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Abstract

The effect of the kind of ruthenium precurgduz(CO)12 or RuCk-nH,O} and the activation conditions on the performance
of Ru/MgF, preparations in thiophene hydrodesulfurization has been studied. The highest activity, higher than that of the
commercially available system CoMo/A&D3, was revealed by the Ru/Mgatalyst sulfided in the 50%4%/He atmosphere.
According to the results of TPR study, this preparation was characterized by exceptionally high content effittiSseems
to be responsible for its high activity. As follows from the product distribution of thiophene HDS, the activation ipShdeH
atmosphere mainly leads to the formation of saturated products (butane), while the activation in the atmospi&ke aioH
the formation of unsaturated products (buteneig,andtransbutene-2). © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction and Chianelli [2] reported that unsupported ruthe-
nium sulfide catalyst exhibited an activity for HDS
Sulfur removal from petroleum derivatives is a of dibenzothiophene 13 times higher than that of
very important industrial process. Tomorrow's gaso- molybdenum sulfide. Ruthenium sulfide catalyst was
line must have a much lower heteroatom content than found to be the most active HDS catalyst among
that is allowed even today. Many investigations of the the transition metal sulfides and exhibited very high
hydrotreatment of petroleum based feedstocks show activity in many other hydrotreating reactions [3—6].
that the current commercial catalysts based on molyb- The properties of the RyScatalyst was found to be
denum sulfide doped with Ni or Co do not have suf- in a significant degree modified by the support used.
ficient activity to meet today’s refinery requirements For instance, RusSis highly active in HDS when sup-
determined by the environmental standards [1]. To ported on carbon [7] or MgF[8], while supported
attain compliance in the future, new hydrotreatment on Al2Oz [9] it reveals lower activity.
catalysts are necessary for the hydrodesulfurization In this study we presented the preparation of RuS
(HDS) of feedstocks. supported over Mgl and HDS properties of these
In the last two decades, other transition metal sul- new catalysts using thiophene conversion as a model
fides have been investigated. For example, Pecoraroreaction and to compare their performance with those
for a typical commercial CoMo/AlD3 catalyst. The
"+ Corresponding author. Tekt48-61-8699-181: effect of the BS treatment on the activity of Ru/MgF
fax: +-48-61-8658-008. catalyst in HDS was examined. The properties of the
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programmed reduction (TPR) after sulfiding in various 1. 10% HS/H, — 1SH
atmospheres. 2. 50% HS/H, — 5SH
3. 50% HS/He — 5SHe

2. Experimental All procedures were performed at 3%Dfor 1 h be-
fore reaction. Presulfidization conditions and symbols
2.1. Catalysts preparation of the catalysts are presented in Table 1.

Magnesium fluoride was obtained in the reaction 2.3. HDS activity
of magnesium carbonate with 20% water solution of
hydrofluoric acid. After drying at A the support Thiophene was introduced into the reactor by
was calcined at 40@ for 4 h. bubbling a stream of pure hydrogen at the rate of

The support obtained in this way had the surface 30cn?/min (STP) through a thiophene saturator,
area equal to 37.7#fg and a well-pronounced pore maintained in an ice bath af@. The reaction was
structure. conducted using a single-pass microreactor in the

Ruthenium catalysts were prepared by the conven- atmospheric pressure at 4@ The concentration
tional impregnation of the support with the alcoholic of thiophene in the feed stream was maintained at
solution of ruthenium dodecacarbon{Ruz(CO) 2} approximately 5 x 10~*mol/I by adjusting the H
and ruthenium chlorid¢RuCk-nH,O}. The catalyst  flow rate through the saturator. The gas mixtures were
contains 1.6 wt.% of ruthenium. For the sake of com- analyzed by on-line gas chromatography. 50 mg of
parison the catalysts containing the same amount of Ru catalyst with a grain size range 0.5-0.25 mm was used
supported on-Al ;03 (160 n?/g) and SiQ (360 nt/g) for tests. The rate of HDS of thiophene is given by

were also prepared. HDS rate= FXC/W whereF is the total flow rate of
feed; X the fractional conversiorC the concentration
2.2. Catalyst presulfidization of thiophene in the feed and/ the catalyst weight.

Three different in situ presulfidation procedures 2.4. TPR experiments
were applied, with HS at two different concentra-

tions and in one case with He instead of, tt the The temperature programmed reduction experi-
flow rate of ca. 20 criimin, for each of them different  ments were carried out with an ASAP ChemiSorb
catalyst notation was used: 2705 (Micromeritics). A 50—-100 mg catalyst was re-
Table 1
Presulfidization conditions and sample symbols
Symbol Precursor Activation
Oxidized at 10% HS/H, 50% HS/Hy 50% HS/He
400°C/2h at 350C/1h at 350C/1h at 350C/1h
Cl-1SH RuCk-nH,0 +
CI-5SH +
Cl-5SHe +
CI-O1SH + +
CI-O5SH + +
Cl-O5SHe + +
CO-1SH Ry(COh2 +
CO-5SH +
CO-5SHe +
CO-O1SH + +
CO-O5SH + +
CO-O5SHe + +
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Fig. 1. Effect of presulfiding by hydrogen sulfide on the HDS of %«2& 3
thiophene over Ru/MgFcatalysts at 40CC. C}b Ofac’
e

duced in a mixture of 10 vol.% #in Ar at a total flow

rate of 30 crd/min (STP) and at 1TC/min heating Fig. 2. Comparision of_HDS activity over Ru/MgF_Ru/_SiQ,
Ru/Al;03 and commercial CoMo/AlO3 catalysts. Activation for

rate up to a final temperature of 830 RU/AL0; and RUISIQ: 50% HpS/He; for CoMo/AbOz: 10%
HoS/H,.

