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Introduction

Due to depletion of fossil fuels associated with
environmental concerns related to greenhouse gasses
(GHG) emissions, application of renewable, clean and
yet economically feasible energies such as biofuel has
received more attention [1]. Bio-oils derived biomass
are known as a non-toxic, renewable and biodegradable
alternative for fossil fuel [2].

The criteria which limit the application of bio-oil
derived biomass, is the presence of oxygenated groups
in their structures. Corrosiveness, low calorific value,
polymerization and immiscibility with fossil fuels are
some of the concerns, caused by their application in
engines without modification [3].

In order to reduce the aforementioned problems,
variable methods have been performed. Catalytic
hydrodeoxygenation (HDO) is one of the mostly utilized
processes for improving the quality of bio-oils by means
of removing the oxygenated groups [4]. During HDO
process various value-added products are expected.
Moreover, one of the obstacles in HDO process is
reaction network and kinetics data, which are required
in order to determine conversion and selectivity toward
individual value-added products.

As a purpose, kinetic of anisole upgrading as a model
compound of lignin derived bio-oil, through HDO
process to value-added products, is investigated at
573-673 K in presence of 14 bar H, and over 0.25-2
g Pt/y Al O, catalyst, during 6 hours of reaction time.

Materials and Methods
Materials
Anisole, benzene, toluene, phenol, 2-methyl anisole,

Accepted: June/15/2020

2-methyl phenol, 2,6-di methyl phenol, 2,4,6-tri methyl
phenol, 2,3.4,5-tetra methyl phenol and hexamethyl
benzene were all Merck products and used as received
for GC identification.

Methods

All experiments were carried out in a 316-L stainless
steel fixed-bed tubular reactor (305 mm length, internal
diameter of 9 mm and outer diameter of 14.5 mm)
micro flow reactor. The reactor was incorporated in
an insulted oven. The liquid reactant was injected into
the reactor by the application of a high-performance
liquid chromatography (HPLC) pump. N, and H, were
fed into a hot-box system containing an electric-forced
convection heater as the carrier gas and reactant,
respectively. In order to prevent hydrocarbons
condensation, the hot-box temperature was maintained
at453 K. The preheated liquid (Anisole) was vaporized,
and the vapor stream has been combined with the gas
feed stream. The gas feed stream flowed to a six-port
valve operated by a remote pneumatic control system
to be directed to either the reactor or a bypass system.

Results and Discussion

Conversion of anisole toward individual products
and their corresponding selectivity were calculated
according to Equations 1 and 2 at temperature and
pressure varying from 573-673 K and 8-14 bar
respectively. According to the revealed data, the
highest conversion is obtained at 14 bar and 673 K.

) (moles of anisole ) —(moles of anisole)
Conversion = =
(moles of anisole )

“-#100%

(1)

in



molar flow rate of producti @)

Selectivity =
molar flow rate of consumed Anisole

Kinetic Development

Anisole conversion has been studied as a function of
time on stream (TOS) in order to evaluate the catalyst
deactivation during 6 hours of reaction at 673 K and
14 bar. It can be dedicated from Figure 1 that catalyst
deactivation is slow and negligible during the reaction.
As shown in Figure 2, phenol has the highest selectivity
in comparison to other products with the value of
0.4. Also, total selectivity for phenolic compounds is
constant by increasing reaction time. Moreover, the
selectivity for production of phenolic compounds
is higher than the selectivity for the production of
benzene and hexamethyl benzene. Therefore, it
can be concluded that selectivity for alkylation and
transalkylation reactions is higher than the reactions
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including the scission of C_ . —O bond.

To investigate the primary products of anisole
upgrading in HDO process, selectivity versus
conversion of anisole for each individual product was
plotted. Based on these plots, products with non-zero
intercept at zero conversions are primary products [5].
According to Figure 3, phenol, benzene and 2-methyl
phenol are primary products.

In order to determine the initial formation rates of
anisole derived compounds, anisole conversion to
each compound is plotted as a function of inverse
weight hourly space velocity (WHSV) ranging from
0.05-0.3(g catalystx h)/ (g of anisole) at 14 bar and
673K. Moreover, according to Equation 3-5, the
slopes of the plotted diagrams are corresponded to i-th
product formation rate. The initial formation rates are
presented in Table 1.

0.2
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Fig. 3 Selectivity diagrams for the formation of products as
a function of anisole conversion (%).

Table 1 Initial rates and rate constants for the formation of the Main Products.

Product Rate (mol. g ".h") Rate constant (L. g _ ".h ")
Phenol 2.92x107 28.3

Hexa methyl benzene 2.75%1073 2.1

2-methyl phenol 3.41x1073 39.6

2,4,6-tri methyl phenol 9.13x107 8.5

2,3,5,6-tetra methyl phenol 6.01x1073 5.5

2,6-di methyl phenol 1.92x103 22.3
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Ci :cAnisole OXi (3)

CAnisole = CA nisole 0 (1 - Xi ) (4)
dX, _ _

" e wasy) XD (5)

where Xi is conversion of anisole to product i on a
logarithmic scale, ki is the apparent rate constant
for the production of product i. Ea, R and T present
the apparent activation energy for the production of
product i, gasses constant and temperature respectively.
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Fig. 4 Conversion of anisole to benzene and hexa methyl
benzene as a function of inverse WHSV.

Table 2 Apparent Activation Energies for the formation of
primary products

Product Activation Energy (KJ/mol)
Phenol 253
Hexa methyl benzene 70.1
2-methyl phenol 55.4
2,4,6-tri methyl phenol 40.2
2,3,5,6-tetra methyl phenol 93.6
2,6-di methyl phenol 43.4

Conclusions

Kinetics and reaction network of anisole upgrading

via HDO process at 573-673 K, 8-14 bar and over Pt/x
ALQ, is studied through this paper. Hydrogenolysis,
hydrodeoxygenation, dehydration, alkylation and
transalkylation are the main routes in the HDO
process. Selectivity toward the reactions containing
Calkyl—O scissoring is higher than the reactions
with Caromatic—O scissoring. Phenol is produced
as the primary product with the highest selectivity
in HDO process through hydrogenolysis reaction.
Other products including 2-methyl phenol, 2,6-di
methyl phenol, 2,4,6-tri methyl phenol, 2,3,4,5- tetra
methyl phenol and hexamethyl benzene are produced
from phenol and benzene through alkylation and
transalkylation reactions. Benzene formation as the
primary product doesn’t obey first order reaction
kinetic.

Nomenclatures

GHG: Greenhouse gasses

HPLC: High-performance liquid chromatography
WHSV: Weight hourly space velocity
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