Kinetics Study of Oxidative Desulfurization of Real Diesel Fuel Over
Uncoated and Coated Nano-catalysts in an Oscillatory Helical
Baffled Reactor

Abstract:

The oxidative desulfurization (ODS) of real diesel fuel (RDF) was evaluated in a modified,design
oscillatory helical baffled reactor (OHBR). Peracetic acid was produced from hydregen peroxide
and acetic acid and used as an oxidant. Following that, a new design was4nade usingynane-catalyst
(uncoated and coated). The experimental work of the oxidative desulfurization process was utilized
in an oscillatory helical baffled reactor under moderate conditiens:“residence times (3-9) min,
oxidation temperatures (50-80) °C, amplitude of oscillation.(2-8)ymm,and frequency of oscillation
(0.5-2) min with 0.4g of nano-catalyst with constant pressure. The optimal conversion of sulfur
was 98.42% for the uncoated catalyst and 96.57% for the'coated catalyst under 80 °C, 8 mm, and
2.5 Hz. The purpose of this manuscript isyto determinesthe ODS kinetic parameters and sulfur
compound concentration profile in RDF. Theimodel.developed was according to the properties of
the real diesel fuel, types of nano-catalysts, and eperation conditions inside the OHBR based on
the experimental observations. The,optimal kinetic model and the half-life period of the nano-
composites for the pertinentyéactions have also been examined. This study also estimates the best
kinetic model parametersfofithe @xidation reactions using the pseudo-first-order technique, which

is based on the experimental data.
Keywords: Peraceticiacid, Oxidative desulfurization, oscillatory baffled reactor, Mathematical
model.

1. “lntroduction

The world's demand for feedstock (such as crude fuel) at a low price of energy has grown, and it
is predicted to proceed at the current rate until 2035. Crude oil has been considered the most
important energy source in the world for a long time. Therefore, crude oil represents a crucial role

in the global energy resource, because of the global energy requirement. Due to depleting fossil



fuel sources and increasing energy demand, low-quality fossil fuels (diesel fuel) have become
inevitable [1-2].

The classification of crude oil is represented by liquid, gaseous, and solid compounds, including
oxygen, sulfur, nitrogen, and minimum quantities of metals represented by copper, nickel, iron,
and others that may be found in refined specialty end-products like light and heavy diesel, and jet
fuel [3-4]. Crude oil compounds are represented by hydrocarbons like heteroatoms, aromatic rings,
and straight chains. Following that, transportation fuels such as gasoline, diesel (light and heavy),
and jet fuel were classified as the most important portion of crude oil. The sulfur.compounds and
American Petroleum Institute (API) gravity are considered the most important properties of crude
oil [5-6]. The decline in the exploration and production of crude oil reserves werldwide indicates
a global dependence on heavier crude oils that contain heteroatoms, ltke“organic sulfur [7].
Therefore, the amount of sulfur in petroleum refinery streams s, grewing significantly (i.e.,
increasing sulfur percent). Burning liquid fuels produced,fromylow=quality fuel feedstocks results
in increased external nitrogen monoxide and sulfur diexide emissions [8-9]. Therefore, sulfur
removal from crude oil is necessary for industrial and environmental reasons.

In world demand, the new technology forisulfur ‘removal, the oxidative desulfurization (ODS)
method, has been most effective toward the ‘sulfur compounds, especially thiophene and its
derivatives in diesel fuel. In the ODS technelogy, can obtain ultra-deep desulfurization with low
cost based on moderate operating eonditions such as residence time and oxidation temperature
under 1 atm, efficient catalysts, and=without using the hydrogen in process [10-12]. The ODS
process is conducted utilizingidifferent oxidant agents such as oxygen [13], hydrogen peroxide
[14], hydrogen per@xide/acetic acid [15], and air [16]. Peracetic acid (hydrogen peroxide/acetic
acid) is used due to ftsravailability, easy formation, low cost, high oxidant, and absence of
environmental effluent. According to published research, peracetic acid (CH3COsH) increased the
amount of‘hydreperoxides produced in situ, accelerating the rate at which sulfur compounds were

converted to sulfoxides and/or sulfones [17].

