regeneration of a Type A zeolite immediately after completing the sorption stage,
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INVESTIGATION OF POLYFUNCTIONAL ZEOLITE CATALYSTS.

COMMUNICATION 6, INFLUENCE OF PRETREATMENT AND CONDITIONS
OF USE ON CATALYTIC PROPERTIES OF NICKEL~ZECLITE SYSTEMS
IN ALKYLATION OF BENZENE WITH ETHYLENE

Ya. I. Isakov, Kh., M, Minachev, UDC 541,128:66,095,253:547,532
and V. P, Kalinin

Synthetic zeolites of the X and Y types with added nickel in the form of Ni2t and NiO
are polyfunctional catalytic systems, on which the interaction of benzene with ethylene will
go forward to form primarily sec~butylbenzene (SBB), or SBB and ethylbenzene (EB), or SBB and
butenes [1~4]. The dependence of the catalyst properties on the catalyst composition and
the state of the nickel has been examined in [1, 2, 4-6]., In the work reported here, we
studied the influence of pretreatment and the conditions of use of ion-exchanged and impreg-
nated nickel—zeolite catalysts on their activity and selectivity in the alkylation of benzene
with ethylene,

EXPERTMENTAL

The experiments were performed in a single-pass flow unit, either without any carrier
gas or with a stream of N, (moisture content 1,5 mg/liter), CO. (0.8 mg/liter), or CO (<0,1
mg/liter), with grade ch.d.a. [pure, for analysis] benzene and 98% ethylene (27 ethane by
volume), The procedures used in the test runs and in the product analysis have been de-
scribed in [7]. The zeolites NiNaY, NiCaNaY, and CaNaY were prepared from powdered NaY with
a mole ratio Si0;/Al,0; = 4.4, by ion exchange [4]. The NiCaNaY specimens were obtained by
simultaneous replacement of Nat by Ni2?t and Ca?' from solutions of a mixture of their salts,
The degree of replacement of Nat by M2t is indicated by the number (fraction replaced) pre-
ceding the symbols for the cations in the zeolite designation. Two component catalysts Ni0/
CaNaY were synthesized by impregnating dehydrated CaNaY with a solution of Ni acetylacetonate
in CHCls, with subsequent decomposition of the salt in a stream of dry air at 500°C. The
IR spectra were taken in a UR-20 spectrophotometer at 20°C [2]. First, the specimens (pellets
with a thickness of 9-11 mg/cm?) were heated for 4-5 h in a quartz vacuum-flow cuvette in a
stream of dry air at the appropriate temperature, and then pumped down while cooling, to an
absolute pressure of 10-% torr (30 min). The ethylene and CO. were adsorbed at 250°C, Pc,H,
30 torr, Pgog, 25-50 torr, and contact time 30 min; the spectra were recorded before and after
pumping off the gas phase (in the case of the C,H,, without a gas phase).

DISCUSSION OF RESULTS

It can be seen from Fig, 1 that as the treating temperature T, is raised from 300° to
600°C, the conversion of CpH, to EB drops off; the conversion to SBB passes through a maximum
at 400°C., The greatest overall conversion of ethylene is observed at Te = 400°C. Also maxi-
mal at this To is the selectivity of C,H, conversion to SBB. The manner in which the properties
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Fig. 1. Conversion of CpH, to
ethylbenzene (1), sec-butylbenzene
(2), alkylbenzenes (3), and total
conversion (4) on 0,59NiNa¥Y zeo-
lite, as functions of treating
temperature (5 h in dry air).
Alkylation process conditions:
250°C, v = 1.2 h~1, C5H5:C2H‘, =
3:1 (mole).
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of the NiNaY catalyst vary can evidently be explained on the following basis. In the process
of heating the zeolite, the aqua complexes Ni(OH;)e¢?t, in the form of which the nickel cations
are introduced into the void spaces of the crystals [8], are broken down, and coordination-—
unsaturated Ni2* ions and acidic OH groups appear in the faujasite structure [9], as a re-
sult of "hydrolysis" of part of the cations. At 400°C, we apparently find the optimal ratio
of these two types of centers that are required for the synthesis of SBB from CgHs and CaH,
[5]. Above 400°C, dehydration and dehydroxylation of the zeolite become more pronounced, the
protonic acidity of the catalyst decreases, and its alkylating activity drops off.

