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and Selectivity Alcohol Catalyst 

During the first quarter of the second year of this project, continued emphasis was placed 

on developing a better understanding of the secondary dehydration of methanol to dimethyl ether 

on both the native.gamma-alumina surface and our alumina-supported rhodium/molybdenum 

catalyst. This reaction is important since ethers as well as alcohols am considered to be and am 

used as octane booster.~ in reformulated gasoline. Hence, an understanding of the properties of our 

catalyst which control this chemistry is essential. " 

Past work in the literature [Pereraand Figoli, 1969] suggests that n~thanol dehydration on 

alumina occurs via dissociative adsorption of methanol at Lewis acid sites to form surface methoxy 

and hydroxyl groups.'As set forth in our last report, a singular potassium doping experiment has 

been conducted on both gamma-alurnina ,and on our,Rh/Mo catalyst wherein samples were 

contacted ~,ith various concentrations of KNO3 i'on-cxchangc solution in order to (i)replace 

hydrogen in suffacc hydroxyl groups as well as to (ii) cap offLewis acid sims, leaving both types 

of sites shielded by an alkali metal oxide layer. The "capping off" of the Lewis acid sites occurs 

by," first, dissociativcly adsorbing watcr at the sites, followed by ion exchanging hydrogen at the 

surface hydroxyl ~oups. The presence of the potassium, then, shields the Lewis acid sites from 

nuclcophillic attack by methanol. In contrast to the Lewis acid sites, which interact directly with 

methanol, the surface hydroxyl groups are involved in closing the dehydration cycle by associating 

to form water molcculcs which desorb from the surface. Here, again, the replacerncnt of+zh¢ 

hydrogcns at these hydroxyl §tics with potassium ions impedes the dehydration. Figures I and 2 

schematically comxast the cxpectcd interaction of methanol with the alumina surface in the absence 

and presence of an alkali-metal oxide layer. 
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FIGURE 1. Dissociative adsorption of methanol at a Lewis acid site on alumina 
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FIGURE 2. Interaction of methanol with the doped stirface. 

In our last quarterly report, we presented results for a series of samples of native gamma- 

alumina which had been contacted with increasingly concentrated KNO3 ion-exchange solutions. 

These results suggesred, as expected, that as the concentration of the ion-exchange solution was 

increased, the tendency of methanol to dehydrate to dimethyl ether under reaction conditions 

correspondingly decreased. These trials were conducted in our low-pressure microreactor system 

at 180 o C and approximately atmospheric pressure. Inert helium carrier gas, flowing at 

approximately 50 scorn, picked up methanol vapor by passing the helium through a bubbler 

maintained at constant temperature, and the methanol/carrier gas mixture was then fed through a 

Pyrex microreactor tube packed with a fixed bed of sahaple. Products were analyzed downstream 

with our on-line gas chromatograph equipped with a flame ionization detector. 

The results of similar trials conducted on our transition-metal loaded samples, again 

contacted with various concentrations of KNO3 ion-exchange solutions, were not as straight 

forward. Representative runs for (i) a base case Rh-Mo/AI203 catalyst synthesized earlier this year 

and (ii) the same catalyst after contacting with a 2.3 M solution of KNO3---estimated to contain ten 

K + ions for every one hydroxyl group on the support surface--showed relatively the same 

propensity for DME formation at equivalent reaction conditions. In fact, the ion-exchanged sample 

produced roughly 11% more DME than the base case run, though this difference may not be 

statistically meaningful. Nevertheless, the above result was exactly the opposite of that expected. 

Given the puzzling result above, we endeavored to evaluate the effectiveness of our ion- 

exchange procedures using x-ray microanalysis. Four representative energy-despersive x-ray 



spccn-a (EDS specn-a) are attached. Due to the inherently rough morphology on these amorphous 

samples, this analytical technique provides only qualimrlve results as to elemental content under the 

present collection procedures. Nevertheless, the accompanying spectra differ little from those 

collected at various positions on the sample surface and hence provide a reasonable representation 
;, L 

of the elemental content of the samplcs analyzed. Note that duc to the presence of a beryllium 

window between the detector and the sample in the particular system used, x-ray emissions of 

lighter elements above the third row of the periodic table arc not detected (hence the oxygen in the 

alumina is not fingerprinted by this process). Spectrum I, bare gamma-alumina, displays the 

characteristic Ka x-ray emission for aluminum at 1.490 kcV. The presence of the peak for gold is 

a remnant of the sarnplc prcpararlon, wherein the sample is sputtcre, d with gold to reduce charge- 

cloud formation upon electron bombardment in the scanning elccti~on microscope used to position 

rhc sample for x-ray analysis. Spccn'um 2 depicts the alumina after trcau'nent with ion-exchange 

solution and shows a characteristic peak for the K valence shell of potassium indicating that the 

ion-exchange procedurc was successful in depositing potassium on the surface. The result 

depicted in Spectra I and 2 differs significantly from that demonstrated by the other two spectra. 

Spectrum 3, basc case Rh-Mo/Al203 without ion exchange, confirms the presence of Rh and Mo 

on the support surface; the small Si peak is most likely due impurities introduced in the alumina 

during its initial forrnation~. Spectrum 4, which depicts the same material aRcr it has been contacted 
/, 

with ion-exchange solution for 36 hours, has a label indicating where a potassium peak should 

appear, but the potassium emission is absent. Note that the samples depicted in Spectra 2 and 4 

wcrc subjcctcd to identical ion-exchange treatment, but in the case of the u'ansirion-metal loaded 

sample (Spectrum 4), no significant ind!cation of potassium doping is seen. This result, then, is 

consistent with the reactor testing results mentioned above. Namely, no change in methanol 

dehydration was observcd because the Lewis acid sites had not been modified. 

The results for the n'ansirion-metal loaded samplcs dictate the need for a new ion-exchange 

procedure, and these experiments will be the focus of our near-term work. Thus far, samples were 

immersed in the the ion-exchange solution for 36 hours at room temperature and then dried for 24 

hours at 120 ° C. Future efforts to improve on this procedure will take two forms: (i) ion-exchange 

will be conducted instead by pore volume saturation of the samplc to incipient wetness (rather than 

immcrsion) and then dried as above and (ii) the sample immersion approach will be repeated, but 

an effort will bc made to maintain the ion-exchange solution above the isoclcctric point of the 

gamma-alumina surface using a combination of a pH mctcr and the addition of KOH to the ion- 

exchangc supematanL 

In addition to suggesting the need for a new ion-exchange procedure, an encouraging 

aspect of the metal-loaded results is that they shed somc light on the role of Lewis acid sites in the 

sequential chemisorption of the Mo and Rh carbonyls on thc alumina during initial catalyst 

3 



preparation. It is possible that the Mo and Rh precursors react with surface acid sites during 

deposition of Mo and Rh and reduce the number of acid'sites which would otherwise be available 

for dissociative adsorption of water and potassium ion exchange. Figure 3 schematically 

demonstrates one possible route for oxidative ehemisorption of metal carbonyls using Mo(CO)6 as 

a representative precursor. Why these transition-metal oxide sims would not also shield the surface 

from nucIeophiUic anack by methanol remains to be seen, though they may form.alkoxide ligands 

with the methoxy groups directly under reaction conditions and hence allow DME formation via a 

separate mechanism. In the con'ting months, we intend to explore these ideas further in light of 

future ion-exchange results. ~ 
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FIGURE 3. Oxidative adsorption of molybdenum hexacarbonyl at adjacem BrSnsted acid sites. 
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Rh-Mo/A}203 sample, no ion exchange. 
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