Abdulateef et al. (2021) examined the oxidative desulfurization process (ODS) of the simulated
fuel (LGO-DBT) applied modified synthesis AgO-ZnO/HY-zeolite bimetallic nano-catalyst and
air as an oxidant utilizing a batch reactor under conditions of reaction temperatures (115-165) °C,
sulfur content 1200 ppm, and catalyst doses (0.4-1.4) g under constant pressure of 1 amt. The
results of this research concluded that optimal sulfur conversion was 91.8% [18].



Cao et al. (2023) investigated the aerobic oxidative desulfurization (AODS) of model oil fuel (BT,
DBT, and 4,6-DMDBT) utilizing flower-like cobalt-molybdenum mixed-oxide microspheres
(CoMo-FMs) as catalyst and O as oxidant under a range of temperatures (80-110) °Cin a batch
reactor. It showed that the high efficiency of the catalyst in reducing the sulfur compounds in the

model fuel at a temperature of reaction 100 °C and a time of reaction of 90 minutes [19].

While Hameed et al. (2023) investigated the oxidation reaction of light gas oil using (CuO/AC) as
a catalyst and H20> as an oxidant in a newly designed Digital Baffle Batch Reactor (DBBR). From
the experimental work, it was found that increased sulfur conversion was accomplished when
temperature increased. The present work conducted an oxidative desulfurization progess(ODS) of
real diesel fuel in an oscillatory helical baffled reactor (OHBR-pilotsplant). The“reactor was used
to obtain the kinetic parameters of an ODS process over an unteated and coated nano-catalyst.

This new model is based on the parameter of the OHBR unit andybased,on real diesel fuel cut [20].

2. Experimental work and Materials Used

2.1 Materials Used

The feedstock applied in the experimental'work was the real diesel fuel cut that was obtained from
the Iragi Ministry of Oil: Refineries. The details,of the real diesel fuel are shown in Table 1.

Table 1: The physical properties of real diesel fuel utilized in the manufacturing.

Physical properties Value
Sulfurcontent 464.13 ppm
Diesel-color 0.5
Density 0.8214 @15°C
Flash point 64.2 °C
API 40.76
Viscosity 2 @ 40 °C (Cst)
Pour point (°C) -18
content of water 37.9
Initial boiling point (°C) 182
5% 190
10% 201
20% 203
30% 210
40% 221
50% 235
60% 252
70% 268




80% 302
90% 318
100% 345
T.D 97%
Loss 2
Res. 1

50%Hydrogen peroxide (H202) and acetic acid (CH3COzH) obtained from MercksMillipore
/Germany, J.T.Baker/United States, respectively, are used to produce peracetic acid (CH3CO3H)
in order to apply as an oxidizing agent to oxidize sulfur compound in,real diesel fuel. The
specifications of support used in the prepared uncoated and coated nano-catalyst are shown in
Table 2.

Table 2: The specification of composite support (y-Al203=T102)used in the nano-catalyst

prepareds
Composite support properties Value
Percent of y-alumina 75%
Percentof TiOz 25%
Surface area'(m?/g) 153.97
Pore velume'{em®.g?) 0.2132
Relativeterystallinity 84%

2.2 Preparatioprof Nano-catalyst

The compasite support (y-Al203-TiO2) was impregnated with 5% iron by Incipient Wetness
Impregnation (W/I) [21-24]. The salt solution of Fe metal was prepared by dissolving 1.7217 g of
ferric nitrate Fe(NO3)3.9H20 salt in 50 ml of double-deionized water (DDW) and magnetic stirring
(650 rpm) to obtain a clear solution of iron. The dry composite support particles, 2.7 g, were placed
in a conical (100 ml), and a funnel was utilized to add the impregnation solution (salt solution)
drop-by-drop with increasing the stirring by a magnetic stirrer up to 850 rpm (to increase the
homogeneity). The impregnated composite support was further mixed in an ultrasonic sonicator

(Toption, designed in China, model: LC-JY92-1IN) for 5 hr to increase impregnation. The solution



was heated in the electrical oven at 110 °C until all solvent was evaporated. The wet (Fe2Os/y-
Al>,O03-TiO2) was placed in a tubular furnace (China, Safe-therm, China). Then, the sample was
calcined at a range of temperatures (150 °C at 1 h, 250 °C at 1hr, 400°C at 1.5 hr and 570°C at 2.5
hr), at a heating rate of 5 °C/min under constant oxygen flow rate of 1 ml/min obtained by O>

generation (650 W and NG-300P) in order to boost conversion of the iron salt to iron oxides.
2.3 Coating Synthesis for Nano-catalyst

