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Abstract

Hydrotreating of a mixture of FCC and Coke gas oil, 45:55 respectively was investigated by using
FH-5 catalyst to reduce its sulfur, nitrogen content, saturate of unsaturated hydrocarbon for diesel
and gasoline pool. The experiments were performed in an adiabatic fixed- bed down flow reactor
under operation conditions of 4.0 - 6.0 MPa of pressure, 300 - 450 m®/m? of, hydrogen to gas oil
ratio, 2 5 - 3.5 h™! of LHSV and 300 - 380 °C of temperature, by diluting the catalyst with inert
ceramics in increasing order. About 97% of sulfur, 80% of total nitrogen, 93% of basic nitrogen, and
95% of hydrocarbon saturation can be achieved. If this product is used to produce gasoline or diesel
fuel directly, the amount of sulfur in the final product should be about 110 ppm and that of nitrogen
141 ppm, which increasing its blending ratio to fuel pool.

Keywords: Hydrotreating; gasoil; reactor, NiO-MoO3-WOQ3 catalyst.

1. Introduction fur can be achieved by hydrotreating the feedstock

of FCC gasoline and diesel or desulfurizing the
In many developing regions the buses, trains, and  hroducts [gasoline & diesel] in industrial processes
taxes are the principal means of transportation guch as both hydrotreating and hydrocracking si-
and they use diesel fuel. The consumption of multaneously [2]. Recent study shows that the
middle distillate fuels in some developing coun- i ount of sulfur content in the FCC gasoline is
tries was expected to increase approximately by  ahout tenth of the sulfur in the non- hydrotreated
5% yearly since 2000 [1]. More than 30% of gaso- feed, while about twentieth in hydrotreated feed-
line pool comes from FCC unit, while at the same giqck’s [2 |Deep hydrotreating implies severity op-
time; it is responsible for 90% sulfur in gasoline oration conditions such as low LHSV, higher reac-
pool [2,3]. Recently auto / oil studies indicated o temperature, and higher operating pressure,
that, reducing sulfur in gasoline would lower the y}ich improved products qualities while at same
emission of hydrocarbons, NOx and CO [4]. Fu- time, accelerated the catalysts deactivation. The
ture environmental regulation requires refiners to  pylk of the desulfurisation (approximately 95%)
produce catalytic cracking gasoline with 30 ppm  wag carried out in the first half of the catalyst bed

while diesel fuel with 50 ppm of sulfur in year the yemaining half of the catalyst is severely in-
2005 [3, 5]. Reduction of gasoline and diesel sul-
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hibited by the significant quantities of HyS, which
is released by the reactions.[3]

The Aim of this Study

1. To improve the properties of FCC & coke gas
oil by hydrotreating under typical industrial op-
eration conditions. In addition, determine the
overall reaction order and activation energy for
further investigation such as reactor design.

2. To study the effect of diluting the catalyst with
inert ceramics in increasing order on the reactor
performance, and the rate of hydrotreating.

2. Material and Methods

Hydrogen. The hydrogen used in this investiga-
tion was 99.5% pure, supplied by Shanghai Shi
Wu jing Chemical Factory.Nitrogen. The nitro-
gen used in this investigation was 99.5% pure,
supplied by Shanghai Shi Wujing Chemical Fac-
tory. Styrene. The styrene used in this inves-
tigation was supplied by Shanghai refinery [Jing
Shan| Factory. Gas oil The gas oil used in this in-
vestigation was a mixture of FCC & coke gas oil;
45:55 respectively supplied by Shanghai refinery
[Jing Shan]| Factory.

Catalyst
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Figure 2.2: Catalyst loading inside the down
flow reactor.

