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Abstract
One way to take advantage from out of speci�cation biodiesel and waste from biodiesel tank bottom
drainage is to co-process them in a �uidized catalytic cracking (FCC) unit. The present work deals with
the cracking of oleic acid methyl ester (OAME) as a biodiesel model, under conditions close to that of FCC
process over ZSM-5 and Y zeolites, either in protonated or sodium forms, for the production of
deoxygenated compounds. Catalytic fast cracking of OAME pre-adsorbed on the catalyst surface was
performed, with a catalyst:OAME mass ratio of 10:1 in a micro-pyrolysis system at 650°C, coupled to a
GC/MS for on line analysis of the products. Results show that the cracking of OAME without a catalyst
favored the formation of linear alkenes and polyenes. Fast cracking of OAME over HZSM-5 and HY acidic
zeolites led to the production of aromatics, due to hydrogen transfer. Cracking over NaY and HY zeolites
produced remarkable amounts of rami�ed saturated hydrocarbons. The formation of alkylated
hydrocarbons was not signi�cant over ZSM-5 zeolite probably due to a small pore size of this zeolite.
NaY catalyst favored the production of hydrocarbons in the range of kerosene (C8-C12). Low acidic
zeolites favored the production of non-aromatic hydrocarbons. Product distribution was affected by
catalyst shape selectivity and acidity. These results show that residues from the biodiesel chain can be
directly co-processed in FCC units to obtain high value hydrocarbons, mainly in the jet fuel and gasoline
ranges.

Statement Of Novelty
This work shows that oleic acid methyl ester as a model of residues from off-spec biodiesel and waste
from biodiesel tank bottom drainage can be directly co-processed in a FCC unit, using ZSM-5 and Y
zeolites as catalysts in H- and Na-form. The use of such residues in FCC process can promote the
production o high value hydrocarbons, mainly in the jet fuel and gasoline ranges. These results may be of
great interest to the growing market for renewable jet fuel since the aviation industry is committed to
reduce CO2 emissions towards zero net carbon emissions. To the best of our knowledge, such a
systematic study has not been reported yet.

1. Introduction
The emission of greenhouse gases from the high consumption of fossil fuels has recently been the cause
of the hottest years and extreme weather events [1]. The use of biofuels has increased signi�cantly to
attain a sustainable economy and independence from fossil sources. The use of biodiesel as a diesel
additive requires a rigorous quality control of this biofuel [2–3]. Biodiesel is subjected to chemical
modi�cation due to the double bonds of the methyl esters with one, two or three C = C which can be easily
oxidized. The chemical modi�cations of the biodiesel can be due to storage conditions such as exposure
to air, humidity, light and temperature or to the presence of metals that have a catalytic activity for
oxidation or polymerization reactions. The oxidized products are organic acids, hydroperoxides and
aldehydes that cause corrosion problems to engine [4–5].
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Polymerization reactions can produce gums, generating solid deposits in pumps and �lters leading to
engine operation problems. These products as well as microbial growth affect the quality properties of
the biodiesel [6]. Finally, a limited quality biodiesel can appear when problems in the production process
lead to the formation of an off-spec product with excess impurities such as soaps, glycerol or catalyst
[7–8]. Another concern is the addition of an antioxidant to avoid the degradation of biodiesel.
Antioxidants may affect the clean-burning characteristic of biodiesel. The addition of up to 1000 ppm of
different kinds of commercial antioxidants led to the increase of hydrocarbons and CO emissions when
blends of 20 vol% of biodiesel in diesel are burned in a diesel engine [9]. Then, off-spec biodiesel and
waste from biodiesel tank bottom drainage become a feedstock candidate for deoxygenated biofuels
production.

The thermal cracking of methyl esters of canola and soybean oils, at 440°C, was studied by Luo et al [10]
in a Parr type reactor, under autogenous pressure or hydrogen. Whereas the vegetable oil transformations
produced as cracked products some fatty acids, alkanes and alkenes, the esters transformation produced
small chain esters, alkanes and alkenes, without large differences between the various yields. These
authors also showed that soybean oil and esters produced lighter products, due to a higher unsaturation
of the carbon chain fatty acids, increasing the number of C-C bonds able to crack. Seames et al [11], of
the same research group, studied the thermal conversion of long chain esters and suggested that
cracking is an excellent way to obtain esters with a smaller carbon chain, resulting in better physical
properties for potential kerosene type fuel. They needed, however, a distillation step at 300°C, to decrease
the residual oxygen content of the whole bio-oil obtained.

