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In different hydrocarbons reactions, copper based catalysts have industrial importance especially in the
synthesis of the cyclohexanone from dehydrogenation of the cyclohexanol. At operating conditions, one
of the significant problems in the industrial process is fast deactivation of the copper based catalysts. The
present work focuses on the formulation of two types of the supported catalysts namely supported tri
metals alloy (CuNiRu/N-rGO) in paper forms and supported copper (Cu/N-rGO), analysing the properties
of the synthesised catalyst support (N-rGO) by Brunauer-Emmett-Teller (BET), X-ray photoelectron spec-
troscopy (XPS), Temperature-programmed desorption (TPD-NH3), Temperature Programmed Reduction
(TPR-H2) and X-ray diffraction (XRD) as well as to investigate the catalytic performance of the two sup-
ported catalysts in the dehydrogenation of cyclohexanol to the cyclohexanone. All experiments on the
catalytic performance were conducted at moderate temperatures (200–270 �C), 1 atm, 0.1 ml/min cyclo-
hexanol flow rate and�8 h time on stream (TOS). The performances of the catalysts were evaluated in the
gas phase dehydrogenation of cyclohexanol to the cyclohexanone. The conversion of the cyclohexanol
using CuNiRu/N-rGO is 4% higher compare to use of the Cu/N-rGO. The selectivity for cyclohexanone
in case of the Cu/N-rGO catalyst is about 83.88%, whilst, the CuNiRu/N-rGO illustrated approximately
6% better performance. The yield of the cyclohexanone using the Cu/N-rGO is about 78%, while by adding
the Ni and Ru as promoters with the improvement of the Cu/N-rGO the yield of cyclohexanone was
improved by 8%. The duration of the steady state period significantly improved by using CuNiRu/
N-rGO which was proposed up to 7 times. This research shows that the CuNiRu/N-rGO catalyst provides
the suitable and selective active sites for the dehydrogenation of cyclohexanol to the cyclohexanone
reaction.
� 2018 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

In the chemical industry, the catalytic dehydrogenation reac-
tions are commonly used, and in the preparation of pharmaceuti-
cals and fine chemicals, such reactions involving the oxygenated
compounds are particularly important (Singh and Vannice, 2001).
The main procedure for cyclohexanone production is the catalytic
dehydrogenation of the cyclohexanol, which in the synthesis of
pharmaceuticals and fine chemicals is an important intermediate.
For instance, producing of the caprolactam and adipic acid, the
main raw materials in manufacture of the polyamide fiber in nylon
textiles such as nylon-6 and nylon-6.6, respectively. Most of the
uses of the caprolactam depend on the type and amount of impu-
rities which it contains. In this case, higher purity requirements
must be increasingly met by the raw materials (Simón et al.,
2012a,b).

With catalysts based on the copper, cyclohexanol dehydrogena-
tion processes are carried out as when they are carefully reduced,
they present a highly dispersed copper phase. In this manner, they
usually operate under mild conditions. Due to the copper sintering,
these copper catalysts are not used at high temperature (Simón
et al., 2012a,b). Recently, the field of alloy catalysts owing to their
enhanced catalytic performance has been attracting a lot of inter-
est compared to the individual components.

Because of the unique biological, electronic, optical, magnetic,
and specifically catalytic properties, the metallic nanoparticles
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(NPs) constructed from more than one metal have aroused great
interest (Singh and Xu, 2013). In this case, owing to the interplay
between electronic and lattice effects of the neighboring metals,
multimetallic NP-based catalysts often show superior catalytic
activities to their monometallic counterparts (Ataee-Esfahani
et al., 2010). However, so far the controlled synthesis of the NPs
consisting of multiple (n � 3) metal components has remained rel-
atively unexplored and scientists have focused mainly on bimetal-
lic systems (Wang and Li, 2011).

In order to enhance their properties, metals such as Rh (Mendes
and Schmal, 1997), Co, Zn, Fe, Cr, Pd, Ni (Nagaraja et al., 2011)
added to the copper catalysts. For catalytic activity of tri metallic
catalysts, the shape and size distribution, surface segregation and
crystalline structure, bulk and surface compositions are crucial fac-
tors (Ranga Rao et al., 2012).

