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1.” OBJECTIVE AND SCOPE OF WORK ‘ .

T An 1nye§tigat§on into ¢eoiite-supported F-T catalysts begun under Grant

which sugges% ‘that alkali caf%ons, remaining in a Zeolite and sering to
ineutralize the sfructure; act to promote higher hydrocarbon formation. It
.appears that the F-f.meta]hmuet be highly dispersed throughout the zeolite in
.Lthe vicinity of these cations for this pfomotion effect to take place. This
effect is also h1gh1y dependent upon alkali cation concentration. |
The current research involves a study of the promotion effects of the
'neutra1izihg alkali cations on CO hydrogenation (under typical F-T conditions)
over zeolite-supported Ru ceﬁa]ysts. Ru is a useful, medel cataiyst for the
seudy ef such promotion of this'synthesis. First, alkali promotion has been
“ found to hagg a great effect on product select1v1ty over Ru. Second, “Ru does
not form any stab]e carb1des, ‘thereby removing this comp]1cat1ng factor.
Third, Ru- 15 relat1ve1y gasy to reduce to the metallic state. Fourth, Ru is
the .F-T metal easiest to keep inside zeolite crystallites. Fifth, under
typical conditions; there is litt]e Oxygenated hydrocarbon formation or
akeletal isomerization of the hydrocarbons over Ru. Thus, the neutralizing
cat1ons in the zeolite support should affect CO hydrogenation over Ru poss1b]y
by affecting: C0 chemisorption, Ho chemisorption, carbon deposition,
catalypic activity, chajn growth probability, selectivity for CHy, selectivity
, for olefins, and diffusion in the zeolite. Each of these items will be
1nvestlgated for the catalysts proposed to be stud1ed.
The main objectives of this study are
1. To develop a better understanding of how neutra11z1ng alkali cations
in zeolites can affect F~T product selectivity over a supported metal

2. to illuminate the effect of thesé cations on
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a. chemisorption pﬁbﬁeﬁties
b. EO disproportioﬁétion -
c. the mechanism of CO hydroggn&tion
d. the deactivation characteristics
3. to elaborafe upon the effect of decreasing ionization potential of
the alkali cations on the ;ata]yf%c properties .

4, To investigate the effect§ of Rb and Cs promotion, studied only

superficially in tﬁe past. ‘ _

- In order to accomp]i;h these objectives, several series of catalysts have
been prepared. These catalysts ére mainly zeolite-supported Ru prepared using
NaX, Na¥Y, KL, X and Y zeolites cohtainihg a range of alkali cations (Cs*, Rb+,
K*, Na* and Li*), and a series of dealuminated NaY zeglites.’ Preparatiodian&
characterization of these samples by means of gas volumetry and atomic
absorption have been described in a previous quarterly report. Further
investigations of surface and catalytic properties are under way.

This investigation should provide a more fundamental understanding of the
involvement of alkali cations in determining the -catalytic properties of
zeolite-supported metals for COQ hydrogenation. | ‘

II. SUMMARY OF PROGRESS

The effect of Si/Al ratio on the possible secondary reactions during CO
hydrogenation were investigated with different zeolites, RuNaX, RuNaY, RuKY,
RuKL, and RuNa-mordenite. These catalysts were prepared by ién—exchange and
charaﬁterized by the same procedures described in previous reports.

NaX, NaY, KL, and Na-mordenite were used as catalysts in butene reactions
in order to eliminate the effect ef Ru on the transformation of olefins.
These reactions were carried out under similar conditions as those of CO

hydrogenation for the series of ion-exchanged zeolite-supported Ru catalysts.
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In order to understand the olefin reactions over the acid sites in the

. £ .
jon-excharged Ru zeolites, H diordenite was chosen for study because it has the

highesﬁ Si/A1 ratio, hence the strongest acid sites. - Deactivation of

H-mondenite was studied in detail for the propylene and butene reactions.

ll )

. DETAILED DESCRIPTION OF TECHNICAL PROGRESS

1. - Catalyst Preparat1on and Character1zat1on/

The zeolites, NaX, NaY, KL, and Na~morden1te were from Strem Chemwcals.
Ru-loaded zeolites were prepared by 1on-e3change using Ru(NH3)gCl3 (Strem
Chemicals). The preparation procedure used for these catalysts was described
in previous reports. Ho and co cﬁemisorption were used for ‘the

characterization of the catalysts.

i
)

The results of Hz-and CO0 chemisorption ror RuNaX, RuNaY, RuKL,Lgnd RuNa-

morden‘te are listed in Table l. The metal particle size and dispersion of -
! o

catalysts were calculated from the Hy chemisorption results. The CO/H ratio

obtained for RuKL and RuNa-mordenite shqhed a significant suppression of

hydrogen chemisorption. This is in agre¢ement with the results reported by

Wang et al. (1)

2 - Reaction Studies

Experimental
(A) CO Hydrogenation

CO hydrogenation was carried out in a tubular micro-reactor with a 1:1
L

mixture of Hp and CO flowing at 2.4 1/hr. The conditions of reaction were
atmospheric pressure and temperatures -of 483-573 K. The reaction'producté
were analyzed by gas chromatography after five minutes of reaction. This five

minute reaction period was followed by a 40 minute hydrogen treatment of the

catalyst in order to obtain reproduc1b]e results in'successive runs.

