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I. OBJECTIVE AND SCOPE OF WORK
- An investigh;;on into'zeolitegéupported F~T catalysts begun under Grant
#DE~FG22-81PC40774 (0Office of Fossil! Energy, D.0.E.) has produced results
which suggest that alkali catioms, remaining in a zeolite and serving to
neutralize the étructure, act to promote higher hydrocarbon formation. It
., appears that the F—T,metal'must be highly diépersed throughout the zeolite in
l-!:‘ne vicinity~of these cations for this promotion effect to take place. This
effect is also highly dependent upon alkali cation concentratiom.

The current research involves a study of the promotion effects of the
neutralizing alkali cations on CO hydrogenation (under typical F-T conditions)
over zeolite-supported Ru catalysts. Ru is a useful, model catalyst for the
study of such promotion gf this synthesis. First, alkall-promotion has been
found to have a great effect on product selectivity over Ru. Second, Ru does
not form any stable carbides, thereby rémoving this complicating factor.
Third, Ru is relatively easy to reduce to the metallic state. .Fourth, Ru is
the F-T metal easiest to keep inside zeolite crystallites. Fifth, under
typical conditions, there i1s 1little oxygeunated hydro;a;bon formation or
skeletal 1somerizatlon of the hydrocarbomns over Ru. Thus, the neutralizing
cations in the zeolite support -should affect CO hydrogenation over Ru possibly
by affecting: co dhemisorption, Hy .chemisorption, carbon deposition,
catalytic activity, chain growth probagility, selectivity for CH4, selectivity
for olefins, and diffusion in the =zeolite. Each of these items will be
investigated for the catalysts proposed to be studied.

The main objectives of this study are:

l. To develop a better undérstanding of how neutralizing alkall cations

in zeolites ran affect F-T product selectivity over a supported metal




2. to illuminate the effec:‘of these catilons on
a. chemisorption properties
b. CO disproportionation
c. the mechgnism of CO hydrogenation
d. the deactivation characteristics

3. to elaborate upon the effect of‘decreasing ionization potential of
the alkall cations on the catalytic properties

4. To investigate the, effects of Rb and Cs promotion, studied én}y
superficially in the past. %

In oréer to aécomplish these objectives, several series of catlaysts have
been_prepared. These catalysts aré mainiy zeolite—suppqrted Ru prepared using
NaX, NaY, KL, X and Y zeolites containing a ;ange of alkali cations (Cs+, Rb+,
K+, Nat and Li+), and a series of dealuminated NaY zeolites. Preparation and
characterization of these samples by means of gas volumetry and atomic
absorption have been described im a previous quarterly report. Further
investigations of surface and catalytic properties afe under way.

This investigatiocn should provide a more fundamental understanding of the
involvement of alkali cations in determining the catalytic properties of

" zeolite-supported metals for CO hydrogenagion.

II. SUMMARY OF PROGRESS

A new seriés of ruthenium catalysts having uniform average Ru particle
diameters and supported on Y zeolites containing various alkall catilons (Li+,
Na+, K%, Rb+, Cs+) h;ve been investigated to determine the effect of the
neutralizing cations on CO hydrogenation at atmospheric pressure and 200-

300°C. The results of this investigation are discussed in the next sectiom.



IXI. DETAILED DESCRIPTION OF TECHNICAL PROGRESS

Reaction Studies

CO0 hydrogenation has-; beerx carried over a new series of Y-zeolite
supported Ru catalysts. The adsorption characteristics of the;:e catalysts
were discussed in detall in the 7th guarterly rgpoft. Table 1 and 2 give a
summary of the resulfs and the calculated average Ru'particle siéeg. The
catalytic properties of l{:hese . catalyst’is“aré described ir detail in the
following section. K . '

Catalytic.-Activity

The turnover frequencles for the various catalysts studied were
calculated using the estimated site concentrations provided by the hydrogen
chemisorption measurements, Because of the possible suppression\of hydrogen
chemisorption on zeolite supported catalysts prepared by ion—exchahge,
chemisorption measurements may not prévide an exact measure of the metal
dispersion or of the active ruthenium sites. Thus, the calculated TOF based
on ﬁydrogeh chemisorption and summarized in Table 3 should{be considered as -
maxinum values. Table 3 compares the TOF”s at .523 K and the appérent
activation energies for €O conversion for the various catalysts. No
significant effect of the ﬁature of the neutralizing alkali-cations on TOF was
found,. and the TOF’s do not differ markedly from that of Ru/Si0,. With
similar wmetal loadings, the concentration of the sﬁrucﬁural hydroxyl groups,
forﬁed during the reduction of the ruthenium loms iam LiY, Na¥, KY, RbY and
CsY, should be comparable in all these catalysts. It 1s generally accepted
that for alkall cation zeolites, exchange of sodium lons for smaller catilons
or larger omnes produces a change in the electrostatic field inside the

zeolites, and hence a change in the strength of their acid sites (1). The
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larger the charge—-to-radius ratio, the greater would be the electrostatic
field ar;?d the strength of acidity.

