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Abstract−The hydrocracking of waste lubricant into gasoline fraction was carried out using CoMo catalyst sup-
ported on mesoporous carbon. The carbon was synthesized using bovine bone gelatin and SBA-15 as a template. The
metals were loaded onto the carbon by wet impregnation method. The total metal content of catalyst was prepared into
two different amounts which were labelled as CoMo/MCG1 and CoMo/MCG2. Catalytic activity and selectivity were
evaluated in hydrocracking of waste lubricant at 450, 475, and 500 oC, and lubricant/catalyst weight ratio of 50, 100,
200, 300, and 400. The result revealed that acidity and specific surface area of the catalyst played an important role in
determining the catalytic performance in the hydrocracking of waste lubricant. The highest percentage of gasoline frac-
tion was 58.09%, produced by hydrocracking of waste lubricant at 475 oC and lubricant/catalyst weight ratio of 300
using CoMo/MCG2 catalyst.
Keywords: Hydrocracking, Waste Lubricant, CoMo Catalyst, Gelatin, Gasoline

INTRODUCTION

Direct upgrade technique of waste lubricant into fuel is the most
effective way to prevent environmental pollution from disposal of
waste lubricant containing hetero atom of poly-aromatic com-
pounds that are considered as toxic [1-3]. CoMo catalyst has been
reported to have good catalytic activity in hydrodesulfurization and
hydrocracking reactions [4-9]. However, agglomeration and sinter-
ing often occur if these metals are used directly as a catalyst. There-
fore, the catalyst needs to be entrusted to support that has a large
surface area so that the contact area between the feed and the
active site of the catalyst becomes larger.

Mesoporous carbon, which has been widely used as a catalyst
support [10,11], can be synthesized from various carbon sources
such as sucrose [12], furfuryl alcohol [13,14], and other carbon
sources, which are expensive [15,16]. As an alternative, mesoporous
carbon can be synthesized from gelatine, which is inexpensive
[17].

Transition metals play an important role in the high activity and
selectivity of catalysts by providing acid sites [7-9]. The catalytic
activity increases with the increase of catalyst acidity [3,18,19]. Ramos
et al. [20] reported that CoMo with total content of 20 wt% sup-
ported on SBA-15 had high activity and selectivity toward gaso-
line. Yet, this high content of metal in the catalyst is high cost
when applied as industrial catalyst. Sriningsih et al. [8] deposited
CoMo metal onto natural zeolite with total metal content of 1%
weight. However, the resulting catalyst had low activity due to the
low acidity of the catalyst. Therefore, further research is needed to
produce catalysts with high acidity but still low cost for industrial

application.
Hydrocracking reaction conditions, including temperature reac-

tion and catalyst/feed weight ratio, are the important factors affect-
ing the catalytic activity and selectivity [21-23]. Higher temperatures
often produce more gaseous product. Instead, lower temperature
does not provide sufficient energy for the feed to diffuse from the
liquid phase to the catalyst surface. Furthermore, each catalyst has
a limited number of active sites. The increasing of feed sometimes
reduces total conversion. Therefore, these parameters should be
evaluated in order to produce higher gasoline fraction.

In the present work, Co and Mo were impregnated into meso-
porous carbon synthesized using bovine bone gelatine. Total metal
content toward the carbon was varied into two categories. The effect
of hydrocracking condition, including temperature reaction and
feed/catalyst ratio, toward catalytic activity and selectivity for gaso-
line fraction production was also evaluated.

EXPERIMENTAL SECTION

1. Materials and Chemicals
Gelatin was extracted from bovine bone obtained from Yogya-

karta, Indonesia. While SBA-15 with specific surface area, pore vol-
ume and pore diameter of 623.85 m2/g, 1.05 cm3/g, 5.61 nm, re-
spectively, were purchased from Siqma-Aldrich. The metal precur-
sors, Co(NO3)·6H2O and (NH4)6Mo7O24·24H2O, were provided by
Merck.
2. Synthesis of Mesoporous Carbon from Bovine Bone Gelatin

Mesoporous carbon (MCG) was synthesized by following the
procedure of Ulfa and co workers [17] with a slight modification.
In a typical synthesis, gelatin, H2SO4, and H2O (1 : 0.2 : 100 g) were
homogenized and dropwise added to 1 g of SBA-15 silica. The mix-
ture was first heated in an oven for 6 h at 100 oC, then at 160 oC
for 6 h. The step was repeated to produce brown solid. The poly-
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mer-template composites were then carbonized in a furnace in an
argon gas flow (rate of 5 mL/min) at 900 oC and kept under these
conditions for 4 h. Finally, the silica templates were removed by
treatment with a 10% HF solution (etanol-water) to produce mes-
oporous carbon.
3. Preparation of CoMo/MCG