3



(B) U]éfin Reactions

Butene reactidns were carried out in the same reaction system used fn co
hydrogenation. The reactant mixture was 100 ml/ﬁin of 1% butene in hydrogen
at atmospheric pressure. The temperature was fixed at 523 K. The amount of
catalyst used was 0.1 q.

Products from the reactor were also analyzed by gas chromatbgraphy after
five minutes of reaction. The GC column used was able to fully separate the

C4- fraction into its components.

(C) Deactivation of H-Mordenite

In order to determine the deactivation characteristics of the strong acid
sites, butene and propylene reactions were carried out over H-mordenite. The
same reaction conditions as described above for butene reactions were used

except for the reaction time which was of course varied.

Results and Discussion

(A) CO hydrogenation

Table 2 compares the turnover frequencies (TOF) and the hydrocarbon
product distributions obtained at 523 K on Ru/zeolites with different Si/Al
ratios, i.e. RuNaX, RuKL and RuNa-mordenite. For the sake of comparison, the
results obtained for RuNaY and RuKY and reported in previous quarter]y reports
are inéluded. Although RuKY has the same Si/Al ratio as RuNaY, it is included
in Table 2 since it allows a better comparison with RuKL. The C3/C3 ratios
and the isobutane content of the C4- fraction is also given in Table Ziitkrom
these results it can be seen that while the TOF remains practically constant

at 523 K, suggesting no effect of the acidity on the intrinsic properties of
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the metal, the C§/C§ ratio decreases with Si/Al ratio, whiie the %é%ectivities
for CHy and isobutane increase significantly with Si/Al ratio.

Since all the zeolite-supported catalysts studied here are expected to
ha§e had the same number of acidic sites (ghey all had-similar metal headings)
the variation in selectivities may be correlated with variation in acid
strength. Indeed it is wé]] known that the stréngth of the acid sites present
in the zeolite increases with Si/Al ratio, especially for Si/Al < 6 (2).

In contrast té the=results obtained when the nature of the neutralizing
cation ‘was varied, the product seiectivity (Table 2J ‘shiftéed towards Tower™
‘molecular weight hydrocarbons, especially methane, with increasing Si/A]
ratio. | ;

The activity of the catalysts for secondary olefin hydrogenation

—

=

represented by the C§/C§ ratio, and the isobutane selectivity follow the saqé
trend a;-the methane -selectivity. These results suggest an enhancement of tﬁé;
various secondary reactions such as oligomerization, cracking, hydrogen
_ transfer, etc., which are known to be favored with the more acidic catalysts
(3).

However, the se]ectivity for isobutane obtained with RuNa-mordenite was
not significantly higher than that obtained with ﬁuNaY. This may be explained
by the fast deactivation of the strongest .acid sites in RuNa-Mordenite, as
i1lustrated in the following section by the deactivation characteristics of

H-mordenite.

(B) Butene Reaction on Zep]ités without Ru

| The metal Ru can also contribute to the sécondany hydrogenation and
isomerization of primary products. In order to elimiiate the effect of the
metal on secondary reactions, butene transformation was carried out on

zeolites without Ru. The product selectivities are Tisted in Table 3. The

* ' . 5 - i .



isomerization of butene on zeolites can involve double bond shift, cisZtrans
isomerization, and si&letal isomerization (4). Since the;eﬂalka]i zeolites
have only few acid\sites, mainly the hydroxyls terminating the zeolite
crystals, only double bond:shift and cis-trans isomerization were observeﬁ.

1

There was no oligomerization or ske1eta} isomerization of olefins foﬁ which
stronger acid sites are required. Furtﬁermore, contrary to Topchieva‘et al.
(58) suggestion that the’ cations may exhibit significant activity for the
hydrogenation of olefins when treated with hydrogen at high temperature, no
:;Fydrogenation activity was observed with all the zeolites. The only products

obtained from 1-butene reactions were cis- and trans-2-butenes.

(C) Deactivation Study of H-mordenite

The purpose of this deactivation study was to show how the acid sites
change with reaction time. Table 4 shows how the formation rate of each
product from butene reaction varies with reaction time. The formation rate of
jsobutane decreased rapidly with reaction time. The yield of isoparaffins
from the transformation of olefins on acid catalysts can be taken as a measure
of the oligomerization, disproportionation, hydrogen transfer and cracking
activity of these catalysts. The results, thus, suggest that the strong acid
sites in H;ﬁbrdenité, active for the oligomerizaticn of olefins, deactivate
rapidly. Aﬁter less than four minutes of reaction, the reaction path shifted
from the oligomerization~disproportionation reactions to double bond shift and
cis~-trans isomerization which can occur on very weak ac%d sites.