Hydrodeoxygenation (HDO) of methyl esters was also reported in the presence of supported metal
catalyst. Han et al. [12] studied the HDO of methyl stearate diluted in hexane at 270°C, under 16 bar H2

over 5%Pd/BaSO4, obtaining 99% conversion and 97% heptadecanoate selectivity that corresponds to
diesel range. Dhillon and Vasudevan studied the deoxygenation of methyl oleate and commercial
biodiesel over WO3/γ-Al2O3 and Ni- WO3/γ-Al2O3 catalysts [13]. According to Bezergianni et al. [14], the
NiMo catalyst favors complete hydrodeoxygenation of glycerol tristearate producing C18 and C3 alkanes 
+ 6H2O, in a reaction more hydrogen-consuming than hydrodecarboxylation favored by NiW catalyst,
producing C17 and C3 alkanes + 3CO2. However, these HDO processes consume a large amount of
hydrogen and require expensive high pressure hydrogen facilities.

Deoxygenation of fatty esters can be performed without hydrogen consumption over acidic and metal
catalysts. The deoxygenation of methyl octanoate on acidic H-ZSM5 produced C1-C7 hydrocarbons, with
signi�cant amounts of aromatics. Octanoic acid and 8-pentadecanone were formed as primary products
from the hydrolysis of methyl octanoate, followed by condensation [15]. Bayat et al. [16] studied the
cracking of canola oil methyl ester on HZSM-5 at 375°C, and obtained 75 % of liquid products containing
57 % of aromatics, mainly xylenes, toluene and C9 aromatics. Chiappero et al. [17] studied the
deoxygenation of methyl octanoate over Pt/SiO2 catalyst under helium at 350°C, in a reactive distillation
system. They obtained 56 % C7 alkanes and 40 % C7 alkenes. Sancheti [18] studied the deoxygenation of
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methyl palmitate diluted in n-hexane over a Ni5Mo10K/TS-1 (titanosilicate) catalyst at 380°C, obtaining
29% conversion and selectivity of 87% to C15 alkenes and 8% to C15 alkanes.

To lower the cost, a deoxygenation process can take place in an existing industrial facility such as the
FCC process. FCC is a catalytic process transforming large molecules of petroleum feedstocks to lighter
ones, compatible with gasoline, kerosene and diesel fuels. Co-processing of FCC petroleum feedstocks
with oxygenated molecules, such as those obtained from biomass processing [14, 19–20] and
triglycerides from vegetable oils [21], has been reported. Results showed that up to 10 mass % of
oxygenated molecules can be added to petroleum cuts without decreasing the yields of useful products
[19]. During the cracking process, FCC catalysts that contain acidic zeolites as active phase are
permanently deactivated and regenerated. The addition of controlled amounts of oxygenated molecules
during cracking seems ineffective in decreasing the lifetime of the catalysts [19, 21]. Therefore, it can be
important to further study the cracking of other oxygenated molecules such as fatty acid ester under
conditions close to that of FCC process [22].

To simulate a bench-scale FCC process, a �xed-bed microactivity test (MAT) unit is generally used.
However, this type of reactor presents differences in comparison to the industrial process related to (i) the
�uid dynamics of the �uidized reactor compared to �xed bed; (ii) the short contact times that in the FCC
reactor vary from 2 to 10 s; and (iii) the stripping of the reaction products in the MAT system [23]. In a
preceding study, some of us [24] suggested that the micropyrolysis of fatty compounds preadsorbed on
catalyst surface can be used to screen some catalytic properties, as catalytic micropyrolysis generates a
large spectrum of organic products. As the experimental conditions used were close to those used in FCC
process, with high heating rates, and a catalyst:feed mass ratio close to 9, such procedure can in part
simulate what occurs in a FCC riser. The present work aims at studying deoxygenation of oleic acid
methyl ester close to FCC conditions in absence or presence of Y and ZSM-5 zeolites, in both protonated
and sodium forms, to investigate the formation of deoxygenated products and their distribution. Y
zeolites and ZSM-5 are typical zeolites used in FCC catalysts.

2. Experimental
2.1.Catalysts

Starting catalysts samples were NH4ZSM-5 (Si/Al = 15) and NH4Y (Si/Al = 6) materials from Zeolyst, in
powder form. These samples were heat treated at 600 °C under static air to obtain the acid forms HZSM-
5 and HY, respectively. These new samples were then exchanged with aqueous solution of sodium nitrate
(5 mol L–1) for one hour, washed with deionized water to remove nitrate ions, dried at 110 °C and heat
treated under static air at 500 °C for 3 hours. This exchange procedure was repeated three times. Final
samples are referred to as NaZSM-5 and NaY.