However, with monovalent cations such as ‘Li+. Na+, }("', Rb+, and Cs+, the
varlations in the acidity of the zeolite remain still too small to prm‘iuce
significant differences in the activities of these catalysts (25. Howéver,
the TOF obtained for RulY 1is four times gfeater than that for the other
catalysts. This high activity of RuHY cannot be attributed only to a metal
particle size effect, since, as pointed out earlier, the crystallite size
calculated from Hly chemisorption was most probably oversstimated. Assuming a
similar dispersion to that found for RuNaY, the TOF for RuHY still remains
greater by at least. a factor of 2, suggesting a metal support interaction
which increases the turnover number of Ru on HY zeolite.

Several workers have abserved a similar trend of increésing activity for
CO hydrogenation with increasing acidity of the support. Thus, Fajula et al.
(3) found a higher activity for methanation on PdHY than on PdNaY catalysts.
They suggested a participation of acid sites of the support in <CO
hydrogenation. Similarly, Aral (4) found that the activity for F-T reactions
was higher or RhHY than on RhNaY. Vannice (5) has also suggested that an
increase in the acidity of the support produces an increase in methanation
activity of palladium, Similarly, Leith (6) found that wher sodium ions in ¥-
zeolites were exchanged by multivalent cations or protons, a two-to—three fold
increase in the specilfilc activity of Ru resulted.

In all the works reviewed above, the enhancement of the activi;ies of the
metal, be it Pd, Rh or Ru, on the more acidic zeolites were attributed to an
increase in the surface coucentration of the less 3tf':’..gly bound carbon
!r__‘l':i)noxide species, resulting from the electron def_icient character of the

supported metal which increases with the acidity of the. support. Several



workers have examined the infrared spectra of CO adsorbed on Pd (7), Rh (4),
and Ru’ (8) cat;alysts and found evidence that an dIncrease ian streangth of
support acidity [:;:oduces a shift to higlier frequencies and an enhancement of
bands assigned to linearly adsorbed CO. The presence of electron acceptor
sites on the support; i.e., the -acidic hydroxyl groups, produces some electron
depletion at the metallic surface and hence a decrease in availability 6f a-
electrons for back donation. These results are also consistant with the
suggestions by Vannice (9) and Okghaga et al'.‘ (lo)uthgt a tw_rea.ken%ng. of thg_
metal-carbon monoxide bond, paralleled by an increase in hydrggen a'dscr:ption,
results in a higher activity for CO ’hydrogenation. o .

Selectivity e

The term selectivity used in the present paper refers to tt;e weight
fraction of CO converted into a given hydrocarbon or a group of
hydrocarbons., Table 4 comg;.ares.the hydrocarbon product distributions obtained
~at 523 K on the varlous catalysts. .

It is seen that for the different Y—zeolite—supported Bu the selectivity
for CH, formation and the ché.in growth probability at a given temperature, ar=
essentially the same regardless of the nature of the neutralizing alkali
cations. Moreover, use of protons to neutralize the AlQ,-groups o.f the zeolite
does not seem to produce any significant change in CH, selectivity or chain
growth probability. Therefore, a fundamental difference exists between the
influence of alk.ali cations when used as neutralizing cations in a zeolité
framew;rk and their effect when added as promoters. Indeed in the latter
case, it has been repeatedly shown (11) th:at alkali promoters cause a'. shift to

higher hydrocarbons at the expense of methane formation. Consequently, it may

be concluded that, provided the zeolite type i1s conserved, neither' the alkali



catiéns nor the total acidity Hﬁs g; substantial effect on the product
selectivities, at least at atmospheric pressure.!

In studylng CO hydrogemation over a series of Ru/zeclites, Jacobs et al. .
(12) reported that under tygical Fischer~Tropsch conditions (H2/C0 = 1/1, GHSV
= 1800 hr-l, T ~ 5;3 K), RuNaX gave a highei selectivit} for higher
hydrocarbons than RuNa¥Y did. This behavior was e;plained on the basis of a
stronger metal-support interaction in the case of RuNaY due to the fact that
Na¥ is more acidic than NaX. However, in the present work, RuHY and RuNa¥Y
exhibited the same fselectivity for CHy, despite the 'higher écidity of the
former catalyst. Therefore, our results cannot be fully explained in the same
terms as those reported in reference (12). The possible linkagé between CHy,
formation and the acidity of the support cannot be totally ruled out. Indeed,
the correlation between the selectivity for methane and Si/Al ratio of the
support 613) suggests that the relative amount of CH, is connected to the acid
strength?rather than the total acid%t}. Indeed, Barthomeuf (14) reported an
excellent;'z correlation between the acid strength of a series of zeolites and
their Si/A1 ratios. In addition, another important Ffactor was stressed by
this author: the nature of alkali cations as well as the'partial or total
decationization of a given zeolite i;duced a much less pronounced change in
the acid strength than that brought about by a varlation in Al content. This

should explain why all our RuY zeolites gave almost the same selectivity for

CH, and the same chain growth probability (¢ = 0.5) regardless of the nature

of the neutralizing catioms.