The CoMo metals were supported on the MCG by sequential
wetness impregnation technique, where the Mo was previously
loaded followed by Co. The total content of metals loaded onto the
MCG was varied into two kinds of catalysts: CoMo/MCG1 and
CoMo/MCG2. After the impregnation, the catalyst was dried in
an oven at 120 oC for 12 h. Finally, the catalysts were calcined at
500 oC for 3 h under N2 gas stream, followed by reducing under
hydrogen gas stream at 400 oC for 3 h.
4. Characterization of Materials

Surface area analyzer (Quantachrome NovaWin Series) was used
to determine the surface parameters of the synthesized carbon
including specific surface area, pore volume and pore size. The
determination was based on the physical adsorption of nitrogen
gas molecule at batch temperature of 77.3 K. All samples were out-
gassed for 3 h at 300 oC. The surface area was calculated using
Brunauer-Emmet-Teller (BET) equation in the relative pressure range
of between 0.03 and 0.1, while the total pore volume was estimated
from the amount adsorbed at a relative pressure of 0.99.

The morphology of the carbon and its metal content were deter-
mined by a scanning electron microscope equipped with JEOL-
JSM-6510LV and atomic absorbance spectrophotometry, respec-
tively. Imaging was at 30 kV accelerating voltage, using the back-
scattered electron imaging technique. Transmission electron micro-
scope (TEM) images were taken using a JEOL JEM-1400 electron
microscope operating with an acceleration voltage of 120 kV to
characterize the morphologies of all the synthesized samples. The
functional groups at the surface of all materials were determined
with a Bruker FTIR spectrophotometer (Shimadzu). The amounts
of acid sites of carbon samples were determined gravimetrically
based on the vapor adsorption of ammonia (NH3).

5. Experimental Setup and Procedure
The catalytic activity test of the metal-supported carbon cata-

lysts was evaluated in hydrocracking processes of waste lubricant,
which was carried out in a semiflow microreactor system under a
hydrogen gas stream (20 mL/min) for 60 min. The activity test was
at various temperatures of 450, 475 and 500 oC, and lubricant/cata-
lyst weight ratio of 50, 100, 200, 300, and 400. Liquid fraction pro-
duced by the hydrocracking of waste lubricant was analyzed by
using gas chromatography-mass spectrometry (GC-MS) QP2010S
Shimadzu with a column length of 30 m, helium gas flow, diameter
0.25 mm, thickness 0.25µm, temperature of between 60-310 oC,
and acceleration voltage of 70 Ev. The activity (amount of liquid
product conversion) and selectivity of the catalyst toward gasoline
fraction were calculalated as follows:

Gasoline Fraction (%)

RESULTS AND DISCUSSION

1. Characterization of Synthesized Carbon
Characterization of the synthesized carbon by TEM in Fig. 1

showed that the carbon prepared from bovine bone gelatin exhib-
ited ordered structure with linear array (white line), separated by
carbon rod (black line). As can also be seen, this material poses
uniform pores like a honeycomb. This mesopore structure was
converted from mesoporous silica framework after the treatment
of NaOH [14,17]. The carbon was composed of 2D hexagonal
mesoporous carbon rods interconnected by spacers, originating
from the carbon that filled the interconneting micropores channel
of SBA-15 wall [10,17].

Scanning electron microscopy (SEM) images in Fig. 2(a) and
2(b) show the texture sample of mesoporous carbon before and

Liquid Product wt%( )  = 
weight of liquid product g( )

weight of reacted lubricant g( )
------------------------------------------------------------------------- 100%×

= 
Σ % relative area of C5-C12

100
---------------------------------------------------------------- Liquid product wt%( )×

Fig. 1. TEM Image of mesoporous carbon from bovine bone gelatin (MCG).
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after impregnation of metals, respectively. Clearly, the carbon repli-
cas had structural similarities with the SBA-15 [10]. The structure
of the carbons was mostly uniform with particle size of 1µm in
length. The SEM image was similar to that of carbon mesoporous
synthesized by previous researchers who used SBA-15 as pore tem-
plate [25]. Active metals were observed in Fg. 2(b). After metal was
loaded onto the mesoporous carbon, the SEM image 2(b) showed
brighter contrast than that of the unloaded carbon 2(a). This can
be attributed to the different elements at the surface of the mate-
rial. The cobalt (Co) and molybdenum (Mo) at the CoMo/MCG,
with the higher atomic number, have more positive charges on the
nucleus compared to carbon atom at the unloaded carbon support.
As a result, more electrons were backscattred, causing the result-
ing backscattered signal to be higher.