On the other hand, as a low cost support for heterogeneous cat-
alysts one can use a suitable support and type of interaction in
industry with support material graphene to replace current metal
oxide based catalyst supports, in order to maximize the catalytic
activity of a catalyst (He et al., 2013). In this case, due to their high
external surfaces, it is expected to be efficient, excellent high elec-
trical conductivity and thermal/chemical stability which are lead-
ing to increase the selectivity and rate of the reactions,
preventing poisoning and inhibition of sintering of the active metal
surface by coke deposition (Julkapli and Bagheri, 2014).

This research focused on the formulation of the catalyst sup-
ported by nitrogen doped graphene (N-rGO) formulation of two
different copper based supported catalysts (Cu, and tri metallic
alloy CuNiRu), characterization by BET, XPS, TPR-H2, TPD-NH3

and XRD. For dehydrogenation of the cyclohexanol, testing the cat-
alytic activity had been carried out for the two different catalysts
to evaluate the role of the promoters (Ni and Ru), the effect of these
two different catalysts on the activity and selectivity at different
operating conditions (T = 200, 225, 250, 260 and 270 �C,
P = 1 atm, liquid flow rate of reactant = (0.1 ml/min), gas flow rate
of the carrier(N2 gas) = 25 ml/min, and time of the reaction �8h.
2. Methodology

2.1. Experimental

For unpromoted and promoted catalysts designated as CuNiRu/
N-rGO and Cu/N-rGO, the dehydrogenation of cyclohexanol carried
out. By Modified Staudenmaier’s method, the Graphite oxide is
prepared as reported by (Ambrosi et al., 2012); however, N-rGO
was prepared as described in (Ning et al., 2013). Using incipient
wetness impregnation of the Cu-precursor into the N-rGO support,
the Cu/N-rGO catalyst was synthesised. The mass of the impreg-
nated precursor was estimated to be equivalent to 1 wt% of the
Cu. The N-rGO support was dried overnight at 110 �C, and the
wet slurry containing the Cu-precursor (Cu(NO3)2�3H2O, R&M
chemicals) calcined and subsequently reduced for 3 h to obtain
as-synthesised 1 wt%Cu/99 wt%N-rGO catalyst in a flow of N2/H2

(10% (v/v)) at 275 �C. In order to synthesise CuNiRu/N-rGO catalyst,
the same preparation method of Cu/N-rGO catalyst was followed.
The Cu-Ni-Ru-precursors (Ni(NO3)2�6H2O, M. = 290.79 g/mole),
(Cu(NO3)2�3H2O, M. = 241.60 g/mole), and (Ru(NO)(NO3)3, M.
= 317.09 g/mole) (R&M chemicals). The mass of the impregnated
precursor was estimated to be equivalent to 0.5 wt%Cu, 0.25 wt%
Ni and 0.25 wt%Ru.

Temperature programmed desorption using NH3 (TPD-NH3)
was utilized to measure the acidity with temperature programmed
reduction (TPR) studies of the catalysts were performed on a Ther-
mos Finnigan TPDRO1100 series with 5% H2-Ar as reducing and
carrier gas. For specific surface area, by adsorption-desorption
isotherm using Brunauer-Emmett-Teller (BET method), all the cat-
alysts were characterized using a Micromeritics Pulse Chemisorb
2700 instrument. Before measurements, the samples were oven
dried at 393 K for 12 h and flushed in-situ with He gas for 2 h. As
X-ray source operated at 25.6 W (beam diameter of 100 mm), the
surface analysis of selected catalyst is carried out using the XPS
(Ulvac-PHI, ULVAC-PHI Quantera II, INC.), with monochromatic
Al-Ka (hv = 1486.6 eV). In this manner, the wide scan analysis
was performed by using a pass energy of 280 eV with 1 eV per step.
While, the narrow scan was performed using a pass energy of
112 eV with 0.1 eV per step. On a RIGAKU miniflex II X-ray diffrac-
tometer capable of measuring powdered diffraction pattern from 3
to 145� in 2 h scanning range, the XRD patterns of the catalysts in
reduced forms recorded. The X-ray source is Cu Ka with wave-
length (k) of 0.154 nm radiation. In this case, the XRD has been
set up with the latest version of PDXL, RIGAKU full function
powder-diffraction analysis software.
2.2. Activity test

