On the Kinetics of Pt-Pd/γ-Al2O3 during the HDS of 4,6-DMBT
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Environmental law for SOx emission demands to reduce sulfur in transportation fuels worldwide.  Catalytic hydrodesulfurization (HDS) is one of the major processes used to reduce sulfur in transportation fuels worldwide, i.e. the permissive amount of sulfur in diesel amounts to 15 ppm but it is expected to be of 5ppm in 20201. HDS of alkyl-substituted dibenzothiophenes (a-DBTs) is necessary to reduce the amount of sulfur in fuels at demanded levels since their desulfurization on an industrial catalyst is not selectively favored because of steric effects 2,3. HDS of a-DBTs takes place through direct desulfurization (DDS) and hydrogenation (HYD) routes 3. The mechanism for the HYD route involves π and σ adsorptions and the mechanism for DDS route only involves σ adsorption, however both HDS routes compete kinetically even with promoters on the catalyst active phase favoring hydrogenation reactions  2–4. Hence, it is necessary the development/implementation of a novel catalyst, being selective to HYD route rather than DDS route, in order to achieve deep HDS of a-DBTs in fuels. Related researches 2–5 indicate that HYD of a-DBTs is improved when noble metals such as Pt and/or Pd are incorporated on the active phase of an industrial CoMo/γ-Al2O3 and/or NiMo/γ-Al2O3 catalyst. Most of the studies realized for Pd-Pt catalysts have proportioned information on their catalyst performance during the HDS of DBTs and a-DBTs, allowing to relate some electronic and superficial properties to their activity and selectivity to HYD or DDS routes. However, to the best of our knowledge, there are no works related to elucidate the kinetic role of these noble metals during HDS reactions of a-DBTs. 
	This work is aimed at obtaining kinetic information of the Pd-Pt/γ-Al2O3 system during the HDS of 4,6-DMDBT at operating conditions relevant for industry: 320oC, 500 ppm of S and a hydrogen pressure of 5.5 MPa. A series of Pt-Pd/γ-Al2O3 (0-100, 20-80, 50-50, 80-20 y 100-0; %mol Pd-%mol Pt ) materials were sintethyzed. The γ-Al2O3 was prepared by a low-temperature sol–gel technique. Bimetallic materials were prepared by simultaneous impregnation. A summary of their characterization is presented (Physisorption of N2, TPR, HR-TEM, X-Ray, FTIR, CO chemisorption) and related to their kinetic behavior. A simplified reaction scheme based on our observations is used to describe the HDS kinetics of 4,6-DMDBT, vide Figure 1(Left).  A kinetic study based on modeling is developed following Langmuir-Hinshelwood-Hougen-Watson formalism. Finally, a contribution analysis based on the predicted reaction rates is considered to interpret from another perspective the kinetic role of Pt-Pd/γ-Al2O3 on HYD and DDS routes. 
	Bimetallic catalysts shows higher conversions than monometallic ones due to a synergetic effect between Pt and Pd, vide Figure 1 (Center). The bimetallic catalyst (8Pt-2Pd/γ-Al2O3) presenting the highest dispersion of Pt on active catalyst surface and the best dehydrogenate properties leads to the highest 4,6-DMDBT conversion. Kinetic model fitted observations adequately, vide Figure 1 (Right). Regression and parameters are statistically significant.  Kinetic study and contribution analysis indicate that Pt contents kinetically favors desulfurization pathways:  4,6-DMDBT to 3,3’-DMBP and 4,6-DM-th-DBT to MCHT; whereas Pd contents favors hydrogenation of 4,6-DMDBT to 4,6-DM-th-DBT, decreasing the inhibition of HDS reactions due to a strong adsorption of 4,6-DMDBT and MCHT on catalyst surface.
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Figure 1.  Left: reaction scheme proposed and used to propose the reaction mechanism based on LHHW formalism. Center: observed catalytic conversion for the different materials evaluated. Right: Kinetic model fitting, wherein symbols represent observations and solid lines represent the model fit: () C4,6-DMDBT, ()C3,3’-DMBP,  () C4,6-DM-th-DBT  () CMCHT.
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