The surface parameters of all prepared samples are shown in
Table 1. Total CoMo content in CoMo/MGC1 and CoMo/MGC2
catalyst was 0.92 and 0.96 wt% determined by atomic absorbance
spectrophotometry. The specific surface area of the mesoporous
carbon was 687.60 m2/g. Interestingly, after impregnation the spe-
cific surface area of the carbon was increased to 720.88 (CoMo/
MCG1) and 727.35 m2/g (CoMo/MCG2). The higher metal con-
tent in the catalyst provides the higher specific surface of the cata-
lyst. The increase of the specific surface area after impregnation
indicated that the Co and Mo were distributed well into the pores
of support, and these metals did not block the pore channel [4,7,
27]. It also agreed with the decrease of pore size of carbon from
3.83 to 3.39 nm and pore volume from 0.86 to 0.84 cm3/g, indicat-
ing that the metals were dispersed at the surface of pore wall caus-
ing the decrease of the distance between two adjacent pore walls.
The group of OH, O and COOH at the surface of mesoporus car-
bon bring about strong interaction with the supported metals,
which is favored for the dispersion of metal particles on the surface

of the carbon support [28]; in addition, the higher metals content
in the catalyst, giving higher acidity of the catalyst [7-9]. The acid-
ity of the carbon material is one of the most important parameters
for estimating the catalyst activity. Table 1 shows that the presence
of Co and Mo significantly increased the acidity of carbon. The
acidity increased from 5.42 to 7.82 (acidity of CoMo/MCG1) and
8.26 mmol/g (CoMo/MCG2) after the impregnation of metals. This
phenomenon is due to the fact that the metal provides acid sites
[2,18]. The acidity of the metal impregnated carbon might help to
crack the long hydrocarbon so as to improve the hydrocracking
activity [5].

The nitrogen adsorption/desorption isotherms of the meso-
porous carbons are shown in Fig. 3. The figure clearly shows that
all prepared samples were classified as isotherm type IV (based on
IUPAC classification), with the hysteresis loop type H3. The for-
mation of hysteresis loops that were seen from the relative pres-

Fig. 2. SEM image of (a) MCG and (b) CoMo/MCG2.

Table 1. Characteristics of the catalysts
Sample SBET (m2/g) Vtotal (cm3/g) Diameter (nm) Total CoMo content (%) Acidity (mmol/g)
MCG 687.60 0.86 3.83 0.00 5.42
CoMo/MCG1 720.88 0.86 3.39 0.92 7.82
CoMo/MCG2 727.35 0.84 3.80 0.96 8.26

Fig. 3. Nitrogen adsorption/desorption of MCG, CoMo/MCG1 and
CoM/MCG2.
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sure of 0.4 was due to capillary condensation of nitrogen in the
pores [17]. The isotherm adsorption gradually increased with in-
creasing of pressure, while the adsorption-desorption isotherm at
low range pressure (P/Po<0.1) indicated the presence of micropo-
res in the sample [23]. The hysterisis loop indicated the presence
of mesopores in the carbon material. It was confirmed by the pore
size distribution curve in Fig. 4. The average pore diameter of all
sample was in the range of ±3.8 nm, while the isotherm at the
lower pressure (P/Po<0.1) indicated the presence of micropores in
the carbon materials [23].
2. Catalytic Activity

The catalytic activities of CoMo/MCG1 and CoMo/MCG2 cat-
alysts are shown in Table 2. As can be seen, catalytic cracking over
catalysts (CoMo/MCG1 and CoMo/MCG2) obtained more liq-
uid yield, which is considered to contain gasoline fraction, than
gas yield. While, the product of thermal cracking obtained more
gas. One can assume that this result could be caused by the differ-
ences of reaction mechanism. In thermal cracking, the reaction
occurs through the formation of radical ion triggered by high
temperature without a catalyst to produce short chain hydrocar-
bons (C1-C4), while in catalytic hydrocracking, the reaction takes
place via the formation of the carbocation with a minimum num-
ber of carbon atoms of 7 (C7), to produce longer chain hydrocar-
bon [2,24].

The catalytic activity of the catalyst was strongly dependent on
the acidities [3,18,19]. Table 2 shows the catalyst with the higher
acidity produced more liquid fraction. The liquid fraction obtained
from hydrocracking over CoMo/MCG2 catalyst was 59.76%. This
value was higher compared to 54.76% liquid fraction produced over
CoMo/MCG1 catalyst. The high activity of CoMo/MCG2 can also
be correlated to the high value of its specific surface area, where the

reaction occured. The higher the specific surface area, the more
effective the contact between waste lubricant as feed and the cata-
lyst [1,2,14,15]. Another possible reason is the lower coke forma-
tion of hydrocracking over CoMo/MCG2 compared to that of
CoMo/MCG1. In catalytic cracking, coke covers the active sites of
the catalyst. Therefore, the formation of coke should be avoided.
These results indicated that acidity and the specific surface area of
catalyst served a crucial factor determining the catalytic perfor-
mance in the hydrocracking of waste lubricant. Based on the activ-
ity performace test of each catalyst, CoMo/MCG2 was chosen as
the most interesting catalyst in this work and more investigations
were carried out on it.
2-1. Effect of Temperature