In a stainless steel fixed bed reactor Cyclohexanol dehydrogena-
tion was carried out using a nitrogen gas cylinder which serves as
the carrier gas and a liquid micro pump for feeding of the cyclohex-
anol into the reactor. Fig. 1 shows the schematic of the experimen-
tal set up. In this case, by external electric heater, the reactor was
heated and insulated with glass wool. Using a K-type thermocou-
ple, the temperature of the catalytic bed was monitored. Reaction
was normally conducted under the following standard conditions:
200, 225, 250, 260 and 270 �C temperatures, 0.1 g catalyst weight,
atmospheric pressure, 0.1 ml/min pure cyclohexanol feed flowrate,
�8 h reaction time.

Here, the reaction sequence was as follows: with the appropri-
ate amount of catalyst, the reactor has been loaded. In order to run
for 8 h under the above mentioned conditions, the reaction was
allowed. In this case, by GC (Shimadzu 17A, FID, CP-Sil 24 CB
30 m 0.25 mm 0.25 um), the Liquid samples were analyzed. The
detected liquid products were as phenol and cyclohexanone. In
case, the Gas analysis was performed in (Shimadzu 17A, TCD,
HP-MoLesieve, 19095P-M50 30 m * 0.530 mm * 50 Mm) and the
gaseous product was mainly hydrogen.

1: Liquid feed tank, 2: Liquid pump, 3: Valves, 4: Preheater, 5:
Fixed bed reactor, 6: Thermocouple, 7: External electric heater, 8.
Catalyst bed, 9: Rotameters, 10: Cooler, Gas-liquid separator, 11:
Liquid sample and 12: Gas sample (H2 gas).
3. Results and discussion

3.1. Characterization of the catalysts

3.1.1. BET
The heterogeneous catalysts are generally porous in nature.

This characteristic plays an important role, in their catalysis appli-
cation. The catalytic activity is closely linked to the available sur-
face area for adsorption. The BET specific surface area, pore size
and pore volume distributions of the CuNiRu/N-rGO and Cu/N-
rGO samples analysed by the N2 adsorption/desorption isotherms.
For all of the classified samples, the N2 adsorption-desorption iso-
therm (Balbuenat and Gubbins, 1993), in which two branches are
almost parallel over a wide range of the P/Po due to the IUPAC clas-
sification. For Cu/N-rGO and CuNiRu/N-rGO samples, the N2

adsorption-desorption isotherm displaying the type-III isotherm
(see Fig. 2(a and b)). Indeed, the samples have macroporous (pore
size > 50 nm) structures. The Cu/N-rGO and CuNiRu/N-rGO sam-
ples have a hysteresis of the type H3 according to the IUPAC classi-
fication. Attributed to the formation of the slit-shaped pores, these



Fig. 1. Schematic of experimental set up.
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samples have plate-like structures. Compare to that of the Cu/N-
rGO catalyst, the CuNiRu/N-rGO catalyst recorded a decreasing
about 90% in pores diameters and an increasing �75% in the BET
surface area (Table 1). Benefiting from the unique structure uni-
form distribution of the optimal size, the results imply that the
Ni and Ru promoters provide a large surface area of the catalyst.
In this way, with adding the different promoters such as Zn, Zr
and Al, the improvement of the copper catalyst supported reduced
graphene oxide (Fan and Wu, 2016). In this research, they found
that by adding the promoters to the copper catalyst and the pore
diameters deceased, the surface area of the catalyst would be
enhanced.
3.1.2. TPD-NH3

The NH3-TPD analysis is used to measure the samples acidity.
The quantitative estimation of the acidic site of the samples is
summarized due to the desorbed amount of the ammonia (Table 2).
Based on the peak temperature, in three different regions as 200–
400 �C, 400–600 �C and above 600 �C, the results illustrate that the
acidic sites are distributed. In this manner, the bimetallic Cu-Ni
catalysts supported on the c-Al2O3 was prepared by Pudi et al.,
(2015) and they stated that to the ammonia desorption from the
weak acidic sites, the first region is attributed while the second
region refers to the medium strength acidic sites. In case, from
the strong acidic sites, the third region represents the ammonia
desorption.

