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INTRODUCTION

Due to the impact of agricultural waste on the environment
and the economy, many scientific studies have been carried
out to find ways of transferring this waste into low-cost valuable
products. Many types of agricultural waste have been reported
in the literature concerning their potential transfer into bene-
ficial products. Özçimen and Ersoy-Meriçboyu [1] used hazel-
nut shells and apricot stones to produce activated carbon as an
adsorbent of copper(II) from aqueous waste streams. Soleimani
and Kaghazchi [2] converted the hard shell of apricot stones
into activated carbon and employed it to adsorb gold ions from
wastewater. Vetiver roots were used by Altenor et al. [3] as
raw materials for the production of activated carbon for the
adsorption of methylene blue and phenol. Altaher and Dietrich
[4] derived activated carbon from date pits to remove o- and
p-nitrophenols from wastewater. Olive stones were reported
to be a source of activated carbon for the removal of dyes and
heavy metals from wastewater as well as water purification
from trace elements [5-10]. Moreno et al. [10] employed the
activated carbon converted from olive stones as the sulfur host
in Li-S batteries. Grapeseed agricultural waste has also been
found to be an activated carbon adsorbent of copper from
aqueous solutions [11]. Salman et al. [12] converted banana
stalks into activated carbon for the purification of aqueous
solutions from the insecticide carbofuran. The adsorption of
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Pd(II) on the activated carbon synthesized from pinecones has
also been reported [13]. Yuso et al. [14] adsorbed toluene from
the aqueous solution on an activated carbon derived from
almond shell. Poerschmann et al. [15] used the activated carbon
derived from peach stones as a support for Cu and Co catalysts
for methanol conversion reactions.

Other agricultural waste, such as bamboo dust, groundnut
shells, rice husks and straw, corncobs, durian shells, sugars,
wheat bran, walnut shells and hazelnut shells, have also been
used as activated carbon sources for water treatment and environ-
mental clean-up [16-18]. As illustrated above, almost all studies
have focused on the production of activated carbon from agri-
cultural waste, as it is an effective absorbent in many environ-
mental fields. To my best of knowledge, there are no studies
into converting agricultural waste into carbon black (not acti-
vated) due to the lack of its surface properties as an absorbent.
Therefore, in this work, since Aljouf province is well known
for its olive agriculture and olive oil production in Saudi Arabia,
which has led to the abundance of olive waste. In this study,
olive waste was collected and converted into carbon black
and used as a support for gold nanoparticle catalysts for the
epoxidation of cyclooctene. The importance of this work comes
from using a local low-cost carbon source as a support for
nano-catalysts, in addition to the disposability of solid olive
waste. The aim is to create a link between agricultural waste and
nanotechnology, so that it can be used in industrial chemical



reactions. The conversion of carbon black from solid olive
waste has been carried out using the physical method at high
temperatures.

EXPERIMENTAL

Carbonization of solid olive waste: Olive solid waste
was collected from an olive oil factory in Aljouf province in
Saudi Arabia. Prior to carbonization, the olive solid waste
sample (25 g) was washed thoroughly with water, filtered and
dried in an oven at 80 °C for 8 h. The carbon was obtained by
the calcination of the washed olive stone waste in nitrogen
(flow rate = 10 mL/min) using a furnace tube at different tempe-
ratures: 300, 400, 500 and 600 °C for 2 h and these were denoted
C300, C400, C500 and C600 respectively. The resultant
carbonized samples were ground for 10 min.

Synthesis of the gold supported catalysts: The sol-immo-
bilization method was employed to deposit gold nanoparticles
on the synthesized carbon materials (1 % Au). Typically, 0.062
M of AuCl3 solution (equivalent to 10 mg of Au) was added to
distilled water (400 mL) while performing vigorous stirring.
A fresh solution of poly(vinyl alcohol) (PVA) (1 % wt, MW =
10000, 80 % hydrolyzed) was added and stirred vigorously
for 15 min (PVA/gold = 1.2 w/w). A fresh solution of sodium
borohydride (0.1 M) was then added to generate a gold sol.
Following 30 min of stirring, the sol formed was immobilized
through the addition of the synthesized carbon materials
synthesized from olive waste (0.99 g) and acidified to pH 1 by
H2SO4 under and stirred for 1 h. The solid catalyst was filtered,
washed with distilled water (2 L) and dried at 100 °C for 24 h.
The catalysts were denoted 1 %Au/C300, 1 %Au/C400,
1 %Au/C500 and 1 %Au/C600 (300-600 refers to the carboni-
zation temperature).