3. Results and discussion
except for the one sulfided in the 10%$IH, atmo-

Fig. 1 shows a comparison of HDS activities of sphere, for which a drastic decrease in activity was
Ru/MgR, preparations obtained from different precur- noted. For the carbonyl series preparations sulfided in
sors, i.e. Rg(CO)2 (denoted as carbonyl series) and the atmosphere of 5SH or 5SHe, preliminary calcina-
RuClk-nH20 (denoted as chloride series). Sulfidation tion resulted in a decrease in their activity; however,
was performed for dried or preliminary calcined prepa- the activity of the preparation sulfided in the atmo-
rations (Table 1). sphere of 10% KS/Hy increased.

The kind of ruthenium precursor as well as the Moreover, the HDS activity of Ru/MgFprepara-
composition of the sulfidation atmosphere was es- tions was compared with that of the analogous sys-
tablished to have a significant effect on the catalysts tems containing ruthenium supported onp,®@$ and
activity. In general, the preparations obtained on the SiO, as well as the activity of the conventionally used
basis of ruthenium chloride were more active than catalyst. As follows from the results shown in Fig. 2,
those based on ruthenium dodecacarbonyl. Moreover,the Ru/Mgk (5SHe) preparations from both the chlo-
the activity of the former was high, irrespective of the ride and carbonyl series were much more active than
composition of the sulfidation atmosphere, whereas Ru/SiG or Ru/AlbO3 and also more active than the
the activity of the carbonyl series preparations was catalyst CoMo/A}O3 used in the industry.
higher after the sulfidation in the atmosphere of a  The composition of the reaction products was de-
higher concentration of & (5SH and 5SHe), than in  termined for Ru/Mgk preparations activated in dif-

a mixture of 10% HS/H,. ferent conditions. The results are shown in Fig. 3.
At the next stage the influence of the preliminary The activation in the HS/H, atmosphere (1SH and
calcination of the preparations on their HDS activity 5SH) led to the formation of unsaturated products

was checked. It was found not to have significant ef- mainly (butene-1cis- and transbutene-2) for both
fect on the activity of the chlorine series preparations, series of preparations studied. After activation in the
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Fig. 4. TPR patterns of sulfided Ru/Mgfatalysts presulfided in

Fig. 3. Product distribution of thiophene HDS over Ru/MgF  Various conditions.
catalysts.
the HbS/He atmosphere proves a high degree of ruthe-

10% HS/H, mixture, the reaction products revealed nium sulfiding. This phenomenon was also observed
a certain amount of butadiene (2-4%). When the acti- by De Los Reyes et al. [12] for Ru/AD3 catalysts.
vation was carried out in the4$/He atmosphere, for ~ The preparations sulfided in the hydrogen-free atmo-
the chloride series catalysts the main reaction prod- sphere (15% KS/N;) were characterized by a twice
uct was butane~77%) while for the carbonyl series  higher S/Ru ratio than those activated in the 15%
catalysts, unsaturated hydrocarbon$§2%). H>S/H, atmosphere. Similar results for the catalysts

From the composition of the HDS reaction prod- Ru/Y-type zeolite were reported in Ref. [13].
ucts some information on the reaction mechanism can The TPR spectra of the preparations sulfided in
be inferred. The presence of butadiene proves that thethe H:S/H, atmosphere (1SH and 5SH), similarly as
reaction involves direct hydrogenolysis of thiophene. those of the preparations activated in gSfHe mix-
The presence of butane suggests the involvementture, revealed signals assigned to RSt with much
of tetrahydrothiophene (THT) as an intermediate. lower intensity. A higher concentration of28 (50%
According to Kuo and Tatarchuk [10,11] the latter H2S/Hp) led to the appearance of an additional signal
mechanism is favored in the presence of bulk RuS in the range 350-50C, assigned to nonstoichiomet-
Indeed, the Ru/MgF preparation obtained from  ric sulfur species [14].
ruthenium chloride and activated in the 50%3/He
atmosphere, for which the main reaction product was
butane, was characterised by a large content ofbRuS 4. Summary
which was confirmed by the TPR results shown in
Fig. 4. A characteristic feature of TPR curves recorded  Ruthenium supported on Mgkas been found to
for the preparations activated in the 50%S#MHe be an excellent catalyst of thiophene hydrodesulfur-
atmosphere, in particular for the chloride prepara- ization, much better than the commercially available
tion, is a broad and very intense signal in the range CoMo/Al,O3 catalyst. The studies have shown that
500-700C assigned to the reduction of Ru3igh the preparations obtained on the basis of Ru€i,0O
intensity of the TPR peaks for the catalysts sulfided in have much better catalytic properties than those based
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