The desorption peaks at a range of medium acid sites illustrated
by the CuNiRu/N-rGO and Cu/N-rGO catalysts. In this manner, the
temperature at which the peaks desorption occurs related to the
acidic strength. Table 2 shows that both of the CuNiRu/N-rGO
and Cu/N-rGO and catalysts correspond to the medium acidic sites
on their surfaces respectively with the NH3 total amount desorbed
of 4.64 � 103 and 2.57 � 104 mmol/g. In this way, suggested by the
NH3-TPD results, the addition of the promoters can change the
total acidity and acidic strength of the catalyst surface. Ji et al.
(2007) has been found to provide the suitable monovalent copper
active sites based on the study of the dehydrogenation of the
cyclohexanol over the Cu-ZnO/SiO2 catalysts, the ZnO help as a
promoter. The total acidity of the trimetallic catalyst CuNiRu/N-
rGO by 2.11 � 104 mmol/g was higher than the Cu/N-rGO. However,
the acidic strength is weaker than the Cu/N-rGO due to the rule of
the promoter’s Ni and Ru as encouraging increasing the activity of
the catalyst and providing the suitable active sites as well.
3.1.3. XPS
The XPS is used more widely than the others to analyse the sur-

face composition and oxidation states of the industrial catalysts.
The photoelectron lines of the wide and narrow scan spectrum evi-
dently present the Cu according to the XPS results as illustrated in
Fig. 3. The metals loading in terms of the weight percent of the Cu
to Ni and Ru and the loading of the CuNiRu alloy nanoparticles on
the N-rGO support are close to the ratio of 50%:25%:25%. In case, it
was found that due to the low content, there is no absorption peak
of the Ni and Ru. Here, one can find the atomic percent (at%) of
each of the elements for all the tested samples (see Table 3). From
the atomic percentage results for the catalysts, the presence of the
C, Cu, N and O in the sheets of the Cu/N-rGO and CuNiRu/N-rGO are
proved.

Fig. 3 shows the high resolution spectrum of the Cu element.
The peak at 933.2 eV is assigned to the Cu2p3/2 as per previous
studies, which is attributed to either of the Cu and/or Cu2O (Jia
et al., 2015; Durando et al., 2008). Indeed, it is difficult to distin-
guish between these two species based on the Cu2p3/2 binding
energies, as they are much close. Attributing to the binding ener-
gies of the Cu and/or Cu2O, the CuNiRu/N-rGO catalyst illustrate
the peak at 933.1 eV as well as the Cu/N-rGO. However, the peak
shifted from the observed Cu2p3/2 of the CuNiRu/N-rGO catalyst.
In this case, by the shift of the Cu2p3/2 binding energy, a strong
electronic interaction between the Cu and Ni with the Ru elements
in the metallic alloy are indicated.
3.1.4. H2-TPR
The H2-TPR usually is used to determine the reduction behavior

of the catalysts. One can categorize the reduction behaviors of the
CuNiRu/N-rGO and Cu/N-rGO catalysts into two stages of the
reduction behavior (Fig. 4(a and b)). Due to the reduction behavior



Fig. 2. Nitrogen adsorption-desorption isotherms of (a) Cu/N-rGO and (b) CuNiRu/
N-rGO.

Table 1
Surface property for Cu/N-rGO and CuNiRu/N-rGO.

