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Synopsis. The dehydration of 2-propanol over Ca-Y
zeolite has been enhanced in the presence of NO,, SO,, and
Cl, at 100 °C. This promoting action has been ascribed
to the formation of acidic hydroxyl groups resulting from the
reaction of the inorganic gases with zeolitic water or basic
hydroxyl groups attached to the metal cations.

The promoting action of inorganic gases on the
rate of dehydration of alcohol or hydrocarbon conver-
sion, such as cracking, alkylation or isomerization
has been recognized specifically on zeolites.’=®) The
favorable action of gases which contain hydrogen
atom or atoms in their structure, such as H,O, HCI,
or H,S, has been ascribed to their ability to generate
protonic sites by the dissociation of the hydrogen
atoms as follows:4—9

M+ + H,0 == M(H,0)* == M(OH)+ + H*

(1)4:10,11)

Cl- H*

|
M2+Z2= 4- HCl == M2+Z2-
SH- H+

(2)8:7,12,13)

M*Z- + H,S = 1\{/1+ %— (3)1)
where, M2+ or M+ and Z%- or Z~ represent the ex-
change-able cation and the anionic framework of the
zeolite, respectively. The promoting action of com-
pounds possessing no hydrogen atoms, such as NO,,
SO,, or Cl,, has however not satisfactorily been inter-
preted.

In this work, the promoting action of NO,, SO,,
Cl,, CO,, HCl, and H,S on the dehydration of 2-
propanol over Ca-Y zeolite has been studied in connec-
tion with the formation of acidic hydroxyl groups
by the foreign gases. The dehydration of 2-propanol
is a typical reaction catalyzed by protonic sites over
zeolites? and consequently has been used as a test
reaction.

Results and Discussion

The effect of the gases on the rate of propylene and
diisopropyl ether formation, denoted by R, and
R, ey Over Ca-Y zeolite is shown in Fig. 1, where
the initial rate has been plotted as a function of the
amount of adsorbed gases measured during the course
of reaction. The reaction was conducted at 100 °C
under 24 Torr of 2-propanol using a conventional
gas circulation system. DPrior to each run, the Ca-Y
zeolite (799, exchanged) was calcined at 500 °C in
dried oxygen and degassed for 2h at the same tem-
perature. After the adsorption of the foreign gas

Ry, or Regner (1077 mol-min-1.g-1)

V(a) (10~*mol-g?1)

Fig. 1. Effect of inorganic gases on the rate of dehydra-
tion of 2-propanol over Ca-Y zeolite : Circle; propy-
lene, triangle; diisopropyl cther, @, A; NO,, O, A;

Cl, @, A; SO, B, A; CO,, -@5 4 HCL Qs 4y

H,S.

at 100 °C for 20 min, 2-propanol was fed into the system
thereby initiating reaction. The amount of gas
adsorbed during the course of the reaction was calcu-
lated by measuring the amount of foreign gas in
the gas-phase by gas-chromatography. The pressure
of the foreign gas under the reaction conditions was
less than 1.5 Torr. The Ca-Y was prepared from
Na-Y (Linde SK-40) by a conventional ion-exchange
method using an aqueous solution of CaCl, at 25 °C.
The 2-propanol (spectro grade) and the inorganic
gases (purity>999%,) were purified by trap to trap
distillation in vacuo. The results illustrated in Fig. 1
indicate that NO,, Cl,, SO,, and HCI considerably
enhance the dehydration of 2-propanol over Ca-Y
zeolite. In the case of CO,, the promoting action
developed when the gas was pre-adsorbed at tempera-
tures in excess of 300 °C up to 500 °C.

The formation of acidic hydroxyl groups after ad-
sorption of the six inorganic gases onto the zeolite
has been examined as follows. A wafer of the zeolite
(3—4 mg/cm?) was calcined in dried oxygen at 450
°Gfor 1 h, and degassed for 2 h at the same temperature.
The wafer was then allowed to come into contact
with D,O vapour 9 Torr for 4h at 200 °C in order
to exchange OH by OD groups since the broad OH
stretching band around 3600 cm—?, probably due to
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Fig. 2. Spectra of the deuteroxyl stretching vibrations

of Ca-Y zeolite : (a) evacuated for 1h at 450 °C after
D,O treatment, (b) exposed to SO, after (a), (c)
exposed to NO, after (a), (d) exposed to Cl, after (a),
(e) exposed to DCI after (a). The bands at. 2767,
2690, and 2625 cm~* are due to silica-type deuteroxyl
groups, acidic deuteroxyl groups in supercages, and
those in hexagonal prisms or sodalite cages, respective-

ly.

strongly held water molecules on the zeolite, and the
absorption of infrared beam by water in the air make
it difficult to identify the different kinds of OH group.
After the exchange, the wafer was degassed again for
lh at 450 °C. Figure 2 shows the spectra’ of the
OD stretching vibrations of Ca-Y zeolite after adsorp-
tion of NQ,, Cl,, SO,, and DCI for 20 min at 100 °G
(16 Torr for each compound; 9 Torr for NO,). The
spectra have been measured at 100 °C after condens-
ing the adsorbate in the gas phase in a liquid nitrogen
trap. For these four compounds, it is clear that the
intensity of the 2690 cm~! band due to the acidic
deuteroxyl groups'® increases greatly after the ad-
sorption of the gas. This band corresponds to the
band at 3640 cm~! attributed to the acidic hydroxyl
groups in the supercages for the undeuterated Ca-Y
zeolite.11:19)

The high promoting action of NO,, Cl;, and SO,
indicated in Fig. 1 can be ascribed to the newly formed
acidic hydroxyl groups. The lower promoting action
of H,S and CO, can be accounted for by the low
ability to generate acidic hydroxyl groups, substanti-
ated by a very small increase in intensity of the acidic
OD band after adsorption of the gas. In the case
of CO,, a much higher temperature was needed for
the generation of the acidic hydroxyl groups.21)
The promoting action of HCl was not as large as
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anticipated from the evidence in Fig. 2.

The following schemes are proposed for the genera-
tion of protonic sites after the adsorption of NO,,
SO,, and Cl, from an analogy to the mechanisms
suggested in the case of CO,:%19

Ca?+(H,0), + A —— Ca?#[B]*- + 2H* + (H,0),,

4)

Ox
where, A is NO,, SO,, or Cl, and B is Oymo,
O\

OCl .
S=0, or , respectively, or
Y Cl p Y
Ca(OH)* + A —— Ca*B- + H* )
20
where, A is NO,, SO,, or 1/2Cl; and B is —O—N\O,

/0
—O—S\O, or OCl, respectively. Ca*t(H,O), is the

divalent cation coordinated by water, and Ca(OH)+
is the basic species formed through the dissociation
of hydrating water during the pretreatment of the
zeolite. Further infrared spectroscopic studies on this
point are in progress.
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