
grown at different temperatures and times were investigated
by microscopes Raman spectrometer (inVia, Renishaw, Eng-
land).

3. Results and Discussion

The CV curve at a potential scan rate of 100mV/s in a
6MKOHsolution for carbonnanotube/graphene composites
grown by one-step CVD for 10min at 850∘C is shown in
Figure 1, which exhibits a nearly rectangular shape.

Figure 2 shows the effects of carbon nanotube/graphene
composites grown by one-step CVD for 10min at different
growing temperatures (850, 900, and 950∘C) on specific
capacitance. Carbon nanotube/graphene composites grown
by one-step CVD at 850∘C possessed the highest specific
capacitance (see Figure 2). The reason behind this behavior
may be explained as follows.The lower the growing tempera-
ture, the larger the 𝐼D/𝐼G (see Figure 3) due to a higher pack-
ing density of CNTs (possessing more defects than graphene)
at a lower growing temperature (see Figure 4 and Table 1). A
similar result (the density of CNTs can be controlled by the
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Figure 5: The effects of carbon nanotube/graphene composites
grown by one-step CVD at 850∘C for different growing times (10,
15, and 20min) on specific capacitance.

CVDgrowth temperature) has been published in previous lit-
erature [31].The 𝐼D/𝐼G (0.427) for carbon nanotube/graphene
composites grown by one-step CVD at 850∘C is larger than
others (0.388 and 0.206). The larger the 𝐼D/𝐼G, the more
the defect of carbon nanotube/graphene composites [21] and
then the higher the surface area of carbonnanotube/graphene
composites, which led to increasing the specific capacitance
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Figure 6: Raman spectra of carbon nanotube/graphene composites grown by one-step CVD at 850∘C for different growing times ((a) 10min,
(b) 15min, and (c) 20min).
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Figure 7: The FESEM images of carbon nanotube/graphene composites grown by one-step CVD at 850∘C for different growing times ((a)
10min, (b) 15min, and (c) 20min).
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Table 1: The carbon nanotube packing density (calculated from
Figures 4 and 7) of carbon nanotube/graphene composites grown
by one-step CVD at different growing temperatures and times.

Carbon nanotube/graphene
composites growing conditions

Carbon nanotube
packing density, cm−2

One-step CVD at 850∘C for 10min 7.86 × 107

One-step CVD at 900∘C for 10min 9.34 × 106

One-step CVD at 950∘C for 10min 2.80 × 106

One-step CVD at 850∘C for 15min 8.06 × 108

One-step CVD at 850∘C for 20min 8.87 × 108

for carbon nanotube/graphene composites grown by one-
step CVD at 850∘C. Furthermore, the lower the growing
temperature, the larger the 𝐼

2D/𝐼G (see Figure 3). The 𝐼
2D/𝐼G

(0.826) for carbon nanotube/graphene composites grown by
one-step CVD at 850∘C is larger than others (0.599 and
0.578). The larger the 𝐼

2D/𝐼G, the smaller the number of
layers of graphene [19] and then the lighter the graphene
weight, which also led to increasing the specific capacitance
for carbonnanotube/graphene composites grownby one-step
CVDat 850∘C.A similar result (thicker graphene results from
a higher growth temperature) has been published in previous
literature [20, 22].

Figure 5 shows the effects of carbon nanotube/graphene
composites grown by one-step CVD at 850∘C for different
growing times (10, 15, and 20min) on specific capacitance.
Carbon nanotube/graphene composites grown by one-step
CVD for 10min possessed the highest specific capacitance
(see Figure 5). The reason behind this behavior may be
explained as follows.The shorter the growing time, the larger
the 𝐼
2D/𝐼G (see Figure 6). The 𝐼

2D/𝐼G (0.826) for carbon
nanotube/graphene composites grown by one-step CVD for
10min is larger than others (0.735 and 0.568). The larger the
𝐼
2D/𝐼G, the smaller the number of layers of graphene [19] and
then the lighter the graphene weight, which led to increas-
ing the specific capacitance for carbon nanotube/graphene
composites grown by one-step CVD for 10min. A similar
result (thicker graphene results from a longer growth time)
has been published in previous literature [22]. Furthermore,
the 𝐼D/𝐼G (0.427) for carbon nanotube/graphene composites
grown by one-step CVD for 10min is a little smaller than
others (0.448 and 0.493) since the packing density of CNTs
(possessing more defects than graphene) suddenly decreases
with the decreasing growing time (see Figure 7 and Table 1)
and even the average defect density for graphene increases
with the decreasing growing time [21].