The changes in activity of the contact catalyst in the oligomerization of C H, are evi-~
dently due mainly to changes in the state and location of the nickel in the structure of the
crystalline aluminosilicate. Destruction of the hydrate shell of the Ni*t cations makes them
accessible for interaction with C;H, molecules. At very high treating temperatures, part of
the Ni?* migrates into the hexagonal prisms [9, 10], and the number of Ni2?* ions taking part
in catalysis drops off quite substantially. The observed dependence of the catalytic proper-
ties of the 0.59NiNaY zeolite on T, that is shown in Fig, 1 is the resultant of the effects

of various processes — dehydration, "hydrolysis,”" migration of metal cations, and dehydroxy=-
lation of crystallites.

This explanation is consistent with the IR spectra of the NiNaY catalyst after heat
treatment at various temperatures, these spectra being taken before and after adsorption of
ethylene. As can be seen from Fig., 2, in the spectrum of the hydrated zeolite in the region
of stretching vibrations of the OH bonds of the water molecules, there are two absorption
bands, at 1647 and 1615 cm—! (spectrum l). The first band is due to physically sorbed H,0
molecules interconnected by a hydrogen bond. The presence of the hydrogen bond is indicated
by the broad band in the 3600-3700 cm—? region. Along with the physically sorbed H,0, the
hydrated NiNaY also contains water that is coordination-bonded to Ni2™T cations, manifested
in the form of a band at about 1615 cm™*, After heat treatment of the zeolite in a stream
of dry air at 100°C, the intensities of the bands decrease, and the low-frequency band is
shifted to 1612 cm~*, indicating a weakening of the 0-H bonds in the H,0 molecules as a re-
sult of stronger interaction of Ni?T with the oxygen atoms of water, owing to the decrease in
the number of H;0 molecules in the coordination sphere of the Ni?+; in the region of 0-H
stretching vibrations, a band appears at 3550 cm—! (see Fig. 2, spectrum 2). Evidently, the
water molecules that are removed in the initial stage of dehydration include not only those
that are physically adsorbed in the void spaces of the faujasite, but also those entering
into the composition of Ni(OH,)e3*T complexes; simultaneocusly, part of the H 0 dissociates,
splitting out H' and forming structural OH groups.

With To = 200°C, the maximum in the low-frequency band is located near 1605 cm—%, and
the intensity of the band of the physically adsorbed water is lower than for the band of
Ni(OHz)%2% (spectrum 3). In the region of O-H stretching vibrations, bands are present at
3550, 3583, 3640, and 3745 cm-*, The band at 3583 cm-*, according to [1l], can be assigned
to Ni(ou)t groups.

Further increases in T, shift the equilibrium Ni(OH)y3?*t Z Ni(OH)+ + 7Y + H,0 + Ni?t to
the right, and the intensities of the bands for the structural OH groups (at 3550 and 3640
cm™), as well as the intensities of the band for OH groups bound to Ni?+ cations (3583 cm—3),
are found to increase (see Fig. 2, spectra 4-7). The contents of acidic hydroxyl groups and
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Fige. 2. IR spectra of 0.59NiNaY zeolite
after treatment in a stream of dry air

for 5 h at following temperatures, °C: 1)
203 2) 100; 3) 200; 4) 300; 5) 400; 6) 500;
7) 600,

TABLE 1. Influence of Reaction Conditions on Intensity and
Selectivity of Benzene Alkylation by Ethylene in the Presence
of 0.59NiNaY Zeolite [process conditions: 250°C, v = 1,2 h-1,
CeHe:CoHysgas = 3:1:2,4 (mole)]

