Surface Areas of the MoS,-Based Catalysts

The surface areas of the catalysts were measured on a Gemini 2360 instrument using
the BET multipoint method with nitrogen as the adsorbate. For the undoped MoS; catalyst,
10 data points were taken in the relative pressure range of p/p, = 0.05 to p/p, = 0.30 (see
Figure 78), where p, = saturated vapor pressure of N,. For the rest of the samples,
typically seven data points were obtained from p/p, = 0.05 to p/p, = 0.30 (e.g. see Figures
79 and 80). The plots show z/[(1-z)V] vs z, where z = p/p,, which are based on the BET
equation of p/[(p.-p)V] = 1/V.C + [(C-1)/(V.O)1/(P/p.), where V is the volume of gas
adsorbed, V, is the monolayer capacity, and C is the BET constant [90]. Multiplying V,, by
the cross-sectional area of the N, molecule yields the specific surface area of the solid.

The surface areas of the undoped MoS, catalyst, the 20 wt% CsOOCH/MoS, catalyst
prepared in air but before testing, and the Cs-doped catalyst after long-term testing were
determined. These surface areas are compared with previously prepared and characterized
catalysts in Table 14. The surface area of the undoped MoS, catalyst was found to be 60
m?/g. This is comparable to the previously reported [11] surface area of a different
preparation of the undoped MoS, catalyst of 63 m?/g, which was obtained by heating MoS,
in flowing N, to 500°C for 1 hr, using a heating rate of 10°C/min.

TABLE 14. Comparison of surface areas of the undoped MoS,, untested 20 wt%
CsOOCH/MoS,, and tested 20 wt% CsOOCH/MoS; catalysts.

Catalyst Surface Areas of Surface Areas of
Current Catalysts Earlier Catalysts [11]

MoS, 60 63
Untested Cs/MoS, 14 13
Tested Cs/MoS, 6 -
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The surface area of the 20 wt% CsOOCH/MoS; before catalytic testing, but after
drying to 300°C, was found to be 14 m?/g. This is also consistent with 13 m?/g reported
previously [11]. The surface area of the Cs-doped catalyst after testing decreased to 6 m?/g.
This decrease in surface area occurred over 551 hr of high temperature and high pressure
conditions. Although a slight decrease in surface area to 11 m?/g during catalyst testing
was previously reported [65], the loss of surface area for the present catalyst was quite
significant. One possible reason for this loss of surface area is that the cesium formate
could have agglomerated on the surface during testing. This agglomeration, in turn, could
have blocked the pores of the catalyst, thus giving a lower surface area. This agglomeration
may have been more pronounced in this catalyst, because a different doping method was
used. Previously, the doping was carried out in vacuum [11]. For the current catalyst,
doping was done at atmospheric pressure in air. This latter procedure might not allow the
cesium to disperse into the pores. In this case of lower dispersion, under reaction conditions
the cesium component could have more easily agglomerated.

Higher Surface Area Catalysts. Two higher surface area catalysts were produced, one
with a surface area of 96 m?/g and another with 91 m?/g. The synthesized MoS; used to
produce these catalysts was the same as for the previous catalyst. For the 96 m?/g MoS,,
approximately 2 g of MoS; was added with Pyrex beads to a quartz tube. The sample was
flushed with nitrogen and then heated under nitrogen up to 210°C. This temperature was
held for 10 min, and then the sample was heated up to 450°C at a rate of 13°C/min. This
temperature was maintained for 1.5 hr. The sample was allowed to cool to room
temperature under nitrogen, and then the sample was transferred from the quartz tube in

air.
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To obtain the MoS, with a surface area of 91 m?/g, approximately 2 g of MoS; was
added with Pyrex beads to the quartz decomposition tube. Under nitrogen flow, the sample
was heated to 250°C and held there for 15 min. The sample was then heated at a rate of
15°C/min up to 460°C, and this temperature was maintained for 2 hr. The sample was
allowed to cool to room temperature under nitrogen. The sample was transferred from the
quartz tube to a sample vial in air.

The surface areas of these two samples were determined as described previously.
The BET plots obtained with these samples are shown in Figures 81 and 82, and a linear

relationship was again observed.
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CONCLUSIONS

Computational studies were carried out in terms of the thermodynamic stability, the
electronic structure, and redox properties of the sulfides of the transition metals in the early
part of the periodic table. These analyses indicated that WS,, ReS,, and RuS,, as well as
MoS,, should be stable catalysts under higher alcohol synthesis conditions. Thus, additional
investigations should be carried out with these transition metal sulfides after surface doping
with alkali metal cations, such as potassium and cesium.

It was shown that CsOOCH-doped MoS, catalysts can be reproducibly prepared and
that reproducible catalytic behavior is observed with these materials. However, it was also
shown that prolonged air exposure of the synthesized catalysts causes agglomeration of the
CsOOCH dopant, leading to lower catalytic activity for the catalysts. Therefore, it is
necessary to utilize freshly prepared catalysts protected from exposure to ambient air to
obtain high alcohol synthesis activity Cs/MoS; catalysts. For example, with a fresh 10 wt%
CsOOCH/MoS, catalyst, 300 g of linear alcohols/kg catal/hr were obtained from H,/CO
= 1 synthesis gas at 295°C, 8.3 MPa, and with GHSV = 7760 ¢ /kg catal/hr. Under our
reaction conditions, the presence of H,S in the synthesis gas was not necessary to obtain
stable activity, but the presence of 45.5 ppm of H,S in the synthesis gas did tend to decrease
the space time yield of methane, especially at the higher reaction temperatures.

The new preparation procedures explored for doping the MoS, catalysts did not
result in improved catalysts, and the optimum alkali content of the catalysts is still very high,
i.e. 1020 wt% CsOOCH. New preparation techniques need to be developed to improve the
alkali dispersion on the catalysts so that the number of active sites is increased while

decreasing the content of promoter needed.
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