Firstly, dry the nano-catalyst at 150 °C for 3 hours in an electric oven before usinghThe salt solution
of Mn metal was prepared by dissolving 0.15 g of manganese acetate Mn (CH3CO2)2:H-0 salt in
20 ml of absolute ethanol and stirred using magnetic stirring at 350 rpm to obtain a clear solution
of manganese. Second step (coating step): the dry nano-catalyst (Fe20s/y-alumina-TiOy) particles,
1.7 g, were placed in a conical flask (50 ml), and a funnel was utilized to add the impregnation
solution (manganese solution) drop-by-drop with stirring by, magnetic stirring at 350 rpm. The
solution was then transferred to the ultrasonic homegenizer sonicator processor mixer at (65%
power rate, 3 pulses-OFF, 5 pulses-ON, for 100.minutes, the sample was left to rest for 5 hours).
After that, the sample was transferred toanselectrical oven at 60 °C until all the ethanol was
evaporated. The sample was calcinated under atmosphere in the tubular furnace at a heating rate
of 10 °C/min for 3 hours at a calcinated temperature of 550 °C to form the Mn-(Fe2Oz/y-alumina-

TiOy) coating layer. Finally, the coating layer formed at 1.5%.

2.4 Experimental setup

Figures 1 and 2, showed pilot plant and a schematic diagram of the experimental unit utilized for
oxidative desulfurization of the real diesel fuel in an oscillatory helical baffled reactor. The real
fuel (diesel cut).was stored in tank1 and flown to the tubular reactor by pump1l (net flow: MFG.
NO 5228 Taiwan). The flow rate of the feedstock was adjusted and oscillated via pump2 (local
design). Thewolume of the flown feedstock was used to adjust the oscillation amplitude to achieve
the desired oscillation amplitude by shifting the plunger, while the oscillation frequency was
adjusted by setting the voltage of the pump2 that connects the pump to the feedstock tank. The
peracetic acid was fed through a mass flow meter and delivered to the bottom of the OHBR. To
generate the oscillatory eddies inside the tubular reactor, a second pump2 was used for this

purpose. It is connected to the tubular reactor via a stainless-steel tube and a customized union.
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Figure 2: Schematic diagram of the,oscillatory helical baffled reactor.
2.5 Product analysis
The desulfurized real diesel fuel samples were withdrawn to determine the total sulfur content by
X-ray sulfur analyzer (0.15-3000 ppm, 50Hz, 220V, Ankara-Turkey) in the laboratory of the north
refineries company in Irag (Sallah-Aldeen/Baiji) based on ASTM D7039 standards. During the
ODS process, the desulfurization efficiency of sulfur compounds was calculated using the
following equation:

Sf—S
Sulfur conversion = “—~ 100%
f

Where S, S,, sulfur concentration for inlet and product in (ppm)

3. Results and Discussions

Figure 3 shows the FESEM images for the uncoated nano-catalyst, which showed excellent dispersion of
the metal oxide on the composite support. Furthermore, Fe>Os particles were well-deposited on the surface
of the composite without any agglomeration [25]. Consequently, the surface area and pore volume of the
nano-catalyst maintained high values after loading metal oxide (140.29 m?g, 0.1339 cm®.g?),

respectively. Also, this indicated a good IWI procedure for preparing the nano-catalyst. The TEM results



for the coated nano-catalyst, as shown in Figure 4, showed the TEM morphology of the manganese acetate
coating film and Fe»Os/y-alumina-TiO- substrate (as marked by the black arrows). TEM observation
reveals that a layer surrounds the nano-catalyst particle. These layers are transparent layers of Mn formed
as a result of the coating process, which observes the success of the coating process of the Fe>Os/y-
alumina-TiOz substrate. It appeared that the coating film's thickness was made up of two distinct particle

sizes (50 and 500 nm) as indicated by the black arrow and with the use of Image J seftware.
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Figure 3: FESEM results for composite support and uncoated nano-catalyst.
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Figured: TEM results for coated nano-catalyst

ODS works by oxidizing real diesel fuel (RDF) with peracetic acid in multiple steps, forming polar
sulfoxides/or sulfones through a free radical mechanism. Hydrogen peroxide and acetic acid (1.4
ml H.0/CH3CO2H) are mixed to form peracetic acid with respect to (equation 1).
Equations 2 to 4 represent the reactions that occur when sulfur compounds are oxidized by
peracetic acid in the presence of an un-coated and coated nano-catalyst, resulting inthe,formation
of sulfoxide (DBTO) and sulfone (DBTO>):