Samples BET Specific surface
area (m2/g)

Pore volume
(cm3/g)

Average pore
diameter (Å)

Cu/N-rGO 7.44 0.11 874.17
CuNiRu/N-rGO 13.09 0.027 82.6

Table 2
Acidic Properties of the Fresh Cu/N-rGO and CuNiRu/N-rGO.

Samples Amount of NH3 desorbed (mmol/g) Total mount of NH3

desorbed (mmol/g)
Weak Medium Strong

Cu/N-rGO – 4.64 � 103 – 4.64 � 103

CuNiRu/N-rGO – 2.57 � 104 – 2.57 � 104

Fig. 3. XPS spectra of Cu2p3/2 for (a) Cu/N-rGO and (b) CuNiRu/N-rGO.

Table 3
XPS results showing the atomic percent for each element of the samples.

Samples C (at%) O (at%) N (at%) Cu (at%) Total (at%)

Cu/N-rGO 76.82 14.48 7.05 1.65 100
CuNiRu/N-GO 75.81 14.71 8.71 0.77 100
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of the monovalent copper active sites (Cu2O) to the metallic copper
active sites (Cuo), based on the results reported by Bridier et al.
(2010), the first stage of the H2-TPR profile recorded at lower
temperature. In the case of the Cu/N-rGO and CuNiRu/N-rGO cata-
lysts, as described in Schlapbach et al. (2001), the second peak pos-
sibly refer to the adsorbed H2 on the C surface of the N-rGO. The
CuNiRu/N-rGO catalyst comparing the Cu/N-rGO catalyst indicates
decreasing about 18 �C in the reduction temperature. Due to the
strong interaction between the Cu2O species and the promoters’
Ni and Ru causes highly dispersion of the copper active sites on
the N-rGO support, the reduction temperature of CuNiRu/N-rGO
catalyst could be shifted. In this case, the higher dispersion of the
Cu2O species responsible for their ease of reduction indicated by
the shift clearly. In this way, in the study of the promoted copper
catalysts, the results are in good agreement with the obtained
results by Lin et al. (2010).



Fig. 4. H2-TPR profiles of (a) Cu/N-rGO and (b) CuNiRu/N-rGO.
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3.1.5. XRD
The crystallinity and phase determination of the samples were

analyzed using the X-ray diffraction. Fig. 5(a and b) shows the
XRD diffraction patterns of the Cu/N-rGO and CuNiRu/N-rGO
where the XRD pattern of the Cu/N-rGO catalyst illustrates there
are five diffraction peaks centered at 2h = 26.6�, 37.7, 43.28�,
50.68� and 61.7� (Fig. 5(a)). In this case, the 2h = 37.7�, 43.28�
and 61.7� might be indexed to the (1 1 1), (2 0 0) and (2 2 0) facets
of the cubic phased Cu2O (ICDD card number 00–001-1241) due to
the surface oxidation of the Cu NPs, the first short and weak peak at
2h = 26.6� can be attributed to the (0 0 2) planes of the N-rGO.
However, the strongest peak can be attributed in the Cu/N-rGO
pattern to the (1 1 1) facet of the Cu2O. These finding are in good
agreement with the results reported by Zhang et al. (2016) within
providing the Cu2O/rGO in one step of the reduced GO and loading
the Cu2O. The presence of the other phases of the copper interest-
ingly indexed to the (2 0 0) confirming of the formation of the
metal Cu and associated to the existence of the Cu crystallites
detected at 2h = 50.6�. In this case, the crystallite size of the Cu2O
at 2h = 37.7� of the (1 1 1) planes from Scherrer equation was esti-
mated as 3.8 nm. In case, the presence of the Cu2O and the metal
Cu phases on the N-rGO support revealed by the XRD results.