Reactor loading by catalyst

The catalysts have been diluted with ceramics in
different ratio such as: Part 1 of the catalyst bed
at the inlet of the reactor contains 24 g Catalyst
mixed homogeneously with 143.1 g ceramics. Part
2 after part.l contain 48 g catalyst plus 100.8 g
ceramics. Part 3 contain 72 g catalyst plus 79.2
g ceramics. Part 4 at reactor outlet contain 96 g
catalyst plus 52.8 g ceramics. The overall cata-
lyst bed length was 100.00m.The bed, settled in

Catalys [FH-5 [[NiO-MoO3-WOs3-additives supportsthe middle of the reactor height, contained ten

on vy -AlyO3/Si05] spherical] was commercial cat-
alysts, widely used in P. R. China for Petroleum
& petroleum distillate hydrotreating [3]. Table
(2.1) shows its properties.

The reactor tube used in this work is made of
steel and has an internal diameter of 25mm, out-
side diameter of 34 mm and a height of 1.60 m.
Figure (2.1) shows schematic diagram of experi-
mental apparatus for down flow hydrotreating re-
actor of gas oil and Figure (2.2). Shows the cata-
lyst loading inside the reactor.

equidistant internal thermocouples.

Catalyst Preparations and Hydrotreating
procedure

The catalyst was dried by circulation of nitrogen
first at a pressure of 2.0 MPa and temperature of
250°C for 4 hrs, then at 1.5 MPa and temperature
of 250°C for 4 hrs. The sulfiding step has been
performed [wet] using straight run gas oil plus CS,
[CSe was 14% wt of catalyst| under a pressure of
5.0 MPa, temperature of 200°C, LHSV of 2.5h~!
and hydrogen / gas oil ratio of 350 m®/m? for 24
hrs.

Methods of Analysis
1. Total sulfur was analyzed by using Chinese
Petroleum Test Method. SH/T 02533

2. Bromine number was analyzed by using ASTM
D1159
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Table 2.1: The properties of catalyst

Catalyst FH-5
[[NiO-MoO3-WOs3-additives
supported on y-AlxO3/SiOs]]

Total surface area m?/g 140.85

Pore volume ml/g 0.3280

Surface area of middle diameter 181.59

D=1.0-100nm [B.J.H] m?/g

Volume of pores middle 0.3253

diameter, D=1.0-100nm [B.J.H]
ml/g
Me n diameter D, [B.E.T nm 9.316
Mean diameter, D [B.J.H|] nm 5.744

F 3
recycle /q’\*

hydrogen

14

13

8 ‘j 11

10

1-Hydrogen cylinder, 2-Compressor, 3-Gas flow meter, 4-Gas heater, 5-Gas cil tanlk,
6-Ligquid flow meter, 7-Gas oil heater, 8-Gas-liguid heater, 9-Reactor, 10-Heat
exchanger [cocler],11-Ligquid-gas separator, 13- gas liquid separator, 14-Separater of
Hz5 & others gases

Figure 2.1: down flow gas oil hydrotreating flow sheet diagram
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3. Total nitrogen was analyzed by using Chinese
Petroleum Test Method. SH/T 0657

4. Basic nitrogen was analyzed by using Chinese
Petroleum Test Method SH/T 0162

5. Cetane number was analyzed by using ASTM
D976

6. Boilling point was analyzed by using ASTM
D86

Hydrotreating Kinetics

Total sulfur and nitrogen in power law rate equa-
tion were used to determine the overall reaction
order for HDS, HDN, and hydrocarbon satura-
tion. By using the integrated equation for the
nth, order namely [2,3] ,

kn,
LHSV
The experimental data were used to solve equa-
tion. (2.1) By using statistical module non-linear
estimation, then activation energies were calcu-
lated from Arrhenius equation namely,

(Co) ™" = (C) " = (n—1)

(2.1)

k= Ael~Fa/RT) (2.2)
or
Ey (1 1
— A= 2.
Ink 7 (T Ta> + Ink, (2.3)
Where
A=frequency factor or Arrhenius con-
stant,

E s=activation energy,

Ta = mid-temperature for tempera-
ture range considered,
by = Ac\=E/RT)

E /R was evaluated from the slope of a plot of In
k versus (1/T-1/Ta), the intercept In ko is evalu-
ated at (1/T-1/Ta) = 0 and A was calculated from
the definition of ko. Where C is concentration of
reactant, kn the apparent intrinsic rate constant,
LHSV is the liquid hourly space velocity, Ci is the
concentration of reactant at inlet, and Co is the
concentration of reactant at outlet, R is real gas
constant [8.314 kJ/kmol. K] And T is absolute
temperature in K
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3. Results, and Discussion

