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resolution transmission electron microscopy (HRTEM) and 
X-Ray diffraction (XRD) methods. The diameters of pal-
ladium particles were slightest in case of carbon nanotube 
supported catalyst (2 nm), smaller than case of activated 
carbon, due to absence of microporosity and presence of 
functional groups on the N-CNT surface. The catalytic 
activity of the CNT supported catalysts was compared to 
an active carbon and norit supported samples. The dehy-
drogenation of C2H6 has been investigated on Pd deposited 
on various carbon supported catalysts at 573–973 K. On 
the Pd/CNT catalyst the highest selectivity was reached to 
ethene (85 %) at 973 K. The most active Pd/Ac achieved 
64 % conversion at 973 K.

Abstract In our experiments, high nitrogen content 
N-doped multiwall carbon nanotubes (N-CNTs) were syn-
thetized by chemical vapour deposition (CVD) method, 
after these nanotubes were used as dehydrogenation cata-
lyst support. The chemical nature of the nitrogen atoms in 
graphitic lattice of N doped CNT was characterized with 
X-ray photoelectron spectroscopy (XPS) analysis, the pyri-
dinic and graphitic nitrogen atoms were located in nanotube 
wall. The lattice defects of N-CNT structure were checked 
with Raman spectroscopy, according to which many defect 
were present in structure of N-CNTs, owing to the incorpo-
rated nitrogen atoms. The formed oxidized N-doped CNT 
samples were studied by Fourier transform infrared (FT-
IR) spectroscopy, according to the test, many oxygen con-
tent surface functional groups were identified (COOH, OH 
and C=O). Palladium nanoparticle morphology and sur-
face on the catalyst substrates were characterized by high 
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non-doped counterparts, thereby the doped nanotubes were 
easily oxidized by chemical or physical methods. The oxi-
dized nanotubes were more dispersible in aqueous media 
than the non-oxidized forms. The high dispersion stabil-
ity is important to the catalyst production, because it leads 
to the high dispersion of metal nanoparticles. The catalyst 
with high dispersion shows enhanced catalytic activity. The 
conversion of alkanes into more valuable compounds is 
an important purpose for heterogeneous catalysis [19, 20]. 
There is a great variety in the reactivity of alkanes. Whereas 
both the decomposition and dry reforming of methane 
requires high temperature even on the most active Rh [21, 
22], the reactions of C2H6 [23, 24] and C3H8 [25] proceeds 
at significantly lower temperatures. In the present work the 
influence of support on the reaction of C2H6 is investigated 
over Pd nanoparticles deposited on various carbonic sup-
ports. An alternative way of the conversion of C2H6 is its 
dehydrogenation to C2H4, which is one of the most impor-
tant petrochemicals. On the most active catalysts, however, 
the decomposition of CxHy, formed during the reaction can-
not be avoided.

2  Materials and Methods

2.1  Materials

The nitrogen doped carbon nanotubes were prepared with 
catalytic vapour deposition method during which hydro-
carbons in vapour phase are decomposed in the presence 
of catalytically active metals. We have used cyclohexyl-
amine (Charlau Chem.) for synthesis of the N-doped CNTs 
(N-CNT). Nickel nitrate hexahydrate Ni(NO3)2·6H2O 
(Merck Chem) and magnesium-oxide MgO (Reanal) have 
been used as precursors for the preparation of Ni/MgO 
catalyst. Surface modification of the nanotubes was carried 
out using oxidative treatment where the CNT samples were 
treated with 65 wt% nitric acid (Sigma Aldrich) and 98 wt% 
sulfuric acid (Merck Chem.). The different carbon supports 
(N-CNTs, activated carbon and norit CA1 Sigma Aldrich) 
were impregnated by aqueous solution of palladium chlo-
ride (Chinoin) to form Pt nanoparticles containing catalysts. 
Ethane was the product of Messer with purity of 3.5.