Acetic acid hydrogen peroxide peracetic acid water

un—coated nano—catalyst

Clegs + CH3COO - OH CleSSO + H20 (2)
Sulfur oxidant Sulfoxide water
un—coated nano—catalyst
C1,HgSO + CH3;C00 — OH C1,HgSO, + H,0 (3)

Sulfur oxidant Sulfone water

The overall oxidation reaction is given by the following reaction (equation 3):

un-—coated nano—catalyst

C,,HgS + 2CH;C00 — OH C,,HsSO, + H,0 (4)

Sulfur oxidant Sulfone  water

From experimental results, it was, found that all parameters, such as oscillation frequency,
oscillation amplitude, residence times, and temperature of oxidation, affected the removal of sulfur
[26-29], as shown in Figure, 5.°Reracetic acid is formed through the mixing of oxidant (1.4 ml
H202/CH3CO2H). Itawas observed that the conversion of sulfur rapidly increased from 54.98% to
78.00% with raising¢the ,oxidation time from 3 to 6 min, for uncoated nano-catalyst. The
eliminationawas‘enhanced from 52.82% to 75.64% when the oxidation time was extended from 3

to 6'min. forthe coated nano-catalyst, as shown in Figure 5.

The reason for'this decrease in removal is dependent on the deactivation of the nano-catalyst due
to sulfur deposition on pores (i.e., the porosity of nano-catalyst) with time, and this is one of the
challenges facing the use of plain noble metal (as a coating layer) [30]. Also, it was found that the
drop in removal for the coated composite was slightly smaller than that for the uncoated nano-

composite, and this indicates that the coating material (Mn) acted as a protective layer for



preventing nano-catalyst deactivation and prolonging the deactivation time of the nano-catalyst
[31].
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4. Mathematical Modeling of
4.1 Mathematical Modeli

produced from material is high purity used as an oxidant.

4. ucts and feed of real diesel fuel in the liquid phase.

o

stant pressure and isothermal operation of the OHBR unit.
6. Perfect mixing inside the tubular reactor by oscillation (frequency and amplitude).

The kinetics model connected to the (ODS) process is tested here with peracetic acid (CH3sCO3zH)
as the oxidant for the nano-catalysts prepared (uncoated and coated), including pseudo-first and

second-order kinetics, internal particle diffusion model and external diffusion model which are



communicated inside the Kinetic oxidation rate equation (represented below) to determine the
excellent kinetic model by comparing the correlation coefficients among them, are modeled here.
The mole balance equation on the batch system for the oscillatory helical baffled reactor (OHBR)
for the ODS process can be explained as [32-34]:

Overall mole balance in the OHBR unit for the desulfurization process using uncoated and coated
nano-catalyst:

[Mole in OHBR] [Mole out OHBR] + [Accumulation] +

[Dissapparance by oxidation reaction] o W ... (1)
The chemical materials (real diesel fuel, peracetic acid, uncoated, and coatéd nano-catalyst) in the
input and output for OHBR are equal to zero. Therefore, equation (1) becomes‘equal to:

[Mole of diesel in OHBR] = [Mole diesel out OHBR] = 0 (in the batchvof OHBR) ....... )
Following that, the product from equation (2) and the substitutionyin<equation (1) result in the
formula that follows:

—[Dissapparance by oxidation reaction]| = [Aécumulation of oxidation reaction]

Through the oxidative desulfurization process, the oxidation reaction can evaluate the significance
of the response disappearance and the oxidationeaction accumulation, represented below [32]:

Accumulation of oxidation reaction =% ([Rs|[Vreactor Dinousr ~ «veern 4

st)
dt /in OHBR

Where, Vg indicates, the velumelof the oxidation reaction (i.e., the same volume of OHBR), R

Dissapparance of oxidation redction = (

represents the oxidation, reaction rate of the ODS technology. Substitution, equations 4 and 5 in
equation 3, thegreaction rate ofioxidative desulfurization process at steady density (no change in
volume and constant pressure) is obtained:

—[Rs\Vonsrl'= [dNS ................ (6)

