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I. OBJECTIVE AND SCOPE OF WORK

An investiga:ion into zeolite-supp;rted F~T catalysts begun.under Grant
#DE-FG22-81PC40774 (Office ‘of Fossil Epergy,- D.0.E,) has produced results
which suggest that alkali cations, remaining in a zeolite and serving to
neutralize the structure, act to promote higher hydrocarbon formatiom. It
alppears that the f—T metal must be highly dispersed throughout the zeolite in
the vicinit} of thgse cations for this promotion effect to take p;ace. This
effect 1s also highly dependent upon alkalil cation concentration. N ‘

The current research involves a study of the promotion effects of the
neutralizing. alkali cations on CO hydrogenation (under typical F-T conditions)
over zeoiite-supported Ru catalysts. Ru is'a useful, model catalyst fqr the
"study of such promotion of this synthesis. First, alkali promotion has beeﬁl
found to have a great effect on pfoduct selectivity over Ru., Second, Ru does:
not form any stable carbldes, thereby removing this complicating ‘factor. :
Third, Ru is relatively easy to reduce to the metallic state. Fourth, Ru 1is
the F~T metal easlest to keep 1lnside zeolite crystéllites.' Fifth, under
typical conditions, there is 1little oxygenated hydrocarbon Eformation or
" skeletal isomerization of the hydrocarbons over Ru. Thus, the neutralizing
cations in thg zeolite support should affect CO hydrogenation over Ru possibly
by affecting: Co0 chemisorption, HZ chenisorption, carbon deposition,
catalytic activity, chain growth probability, selectivity fof CH,, selectivity
for olefins, and diffusion in the .zeolite. ©Each of these items will be
investigated for the catalysts proposed to be studied.. ;

The main ohjectilves of.this study are:

1. To develop a better understanding of héw neutralizing alkali cations

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



2. to illuminate the effect of these catilons on
a. chemisorption propertiles
b. CO disproportionation
c. the mechanism of CO hydrogenation
d. the deactivation characteristics
3. to ?labor;te upon thF efﬁeqt of decreasing ilonizatlon potential of
the}alkal% cations oﬁ;the ?atalytie properties
4, To ﬁuggstigate the %ffec#s of ;Rb and Cs promotion, studied only
M { : .
supétficially in chespastj f
In ordef to accomplish tgese objecti%es, several series of catlaysts have
been prepared. These catalyst; are mainly zeolite-supported Ru prepared using
NaX, NaY¥, KL, X and Y zeolites containing a range of alkali catioms (Cs™, Rb+,
K+, Nat and Li+), and a series of dealuminated WNaY zeolites. Preparation and
characterization of these samples by means of gas volumetry and atomic
absorption have been described in a previous quarterly report. "Further
investigations gf surface and catalytic propertles are under way.,
This invesgigation shouid provide a more fundamental understanding of the

involvement of alkali cations in determining the catalytic properties of

zeolite-supported metals for CO hydrogenation.

IY. SUMMARY OF PROGRESS

A new series of ruthenium catalysts was prepared by theé conventional ion
exchange of Y zeolite containing various alkall cations (Li+, Na+, K%? RH+,
cst). Prior to reduction with hydrogen, the decowposition of the Rufhex;mmine
complex was carried out under vacuum using a slow heating rate (0.5 X sec'l}

up to 673 K. The samples were characterized by Hy and CO chemisorptiop. Much

higher and more comparable dispersions were found for most of the .catalysts



compared to those found after decomposition under flo.wing helium as discussed
in preyi;ms reports.

: Studies o:f co hydrogénation at atmospherlc pressure and 200-300°C have
-bégun psing this new serles of Ru-zeolite catalysts.