2.2  Synthesis of N-doped Carbon Nanotubes

The CVD synthesis was carried out by applying nitrogen 
atmosphere in a quartz-reactor, which was placed in a tube 
furnace (Fig. 1). The chosen carbon source was evaporated 
in a pre-furnace. The amine-containing carbon precursor, 
cyclohexylamine was precisely fed by using a syringe 
pump, which injected the carbon-source directly into the 
main furnace, where it was immediately evaporated and 

1  Introduction

Belonging to the group of carbon nanomaterials, the carbon 
CNTs are useful materials as heterogeneous catalyst sup-
ports owing to their high specific surface area, good mechan-
ical attribution and thermal stability. These nanomaterials 
were successfully used in heterogeneous catalytic reactions 
including hydro-desulfurization [1], hydro-formylation 
[2], Fischer–Tropsch [3], oxidation process [4] and hydro-
genation reactions [5]. When the performance of catalysts 
supported on nanotubes and other carbon allotropes was 
compared in e.g. the dehydrogenation of ethyl-benzene and 
the hydrogenation of nitro-cyclohexane and methyl-styrene, 
higher catalytic activity and selectivity was observed over 
CNT-supported catalysts [6–8]. In case of carbon nanotubes 
no located micropores in their structure compared to the 
activated carbon forms. The absence of microporosity lead 
to the high reaction rate during catalytic reactions, this phe-
nomenon can be attributed the active phase on the surface 
of CNT easy access to the molecules, thereby mass-transfer 
limitation can be overcome [7, 8]. Controlling the mor-
phology of nanocarbons has been shown to be effective in 
fine-tuning the performance of catalysts. Their special inter-
action with deposited metals makes carbon nanotubes good 
heterogeneous catalytic support materials [9–11] There is a 
wide variety of carbon nanotube (CNT) synthesis methods, 
but the most widespread method of all is the catalytic vapor 
deposition (CVD), where gaseous hydrocarbons are ther-
mally decomposed in the presence of catalytically active 
metals [12, 13].

Choosing the synthesis parameters can significantly alter 
the number of lattice defects appearing within the structure 
of the nanotubes can be modified [14]. The lattice defects 
can be attributed to the vacancies and pentagon-heptagon 
pairs built into the walls of nanotubes [15]. By carefully 
selecting the carbon source, it becomes possible to form an 
active structure that contains high energy lattice-defects, 
which can be well utilized in heterogeneous catalysis. 
Raman spectroscopy is a well suitable technique for the 
characterization of nanotubes [16] since the ratios of the 
so called G (graphite) and D (defect) bands are based upon 
the frequency of the lattice defects [17]. The lattice defects 
found within the lateral area of the nanotubes also play an 
important role in establishing functional groups onto the 
surface of nanotubes [18]. The hydrophilic character of 
nanotubes may be improved by attaching functional groups 
to the surface of tubes, which results in a higher degree of 
dispersibility [12].

The nitrogen content leads to numerous defects sites 
on the nitrogen doped carbon nanotube, which provides 
anchoring sites towards reactant molecules and catalytically 
active metal ions or complexes. The nitrogen doped car-
bon nanotubes are thermally less stable compared to their 
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2.4  Characterization

Morphology tests of N-CNT samples were carried out with 
transmission electron microscopy (Philips CM 10, 100 kV) 
and a FEI TECNAI G2 20 X-Twin high-resolution transmis-
sion electron microscope (equipped with electron diffrac-
tion) operating at an accelerating voltage of 200 kV. All 
samples were dribbled onto 300 Mesh copper grids (Ted 
Pella Inc.) from an aqueous suspension. The products were 
examined by TEM, while the outer diameters of these nano-
tubes were manually scaled using the ImageJ.

Purity of N-CNTs were checked with thermogravimetric 
test (TG) applying a MOM Derivatograph-C device in oxi-
dative atmosphere, the heating rate was 5 K/min.

The chemical nature of the nitrogen in the graphitic lat-
tice of N-CNTs were characterized with X-ray photoelec-
tron spectroscopy (SPECS spectroscope with Phoibos 150 
MCD nine analyzer).