CyH, conversion, % - (A/B) |5, (A/C)
Conditions Time, h to to alkyl- [total,«
t0EB | SBR (A) ?S)ﬂzenes () %
D

Without carrier gas 2 09 | 170 179 | 248 | 950 68,5
3 15 15.6 174 | 240 | 912 65,0
4 14 115 129 {180 | 891 63,9
5 1,0 9.0 10,0 | 125 | 900 72,0
6 1,0 78 88 11,0 | 838 70.9
Average T 1,3 11,9 13,2 17,2 90,1 69,1
In stream of N, 2 14 8,2 9,6 113 | 854 72,5
3 1,8 12,9 147 | 164 | 878 788
4 18 136 154 | 176 | 883 77.2
5 1.8 15.7 175 1192 | 897 84.7
6 1.8 14, 160 | 18,6 | 887 764
Average 1.8 118 136 | 153 | 868 774

In stream of CO 2 2.9 Traces 2.9 3,8 - -
3 2.7 54 81 93 | 666 58,1
4 25 8.4 89 |[106 | 719 804
5 25 71 96 | 113 | 740 62.8
6 2.3 46 6.9 78 | 666 59,0
Averaget | 25 45 7.0 85 | 642 52,9
Tn stream of CO, 2 3,0 0,7 3,7 45 | 189 15,5
3 3,2 13,7 169 | 178 | 810 76,9
4 3.0 143 173 | 194 | 826 73,7
5 2.6 11,8 144 | 164 | 819 73,3
6 2.6 11,0 136 | 153 | 808 71.9
Averaget | 28 97 125 | 142 | 778 68.3

*Here and subsequently: to ethylbenzene (EB) + sec-butyl-
benzene (SBB) + butenes.
tAverage for 6 h, determined by analysis of mixture of all

samples of liquid product.

1086



ceg ! 220 ] 198 gze !l o7z | 16 [ wicy |l eer ) S¥e | 028 | 092 | gtg | 0Ll ) g'e8 | 1Sy | 91y | §'ve ) 19 |eSemay
o'g9 | 0%L | 08| g% | v'ez | ' |o'er |9fzgl 088 | ®6g| 96T |cw | €9L| Zug | 99y | 0% | 9t | ¢Y 9
979 | 169 | 68| o'8e | €92 | S'6 |c'wr | prre ) 8%y | €68 676 | 6'G | 99L | g'¢8 | 005 | 69y | £88| ¥ g
0'99 | 860 | 6% | G68 | 94T | 0TV {gtay | gyg | @ev | Tov| €28 [ 6'9 | YOL| o8| 8IS | €| LeE| 99 ¥ (N %z~
729 | 7co | 60y | oge | ez | 0TV |yt | gter | 6TV e'ee | 608 | 6'L | SUL | 9%8 | 9%S | Tog | gEy | €L 4 ABNEDELE O
1o | geg | gge | gec !l 002 ] 097 | o'wg | a'gy | 998 | 0%E | ¥eT it | G'EL| gL | SOV | o'¢y | ZVE| 9% 4 OTNY%S'g
cer | ez | TVI L 811 ) 8¢ | 06 |gtwy | nteg | 9TV | w6 | vs | 8| Y18 e'6L | €93 691 | Vel | g'¢ |eBeway
gez | zoo | oer | 99 | g€ | V'8 | 2tcy | ptee | STF ] B'e | %G [ 8'€| gRs| 6L | LS| YT | T® ze 9
g0z | g9z | eLv | gzr | 9€ | 06 |sgrlaeige !l oLl oy gL |9V 0%¢| §eL 018 S| L0V | €¢ S
ez | 66z | 891 | ver | 0% | %6 | gfog | gieg | 0LV ] 9'€T | 98 [0°C | %S| vor | ¥es | €91 | ¥er | e'¢ ¥
og | ece | gqr | ver | o |2or Jouy lgtea| 81| €9r | 1L @9 e'es | 118 | 9% | €%e | ¥er | &% g (IN %g8)