After that, arrangement of the equation (6) is represented as follows:

ac
—[Rg] = — [d—S] ............... (8)
The chemical oxidation reaction rate is represented as follows:

for Pseudo order equation of ODS = —[Rs] = KC§' Cperaceticacia ~ +oeevvveeesenns 9)



The concentration of oxidant ( Cpeqacetic aciq) @nd constant reaction rate (K ) equal to the apparent
rate constant ( K,,,, ) can be represented as [35]:

Kapp_ = K zr)réracetic acid e (10)
Firstly, assuming the K, = K, and in the pseudo-first order oxidation reaction (n=1) and from

equation (10), equation (9) can be rearranged to be:

_[Rs] = Kp CS ............... (11)
-1 =rc e LN (12)

The equation 12 can be rearranged and become, as shown below:

CSfinal dCs T
fCSO C_S - fo Kp dT ................ (13)
Cso  _
=Kt GO\ (14)

Second, in the pseudo-second-order oxidation reaction (n=2), the following reaction rate equation
for the ODS process can be noticed below:

ac
_d_TS = —[Rs] = K, c: @ 2 NN\ (15)
—[Rsl=K,C¢ & N WL (16)
Cs inal dC
fCSOf lC_SZ:S' — f; Kp dr U N, (17)

The pseudo-second-order reaction'sdfinal expression can be expressed as:

1 1
—— =K, T & % W 18
CSfinat  CSo P (19

4.2 Kinetic Model for ©xidation Desulfurization over Uncoated and Coated Nano-catalysts
Theg@scillation of flow (frequency and amplitude) can impact sulfur conversion found in real diesel
fuel (RDF)rat different oxidation temperatures, residence times, and constant amounts of nano-
catalysts'(uncoated and coated). Based on the pseudo-first and second-order kinetics models, the
oxidation reaction rate constants have been evaluated at different oxidation temperatures and
oscillations (frequency and amplitude). In the oxidation, the comparison between the first and
second kinetic models for the oxidative desulfurization reaction employing uncoated and coated
nano-catalysts is shown in Tables 3 a and b for the purpose of giving further insight into the

process. Based on the findings displayed in these Tables, it has been observed that the oxidation



reactions of RDF using the synthesized uncoated and coated nano-catalysts are followed by the

pseudo-first-order kinetics, giving a better fit than pseudo-second-order kinetics [32].

Table 3a: Kinetic model result for ODS using uncoated nano-catalyst at residence time 9 min.

Nano- Order of Temperature of | Rate constant
catalyst oxidation reaction | Oxidation, °C (Con)t™ (min)! | Oscillation of flow
50 9.9097*1072
65 1.2011*10~1 Frequencys= 0.5 Hz
80 1.4024810~1
50 1.1982*10n
65 1.4489*10"t | Frequency = 1 Hz
Pseudo first order 80 2 0309*10A=2
50 1.4186*10%
65 1.8430%10"1 Frequency = 1.5 Hz
80 2.9547*10~1
Uncoated 50 1.5861%10""
nano-catalyst 65 2196210 | Frequency = 2 Hz
80 4.6075*10"1
50 1.6435*10"3
65 4.6629*10"4 Frequency = 0.5 Hz
80 6.0645*10"*
50 4.6446%10"4
65 6.4257*10"* | Frequency = 1 Hz
Pseudo second 80 1.2486*10"3
order 50 6.1886*10""
65 1.0180*103 Frequency = 1.5 Hz
80 3.1804*1012
50 7.5854*10M4
65 1.4886*10"% | Frequency = 2 Hz
80 1.4898*10/2




Table 3b: Kinetic model result for ODS using coated nano-catalyst at residence time 9 min.

Nano- Order of Temperature of | Rate constant Oscillation of flow
catalyst oxidation reaction | oxidation, °C (Con)™" (min)?
50 9.5966*10"2
65 1.1802*1071 Frequency = 0.5 Hz
80 1.4024*10n
50 1.1450*1071
65 1.3842*10n1 Frequency = 1 Hz
80 1.8949*10n1
Pseudo first order 50 1.3448*1 0" %
65 1.7042*104% Frequency = 1.5 Hz
80 2.8077*10"1
50 1.5686*10"1
65 2.1586*10M1 Frequency = 2 Hz
Coated nano- 80 3 7470%10M1
catalyst 50 3.2843*10"
65 4.531*%10"4 Frequency = 0.5 Hz
80 5.535*1074
50 4.3155*10"*
65 5.9270*10"* Frequency =1 Hz
80 1.0781*1073
Rseudo second 50 5.6367*10"4
order 65 8.7046*10"* | Frequency = 1.5 Hz
80 2.7568*10"3
50 7.4294*1074
65 1.4312*10n3 Frequency = 2 Hz
80 6.7400*10"3