Epoxidation of cyclooctene: The catalysts were evaluated
for the epoxidation of cyclooctene using a 50 mL round bottom
flask fitted with a condenser. Typically, cyclooctene (5 mL)
was stirred at 80 °C under atmospheric pressure, followed by
the radical initiator (TBHP, 0.1 mL, 70 % in H2O) and the
supported 1 % Au catalyst (60 mg) under solvent-free condi-
tions for 24 h. After the completion of the reaction, sample
products were analyzed using gas chromatography (Varian star
CP-3800) with a CP-wax 52 column and a flame ionization
detector. Analyzing CO2 as a possible by-product by using
this reactor set-up was unattainable. However, Hughes et al.
[19] stated that the formation of CO2 is minimal.

Catalyst reuse: Proper amount of the fresh catalyst was
stirred with cyclooctene under the reaction conditions. The
catalyst was recovered, washed with acetone and dried for
24 h at 110 °C. For reuse experiment, 0.12 g of the recovered
catalyst was reused in a standard cyclooctene reaction.

Characterization: Powder X-ray diffraction (XRD) was
determined using a PANalyticalX’Pert Pro with a CuK X-ray
source operated at 40 kV and 40 mA fitted with an X’Celerator
detector. The BET surface area was determined by nitrogen
adsorption at -196 °C using a QuadrasorbevoTM. Scanning elec-
tron microscopy (SEM) analyses were carried out on a Carl
Zeiss EVO-40 SEM equipped with a backscatter detector and
an Oxford Instruments Si-Li energy dispersive X-ray detector.
Transmission electron microscopy (TEM) analysis was

performed using a 200 kV JEOL 2000FX electron microscope
equipped with a thermionic LaB6 source.

RESULTS AND DISCUSSION

Carbonization of the solid olive waste and synthesis of
Au/carbon: Four carbon black supports were synthesized from
solid olive waste using a physical method at high temperatures.
Fig. 1 illustrates the powder X-ray diffraction for these supports
and a commercial carbon black (Johnson Matthey) as a refe-
rence. The main peaks for the carbon black material can be found
at 2θ = 26 for (002) plane, 2θ = 43 for (100) plane and 2θ = 53
for (004) plane [19,20]. However, only the main peak at 2θ = 23
appeared in sample C300, indicating the uncompleted
carbonaization of this sample (Fig. 1b). The main peaks at 2θ =
26 and 43 were shown in sample C400 (Fig. 1c). All of the main
peaks were found in samples C500 and C600, which confirms
the completed carbonization of these two samples.
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Fig. 1. XRD patterns of carbonized olive waste: (a) commercial, (b) C300,
(c) C400, (d) C500 and (e) C600

The morphology of the synthesized supports was analyzed
using scanning electron microscopy (Fig. 2). Although there
was no difference in the morphology, the particle size of the

Fig. 2. SEM images of carbonized olive waste: (A) C300, (B) C400, (C)
C500 and (D) C600
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 synthesized carbon supports differed considerably according
to the carbonization temperature. As the carbonization tempe-
rature increased, the particle size decreased, due to the ease of
grinding for the supports synthesized at high temperatures,
which led to smaller particles. As shown in Fig. 2, the majority
of the particles for supports C300 and C400 were big particles
with minor small particles. Nevertheless, for supports C500
and C600 there were some big particles but the majority were
small and homogeneous. Surface area was investigated for all
supports synthesized and the results are shown in Table-1. It
is clear that the surface area of the supports was directly
proportional to the calcination temperature and C600 had the
highest surface area (32.0 m2/g).

TABLE-1 
SURFACE AREA AND AVERAGE PORE SIZE FOR CARBON 

SUPPORTS SYNTHESIZED AT DIFFERENT TEMPERATURES 

Sample BET surface area (m2/g) 
C300 8.5 
C400 9.0 
C500 25.5 
C600 32.0 

 
For further analysis of the support effect on the on the

gold nanoparticles distribution, all synthesized carbon supports
were characterized using transmission electron microscopy.
Fig. 3 illustrates the gold particle size distribution and the mean
size for all gold/synthesized carbon catalysts. The mean size
of each carbon support was calculated using the following
equation (based on 300 gold particle):

i i

i

n d
D

n

Σ=
Σ

It is clear that the gold nanoparticles supported on C300
and C400 have the largest gold nanoparticles, wider particle
size distribution and largest Au mean size. On the contrary, the
Au supported on the carbon synthesized at higher temperatures,
C500 and C600, have narrower Au particle size distribution
and smaller Au mean size. The catalyst Au/C600 in particular,
has the smallest mean size of 0.9, along with narrow particle
size distribution.