2.2.Mixtures of oleic acid methyl ester and catalyst



Page 5/15

Oleic acid methyl ester (Sigma Aldrich) was impregnated onto H- and Na-zeolites, after drying at 110 °C,
by dropping micro amounts of the pure organic molecule onto powdered zeolites, under constant manual
mixing. The mass ratio of catalyst:oleic acid methyl ester was 10:1. At the end of this process, samples
were still in their initial powder form. These impregnated samples are thereafter referred to
OAME/catalyst, catalyst representing H- or Na-zeolite.

2.3.Pyrolysis experiments

Cracking experiments have been performed in a micropyrolyzer Pyroprobe 5200 CDS Analytical set up
described in previous works [25–26]. The cracking temperature was �xed at 650 °C for 15 seconds, which
is higher than the FCC raiser feed temperature (500 °C) and lower than the temperature of the incoming
FCC regenerated hot catalyst (715 °C) [27]. The heating rate of the pyrolysis space, by a platinum coil
resistance, was estimated to be 1,000 °C min-1. The sample mass of catalyst impregnated with OAME
was about 1.5 mg. The sample was placed in a quartz tube, between two quartz wool plugs. The sample
was submitted to a helium �ow rate of 150 mL min-1. Cracked products (up to 400 compounds) and
untransformed feed were separated in a GC/MS apparatus Shimadzu QP2010. The GC program started
at 45 °C for 5 min, heating ramp of 4 °C min-1, and �nal temperature of 280 °C. Split injector temperature
was 250 °C and split ratio was 30:1. GC column was a DB-5MS (30 m x 0.25 mm x 0.2 µm). The
temperature of MS interface was 290 °C and that of the ion source was 250 °C. MS operated in scan
mode with m/z range of 40-400. Deoxygenated products were identi�ed with the help of the NIST data
library with similarity equal to or higher than 90%. A standard mixture of hydrocarbons was used to help
identify the products: PIANO Mix from Sigma-Aldrich/Supelco, Bellefonte, PA, USA. Due to a large number
of products, the deoxygenated compounds were grouped by summing peak areas of speci�c molecules
or molecule families. To classify the different families of compounds, the products were �rst separated
as unidenti�ed, oxygenated and deoxygenated compounds, i.e. hydrocarbons. Deoxygenated molecules
were further separated as alkanes, alkenes, polyenes and aromatic compounds. Among saturated and
monounsaturated hydrocarbons, linear, cyclic and rami�ed molecules were further associated. Separation
between single benzene ring and molecules with multiple benzene rings was also considered.
Deoxygenated molecules were also associated in three families of hydrocarbons, C3-C7, C8-C12 and
C12+ to estimate the type of products able to be added or upgraded to gasoline, kerosene or diesel cuts.

3. Results And Discussion
In all cases of oleic acid methyl ester (OAME) cracking, between 20 to 30% of pyrogram total area was
due to unidenti�ed and products with similarity identi�cation between 60 and 75%. This value is higher
than that of unidenti�ed products estimated when cracking myristic acid and palmitic acid as model
molecules [26, 28]. This fact implies a more complex mechanistic scheme during cracking of unsaturated
fatty molecules [25, 29] when compared to the scheme retained during cracking of saturated fatty acids
which is attributed essentially to decarboxylation and decarbonylation reactions, in agreement with the
literature data [30–33]. In the present case, a complete deoxygenation of the oleic acid methyl ester
(OAME) was not obtained. But, in their majority, the remaining oxygenated compounds were susceptible
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to further decomposition when the contact time between catalyst and reactant and/or intermediate
products was increased. Therefore, it was expected that the general trends in the product distribution
observed in this work would be maintained with a higher degree of decomposition of the feed.