Effect of Reaction Temperature on Product
Quality

Table 2 and Figures (3.32) & (3.33) show the ef-
fects of reaction temperature on product density,
percentage conversion of sulfur, hydrocarbon sat-
uration, and nitrogen. According to experimen-
tal data, increasing reaction temperature will de-
crease the product density, IBP, sulfur, unsatu-
rated hydrocarbons, and nitrogen compounds, as
the results this is improvement in product qual-
ity, possible since high reaction temperature will
increase the activity of the catalyst. These results
are in agreement with
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Figure 3.32 : Effect ofreaction
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Table 3.1: Effect of reaction temperature on product quality

Exp. No Feed 17161 11161 211G 2112T380
P, MPa 6 6 6 6

T, °C 300 330 350 380
R, m3,/m? 350 350 350 350
LHSV ht 2.5 2.5 2.5 2.5
D, g/cm? 0.892% 58775 0.8756 0.8685 0.8633
S.% (ppm) 029 [s4g] [250] [119]  [92]
Br, gBr/100g 212 2.8 2.1 1.4 1.1
Nt . ppm 749 312 214 150 141
Ns . ppm 273 73 50 36 18
IBF, =C 205 48 185 120 110
10% 227 o17 215 211 209
20% 239.3  5a9 229 225 223
30% 2315 543 243 230 239
40% 269.3 53595 2365 253 253
50% 283.5 9765 02685 260 269
60% 3015 597 292.5 284 284
70% 317 3165 3085 303 303
80% 335 38 325 319 319
90% 345 344 340.5 336 336
100% =330 350 =350 =350 =350

Jorge et al., [1999] [1] and. our earlier works [3] .
About 97% of sulfur, 80% of total nitrogen, and
93% of basic nitrogen can be removed and 95% of
hydrocarbon saturation can be achieved. If this
product is used to produce gasoline or diesel fuel aaTER -
directly, the amount of sulfur in the final product
should be about 110 ppm and that of nitrogen
141 ppm. In addition, if this product is used as a
feedstock for FCC gasoline the sulfur in the final
product should be in the range of 6-10 ppm.

Effect of Reaction Pressure on Product Qual- | \

—a— CamlsiB

.

Density (gicm™)
=]

ity I e
Table 4, figures (3.34) & (3.35) show the effect Fressure (MPa)

of pressure on product qualities. According to Figure 3.34:Effect of

the data by increasing the reaction pressure the pressure on product Density

product density, IBP, sulfur, unsaturated hydro-
carbons and nitrogen compounds will decrease,
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Table 3.2: Effect of reaction pressure on product quality

Libya

Exp. No Feed  1i7rP4 PS 211G
P MFPa 4 5 6

R m?/m?® 350 350 350
T =C 350 350 350
LHSV h-t 3.5 2.5 2.5
D gfem® 08924 g775 0.8760 0.8750
S % [ppm] 0.39 g4 [564] [119]
BrgBr/100g 21.5 4¢ 3.2 1.2
Nt ppm 749 350 310 130
Nsppm 273 66 &0 20
IEP-C 205 yg7 174 120
10%% 227 218 223 211
20% 239.5 5n5g 236 225
30% 2515 543 248 239
40% 269.53 5505 2615 253
50% 283.3 5785 279 269
60% 3015 5955 2045 284
70% 317 3085 312 303
0% 335 305 327 319
90% 345 3405 3435 336
100% =330 .350 =350 =350

30



ICCPGE 2016, Al-Mergib University, Alkthoms, Libya

Which indicated that improvement of product qual-
ity as pressure increased, possible due to better
contact between hydrogen, hydrocarbon and the
catalyst at high pressure? Similar results observed
by others [1,7,10-12].