Epoxidation of cyclooctene using Au/C: The epoxidation
reaction of cyclooctene was carried out under atmospheric
pressure using solvent free conditions. Fig. 4 shows the chemical
reaction equation for cyclooctene epoxidation. Bawaked et al.
[21,22] investigated the reaction conditions for cyclooctene
epoxidation using gold catalysts, such as reaction temperature
and the type of radical initiator and its concentration and
support. The reaction conditions used in this work were the
optimized conditions that Bawaked et al. discovered in their
work [21,22]. Table-2 shows the catalytic performance of the
1 % Au supported on the synthesized carbon black supports
towards epoxidation of cyclooctene. It is clear that the catalyst
activity increased with the carbonization temperature of the
supports. The catalyst 1 %Au/C600 exhibited the best catalytic
performance, with 9.0 % conversion and 89.0 % selectivity to
the desirable product (epoxide). The catalytic activity can be
attributed to the gold particle size and particle size distribution
as well as the surface area of the supports, as illustrated in Fig.

3 and Table-1. It is well known that gold’s particle size and its
distribution have a great effect on the activity of gold catalysts
[23-26]. The catalysts 1 %Au/C300 and 1 %Au/C400 exhibited
lower activity due to the larger gold particles and their disper-
sion on the supports (Fig. 3). The enhancement in activity was
greater for the catalyst 1 %Au/C500, with 6.0 % conversion,
although it has the same selectivity to epoxy as catalyst 1 %Au/
C400. This can be explained by the good gold dispersion on
the support in addition to the smaller gold mean size for catalyst
1 %Au/C500. The catalyst 1 %Au/C600 exhibited the best
conversion and selectivity, at 9.0 % and 89.0 % respectively.
This was due to the smallest mean size of the gold particles in
addition to the support high surface area. The supports used
in this study differ in their particle size (Fig. 2) and it is known
that this can have a great effect on the gold particle size and its
distribution and therefore on the catalyst’s activity [23-26].
Bawaked et al. [21,22] investigated many supports, namely
graphite, activated carbon, TiO2, SiO2, Al2O3 and SiC and under
the same reaction conditions used in this study, the best con-
version they produced was 7.7 % with 81.5 selectivity to the
epoxy product for 1 %Au/graphite. This study shows that the
carbon black support derived from solid olive waste can be an
excellent alternative natural support as well as having a positive
environmental impact.

TABLE-2 
EPOXIDATION OF CYCLOOCTAENE  

OVER THE 1 % Au/CARBON CATALYSTSa 

Selectivity (%) 

Catalyst Conversion 
(%) 
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TBHP without catalyst 0.8 68.0 19.1 12.9 
C600 (blank) 1.9 75.0 14.8 10.2 
1 %Au/C300 2.3 83.5 11.4 5.4 
1 %Au/C400 3.9 86.6 8.2 5.2 
1 %Au/C500 6.0 86.9 8.2 4.9 
1 %Au/C600 9.0 89.0 7.0 4.0 
aCyclooctene (5 mL), catalyst (60 mg), TBHP (0.1mL), atmosphere 
pressure, 80 °C, 24 h.

 
Catalyst reusability: The reusability of heterogeneous

catalysts is an important factors for economy and green chemistry.
The catalysts 1 %Au/C600 was chosen for reuse experiments
(Table-3) due to the high performance it exhibited among all
catalysts. After the reaction of cyclooctene, the catalyst was
collected by centrifuge, washed with acetone three times and
then dried at 110 °C for 24 h. The catalyst is reusable until the
second reuse as the conversion decreased by 14 %. The deacti-
vation of the catalyst was observed after the third reuse.

Conclusion

It has been shown that using solid olive waste as a source
for carbon black supports for gold nanoparticles produces
catalysts, which exhibit higher activity than some commercial
supports for epoxidation of cyclooctene. Moreover, utilizing
agricultural waste for catalytic applications would have a
highly positive environmental impact.
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Fig. 3. TEM micrographs and the corresponding Au particle size distributions for (A) Au/C300, (B) Au/C400, (C) Au/C500 and (D) Au/
C600
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TABLE-3 
EPOXIDATION OF CYCLOOCTAENE  

OVER THE 1 % Au/CARBON CATALYSTSa 

Selectivity (%) 

Catalyst Conversion 
(%) 
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Fresh 1 %Au/C600 9.0 89.0 7.0 4.0 
1st Reuse 9.3 90.0 4.0 3.0 
2nd Reuse 7.8 89.0 7.0 4.0 
3rd Reuse 4.8 88.0 8.0 4.0 
aCyclooctene (5 mL), catalyst (60 mg), TBHP (0.1mL), atmosphere 
pressure, 80 °C, 24 h.
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1% Au/C
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Fig. 4. Epoxidation of cyclooctene using 1% Au/C and TBHP
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