3.1.Cracking of pure oleic acid methyl ester in absence of catalyst

Oleic acid methyl ester C18:1 (OAME) pyrogram after cracking at 650°C in absence of catalyst is
presented in Fig. 1. The pyrogram can be divided into two main domains. The left part region, below
retention time close to 33 min, where peaks rather well separated of limited size appear; and the right part,
above retention time of 33 min, where peaks, poorly separated, of important size are observed. The larger
peak in this second region (retention time close to 50 min) is due to untransformed OAME. Product
classes reported in Table 1 show that thermal cracking of OAME at 650°C produced only 4.3% of
deoxygenated compounds, essentially associated to peaks below retention time of 33 min. In the right
part of the pyrogram, many oxygenated and unidenti�ed products are present. Along all the pyrogram, a
large amount of carboxylic acid methyl esters was observed (75.1%), i.e. methyl esters of C2 to C18
saturated and unsaturated carboxylic acids. This result implies that under these conditions, cracking of
OAME and methyl esters of lower chain length can occur not only close to the carboxylate position, but
also within the hydrocarbon chain, probably in the beta position of the C = C bond. The presence of all
chain lengths between the C2 and C19 methyl esters suggests also an important migration of the C = C
double bond position before cracking occurs. Although the number of hydrocarbons (HC) observed from
pure OAME cracking is low, the HC production is much higher after cracking in presence of catalysts
studied.

3.2.Cracking of oleic acid methyl ester adsorbed on zeolites

The cracking of OAME impregnated on zeolite catalysts at 650°C presented a higher degree of reaction
than the cracking of pure OAME. Figure 1 shows together with that of pure OAME, the pyrograms of
OAME/HY, OAME/NaY, OAME/HZSM-5 and OAME/NaZSM-5. The cracking of OAME in contact with
zeolites presented a higher degree of transformation than the cracking of pure OAME. The quantitative
results are shown in Table 1. The area % of hydrocarbons varies from 24 to almost 40% in presence of
catalysts while this value is only 4.3% for the cracking of OAME in absence of catalysts. Simultaneously,
the number of oxygenated compounds decreased in the catalytic cracking. Therefore, both acidic and
sodium zeolite catalysts helped the deoxygenation of OAME, in the same way they favored deoxygenated
products as reported in the case of fatty acids cracking [24]. The number of produced hydrocarbons over
HY and NaY was practically the same. However, the number of hydrocarbons over HZSM-5 was much
higher than over NaZSM-5, suggesting that the acid sites in HZSM-5 are more effective in producing the
deoxygenation reactions. In all cases, the number of unidenti�ed compounds is higher when cracking is
performed in presence of catalyst, suggesting more complex reaction schemes.
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Table 1
Product family distribution after cracking of oleic acid methyl ester
(OAME) at 650°C, pure and in presence of NaZSM-5, HZSM-5, NaY

and HY catalysts.
Catalyst Unidenti�ed Oxygenated Hydrocarbons

Pure OAME 11.2 84.5 4.3

OAME/NaZSM-5 18.1 57.4 24.5

OAME/HZSM-5 19.1 41.9 39.0

OAME/NaY 36.1 26.4 37.5

OAME/HY 15.7 45.1 39.2

Table 2 summarizes a �rst association of hydrocarbon families obtained after cracking of OAME. In the
case of pure OAME, cracking produced mainly linear alkenes, the majority of them being 1-alkenes. These
alkenes are an important class of products in the cracking of saturated fatty acids, as the main
decomposition mechanism is due to simple decarbonylation [28, 33]. The second class of important
products has been observed to be polyunsaturated molecules, including dienes, trienes and alkynes. In
the presence of all catalysts, the cracking of OAME produced a high number of aromatics. Protonated
catalysts HZSM-5 and HY were more effective for aromatization than sodium catalysts NaZSM-5 and
NaY, respectively. The second most important hydrocarbon family was that of alkenes in the case of
NaZSM-5, HZSM-5 and NaY. In the case of HY, the second most important group was that of alkanes.

Table 2
Hydrocarbon family distribution after cracking at 650°C of oleic acid
methyl ester (OAME), pure and in the presence of NaZSM-5, HZSM-5,