Figure 8 shows discharge curves of the carbon nan-
otube/graphene composite (grown by one-stepCVDat 850∘C
for 10min) with different currents. The capacitance of the
carbon nanotube/graphene composite was calculated from
𝐶 = 𝑖/[𝑚(𝑑𝐸/𝑑𝑡)], where 𝑚 is the mass of the carbon
nanotube/graphene composites, 𝑖 is the current, and 𝑑𝐸/𝑑𝑡
is the slope of Figure 8. The capacitances as calculated by the
above equation are shown in Figure 9. The lower the current,
the higher the capacitance. The reason behind this behavior
may be that the lower the current, the longer the discharge
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Figure 8: Discharge curves of the carbon nanotube/graphene
composite (grown by one-step CVD at 850∘C for 10min) with
different currents.

time (see Figure 8), leading to higher capacitance due to 𝐶 =
𝑖/[𝑚(𝑑𝐸/𝑑𝑡)].

The 𝐼G/𝐼2D for the carbon nanotube/graphene com-
posite grown for 10min at 850∘C is about equal to 1.21
(see Figure 3(a)).Thenumber of layers of the graphene for the
carbon nanotube/graphene composite is about 20 [38]. The
thickness of single-layer graphene is about 0.34 nm [39] and
the interlayer distance between the graphene sheets is about
0.35 nm [40]. According to the above data, the thickness
(13.45 nm) of the graphene for the carbon nanotube/graphene
composite can be estimated. The thickness of the carbon
nanotubes for the carbon nanotube/graphene composite is
about 3.02 𝜇m (see Figure 10). So the thickness of the carbon
nanotube/graphene composite grown on Ni foam for 10min
at 850∘C is about 3.03345 𝜇m. Furthermore, the area of the
substrate (nickel foam) is 2 cm2. Then the volume of the
carbon nanotube/graphene composite is 6.0669 × 10−4 cm3.
Therefore, the gravimetric capacitance (90.79 F g−1, please see
at 850∘C and 1000 cycles of Figure 2 of the revised paper)
of the carbon nanotube/graphene composite (0.008 g) can be
converted into the volumetric capacitance (1197 F cm−3).

4. Conclusions

The lower the growing temperature, the larger the 𝐼D/𝐼G and
then the more the defect, the higher the surface area, which
led to increasing specific capacitance. The lower the growing
temperature, the larger the 𝐼

2D/𝐼G, and then the smaller
the number of layers of graphene, the lighter the graphene
weight, which also led to increasing specific capacitance.
Furthermore, the shorter the growing time, the larger the
𝐼
2D/𝐼G, and then the smaller the number of layers of graphene,
the lighter the graphene weight, which led to increasing
specific capacitance.
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Figure 9: The effects of CP currents on specific capacitance of the
carbon nanotube/graphene composite grown by one-step CVD at
850∘C for 10min.

Figure 10: Cross-sectional morphology of the carbon nanotube/
graphene composite grown on Co-coated nickel foam by one-step
CVD at 850∘C for 10min.
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[15] S. J. Chae, F. Güneş, K. K. Kim et al., “Synthesis of large-area
graphene layers on poly-nickel substrate by chemical vapor
deposition: wrinkle formation,” Advanced Materials, vol. 21, no.
22, pp. 2328–2333, 2009.

[16] N. R. Franklin, Q. Wang, T. W. Tombler, A. Javey, M. Shim,
and H. Dai, “Integration of suspended carbon nanotube arrays
into electronic devices and electromechanical systems,” Applied
Physics Letters, vol. 81, no. 5, pp. 913–915, 2002.

[17] C. J. Lee, J. Park, and J. A. Yu, “Catalyst effect on carbon
nanotubes synthesized by thermal chemical vapor deposition,”
Chemical Physics Letters, vol. 360, no. 3-4, pp. 250–255, 2002.

[18] H.-A. Ichi-oka, N.-O. Higashi, Y. Yamada, T. Miyake, and T.
Suzuki, “Carbon nanotube and nanofiber syntheses by the
decomposition of methane on group 8-10 metal-loaded MgO
catalysts,” Diamond and Related Materials, vol. 16, no. 4–7, pp.
1121–1125, 2007.

[19] W. Chen, Z. Fan, G. Zeng, and Z. Lai, “Layer-dependent
supercapacitance of graphene films grown by chemical vapor
deposition on nickel foam,” Journal of Power Sources, vol. 225,
pp. 251–256, 2013.

[20] W. Liu, C.-H. Chung, C.-Q. Miao et al., “Chemical vapor depo-
sition of large area few layer graphene on Si catalyzedwith nickel
films,”Thin Solid Films, vol. 518, no. 6, pp. S128–S132, 2010.



8 Journal of Nanomaterials

[21] A. Umair and H. Raza, “Controlled synthesis of bilayer
graphene on nickel,” Nanoscale Research Letters, vol. 7, article
437, 2012.

[22] Z. Tu, Z. Liu, Y. Li et al., “Controllable growth of 1-7 layers of
graphene by chemical vapour deposition,” Carbon, vol. 73, pp.
252–258, 2014.

[23] E. J. Yoo, J. Kim, E. Hosono, H.-S. Zhou, T. Kudo, and I. Honma,
“Large reversible Li storage of graphene nanosheet families for
use in rechargeable lithium ion batteries,” Nano Letters, vol. 8,
no. 8, pp. 2277–2282, 2008.