The lattice defects of N-CNT structure were checked 
with Raman spectroscopy. WITEC Confocal Raman micro-
scope alpha 300 R equipped with a He-Ne laser emitting at 
λ = 632.95 nm has been applied for these experiments. The 
N content was determined by Vario Macro CHNS element 
analyzer and it was 2.8 wt%.

The presence of the functional groups on the surface was 
identified using FTIR. The surface-treated nanotubes were 
examined using a Vertex 70 type Fourier transform infrared 
spectroscope. In the course of the sample preparation the 
N-CNT samples were embedded into KBr pastilles (0.4 mg 
BCNT in 250 mg KBr). Palladium nanoparticle morphology 
was examined by HRTEM (FEI Technai G2, 200 kV). XRD 
measurement were carried out with a Bruker D8 Advance 
diffractometer.

The surface area of the carbon support was determined 
by a Micromeritics ASAP 2020 instrument. Assuming the 
metal particles to be spherical [26] particle sizes d (m) can 
be calculated from the dispersion values D, (%/100) using 
the following equation:

transported into the reactor space with nitrogen carrier 
gas. The reaction took place on a catalyst bed, placed in 
a quartz-bowl. The reaction was carried out on 5 wt% Ni/
MgO catalyst.

The catalyst was prepared by wet impregnation method 
in mixture of aliphatic alcohols. The latter was evaporated 
by using a rotary vacuum evaporator and the product was 
dried further in a furnace to remove the alcoholic phase 
from the catalyst. In the course of the CVD synthesis no 
reductive pre-treatment was used on the catalyst. After the 
N-CNT synthesis, the catalyst was removed in a chemical 
way by boiling the nanotubes in a solution of concentrated 
hydrochloric acid, ensuring continuous agitation and reflux 
for 6 h. Finally, the N-CNTs were filtered off, washed with 
distilled water and dried at 378 K overnight.

2.3  Decoration of Nitrogen Doped Carbon Nanotubes 
with Palladium Nanoparticles

Surface modification of nanotubes was carried out using 
oxidative treatment. For this reason 1 g of N-CNT samples 
were treated with 200 cm3 mixture of 65 wt% nitric acid and 
98 wt% sulfuric acid (1:3 ratio), for 24 h at room tempera-
ture, with permanent agitation. The samples were washed 
by distilled water, and then dried at 378 K overnight.

Pd-decorated CNT samples were prepared by impregna-
tion of nanotubes in the aqueous solution of the palladium 
chloride (PdCl2). 1.38 g oxidized carbon nanotube was dis-
persed in 500 ml distilled water with ultrasonication. The 
solution of palladium precursor (0.1252 g PdCl2 in 50 ml 
distilled water) was added to the CNT dispersion under 
ultrasonication and the suspension was evaporated with 
rotary evaporator. The samples were dried and reduced at 
673 K in hydrogen flow. The palladium content of the pre-
pared catalysts was 5 wt% which was confirmed by ICP 
measurements. With the same method 5 wt% palladium pro-
moted activated carbon (Ac) and norit supported catalysts 
were also prepared.

Fig. 1 Experimental layout 
applied for the manufactur-
ing of nanotubes (1) N2 feed; 
(2) N2 flowmeter; (3) pump to 
feed hydrocarbons; (4) organic 
precursor evaporator furnace; 
(5) CHx tube-furnace, heating 
control unit; (6) quartz reac-
tor; (7) pyrolysis furnace; (8) 
quartz-bowl with the catalyst

 

1 3



4 L. Vanyorek et al.

 
(2)

where xi and xH2
 are the mole fractions of product (i) and 

H2, respectively, and ni is half of the number of hydrogen 
atoms (in the calculation of SH2

) or number of carbon atoms 
(in the calculation of Si) in each molecule of product (i).

