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Introduction

The increasing production of clean middle distillates [ generates a field of important
application in the design of new catalysts with balanced hydrodesulfurization (HDS),
hydrogenation (HY D), hydrodenitrogenation (HDN) and hydrocracking (HCK) able to fulfill
the environmental regulations“~-.

In thiswork we propose the use of NiMo/SiO2Al203 catalysts with an optimal SiOx/Al,03
ratio (SiO2) synthesized by the pH-swing method[4], for hydrotreatment of middle distillates,
which contain high amounts of aromatics (25~78.6 w,%), with important amounts of sulfur
and nitrogen (1.328~3.171 w,% and 61~2000 ppm respectively)[s].

Experimental.

NiMo/ SiO2-Al03 catalystswith different SiO2loading (0, 10, 25 and 50 wt %) were
synthesized by the pH swing method. All catalysts were prepared with 13 wt % of MoO3z and
an atomic ratio (Ni+Mo0)/Ni = 0.3. The sulfided samples wer e characterized by CO adsorption
and analyzed by FTIR. Beforethe catalytic activity test, the catalysts wer e sulfided with a
H2S/H 2 mixtureat 400 °C during 4 hours. The experiments wer e performed in batch reactor at
325°C and 1200 psia under hydrogen atmosphere during 6 hours. Three catalytic activities
weretested separately. For testing HY D activity a solution of 5 wt% Naphthalenein n-decane
was employed. In the case of HDS a solution of 4,6- Dimethyldibenzothiophenein n-decane
containing 1000 sulfur ppm was used and a solution of 70 ppm of N for HDN activity, that
was prepared by adding Car bazole to a mixtur e of n-decane and m-xylene (70/30).

Results.
In order to compare kinetic parametersthe following simple model for each reaction was
established: 2. dCi 3 ) Kari Ci

?2 dT 2 17? K, C,
where (-ri)= ration rate of i component (Carbazole, 4,6-DMDBT and naphthalene,
k ap=apparent reaction constant of i component, K= equilibrium adsor ption constant of i
component and Ci= concentration of i component. Theresults obtained by fitting the data to

the proposed model are shown in tablel.

Tablal. A pparent reaction constant and Equilibrium adsor ption constant.

Catalyst Kapi [L/gmol h] Ka[L/gmol]

Carbazole 4,6DMDBT Naphthalene Carbazole 4,6DMDBT Naphthalene

Al2O3 0.774 0.767 25 190 102 9.25
NiMo/10SiO,-90AI,04 1.37 3.2 6.07 577 208 24.7
NiMO/25Si02-75A1,03 1.07 3.14 5.64 505 200 11.2

The catalyst NiM 0/10SiO2>-90AI,03 shows the higher value of apparent reaction constant for
thethreereactions, which meansthat it hasthe highest activity for the three reactions studied.

Besides, In this catalyst the reactivity of the different species shows the order; Knar >

Kasomper > Kcars.



It was also found that the values of equilibrium adsor ption constantsfor the three species also
are maxima for the NiMo/10SiO2-90AI1,03 catalyst. In this case, the order in the value of
equilibrium adsorption constantsisK p @b > K ags > KanNaFT.

After three hours of reaction, NiMo/10SiO»>90AI1,03 catalyst resultsto be 13% more active
than that supported on Al O3 for HYD of naphthalene. For HDS of 46-DMDBT and HDN of
Carbazole, we observe an increase in activity of 12% and 7% respectively (Table 2).

Tabla 2. Conversion at three hours of reaction
Carbazole 4,6DMDBT  Naphthalene

Catalyst Conversion Conversién  Conversion
% % %
Al,O3 41 61 81
NiMo/10Si02-90Al,03 48 74 94
NI MO/253i02'75A|203 41 69 88

Table 3 presentstheintensity ratios of the IR bands after CO adsor ption. For molybdenum
promoted sites, CUS-NiM oS, we considered the band at 2080 cm™ and for unpromoted CUS-
M oS, sites that at 2112 cm ™ ®. The highest ratio is obtained for the NiM 0/10SiO290Al1,03
catalyst indicating a greater level of molybdenum promotion by nickel. Theseresultsarein
agreement with those obtained in the catalytic experiments.

Tabla 3. CUS-NiMoS/CUS-MoS;ratio after CO adsor ption.

CUS-NiMoS/CUS-Mo0S>» N
Catalyst (20B0am /21120m") CUS-NiMoS/ g cat.
AlO3 0.5303 226
NiMo/10Si0,-90AI,05 0.9840 453
NiMO/25Si0,-75A1,03 0.5242 235

To analyze the effect of silica loading in the support surface, experimentsof FTIR in the
hydroxyl region were performed. The results show that 10% of SiO;loading eliminates OH

groups bonded to AI*" in tetrahedral coordination (3775 cm™? band)m. 25 % SiO; in the
support, causes almost the complete disappear ance of thealumina OH’ sgroupsgivingriseto
typical silanol groups.

Conclusions

The catalyst with 10% of SiO,, showed higher activitiesfor naphthalene hydrogenation, 4,6
DMDBT hydrodesulfurization and carbazole hidrodenitr ogenation than that supported on
alumina. This behavior is explained as follows: 10 wt% of silica modifies alumina surface
eliminating the OH’ s groups bonded to A" in tetrahedral coordination. Thisresultsin aless
interacting surface that could giverise to well dispersed and sulfided molybdenum species
which are adequately promoted by Ni as shown by the CO adsor ption experiments.
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