Fig. 5(b) shows the XRD patterns of the CuNiRu/N-rGO catalyst.
In this case, due to the presence of the amorphous carbon in N-rGO,
the weak and broad peak at 2h = 26.7� relates to the (0 0 2) planes.
Fig. 5. corresponding XRD patterns of (a) Cu/N-rGO and (b) CuNiRu/N-rGO.
Attributed to the copper oxide (Cu2O) for the (1 1 1), (2 0 0) and
(2 2 0) planes, the diffraction peaks centered at 2h = 37.80�,
43.71� and 61.9� respectively. By the existence of the broad and
weak diffraction peak at 2h = 50.6�, the presence of the metal Cu
could be confirmed which can be indexed to the (2 0 0) planes.
The peak at 2h = 37.80� attributed to Cu2O, NiO and RuO2 respec-
tively for (1 1 1), (1 1 1) and (1 0 1) planes. Compare to the Cu/N-
rGO, this peak illustrates a slightly shift in angles to the higher
value. The shift in the diffraction angle is due to the formation of
the CuNiRu alloy as indicated by Bai et al. (2015) in their pioneer-
ing research on preparation of the hollow PdCu alloy supported on
the N-rGO. Moreover, the crystal size of the CuNiRu/N-rGO catalyst
estimated to be 1.13 nm which is smaller than those of the
Cu/N-rGO about 2.67 nm. As an evidence for the existence of the
CuNiRu/N-rGO catalyst in a strong interaction alloy one can
consider the mentioned results.

The obtained results from the XRD diffraction support the
H2-TPR. As it is observed, the reduction behavior of the catalysts
samples encourages one step reduction process due to the reduc-
tion of the Cu2O (monovalent Cu+) to the Cuo (metallic Cu). For
the CuNiRu/N-rGO and Cu/N-rGO catalysts, from the XRD diffrac-
tion results the CuNiRu/N-rGO recorded the highly presence of
the Cu2O active sites and the smallest crystal sizes as well.
3.2. Catalytic cyclohexanol dehydrogenation

Figs. 6–8 illustrates the effect of the reaction temperature on
conversion of the cyclohexanol over the CuNiRu/N-rGO and Cu/
N-rGO catalysts and the cyclohexanone yields and selectivity. Here,
the process temperature varies between 200 and 270 �C. In general,
it is obvious that the cyclohexanol conversions the cyclohexanone
yields (Figs. 6 and 7) and increases when the reaction temperature
increases, while the selectivity of the cyclohexanone decreases at
the same operating conditions (see Fig. 8).
a 

b 

Fig. 6. Conversion of Cyclohexanol at different Time on stream (TOS) for (a) Cu/N-
rGO and (b) CuNiRu/N-rGO.



b 

a 

Fig. 7. Catalytic activities of catalysts in terms of yield of Cyclohexanone (a) Cu/N-rGO and (b) CuNiRu/N-rGO.
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This is consistent with the activation energy trends for temper-
ature dependent reactions, whereby the catalytic performance
increases with respect to the temperature increasing in terms of
the conversion of the reactants and the yield of the products
(Smith, 2008). Compare to the catalyst Cu/N-rGO, the catalyst
CuNiRu/N-rGO has an increase of 3.7% of the cyclohexanol conver-
sion, 8.1% of the cyclohexanone yield, 8.8% of the cyclohexanone
selectivity, at 270 �C and 60 min (Figs. 6–8).

As shown in Fig. 8, with rise of the temperature (200–270 �C), the
cyclohexanone selectivity on both catalysts decreases. This can be
due to the formation of the other by products e.g. phenol and cyclo-
hexene via the side reactions occurring at the elevated temperatures
such as the aromatization of the cyclohexanol to phenol and dehy-
dration of the cyclohexanol to cyclohexene (Ji et al. (2007).

Not only for the reaction of the dehydrogenation of alcohol to
the ketone the sites of the metallic copper are active sites but also
for the reaction of aromatization of the cyclohexanol to the phenol.
Therefore, the metallic copper active sites are not selective. As indi-
cated from the NH3-TPD results, for this particular reaction, the
CuNiRu/N-rGO is more suitable as within the actual dehydrogena-
tion of the cyclohexanol to the cyclohexanone prefers the lower
acidity active sites (Chang and Abu Saleque, 1993).