3  Results and Discussion

3.1  Characterization of the Carbon Nanotubes 
Morphology and Purity with Transmission Electron 
Microscopy and Thermogravimetric Analysis

The structure of the N-doped nanotubes can be seen on the 
TEM picture showing the bamboo like walls of the tubes 
(Fig. 2a). There are significant difference in structure of 
bamboo like nitrogen doped carbon nanotubes, counter to 
the non-doped counterparts, namely a periodical bamboo-
shaped structure of BCNT. In case of bamboo like carbon 
nanotubes the microstructure of the tips is enclosed by 
complete graphitic fringes. Formation of aforementioned 
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where A = atomic mass 106.42 gmol−1, ρ = density 
12.02 × 106 gm−3, δ = average surface area occupied by one 
Pd atom 0.79 × 10−19 m2, and L = Avogadro’s constant [26]. 
Data are listed in Table 1.

2.5  Catalytic Studies

Catalytic measurements were carried out at 1 atm pressure 
in a fixed bed continuous flow reactor made of a quartz tube 
(i.d. 8 mm). The flow rate of reactant gases was 12 ml/min. 
The carrier gas was Ar, which was mixed with C2H6 at room 
temperature. The carrier gas contained 12.5 % of C2H6. The 
weight of the catalysts was ~200 mg. The exit gas was ana-
lysed by gas chromatograph (Hewlett–Packard 5890) on a 
Porapak QS column. The conversion of ethane was calcu-
lated from the amount of C2H6 consumed. However, it was 
also determined on the basis of the H and C contents of the 
reactant and products. The catalysts were reduced at 673 K 
for 1 h in situ before the experiments in all cases. Hydrogen 
and different product selectivities were defined as:

D = 6A
   L dρ δ

Table 1 Some characteristic data for the catalysts and catalytic reaction on Pd promoted carbon supports

Samples Dispersion of the 
metals (%)

Average size of Pd 
particles (nm)

BET surface area  
of the support (m2)

Conversion of 
C2H6 at 823 K

Turnover frequency at 
823 K (TOFH2

) (1/s)
S% 
values of 
CH4/C2H4 
at 823 K

Pd/CNT 82.8 3.1 146 17.9 0.0198 51/45
Pd/norit 35.3 4.7 859 7.21 0.0155 5.5/93.5
Pd/Ac 53.4 2.0 328 11.89 0.0166 13/87

TOFH2
: the amount of H2 formed related to the number of metal atoms

Fig. 2 HRTEM picture of graphene layers in the structure of N-CNT (a), TEM image of N-CNT and size distribution of tube diameter (b, c) and 
thermogravimetric curves of the bamboo-shaped carbon nanotubes (d)
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3.2  Results of XPS, Raman and FTIR Analysis

The XPS is a very good technique to study the chemi-
cal nature of the incorporated nitrogen in the structure of 
N doped carbon nanotubes. The peaks in the XPS spectra 
assigned the pyridine-like nitrogen with 398.3–399.8 eV 
binding energy. The band in the 401.0–401.4 eV binding 
energy interval is due to the incorporation of quaternary 
nitrogen into the nanotube structure. The peak of the nitro-
gen oxide species and/or intercalated nitrogen molecules can 
be assigned in binding energy range of 404.0–405.6 eV. The 
deconvoluted N1s spectra of N-doped CNT sample assign-
ment of different types of nitrogen defects, at 398.6 eV 
binding energy indicated the pyridine-like N atoms. The 
peak at 401.2 eV can be assigned to quaternary type nitro-
gen (Fig. 3a). The binding energy at 404.9 eV supporting 
the presence of adsorbed nitrogen or nitrogen oxides in the 
CNT lattice. The peak maximum at 410.5 eV is the shake 
up satellite.

structures owing to the incorporation of nitrogen atoms 
in the graphitic wall. The products were examined by 
TEM, while the outer diameter of nanotubes was manually 
scaled using the ImageJ program (Fig. 2b). The distribu-
tion of nanotube diameters is plotted on Fig. 2c as well. 
The average outer diameter of nanotubes is 14 nm. On the 
TEM picture amorphous carbon or catalyst residue was not 
observed.

The purity of the CNT product was checked with ther-
mogravimetric analysis. The DTG curve shows that N-CNT 
sample started to burn/oxidize at ~690 K (Fig. 2d). This low 
ignition temperature of N-CNT can be explained as a conse-
quence of the CVD synthesis, i.e. the residual catalyst metal 
particles (Ni) and metal oxides could promote the oxida-
tion of carbon nanotubes, causing a decrease of the ignition 
temperature. Furthermore, the defects on the wall (curved 
surface) of nanotubes could also contribute to the lowering 
the ignition temperatures. The measured carbon content of 
the sample was 96.5 wt%.