- — | vy | vg poorisr] %6 | gz |oer | 9'¢ | 8¢ | L0 {B€] 69| o'es| ¥eg| €| o1 | g¢ 4 ABNED 880 INFE0
g0 | ot | 02| 9% ¥o | 96 lgme oo €% | g% | gv |0V 079 ges| LLv]| 6T | 801 1'g |eSemay
' | 87 Ter ) oer | 20 | VU vy ooy | 9L ) 09 | 9 | ¥y oees ] 098 | ez | Yot | ¥ g% 9
Ty | 3¢ gor | oer | L0 | 62 | g'or|a'eal TL | 9% | Ze | ¥V | VLS| tes | ge | ver | 961 | o% G
L0 180 | S%rq e | YO | STE | ie fotos| 8% | 8T | BT [ ¥H| L'99 | gug({ €18 toz | 94| ¢% 7

- — bl gor] — |Eovlewylger) LT | 87 | vo ¥V o0'a8| s%8 | 667G o1 | Ler | g% g 1z (N %5 T~)

- = | tor | 0% - | 0% — — | 9 | Lo — L0 g% ] ovp | &% | ¢ | 1T b Z XBNED 8G'0 IN 010

moch_ m mocom_ omww
i Eiele] - a ERsclef ‘ [y | _A» ) -3 n
o 2| 9 i 12303 [y Lyre| 64S 01 g1 01| 9% 93 o Is | Teaon |~1Lqye|das o1lgy o1 =~ = | ~143y1e o g4 01
01 01 ] w 5 1e1o1 01 mmw. 1
o) ‘UOISIDATOD TL%D) 3f, *UCTSIAATIOD 71130y = B o)y “UOTSTAAUOD PLIED) 1 fawury, 1.4TeIeD)
“ZQD 10 wieams uy 2 JO IENs Ul 523 I9THED MOYITM
SUOLIIPUOD
[ (aTow)

*ZITiC = SBBITHEDIOHD ..U §*') =

A ¢9,067 “SUOTITPuod ssodo0ad]
ut s3SATBIB) 9ITTOSZ~TOIN FO AITATIONTSG pue AITATIOY UO SS(] JO SUOTITPUO) JO SOUSNTIUI

QusTAYIY YITA Puazuayg JO UOTIBRTAYIY

rARC LA

1087



Ni(OH)+ are the greatest in the zeolite that was heated to 400-500°C.

Changes in the quantity of Ni?*T ions capable of interacting with ethylene to form butenes
was judged from the IR spectra of 0.59 NiNaY that had been heat-treated at various temper-
atures, after the adsorption of C;H,. These studies showed that the integral intensity of the
group of bands in the 2800-3000 cm~?! region (characterizing C-H deformation vibrations of CH,
and CH; groups in hydrocarbons), which is directly proportional to the number of Ni?* cations
located in the large void spaces of the faujasite [7], passes through a maximum at 400-500°C,
Thus, the quantity of nickel ions accessible for C,H, molecules is the greatest in the 0,59-
NiNaY zeolite that had been heated to 400°C, this zeolite manifesting the highest catalytic
activity in the reaction of Ce¢He¢ with CzH, (see Fig, 1), Let us note that the heat of ad-
sorption of CO on the faujasite 0,77NiNa¥Y (x = 5.0) was also found to increase up to 400°C,
then remaining unchanged as the temperature was further increased [12].