The stability of the Cu/N-rGO and CuNiRu/N-rGO catalysts was
evaluated based on the times on stream (TOS) �8 h (530 min). In
this manner, the three different reaction stages can be identified
as per Figs. 6–8, for the Cu/N-rGO as follows:

� For TOS = 0–60 min and reaction temperature 200–270 �C, the
activation stage (Stage 1) shows increasing about 23.3% of the
conversion of the cyclohexanol, 7% of selectivity of the cyclo-
hexanone and 14% of yield of the cyclohexanone. The results’
increasing is due to the activity of the fresh Cu/N-rGO catalyst.

� For TOS = 60–110 min Steady state stage (Stage 2) shows that
the results are almost constant.



b 

a 

Fig. 8. Catalytic activities of catalysts in terms of selectivity of Cyclohexanone (a)
Cu/N-rGO and (b) CuNiRu/N-rGO.
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� The deactivation stage (Stage 3) shows a decline in the results
for TOS = 110–530 min and reaction temperature 200–270 �C.
The reduction in the results in terms of the reductive values
between temperatures 200–270 �C as: the cyclohexanol conver-
sion was about 10%, the selectivity of the cyclohexanone was
7%, yield of the cyclohexanone was 14%. The results suggest that
the deactivation affects the reactions.

In this manner, one can identify the three different reaction
stages for the CuNiRu/N-rGO as (see Figs. 6–8):

� The activation stage (Stage 1) shows increasing in conversion of
the cyclohexanol for TOS = 0–60 min and reaction temperature
200–270 �C and selectivity and yield of the cyclohexanone. In
this case, by the activity of the fresh CuNiRu/N-rGO catalyst
the increasing in the results is caused.

� The steady state stage (Stage 2) shows that the results are
almost constant for TOS = 60–380 min.

� The deactivation stage (Stage 3) shows a decline in the results
for TOS = 380–530 min and reaction temperature 200–270 �C.
In terms of reductive values of the temperatures 200–270 �C,
in the results the reduction in the cyclohexanol conversion,
yield and selectivity of cyclohexanone. Thus, by the deactivation
based on the obtained results, the reactions slightly affected.

The Cu/N-rGO catalyst observed the decreasing of 67.1% of the
cyclohexanol conversion, 46.4% of the cyclohexanone yield and
51.4% of the cyclohexanone selectivity. All the results support the
idea of the fast deactivation of the Cu/N-rGO vigorously occurred
after 110 min from the reaction started.

While, the CuNiRu/N-rGO catalyst has illustrated better stabil-
ity at high TOS up to 380 min, and then a slightly reduced in the
results was observed up to the end of the reaction. Compared to
that of the Cu/N-rGO in terms of increasing the reaction conversion
the excellent CuNiRu/N-rGO performance and its stability at differ-
ent TOS of the reactions could be attributed to the promotional
effect of Ru and Ni in the formation of CuNiRu/N-rGO catalyst.

4. Conclusions

To investigate the catalytic performance of the supported cata-
lysts in the dehydrogenation of cyclohexanol to cyclohexanone and
to analyse the properties of the synthesised catalysts using TPD-
NH3, BET, XPS, TPR-H2, TGA and XRD techniques, this research
was revolved to formulate two types of the supported catalysts
namely supported copper (Cu/N-rGO) and supported tri metals
alloy (CuNiRu/N-rGO) in paper forms. The briefly conclusions from
the major findings of this study are:

� The promoters (Ni and Ru) were added to the Cu/N-rGO catalyst
and raised supervisor behaviors in terms of the provided suit-
able and selective active sites for catalytic dehydrogenation of
the cyclohexanol to the cyclohexanone reaction with the small-
est crystals size, higher thermal stability and larger surface area.

� The reaction results in terms of the highest cyclohexanol con-
version, cyclohexanone yield and selectivity and hydrogen pro-
ductivity in case of CuNiRu/N-rGO catalyst detected much
improvement with in a reduction in phenol yield and selectivity
as well.

� Due to the copper sintering, coke deposition and reduced active
sites, the fastly deactivated in the Cu/N-rGO which might be.
Thus, the CuNiRu/N-rGO has a much longer operational life.
This is based on the performance evaluation of the catalysts.
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