Fig. 3 XP spectra of N doped 
CNT (N1s) (a), Raman spectra 
of the functionalized nanotubes 
(b), FT-IR spectra of oxidized 
CNTs (c)
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3.1 nm and the norit support was 4.7 nm (Fig. 4c, f, i). This 
phenomenon can be explained with the presence of defect 
sites (pentagons and heptagons) in the wall of N-CNT. 
These heptagon and pentagon sites induced by the nitrogen 
doping results in localized electronic charges, which lead 
to formation of electronic interactions between palladium 
nanoparticles and defect sites and can be attributed to the 
smaller particle size of Pd. The nickel what was found in 
carbon nanotubes support is originated from the catalyst 
used in CCVD nanotube synthesis.

The X-ray diffractometric measurements confirmed the 
presence of the elemental palladium in catalysts. The XRD 
results were showed on the Fig. 4b, e, h. The peak at 26.5 
Θ°, was indexed as the C (002) reflection of the hexago-
nal graphite in N-CNT (Fig. 4h). The peaks at 40.1 2Θ°; 
46.7 2Θ°; 68.1 2Θ° and 82.1 2Θ° degrees present in Pd/Ac, 
Pd/N-CNT and Pd/Norit catalysts were indexed as the Pd 
(111), Pd (200), Pd (220) and Pd (311) reflections of palla-
dium nanoparticles (JCPDS 46-1043). The peak at 43.2 2Θ° 
is assigned to the Ni (111) reflection (the remained nickel 
owing to the CVD synthesis of BCNT).

The palladium content of catalysts were measured by 
ICP-OES, which was 5.2 wt% in the activated carbon sup-
ported sample, in case of norit-palladium was 5.0 wt% and 
on the surface of N-CNT was 4.8 wt%.

3.4  Catalytic Activity of Supported Pd Catalyst in 
Ethane Decomposition

Experiments were executed in the temperature range of 
523–973 K. The reaction of C2H6 started on most of the 
catalysts at high temperature, above 650–700 K (Fig. 5). 
The conversion was 3–8 % at 773 K and the largest value 
was obtained over 973 K (64 %) on Pd/Ac. The highest 
activity was showed by Pd/Ac, followed by Pd/N-CNT, 
Pd/norit. The major product was C2H4. High selectivity, 
>80 %, was measured for N-CNT sample (Fig. 5b), which 
altered with the temperature. However significant amount 
of CH4 was formed as well, especially on high tempera-
tures on the norit support the methane became the major 
product. All the catalysts exhibited a remarkable stability 
except for the activated carbon where the conversion start 
to decrease dramatically after 300 min. Calculation of the 
conversion on the consumption of ethane showed a good 
agreement with the values based on the H content of the 
product. The methane/ethene ratio was presented on Fig. 5b 
which was the lowest on Pd/N-CNT and the highest on the 
active carbon supported catalyst. Despite the large amount 
of ethene formation aromatic products was detected in only 
traces. The TOF values were determined on 823 K to avoid 
the high conversion values; the most active catalyst was 
the Pd/N-CNT, with a tiny difference from the Pd/Ac. We 
should notice that the activated carbon supported sample on 

Raman spectroscopy studies of N-CNT samples have been 
performed to determine the frequency of defects appeared in 
the structure (Fig. 3b). Bands found at 1390 cm−1 are char-
acteristic for the so-called ‘defect vibration’ (D) while bands 
at 1590 cm−1 can be attributed to the graphitic structure (G). 
The structural integrity of the carbon nanotubes can be char-
acterized by direct comparison of the ID/IG intensity ratios 
of the mentioned vibrations [16]. The structural defects of 
nanotubes play an important role in their catalytic activ-
ity. Their chemical reactivity is also affected by defects. 
The N-CNT samples shows relatively great ID/IG ratio 
(1.4), compared to the non-doped counterparts (SWCNT, 
MWCNT). ID/IG ration of nitrogen free, multiwall carbon 
nanotubes from acetylene were 1.05, [27] In the case of 
highly oriented pyrolytic graphite, the D band not visible on 
the Raman spectra, the ID/IG of the high graphitized single 
wall carbon nanotube was obtained 0.09 [28, 29].