4.3 Half-live period for Uncoated and Coated Nano-catalyst
From Nano-composites (Fe2O3/y-Al203-TiO2 and Mn-coated Fe2Oz/y-Al203-TiO2) designed in

this study, the half-live period (ti) is also determined for each nano-catalyst via utilizing the




following equations at the operating conditions (residence time 9 min, oxidation temperature 80

°C, amplitude of oscillation 8 mm, and frequency of oscillation 2 Hz) with constant pressure:

In2 0.6931

For Uncoated nano-catalyst: ¢, ,, = T oacos = 1.504min (19)
For coated-nano catalyst: t;,, = l%z = gsji; =18497min (20)

The half-life period of the sulfur oxidative desulfurization process was 4.0221 and 1.8497 min for
uncoated and coated nano-catalysts, respectively [32]. The weight ratio of real dieselfuel to nano-
catalyst was about 250/0.4 for all nano-composites synthesized separately@Consequently,sit was
further considered that the adsorption and diffusion on the kinetic model have an effect on sulfur
removal through the oxidative desulfurization process. Such an impact@f theyoxidation diffusion
process was disregarded in the public domain.

4.4 The Oxidative Reaction’s Activation Energy in OHBR

From the Arrhenius equation, the activation energy can he evaluated, as shown below [36-37]:

E

K = A,Exp [—ﬁ ........... Q1)
Eg

mk =i, - |2 @ NN (22)

Following that, a scheme of (1/T(K)) against (In"K) will give a straight line with a slope equal to
(-EA/R), where (EA) activation energy andy(R) gas constant is then linearly examined [38], as
shown in Figure 6 (a andyb), andsFigure 7 (a and b), for uncoated and coated nano-catalyst,
respectively. The values @f,these nano-catalysts' activation energies for the applicable reactions
are 33.36 and 33.36 KJ/mel, for uncoated (Fe2O3/y-Al203-TiO2), and Mn-coated (Fe203/y-Al203-
TiO»), respectively:ltds certainly noticed, according to the results, that the activation energy as
same as that.of the prepared nano-catalysts (uncoated and coated) gives a maximum EA for such
oxidation reactions tested here, demonstrating that the novel nano-composite synthesized in this

manuseript ean be confidently applied to design of reactor, control, and operation.
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5. Conclusions



In order to develop increasingly productive innovations on new oxidative nano-catalysts, it is
imperative that researchers in this field continue to face challenges in order to obtain a suitable
catalyst of such impurity creating clean fuel. So, the novel composite nano-catalyst (Fe-O3) over
composite y-Al.O3-TiO2 nanoparticles is extensively studied here for this purpose via oxidative
desulfurization process in a new design oscillatory helical baffled reactor utilizing the peracetic
acid as the oxidant.

According to the results reported in this manuscript, the novel uncoated and coated,nane-catalyst
Fe203/y-Al,03-TiO2 can be used confidently for ODS reactions, and it has been reportedito be one
of the most significant catalysts to get clean fuel and decreasing the compounds of sulfur by
peracetic acid under moderate operating conditions such as (oscillation frequency, oscillation
amplitude, residence times, and the reaction temperature). In the catalyzed process of the oxidation
reaction, it was observed that utilizing composite support forthe preparation of the nano-catalyst
exhibits high effectiveness. The procedure of IWI (impregnation)uis an excellent way to prepare
nano-catalysts due to the good distribution of iron oxides, in‘addition to the high pore volume and
surface area. The maximum removal of sulfur cempounds'present in RDF is (98.42%) was over
uncoated nano-catalyst under the conditions of . amplitude= 8 mm, frequency= 2 Hz, oxidation
temperature = 80 °C, and residence time.= 9 min). While over the coated nano-catalyst 96.57% at
the same conditions. The finest kinetics model connected to the ODS process has been tested here
based on peracetic acid (CH3COsH) as an oxidant for coated and uncoated nano-catalysts. A
pseudo-first-order kinetics model hassbeen recorded for ODS reaction, which can show the pilot
plant (OHBR).
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