III. DETATILED DESCRIPTION OF TECHNICAL PROGRESS

Effect of Decompos.ition Method on Ru Dispersion

It has been frequently reported that highly dispersed ruthenium catalysts
can be prepareq: by the.conventionaf"‘ion-exchang‘e oi_.’ sodium zeolites followed
by pretreatme;ﬁ;‘: before hydrogen reduction either under flowing helium or by
degassing ug';(.ier vacuum at 623 K (l1). The heating rate was found to be the
major factgsr' affecting ruthenium dispersion. However, as reported previously
(2), the fdecomposition‘ of the Ru-hexammine complex under flowing helium
produced Z_éxighly dispersed ruthenium “.:catalysts only when the neutralizing
cation présent in the zeolite was sodium. For Y zeolites éontaining other
alka]:i ca.:_tions (Li"', K"', Rb"', cs™ rather low :ruthenium dispersions ‘were
obtalned gmder the same pretreatﬁent conditions., In order to explore the

effect ofé the decomposition method on ruthenium dispersion, a new series of
ruthenium:_' catalysts with 't:h_e varlous alkéli cations was prepared by
decompesit:éiqn under vacuum using a slow heating rate (0.5 K sec 1) up to 673
K. The pr::eparation me‘t:hod was exactly deseribed in the lst quarterly report -
except for:::this decomposition prior to reduction with hydrogen.

The s:é':mples were characterized by Hjy and CO chemisorption foill.'lov‘linkg the
method desé_ribed in previous reports. The results of Hy and CO cllliamisorption
for the var:;ous Ru c.;atalysts are given in Tables 1 and 2. Except'lfor RuHY, a
comparison éf the dispersions given in Table 1 with the CO/H rat:".'c_s in Table 2

suggests that the dispersions of the ruthenium in the various Y-zeolites are



high and similar. The high average particle diameter calculated for RulY
‘could be a result of hydrogen chemisorption suppression due to the higher
concentration of acidic hydroxyl groups in.tﬂat zeolite. Indeed, it has been
reported that suppression of irreversible hydrogen chemisorption éOuld be
significant for most zeolite—-supported ruthenium catalysts prepared by ilon~
exchange, especially at high concentrations of strongly acidic hydroxyl groups
(3). The high CO/H ratio for RuHY suggests that the Ru dispersion is in fact
comparable to that of the other catalysts.

Comparing the dispersions given in Table 1 with those obtained after
decomposition under flowling helium (2), these were uwuch higher, except for
RuNaY¥ which gave a similar dispersion with either decomposition method.
Gallezot (4) has reported that heating =zeolite-supported metals in the
presence of a gas may cousiderably enhance the mobility of the metal, iéading
to sintering. Minachev et al. (5) have shown that reduction of transition
metals in zeoiites is accompanied By migration of metal to the external
surface of the zeolite crystals and that the reduction and migration process
depends on factors such as the chemical nature of the cation, the degree of
ion exchange, cation location and the thermal stability of structurai
hydroxyls. It has also been reported (6) that noble metals of Group VILI can
agglomerate into larger particles in the presence of water vapor, and it has
been suggested that only thoroughly degassed samples should be contacted with
hydrogen. Thus, depending on the nature of the cation present, the
decomposition of the ruthenium complex un@gp flowing helium is believed to
enhance the mobility of the metal and does:uub result in a thorough degassing

of the sample, therefore leading to the formation of larger metal particles.




Reaction Studies

CO hydrogenation studies have been started for this new serles of Ru
catalysts following the procedure described in the 4th quarterly report. The
main results will be discussed in detail in the pext quarterly report.

.IV, FORECAST OF WORK

During the next quarter, the reacticu study of CO hydrogenation over the

new serles of RuY catalysts having uniform average Ru particle sizes will be

) W, - - .

completed and the results analyzed and written up.
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Table 1: Catalyst Characteristics Based on Hydrogen Chemisorption

Loading _ Hy (irr.) D, Ep
No. Catalyst {wt) (mole/g.cat.) (%) @)
1 RullY 3.8 57 30 . 28
2 °  RuLiyY 3.4 89 53 16
3 . RuNa¥Y 3.8 126 67 12
4 RuKY 3.2 83 52 16
5 RuRbY 3.6 87 49 17
6 RuCsY 3.7 102 56 15

Table 2: €O Chemisorption Results

Co (irr.) - - S

No. Catalyst (tmol/ g.cat.) CO/H CO/Ru(Tota]_)
1 RuHY 404 3.5 1.l

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 725 3.6 2.0
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