NaY and HY catalysts.
Catalyst Alkanes Alkenes Polyenes Aromatics

OAME 0.6 2.3 1.3 0.1

OAME/NaZSM-5 0.0 10.0 0.0 14.0

OAME/HZSM-5 2.1 13.1 1.6 22.2

OAME/NaY 7.8 11. 8 0.6 16.8

OAME/HY 12.7 3.6 2.1 20.0

Table 3 details the distribution of saturated and unsaturated products. Whereas more linear alkanes
appear in the case of OAME cracking over HZSM-5, the presence of rami�ed alkanes is remarkable when
OAME cracking was performed over both NaY and HY zeolites. In the case of alkenes, whereas more
linear alkenes appear with OAME/NaZSM-5 and OAME/HZSM-5, rami�ed alkenes show the highest
content in the cracking with OAME/NaY, OAME/HZSM-5 and OAME/HY. Therefore, in a systematic way, Y
type zeolite presents a more important alkylation property than ZSM-5 type zeolite, probably due to acid
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sites of stronger strength or in greater numbers [34]. In fact, although acidity measurements were di�cult
to obtain under the present experimental conditions, an estimation based on Si/Al ratio [35] suggests that
the number of acid sites is probably two times more important with HY (with Si/Al = 6) than with HZSM-5
(with Si/Al = 15). The higher the Al content, the higher the acidity. Another explanation is the occurrence of
shape selectivity. The pore size of the Y zeolite (7.4 Ǻ) is larger than that of ZSM-5 (5.1–5.6 Ǻ) zeolite,
enabling alkylation reactions which require more space inside the porous structure [36–37]. It is also
important to recall that 1-alkenes represent more than 50% of all alkenes in the case of thermal cracking
of pure OAME and cracking in presence of NaZSM-5. On the contrary, in the other cases, small amounts
of 1-alkenes are identi�ed, when present. All three HZSM-5, Na/Y and HY catalysts favor the formation of
cyclic and internal linear alkenes, eventually alkylated. These three zeolites show therefore a high
capacity of isomerization, probably due to higher number of acidic sites existing on their surface. In the
case of Y-based catalysts, the larger pore size compared to that of HZSM-5 may also favor molecules
with higher kinetic diameter, i.e. rami�ed ones, as commented above.

Table 3
Distribution of alkane and alkene hydrocarbon families into linear, cyclic and rami�ed classes, after

cracking at 650°C of oleic acid methyl ester (OAME), pure and in presence of NaZSM-5, HZSM-5, NaY and
HY catalysts.

Catalyst Linear
Alkanes

Cyclo-
Alkanes

Rami�ed
Alkanes

Linear
Alkenes

Cyclo-
Alkenes

Rami�ed
Alkenes

OAME 0.2 0.1 0.3 1.8 0.5 0.4

OAME/NaZSM-
5

0.0 0.0 0.0 7.4 1.5 2.6

OAME/HZSM-5 1.8 0.3 0.3 5.7 2.3 7.0

OAME/NaY 0.5 2.3 7.2 2.1 1.6 9.6

OAME/HY 0.4 1.3 12.2 0.3 0.9 3.3

Table 4 presents the distribution of aromatic compounds. The formation of aromatics was not signi�cant
in the case of thermal cracking of OAME. On the contrary, as said above, the formation of aromatic
molecules is very impressive when OAME is cracked over zeolite samples. HY and HZSM-5 zeolites
showed a higher aromatization capacity than the sodium exchanged ones.

Whereas a high number of molecules containing a single benzene ring are present with OAME/NaZSM-5
and OAME/HZSM-5, molecules containing more than one benzene ring are identi�ed in a signi�cant way
during the cracking of OAME adsorbed on Y type zeolites. In the case of OAME/HY, polyaromatic
compounds with 3 benzene rings were detected, suggesting an important possibility of coking of this
catalyst during cracking of OAME. The formation of mono aromatic hydrocarbons may be associated
with the dehydrogenation of six carbon numbered cyclic alkanes and alkenes [32, 38]. Polyaromatic
hydrocarbons, on the other hand, are formed through the polymerization and dehydrogenation of mono
alkyl aromatics [23] and alternatively through an intramolecular radical cyclization mechanism [38]. It is
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known that polyaromatics are generally considered as potential precursors of coke [39–40]. This
behavior, together with the hydrogenation properties shown by Y type zeolite must be linked to strong
acidic properties of Y zeolite and to hydrogen transfer phenomena, leading on one hand to rather large
number of saturated hydrocarbons, and on the other hand to strongly dehydrogenated polyaromatic
molecules.