The FT-IR results of the oxidized N-CNT sample is 
shown on Fig. 3c. The stretching vibrations typical for  
–OH groups appeared in the 2800–3620 cm−1 (not shown) 
and 1390–1410 cm−1 ranges. The bands characterizing the 
C–O and C–O(H) bonds of the hydroxyl group νC−O(H) 
vibration mode appeared at around 1100–1170 cm−1 wave-
numbers, and the stretching vibration band of phenolic OH 
group at around 1140–1230 cm−1, respectively. Stretching 
vibrations in the range of 1700–1730 cm−1 were a feature 
of the carboxyl group. The functionalization of nanotube 
surfaces was followed by examining some well separable 
functional groups: the vibration bands of the –C–O bond at 
1129 and 1206 cm−1; that of the –OH group at 1398 cm−1 
and of the –COOH band at 1715 cm−1. The peak observed 
at ~1632 cm−1 can be assigned as the vibration of C=O 
groups. A spectral feature observed at ~1206 cm−1 can be 
attributed to the stretching vibration of C–O in phenols [30]. 
The peak at ~3430 cm−1 can be assigned to –OH stretching 
vibration [18, 19]. The C=C vibration bands at 1576 cm−1 
represent the vibration of the lattice structure of the carbon 
nanotube.

3.3  Characterization of Palladium Containing 
Catalysts

Palladium-promoted N-CNT sample and the Pd decorated 
activated carbon supported catalyst were studied with 
HRTEM and XRD techniques. The detailed characteriza-
tion of supported Pd catalysts can be seen on Fig. 4. Pal-
ladium nanoparticle morphology was examined by HRTEM 
(Fig. 4a, d, g). The HRTEM image analysis revealed that 
the average size of the palladium particles on the carbon 
nanotube surface was smaller than on the activated carbon 
surface and in case of norit supported catalyst. The aver-
age Pd nanoparticle diameter on the nanotube substrate 
was 2.0 nm, on the activated carbon supported catalyst was 
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Deposition of Pd on various carbon supports enhanced 
the dehydrogenation of C2H6.

C H C H 2H2 6 a 2 4 a a( ) ( ) ( )= +  (3).

The high selectivity of C2H4 formation, >60 % at 873–
923 K, indicates that we can count only with limited side reac-
tions, e.g. with the decomposition of C2H4 or CxHy to carbon.

higher temperature showed much higher activity for a short 
time period but the deactivation of the catalyst was rapid on 
973 K (Fig. 5c, d). Some characteristic data are presented 
in Table 1.

To establish the contribution of the Pd similar experi-
ments were performed with the supports alone. Supports 
also catalyzed the dehydrogenation reaction but their effect 
was less than that of palladium containing catalysts (Fig. 6).

Fig. 4 The HRTEM pictures of the activated carbon (a), norit (d) 
and N-CNT (g) supported catalysts. XRD results of the Pd/A (c, b), 
Pd/norit (e) and Pd/N-CNT (h) catalysts. Diameter distribution of Pd 

particles on activated carbon (c), norit (f) and on the nanotube supports 
(i). Pd/Ac (a–c); Pd/norit (d–f); Pd/N-CNT (g–i)
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 (4)

The highest selectivity to ethene (85 %) was reached on 
Pd/N-CNT catalyst. We noticed that with the increase of 
the temperature the main reaction pathway was the dehy-
drogenation and the formation of methane significantly 
decreased. Accordingly, we can count with the cracking of 
C2H6 and C2H4.