The catalytic properties of NiNaY zeolite are also highly dependent on the conditions of
use of the material (Table 1), In experiments without any carrier gas, the main product from
the interaction of C¢He¢ with C.H, is SBB, accounting for 88~95% of the alkylbenzenes. In a
stream of Ny, the ratio of rates of C;H, dimerization and Ce¢He alkylation by olefins is dif-
ferent, owing to dilution of the reaction mixture and a shorter contact time with the catalyst;
because of these factors, the maximum conversion of C;H, to SBB and the total conversion de-
crease slightly, and the conversion to EB increases. This shows up in the tabulated values
as a significant increase in S, with little change in S;., In a CO atmosphere, we find the
lowest yields of products from the alkylation of CgHe with ethylene. A poisoning effect of
CO on NiNaY as a catalyst for C;H, dimerization has been reported previously [13]; the obvi-
ous reason for this behavior is that CO as a ligand can compete with C;H, molecules for inter-
action with Ni?t cations and thereby retard the reaction of the olefin (at high temperatures,
it is also possible that part of the Ni?* may be reduced to Nit and Ni°, with a decrease in
concentration of the active centers for C;H, dimerization).

The activity of X and Y zeolites with bivalent metal cations Mt in carbonium~-ion reactions
is much greater when CO, is present [14], We should expect a substantial effect of CO; on
the alkylating and dimerizing functions of the NiNaY and hence on the selectivity of the
reaction of Ce¢He¢ with C,H,. It can be seen from Table 1 that, even though the conversion of
CzH, to EB in a stream of CO; is 1.5-2 times greater than in N,, the basic process indices in
these two carrier gasses differ but little; i.e., there is only a weak effect of CO, on the
NiNaY in the alkylation of Ce¢He with ethylene.

. In contrast, on the NiCaNaY (Table 2) in a stream of CO,, the EB yields are much greater
than in N, and the differences are greater for greater degrees of replacement of Nat by ca2t.
Thus, in a CO, atmosphere, the alkylating activity of the catalyst 0.1Ni0.58CaNaY is much
greater. This leads to a change in the process selectivity. In the case of the 0.24Ni0.38-
CaNaY, which contains more Ni2%t and less Ca?t, the total yields of alkylbenzenes and the
total conversions of C,H, are very similar for the runs in N, and CO., but the ratios of EB
and SBB in the products are very much different (see Table 2).

In the case of the catalyst that is the more efficient in the synthesis of SBB from CesHe
and C,H,, the two-component catalyst NiO/CaNaY, the relative quantities of EB and SBB that
are formed also depend on the reaction conditions (Table 2). In a stream of CO2, the EB
yield is higher and the SBB yield is lower. The total conversion of C;H. to alkylbenzenes is
the same as in the experiments with N.

The IR spectroscopic studies showed that when the CO, used as the carrier gas (0.8 mg/
liter H,0) is adsorbed on NiCaY zeolites in the system NiO/CaNaY, their Ht acidity increases
(as a result of interaction of Ca2* with CO, and H;0). These effects of the CO, can be ex-
plained by the change brought about by the CO; in the ratio of the rates of C;H, dimerization
and subsequent alkylation of the Cg¢He by the butenes that are formed, on the one hand, and
the rate of alkylation of CiHe by ethylene, on the other hand. On catalysts of the NiQ/CaNaY
type, the formation of carbonate-like compounds with the Ni component is also possible, with
the result that their dimerizing function is weaker and the selectivity shows a further
change. The character of interaction of the contact catalysts with CO, depends on the temper-
ature, the CO, partial pressure, and the moisture content,

When pyridine is added, the concentration of acidic centers of the catalyst is reduced,
and the Py interacts with the Nizt+ cations, so that contact is hindered between the CoH,
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TABLE 3. Effect of Pyridine (Py) on Catalytic Properties of
0.59NiNaY Zeolite in Alkylation of Benzene by Ethylene [process
conditions; 225°C v = 1,2 h™'; CgHe:CoH, = 3:1 (mole)]

CyHy conversion, %
Reactants S {(&/B) %
to C Hy to EB to SBB (A) \ total (B)
CoHg (Copo) +CoH, 34 07 12,4 l 17,2 70,4
CsHe+0,5% Py +CoH, 09 0,2 7.5 8,6 87,4

molecules and the dimerization centers; this lowers both the alkylating and the oligomerizing
activities of the NiNaY zeolite (Table 3). Here, the timewise changes in C,H, conversion in
the experiments with pure C¢Hg and with CgHe containing 0.5%7 Py were found to be symbatic,
and the selectivity of olefin conversion to SBB was found tc be higher in the case of Ce¢He -+
Py.