Table 4
Distribution of monoaromatic and polyaromatic product

families after cracking at 650°C of oleic acid methyl ester
(OAME), pure and in presence of NaZSM-5, HZSM-5, NaY

and HY catalysts.
Catalyst Monoaromatics Polyaromatics

OAME 0.0 0.1

OAME/NaZSM-5 13.6 0.4

OAME/HZSM-5 17.4 4.8

OAME/NaY 9.3 7.5

OAME/HY 12.3 7.7

Figure 2 summarizes the quantities of hydrocarbons associated to the carbon chain numbers: C3-C7
(gaseous and gasoline) range, C8-C12 (kerosene) range and C12+ (diesel) range. Results show three
features concerning product distribution: i) the number of products in the C12 + range is rather low, the
majority of deoxygenated molecules in this range being aromatics in the case of OAME cracked over
catalysts; ii) the C3-C7 range is more important in the case of ZSM-5 zeolites than in the case of Y
zeolites. It can be noted that with both Na-ZSM-5 and H-ZSM-5, signi�cant amount of propene is formed.
This property has also been observed when cracking petroleum feedstock in the FCC process using ZSM-
5 in the catalyst formulation [41]. These results con�rm that ZSM-5, during its cracking activity, has a
higher capacity to promote the formation of small unsaturated molecules than Y zeolite; iii) with both
ZSM-5 and Y zeolites, the presence of sodium induces a decrease in the formation of light products. This
result also con�rm that protonated zeolites promote the cracking reactions of oleic acid methyl ester
towards light compounds.

The cracking of OAME over HZSM-5, NaY and HY led to the production of a large number of molecules in
the range C8-C12 (kerosene range), the best catalyst being NaY. As aviation transport needs to strongly
decrease its carbon emissions, with a possibility of zero net carbon emission by 2050 [42] the necessity
to increase the production of green kerosene is mandatory. Then, the present work indicates that one
possible way to increase the production of this fuel fraction can be through the addition of some residue
biodiesel to the FCC cracking cuts. Other oxygenated molecules such as bio-oil and more probably fatty
acids and triglycerides, due their molecular structure close to that of OAME can probably play an
additional role in this increasing market.
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4. Conclusions
Catalytic cracking of oleic acid methyl ester (OAME), used as a model molecule of spoiled biodiesel
waste, was performed in the presence of ZSM-5 and Y zeolites, both in their acidic and sodium forms.
The cracking of pure OAME, without catalyst, under conditions close to that of the FCC process produced
mainly linear mono and poly alkenes. The cracking of OAME over HZSM-5 and HY zeolites promoted a
high production of aromatics. Rami�ed saturated hydrocarbons distribution was remarkable when OAME
cracking was performed over NaY and HY zeolites, indicating a promotion of alkylation reactions when
compared to ZSM-5 with smaller pores. These results suggest that both shape selectivity and acidity,
linked to hydrogen transfer play a role in the product distribution. NaY catalyst favored the production of
hydrocarbons in the range of kerosene (C8-C12). These results may be of great interest to the market for
renewable jet fuel since the aviation industry is committed to reduce CO2 emissions signi�cantly in the
coming years.
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Figure 1

Pyrograms obtained after cracking of oleic acid methyl ester at 650 °C, pure and in the presence of
catalysts. Main compounds in pyrograms: (0) oleic acid methyl ester (OAME), (1) propene, (2) butene, (3)
pentene, (4) hexene, (5) benzene, (6) 4-methyl-2-hexene, (7) toluene, (8) ethylbenzene, (9) o-xylene, (10) m-
xylene, (11) propylbenzene, (12) 1-ethyl-2-methylbenzene, (13) 1,2,3-trimethylbenzene, (14) heptanoic acid
methyl ester, (15) 1-ethyl-3-methylbenzene, (16) indane, (17) 1,2-diethylbenzene, (18) 1-ethyl-3,5
dimethylbenzene, (19) nonanal, (20) 1,2,3,4-tetramethylbenzene, (21) naphthalene, (22) decanal, (23) 1-
ethyl-2,4,5-trimethylbenzene, (24) 1-methylnaphthalene, (25) 2-methylnaphthalene, (26) 1,5-
dimethylnaphthalene, (27) 1,3-dimethylnaphthalene, (28) dodecanoic acid methyl ester, (29)
tetradecanoic acid methyl ester, (30) pentadecanoic acid methyl ester, (31) 9-methyltetradecanoic acid
methyl ester, (32) 9-hexadecenoic acid methyl ester, (33) hexadecanoic acid methyl ester, (34)
heptadecanoic acid methyl ester, (35) 11-eicosenoic acid methyl ester.
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Figure 2

Distribution of deoxygenated products according to carbon number in the C3-C7 (gaseous and gasoline)
range, C8-C12 (kerosene) range and C12+ (diesel) range after cracking at 650 °C of oleic acid methyl ester
(OAME), pure and in presence of NaZSM-5, HZSM-5, NaY and HY catalysts.
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