 (5)

 (6)

The deactivation of the Pd/Ac at higher temperatures can be 
attributed to the deposition of carbon. TPR studies clearly 
indicated the presence of large amount of carbon deposit 
formed in the decomposition of C2H6 reaction over Pd/Ac. 
The carbon balance was appropriate in the reaction until 
873 K, but above this temperature the coke formation con-
tinuously increased and on 973 K the difference became 
significant. The used catalyst was examined with HRTEM 
(Fig. 7). On the HRTEM picture are showed the deposited 
carbon layers on the palladium particles, which lead to the 
deactivation of catalyst. However, the sintering of Pd par-
ticles especially on high temperatures cannot exclude. In 

C H CH C2 4 a 4 g( ) ( )= +

C H H 2CH2 6 2 4+ =

C H CH C2 4 4= +

Fig. 6 Effect of palladium on the decomposition of ethane on N-CNT

 

Fig. 5 Effect of different Pd deposited supports on the catalytic decomposition of ethane. TOF (a), selectivity of products at 973 K (b), formation 
rate of H2 in the function of temperature (c), and conversion at 973 K time on stream (d)
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palladium particles were larger on activated carbon surface 
because the Ac has developed micropores. And it was the 
main reason of the fast inhibition of the active carbon on 
high temperature where these micropores closed up and 
led to the deactivation of the catalysts. On higher tempera-
tures we had to achieve the highest ethene selectivity in the 
decomposition of ethane on the prepared N-CNT catalyst. 
The different catalytic activity for these carbon supports 
can also be related to an electronic alteration of the metal 
particle due to the electronic modification of the support 
by insertion of nitrogen atoms inside the carbon network. 
Nitrogen atoms on the surface of N-CNTs can rise the num-
ber of anchorage sites for the adsorption of the Pd. Based 
on the BET measurements we can conclude that the surface 
area and the pore volume distribution of the fresh and used 
catalysts is different and completely changed to the effect of 
the reaction circumstances. This phenomenon can be attrib-
uted to the coke deposition which decreases the micropore 
surface area and the micropore volume in case of used Pd/
Ac catalyst.

 ● Successfully prepared and characterized the N doped 
CNT sample and applied as catalysts in the dehydroge-
nation of ethane.

 ● Dehydrogenation of C2H6 are well catalyzed by different 
carbon supported Pd catalysts and Pd/N-CNT showed 
the highest turnover frequency at 823 K. The highest 
ethene selectivity was reached on Pd/CNT at 973 K.

 ● Deposition of Pd on applied carbon supports markedly 
enhances the extent of the catalytic reaction mainly 
leading to the formation of hydrogen.

 ● The different catalytic activity can be explained by the 
absence of micropores in the case of N doped CNT 
catalyst.
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case of porous catalysts—for example activated carbon 
forms supported catalyst—not the only coking of the metal 
particles lead to deactivation of the catalysts. The deposited 
carbon block the microporous on the support surface. BET 
surface and pore volume measurements were confirmed the 
aforementioned reasons (Fig. 7). The BET surface of fresh 
catalyst was 328 m2/g and case of the deactivated catalyst 
the surface area was decreased 38.5 m2/g. The BJH pore 
volume decreased from 0.31 to 0.10 cm3/g, and the pore 
radius also decreased (from 18.0 to 15.5 Å).

4  Conclusions

In this study high nitrogen content carbon nanotube was 
synthesized with structural defects and these defects were 
most important in catalysis. The enhanced catalytic stabil-
ity of nanotube supported Pd catalysts was reached in the 
test reactions, as opposed to the activated carbon supported 
catalysts. The difference in catalytic stability of these car-
bon supported catalysts can be explained by the absence 
of micro porosity in the N-CNT supported catalysts. The 
high energy adsorption sites on surface of N-CNT support 
are homogeneously dispersed, to which palladium nanopar-
ticles attach, thus the particle size of Pd particles were 
decrease. In case of the activated carbon supported catalyst 
the palladium clusters on surface of support were larger 
than those on N-CNT, this can be explained by the fact that 
Pd first aggregates on vent of the micropores, thus block-
ing of the entrance of micropores, where the nucleation of 
palladium clusters are enhanced. The particle diameters of 

Fig. 7 HRTEM picture of the used catalyst
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