[24] Y. Wang, Y. Wu, Y. Huang et al., “Preventing graphene sheets
from restacking for high-capacitance performance,”The Journal
of Physical Chemistry C, vol. 115, no. 46, pp. 23192–23197, 2011.

[25] X. Lu, H. Dou, B. Gao et al., “A flexible graphene/multiwalled
carbon nanotube film as a high performance electrode material
for supercapacitors,” Electrochimica Acta, vol. 56, no. 14, pp.
5115–5121, 2011.

[26] Z. Fan, J. Yan, L. Zhi et al., “A three-dimensional carbon
nanotube/graphene sandwich and its application as electrode
in supercapacitors,” Advanced Materials, vol. 22, pp. 3723–3728,
2010.

[27] Z. J. Fan, J. Yan, T. Wei et al., “Nanographene-constructed
carbon nanofibers grown on graphene sheets by chemical vapor
deposition: high-performance anode materials for lithium ion
batteries,” ACS Nano, vol. 5, no. 4, pp. 2787–2794, 2011.

[28] S. Li, Y. Luo, W. Lv et al., “Vertically aligned carbon nanotubes
grown on graphene paper as electrodes in lithium-ion batteries
and dye-sensitized solar cells,” Advanced Energy Materials, vol.
1, no. 4, pp. 486–490, 2011.

[29] W. Wang, S. Guo, M. Penchev et al., “Hybrid low resis-
tance ultracapacitor electrodes based on 1-pyrenebutyric acid
functionalized centimeter-scale graphene sheets,” Journal of
Nanoscience and Nanotechnology, vol. 12, no. 9, pp. 6913–6920,
2012.

[30] W. Wang, I. Ruiz, S. Guo et al., “Hybrid carbon nanotube and
graphene nanostructures for lithium ion battery anodes,” Nano
Energy, vol. 3, pp. 113–118, 2014.

[31] X. Dong, B. Li, A. Wei et al., “One-step growth of graphene-
carbon nanotube hybrid materials by chemical vapor deposi-
tion,” Carbon, vol. 49, no. 9, pp. 2944–2949, 2011.

[32] M. Ghazinejad, S. Guo, R. K. Paul et al., “Synthesis of graphene-
CNT hybrid nanostructures,” Materials Research Society Pro-
ceedings, vol. 1344, pp. 23–27, 2011.

[33] Rajesh, R. K. Paul, and A. Mulchandani, “Platinum nanoflow-
ers decorated three-dimensional graphene-carbon nanotubes
hybrid with enhanced electrocatalytic activity,” Journal of Power
Sources, vol. 223, pp. 23–29, 2013.

[34] W. Wang, S. Guo, M. Penchev et al., “Three dimensional few
layer graphene and carbon nanotube foam architectures for
high fidelity supercapacitors,” Nano Energy, vol. 2, no. 2, pp.
294–303, 2013.

[35] T. Xiao, X. Hu, B. Heng et al., “Ni(OH)
2

nanosheets grown on
graphene-coated nickel foam for high-performance pseudoca-
pacitors,” Journal of Alloys andCompounds, vol. 549, pp. 147–151,
2013.

[36] Y.Wang, A. Yuan, and X.Wang, “Pseudocapacitive behaviors of
nanostructuredmanganese dioxide/carbonnanotubes compos-
ite electrodes inmild aqueous electrolytes: effects of electrolytes
and current collectors,” Journal of Solid State Electrochemistry,
vol. 12, no. 9, pp. 1101–1107, 2008.

[37] Y. Tian, J.-W. Yan, R. Xue, and B.-L. Yi, “Influence of electrolyte
concentration and temperature on the capacitance of activated
carbon,” Acta Physico—Chimica Sinica, vol. 27, no. 2, pp. 479–
485, 2011.

[38] A. Das, B. Chakraborty, and A. K. Sood, “Raman spectroscopy
of graphene on different substrates and influence of defects,”
Bulletin of Materials Science, vol. 31, no. 3, pp. 579–584, 2008.

[39] J. I. Parades, S. Villar-Rodil, A. Mart́ınez-Alonso, and J. M.
D. Tascón, “Graphene oxide dispersions in organic solvents,”
Langmuir, vol. 24, no. 19, pp. 10560–10564, 2008.

[40] A. Reina, X. Jia, J. Ho et al., “Large area, few-layer graphene films
on arbitrary substrates by chemical vapor deposition,” Nano
Letters, vol. 9, no. 1, pp. 30–35, 2009.



Submit your manuscripts at
http://www.hindawi.com

Scientifica
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Corrosion
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Polymer Science
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Ceramics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Composites
Journal of

Nanoparticles
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

International Journal of

Biomaterials

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Nanoscience
Journal of

Textiles
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Journal of

Nanotechnology
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Crystallography
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Coatings
Journal of

Advances in 

Materials Science and Engineering
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Smart Materials 
Research

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Metallurgy
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Materials
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

N
a
no

m
a
te
ri
a
ls

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal ofNanomaterials