Effect of LHSV on Product Quality

Table 5, Figures (3.36) & (3.37) shows the effect of
LHSV on product density, percentage conversion
of sulfur and nitrogen compounds and hydrocar-
bon saturation respectively, according to the data
decreasing LHSV will improve product quality, by
decrease product density, sulfur, nitrogen content,
IBP and increase the rate of hydrocarbon satura-

tion. The same observation reported by Jamal
and Ali [7].

AR
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Figure 3.38: E fect of LHSV on product density
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Figure 3.35:Effect of
pressure on HDS, HCS & HDN
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Effect of Ratio of Hydrogen / Gas
Product Quality

Table 6 and Figures (3.38) & (3.39) show the ef-
fects of ratio of hydrogen to gas oil on product
density, percentage conversion of

oil on
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Table 3.3: Effect of LHSV on product quality

Exp. No Feed 117G1 1116 111G1 211G
P, MPa 6 6 6 6

T, oC 350 350 350 350
R, m®,/m? 350 350 350 350
LHSV h-t 2.5 3.0 3.5 4.0
D, gfems 08924 5755 08763 08769 0.8787
S % (ppm) -39 (1191 [133]  [183]  [230]
Br gBr/100g 212 1.2 1.4 1.8 2.4
Nz ppm 749 134 150 190 204
Nz ppm 273 pp 36 43 55
IBP (=C) 205 120 175 185 188
10% 227 oqq 212 215 219
20% 239.5 555 230 232 235
30% 2313 3230 242 245 249
40% 269.5 553 056.5 257.5 2585
50% 283.5 5gg 269.5  270.5  2271.5
60% 301.5 2gq 293.5 2055  206.0
70% 317 303 308.5 3105  311.5
80% 333 310 325 3255 3265
90% 345 336 340.5 3415  342.5
Final =330 .350 =350 =350 =350
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Sulfur, hydrocarbon saturation, and nitrogen com-
pounds. According to the experimental data, in-
creasing ratio of hydrogen to gas oil will increase
the rate of HDS, HCS, and HDN while the prod-
uct density & IBP will decrease possible due to
increase in hydrogen partial pressure, which in-
crease the rate of HT. As the result, the product
quality is improved with increasing the ratio of
hydrogen / gas oil. Similar results of improvement
of product properties as a function of increasing
ratio of hydrogen /gas oil was reported by Varg
et al. [2]

Hydrotreating Kinetics
Table 7 and Figure (3.40)-(3.44) show the reac-
tion order, rate constant, activation energy and
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frequency factor of HDT reactions at down flow
reactor with catalysts B. The activation energies
using Arrhenius equation for HDS is 866.01 k J.
/kmol, HCS is 336.78 k J. /kmol, HDNT is 553.28
and HDNB is 577.34 kJ. / k mol. The reaction or-
der n for HDS is 1.47, for HCS is 1.35, for HDNT
n is 1.59, and HDNB n is 1.37. These results
agree with those reported in literature [1,7]. The
results also indicated that the activation energy
of HDS > HDNB >HDNT>HCS reaction which
mean that the HDS reaction is more temperature
sensitive than HDN reaction and HDN reaction is
more than that of HCS reaction.

4. Conclusion

By increasing reaction temperature, pressure, and
decreasing LHSV the rate of HDS, HDN and hy-
drocarbon saturation will increase, while the prod-
uct density and IBP will decrease. . By diluting
the catalyst with inert ceramics, the heat of re-
action could be easily removed from catalyst and
the LHSV can be increased due to increasing of
liquid hold up and resident time. Also by dilut-
ing the catalyst with inert ceramics in this way,
increasing the amount of catalyst from reactor in-
let to the reactor out let we excepted that the
order of hydrotreating reaction as follow satura-
tion of unsaturated hydrocarbon followed by hy-
drodesulfurizaion reaction and finally hydroden-
itrogenation reaction since reaction temperature
of HDN >HDS>HCS The study of HDT of FCC
& coke gas oil is very important for efficient de-
sign and simulation of commercial units, better
understanding of catalyst behavior, and the effect
of the process conditions. By hydrotreating FCC
& coke gas oil, perhaps new and future specifica-
tion of gasoline & diesel oil could be proposed.
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