Olefin Fraction

The neutralizing cations in Y-zeolites were found to have a strong
influefice on the olefin-to-paraffin ratio (C§/C3 ) as illustrated at constant

temperature in Table 4 and at constant CO couversion in Table 5. The C./C
3'73



‘ratio was higﬁést when  the largerialkali cagions had been exchanged into the,

"

zeolite and followed -more or less the sequence Cs > Rb > K > Na~ ILi > H. As .

pointed out in fhegprevious sections, tne acildic properties of the_zeo}ites
. w i
are expected to decreasé, although not' drastically, in the reve%se order.’
Leith (15) has also observed that the olefin selectivity of zeolite
supported ruthenium In the hydroggnatibn of c§fbon monoxide iszenhanced when
potassium and cesium are exchanged into Yféeolites. He interpreted his

results in terms of a lowering of the hydrogenating activity of the metal,. as

a result of a decrease in the electron deficient character of the metal

particles by the introduction of larger alkali cations into the support.

However, this.interpretation cannot fully account for these results, since, if

significant electron transfer between the metal and the zeolites had occurred,

‘one would expect an effect on both the activity and the product

distribution. However, as pointed out in the previous sgctions, such effects
-were not observed.
Thus, the enhancement of the olefin selectivity iIn the presence of larger
‘alkali cations may be due to other factors than the gglative strength of
acidity of the various catalysts. Ié has been suggested (16,17) that the
electrostatic fleld inside the zeolite, the strength of which correlates with
increasing charge—to-radius ratio {(18) acts directly on the reacﬁing molecules
rather than on Fhe metal. It has also been suggested by Barthomeuf (1) that a
competition for reactant adsorption between the vgrious sites present
’(cations, protons, and here metal sites) mayiaffect tﬁe‘catalytic activity.
It has been shown that the adsorption of hydrocarbons increases in the ordérv
Ii < Na < K < Bb < Cs (7), thus suggesting an-effeét cf the nature of.the
cation on the secondary ﬁ;drogenation of olefins. Further wofk is necessary

for a better understanding of these phenomena.

1



IV, FORECAST OF WORK

The activities planned for the next quarter are a completion of an
investigation of the electrostatic field effect of the cations using other )
test reactions such as cyclopropane hydrogenolysls and benzene h&drogenation
énd a commencement of a more detailed study of the effect of S§i/Al ratio,

using the same zeolite structure (Y-zeolite) but varying the Si/a1 ratio by

dealumination,
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Table 1: Catalyst Characteristics Based on Hydrogen Chemisorption

Loading Hy (irr.) D ‘ Ep
No. Catalyst (wt¥) (tmole/g.cat.) (%) &)
1 RUHY . 3.8 57 ° 30 28 -
2 RuLiY 3.4 ' 89 53 16
3 RuNaY 3.8 126 67 : 12
& RUKY 3.2 ) 83 52 16
5 RURbY 3.6 87 . 497 17
6 RuCsY 3.7 102 56 15

Table 2: CO Chemisorption Results

_ CO (irr.)
No. Catalyst (Mmol/g.cat.) CO/H COIR“(Total)
1 RuHY : 404 3.5 1.1
2 RuLiY 665 3.7 2.0
3 RuNaY 924 3.7 2.5
4 RuKY 567 - 3.4 1.8
5 RuRbY 640 3.7 1.8
6 RuCsY 735 3.6 . 2.0
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Table 3: Catalytic Properties of Ru Catalysts at'523 K

o catal €O Conversion _JoF | E?o

. yst , (%) v (s "x107) (kJ/mol)
1 RuHY 8.3 . 40,5 74.5

2 RuLiY 3.4 10.7 67.3

3 - ‘ RuNaY ] 4.8 10.5 | 66.1

4 RuKY 2.3 8.0 .. 80.7

5 RuRbY b 14.1 100.6

6

RuCs¥ 4.5 12.4 100.1

Table 4: Selectivities of Ru Catalysts at 523 K

Selectivity (wtZ)

No. Catalyst Cy c, Cs Cy Cs Cs c;/éB
1 RuHY 34.3 13.7 19.1 ;7,f1 12.3 3.5 l.1
P , RuLiY 33.4 143 21.8 17.6 11.8 1.1 2.8
¥ RuNaY 36.9 148 20,9 151 . 9.8 2.4 2.3
4 RuKY 30.7 13,7 23.5 15.8 - "11.0 5.2 6.4
5 RuRBY 33.5 144 22.0  15.3 9.7 5.1 5.7
6 RuCsY 36.1 13,2 21.6  15.1 9.8 4.2 6.1
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Table 5: Cation Effect on Selectivity at Comstant CO Conversion

CO Conv. -
Catalyst T(X) (¢9) C; (wtZ) C3/C3
RuAY s03 45 23.4 . 2.3
Rul.iY 533 4.5 38.3 . 2.0
RuNa.Y 523 4,8 36.9 - 2.3
i{uKY - 543 4.5 35.3 4.2
RuRbY 523 b4oh 3345 5.7
RuCsY 523 4.5 36.1 6.1

12
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