The results obtained in the present work support the concepts of the nature of bi-
functionality and the mechanism of action of nickel-zeolite alkylation catalysts that were
developed in [15]; these results can be used for purposeful regulation of the properties of
various systems in reactions of aromatic compounds with ethylene,

CONCLUSIONS

1. The ratio between the acid (alkylating) function and oligomerizing function, as well
as the activity and selectivity of the bifunctional catalysts NiNaY, NiCaNaY, and Ni0/CaNa¥,
depend to a great degree on the catalyst pretreatment and on the conditions of catalyst use
in the reaction of benzene with ethylene.

2, When the NiCaNaY and NiO/CaNaY are used in a stream of C0,, the CzH, conversion to
ethylbenzene is considerably higher, and the conversion to sec-butylbenzene is considerably
lower, than in experiments without carrier gas or with N, or CO.

3. The IR spectra of the catalysts and CzH, and CO., adsorbed on these catalysts have
been investigated in order to clarify the reasons for the phenomena that have been observed.

LITERATURE CITED

1. Xh. M. Minachev, Ya. I. Isakov, and V., P. Kalinin, Izv. Akad. Nauk SSSR, Ser. Khim., p.
1785 (1975).

2. Ya, I. Isakov, Kh, M. Minachev, and V. P. Kalinin, Izv. Akad. Nauk SSSR, Ser. Khim., p.
498 (1976).

3. Kh. M, Minachev, Ya. I. Isakov, V. P. Kalinin, and Yu. S. Akhmetov, Izv. Akad. Nauk SSSR,
Ser. Khim.,, p. 1073 (1976).

4. Ya. I. Isakov, V. P. Kalinin, and Kh. M. Minachev, Izv. Akad, Nauk SSSR, Ser., Khim.,
p. 2321 (1978).

5. Kh. M. Minachev, Ya. I, Isakov, G. V. Antoshin, V. P. Kalinin, and E. S. Shpiro, Izv.
Akad., Nauk SSSR, Ser. Khim., p. 2527 (1973).

6. Ya. I. (Ja. I.) Isakov, Kh. M. (Ch. M.) Minachey, V. P. Kalinin, F. Vogt, F. Hofmann,
and H. Bremer, Z. Anorg. Allg. Chem., 445, No. 8, 73 (1978).

7. Kh. M. Minachev, Ya. I. Isakov, V. P, Kalinin, A. L. Lapidus, and Ya. T. ﬁidus, Izv,
Akad. Nauk SSSR, Ser. Khim., p. 1334 (1974).

8. TI. D. Mikheikin, G. M. Zhidomirov, and V. B, Kazanskii, Usp. Khim., 41, 909 (1972).

9. E. Garbowski, M. Primet and M.-V, Mathieu, in Molecular Sieves-1, J. R. Katzer, ed.,
American Chemical Society, Washington, D.C. (1977) pp. 281-290.

10, P. Gallezot and B. Imelik, J. Phys. Chem., 77, 652 (1973).

11. M. F. Guilleux, J. F. Tempere, and D. Delafosse, Proceedings of 3rd International Confer-
ence on Molecular Sieves, Zurich (1973), published by Leuven University Press (1973), pp.
377-381.

12, V. I. Bogomolov, N. V. Mirzabekova, Ya. I. Isakov, L. O. Golender, and Kh. M. Minachev,
Izv. Akad. Nauk SSSR, Ser., Khim., p. 1697 (1972).