The effect of reaction temperature on the conversion of waste
lubricant over CoMo/MCG2 catalyst was examined. The reaction
temperature plays an important role toward product distribution
and amount of each fraction [21,22]. Product distribution of waste
lubricant in hydrocracking as a function of temperature is shown
in Table 3. It can be seen that the highest liquid product converted
from waste lubricant was 59,76% at 475 oC. At 500 oC, a large amount
of gaseous fraction was observed. It seems that the hydrocracking
taking place at higher temperature produced higher gaseous frac-
tion. This behavior could be attributed to the fact that higher tem-
perature accelerated the thermal decomposition, then cracked long
chain hydrocarbon molecules into lighter hydrocarbon molecules.
Thereafter, gaseous oil and light oil were catalytically cracked at
the surface of the catalyst, converting them into gaseous and light
hydrocarbon fraction [1,21,26]. This process was identified as de-
oxygenation cracking with hydrogen transfer from the properties of
metal suport catalyst in catalytic cracking processing [1]. At 450 oC,
more coke was observed. We assumed that this coke might be the
reason for the lower yield of liquid fraction because it covered the
active sites of the catalyst, where the reaction occur.
2-2. Effect of Feed/Catalyst Weight Ratio

The various weight ratios of lubricant/catalyst have significant
influence on the product distribution, as shown in Table 4. The
amount of gaseous product decreased with the increase of the lubri-
cant/catalyst weight ratio, whereas the yield of liquid fraction in-
creased. There was an increase of liquid product of about 34% at
the lubricant/catalyst ratio of 50 to the ratio of lubricant/catalyst=
100. Further increase of the lubricant/catalyst ratio resulted in a
marked increase of the liquid fraction. This trend was maintained
until the ratio of lubricant/catalyst of 400. It seemed that this trend
reached its optimum peak at the ratio of lubricant/catalyst of 400.
The lubricant/catalyst ratio of 400 exhibited the highest activity
among the others. However, the result of GC-MS analysis (Table
5) showed that this ratio of catalyst (feed/catalyst=400) had lower

Fig. 4. Effect of lubricant/catalyst weight ratio toward activity and
selectivity of the CoMo/MCG2 catalyst.

Table 2. Product distribution of waste lubricant hydrocracking
using CoMo/MCG1 dan CoMo/CMG2

Catalyst
Distribusi produk (%) Residue

(%)Liquid Gas Coke
CoMo/MCG1 54.76 42.02 2.08 1.14
CoMo/MCG2 59.76 37.31 1.62 1.31
Thermal* 49.91 50.09 0.00 1.22

*Without catalyst

.

Table 3. Effect of temperature toward product distribution

Temperature
(oC)

Product distribution (%)
Residue Total

conversion (%)Liquid Gas Coke
450 53.55 43.24 2.07 1.14 98.86
475 59.76 37.31 1.62 1.31 98.69
500 41.94 53.08 1.46 3.52 96.48
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selectivity toward gasoline fraction compared to that of the lubri-
cant/catalyst ratio of 300. This behavior could be attributed to the
limit of active sites of the catalyst. There should be a contact be-
tween the waste lubricant and the active sites of catalyst to obtain
desired product [8]. In this case, the ratio of feed/catalyst of 400
was too much, so that some of the feed did not interact well with
the active sites of catalyst. This result suggests that the ratio of
feed/catalyst in catalytic cracking should be considered to obtain
more desirable product.

Fig. 4 shows overall results of hydrocracking in various weight
ratio of lubricant/catalyst. It is obviously seen that the highest gaso-
line fraction of 58.09% was produced by using CoMo/MCG2 cat-
alyst at the weight ratio of lubricant/catalyst of 300.

CONCLUSIONS

The presence of Co and Mo in the mesoporous carbon increased
specific surface area and acidity of the catalyst. The conversion of
waste lubricant into gasoline fraction was strongly dependent on
the acidity and specific surface area of catalyst as well as the hy-
drocracking conditions (temperature and weight ratio of lubricant/
catalyst). The CoMo/MCG2 catalyst, with higher metals content,
exhibited higher specific surface area and acidity than that of the
CoMo/MCG1 catalyst. The specific surface area and the acidity of
the CoMo/MCG2 were 727.35 m2/g and 8.26 mmol/g, respectively.
The highest gasoline fraction of 58.09% was produced by hydroc-
racking of waste lubricant over CoMo/MCG2 catalyst at the reac-
tion temperature of 475 oC and lubricant/catalyst weight ratio of
300.
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