This phenomenon was also observed for the reaction of propylene (Table
5). The formation rate af isobutane decreased significantly as reaction time
increased. The farmation rate of all -products decreased as reaction time

increased to 17 minutes. Therefore, all the acid sites deactivate with

reaction time with the strong acid si;gg?ﬂéactivating the fastest.
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[V. FORECAST OF WORK

During the nex¥ quarter, the main focus will be on the ana1ysis “and

”1ntegrat1on of al1 the resu]ts, and writing of the final report.

~lr
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Table 1: Catalysts Characteristics o

Ru Loading Hp(irr) (@)= p(B) g (8] coymlc)
Catalyst (wt %) ﬁﬁ-ratio (v mol/g.cat.) (%) (R)
RuNaX :3.0 1.23 ‘e 80 54 16 e
RuNaY 3.8 2.41 126 67 12 3.7
RUKL 3.2 3,00 . 53 36 28 5.0

RuNaM 3.2 ' 4,52 39 26 32 4.3

(a) Irrever§jb1e Ho chemisorption.
(b} Dispersion (D) and particle size (dp) from Hy chemisorption measurements. -

(¢) From CO and H, chemisorption measurements.




.. Table 2: TOF, C=/C§ and'Hydrocarbon Distibutions from CO Hydroéenation
; at 523 K ‘over Ru/Zeolites with various Si/Al ratio

I

oF(a) Ly Selectivity (wt%)
Catalyst  (s-1x103) cg/csm ¢, otz ¢ G5 G
RuNaX | 5.8 13.5 0 17.3 117 24.8 19.4 15.1 11.6
RuNaY 6.8 1.2 20,2+ 327 14.0 21,5 17.0 10.9 4.0
RuKY E 7.8 . 6.4 1.8 30.7 13.7 23.5 15,8 11.0 5.2
RuKL 8.4 3.8 12.3  49.5 12.3 17.8 11.7 6.1 2.6
RuNam{c) 8.0 * 0.5 240 56.0 16.6 12.3 9.9 2.0 3.2

(a) From Hy chemisorpfion results.
(b) Isobutane in Cq-fraction.

(¢) M = Mordenite.




Table 3 Product Selectivities From l-butene_reactions*

&

Conversion Trans-éiButene Cis-2-Butene

Catalyst o (%) 1-Butene Trans-2- Butene
* NaX ' 25:0 0.22 . 0.74
Na¥ 8.5 o 0.06 - 0.60
KL 147 £ 0.11 0.64
NaM _ 11.2 0.11 0.64
¥ Reaction mixture: 1% Butene in Hp
Flowrate: 100 m1/min
Temperature: - 523 K

10



Table 4 Product Formaﬁ%onrkgxeé from Butene Reaction
on H-mordenite

!
2

o i P Y 6*
X Rates (mol/hr. g. cat. JOE3)
Products . ' N :
nethane Joos 003 003 0.03
ethane + etherne 0.02 0.02 002 o0.01
.propane 0.44: 0.5 0.3 0540
propylene : 0.21 0.56 0.71 0.87
isabutane 1 6.3 5.30 7"0_.97 0.65
butane 0.47 0.59 0.54  1.70
trans-2-butene 0.06  0.61 4.47  9.47
cis-2-butene - 0.04 0.39 2.9 6.21
total C-5 = T 140 2.48 1314 1.00
total C-6 0.08 0.1  0.08 - 0.07

Reaction.mixture:

Flowrate:
Temperature:

1% Butene inHy .

100 ml/min-
.523 K

* accumulated reaction time (min)

11



Table 5 " Products Formation Rates fromthe Reaction of
Propylene on H-mordenite
y ' : i

* * *

1 ) . 4 ;7

Rates (mo]‘u/hr.’ g. cat. lﬂiffé.)\\\_‘:
Products =
ethane + ethene - 0.08 0.09 0.08
propane — 1.08 | 1.37 . 0.48
iso-butane ] , 5.86 1.44 i 0.01
butane 0.54 0.46 0.04
1-butene y 0.06 0.46 0.04
:trans:%-hutene . ) 0.02 0.38 ° 0.0é
cis-2-butene 0.01 . 0.24 T 0.02
total C-5 1.400 1.17 0.04 -
total C-6 : 0.40 0.10 0.00

N

Reaction mixture: He: Hs: C3 = 60: 39: 1
~ Flowrate:.. 100 ml/min

Temperature: 523 K
* accumulated reaction time (min)

12
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