13. T. Yashima, Y. Ushida, M. Ebisawa, -and N. Hara, J. Catal., 36, 320 (1975).

1039



l4. Kh. M. Minachev and Ya. I. Isakov, "The catalytic properties of zeolite systems in the
presence of COz," Soviet Scientific Reviews, Section B, Chemistry Review, M, E. Volpin,
ed. (1980), pp. 1-82.

15. Ya. I. Isakov and Kh. M. Minachev, Neftekhimiya, 21, 773 (1981).

CATALYTIC PROPERTIES OF SUPERHIGH-SILICA ZEOLITES IN
CONVERSIONS OF CERTAIN HYDROCARBONS

Kh. M. Minachev, V., I, Garanin, UDC 541.128:661.183.6
T. A. Isakova, I. L, Mironova,
A. S. Fomin, and B. A. Lipkind

One of the basic trends in the synthesis of zeolites is the development of crystalline
aluminosilicates with higher and higher silica contents [1].

Superhigh~silica zeolites of the ZSM type that have been developed in other countries,
as well as the TsVK and Ul'trasil that are manufactured in the USSR, are classed as narrow-
pore zeolites with $10;/A1,05 ratios up to 200 or even higher; these materials, despite the
small amounts of aluminum and the consequent small amounts of protons and cations, are high
in acidity and hydrophobicity (they interact weakly with polar molecules) and are highly
resistant to acid media [2]. Even with such obvious advantages, the catalytic properties of
these zeolites have been investigated very little.,

Here we are reporting on a study of the catalytic activity of type TsVK zeolites with
various Si0,/Al,0; ratios in reactions of isomerization of C,-Cs n-paraffins, hydrogenation
and hydroisomerization of benzene, and the side reactions of hydrocracking and disproportion-
ation. The studies reported previously in [3] were confined to isomerization and hydrocracking
of n-decane on Pt/ZSM catalyst at atmospheric pressure,

EXPERIMENTAL

The catalysts were prepared from these different zeolites: TsVK-1 with Si0;/A1,0s = 83,
synthesized with the participation of an organic cation; TsVK-2 with Si0,/A1,05 = 33.3; and
TsVK~3 with Si0,/A1,0s = 47; the last two of these catalysts were synthesized without an
organic cation. The hydrogen forms of the zeolites were obtained by ion exchange with an NH,C1
solution with subsequent calcination at 600°C, Pd-containing catalysts were prepared from
HIsVK* by impregnation with an H,PdCl, solution and by ion exchange with a Pd(NH;),Cl, so~
lution. The hydrocarbons used in this reaction were n-butane, n-pentane, n~hexane, and ben-
zene, grade "ch." [pure].

The experiments were performed in a single-pass flow reactor with a catalyst charge of
7.5 g. Before use in the experiments, the catalysts were pretreated as follows: The H forms
of the zeolite were calcined at 520°C in a stream of air; the Pd-containing catalysts were
calcined at 380°C and then reduced by H; at this same temperature. The catalytic properties
of the zeolites were investigated over a temperature range of 250-380°C at 30 atm and a hydro-
carbon feedstock space velocity of 1 h™1t,

The products from these runs were analyzed in an LKhM-8M chromatograph with a column
containing Celite 545 with 18% triethylene glycol dibutyrate.

DISCUSSION OF RESULTS

In order to determine the acid function of the catalysts, i.e., the ratio between their
isomerizing and hydrocracking (or cracking) activities, the HTsVK and Pd/HTsVK catalysts were
investigated in the reaction of n-pentane isomerization (Table 1). It will be noted that the
H forms of the zeolite give high levels of n-pentane conversion, for example, 55% on the
HIsVK-2 at 300°C, A common feature of the HTsVK catalysts is their high hydrocracking activ-
ity and low isomerizing activity; another feature is the occurrence of disproportionation to

*HIsVK is the hydrogen form of the high-silica zeolite.
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