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The water content of silica—alumina cracking catalyst, of silica gel and of activated alumina has been measured over the
temperature range 100 to 500° as a function of the prior exposure to water vapor, and for the silica-—alumina catalyst as a
function of the presence or absence of base-exchanged potassium or barium ions. The residual water content after evacua-
tion for several hours at 500° was 0.79, 0.64 and 0.739%, respectively, for silica—alumina catalyst and for samples base
exchanged with 0.58 milliequivalent of K or 0.46 milliequivalent of Ba™ ¥ per gram. Water retained by exposing samples
to a few mm. of water vapor at 110° for an hour after an initial evacuation at 500°, and then evacuating them for an hour
at this same temperature was found to be 0.2% by weight for silica-alumina catalysts, 0.6% for activated alumina and
~0.0% for silica gel. The results are interpreted as indicating that most of the active sites on silica-alumina catalysts

are, after an evacuation at 500°, in the form of Lewis acids rather than Brénsted acids.

During the last five years, a number of papers?—*
have been published relative to the exchange of
D.0 and of H,O® with silica-alumina cracking
catalysts and also relative to the exchange of the
light hydrogen of typical hydrocarbons with the
D,0, OD and D~ content of deuterated cracking
catalysts.5~7 These experiments have thrown a
great deal of light on the possible structure of the
surface of a cracking catalyst and on the rapidity
of the diffusion of hydrogen as H,O (OH groups or
H+) through the body of the catalyst. They have
also given indications that the nature of the surface
of a cracking catalyst depends greatly on the prior
treatment, the water content® and the conditions
under which the water is added to or taken from a
catalyst sample. In further elucidating the be-
havior of cracking catalysts, the work described in
the present paper recounts in detail experiments on
the water content of a cracking catalyst in the
temperature range 150 to 500° as a function of the
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detailed temperature and water vapor cycle to
which the sample was subjected. It will be
followed by another paper in which the exchange
of the hydrogen of isobutane with a deuterated
catalyst is determined as a function of this same
temperature-water vapor cycle.

Experimental

Materials.—Five catalysts were studied in the present
investigation. These were (1) a standard synthetic silica—
alumina cracking catalyst (SA), (2) a potassium base-ex-
changed synthetic silica—alumina catalyst (KSA), (3) a
barium base-exchanged synthetic silica—alumina catalyst
(BSA), (4) a silica gel (S) having porosity and surface area
similar to the silica—alumina catalysts and (5) a commercial
activated alumina (A). Some physical properties of these
substances are presented in Table I

The silica—alumina catalyst was obtained from the Houdry
Process Corporation and was designated by them as M-46.
This catalyst has the approximate composition 87.59
silica, 12.5%; aluniina on a water-free basis. It was treated
with water for several days at 30° and dried at 110° before
use. The base-exchanged catalysts were prepared by con-
tacting M-46 with 1.5 molar aqueous solutions of the re-
spective metal acetates for several days, washing thoroughly
and drying at 110°.

The silica gel was prepared by tlie hyvdrolysis of etliyl or-
thosilicate, treatment with ammonia to increase the average
pore size,® and calcination at 600°. It was contacted with
water for several days at 30° and dried at 110° before use.
Spectrochemical analysis of this substance showed it con-
tained less than 0.19, alumina.

The alumina sample was obtained from the Harshaw
Chemical Company. After being calcined at 800°, it was
treated with water at 30° for several days and dried at 110°.
X-Ray examination of the calcined material indicated the

(9) W. B. Spencer, Dissertation, University of Pittsburgh, 1950.
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TABLE I
CATALYST PROPERTIES
Catalyst
SA KSA BSA S A
Silica- Silica— Silica—
Base catalyst alumina alumina alumina Silica Alumina
Concen. base exchange ion, meq./g. . 0.58K* 0.46Ba*t™ . ..
BET surface area, m.?/g. 249 243 244 320 80
Pore vol,, cc./g. 0.41 (0.41) (0.41) 0.40
Av, pore radius, A. 33 (33) (33) 25

pattern of y-alumina. This substance is an intermediate
in the dehydration of hydrargillite to y-alumina.® Spectro-
chemical analysis indicated silica and alkali metal oxides
present in the range 0.1 to 19 each.
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Fig. 1.—Isotope exchange system.

Deuterium oxide was obtained from the Stuart Oxygen
Conipany and was reported by them to be at least 99.8¢}
D;O. The heavy water was charged, as required, to the
evacuated water reservoir of the hvdrogen exchange ap-
paratus where it was frozen at —78° aud evacuated several
times to reinove dissolved air and carbon dioxide. Labora-
tory distilled water was considered to consist of pure HO.
It was charged, as required, to the evacuated water reservoir
of the hydrogen exchange apparatus and purified as for D,O.

Apparatus.—The isotope exchange equipment was used
in three ways (1) to measure hydrogen exchange between
water vapor and catalyst, (2) to measure volumetrically
water adsorption on, and desorption from, tlie catalyst under
various conditions in conjunction with water content studies
and (3) to measure hyvdrogen exchange between isobutane
and catalyst. The last application will be described in a
later publication.i!

The all-glass apparatus is illustrated in Fig. 1. The usual
vacuum facilities were provided (not shown). Water
vapor (either HyO or D0, as required) was stored in the
thermally insulated vessel R. Liquid water was introduced
from pipet H (shown attached in the drawing) to the evacu-
ated reservoir through stopcock S-8. Air and carbon diox-
ide were separated from water vapor by repeated freezing
and evacuation of the water in the side tube T-4. Vessel R
was provided with a thermometer well. The pressure of
water vapor was measured at manometer M-2 by use of a
traveling microscope.

The main part of the exchange equipment was the gas
circulation system, consisting of mercury vapor gas circula-
tion pump P, mercury cut-off C, cell K of the hot wire gage
and reactor tube V containing catalyst liolder L. Tlie nor-
mal direction of flow tlirougli the system is indicated by the
Arrows.

The gas circulation pump was the mercury jet type and
was capable of a circulation rate of about 500 cc. per niinute
at a gas pressure of 20 mm. The cooling water used in the
condenser was controlled at 32° to prevent condensation of
the vapor in the gas circulation systemi.

The mercury cut-off C served a dual purpose (1) with the
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mercury level in1 the upper two U-tubes, a sample of gas was
trapped for analysis in the cell and the circulating gas by-
passed through float-operated ball check valve TU. (2)
In this closed position, tlie gas in the cell could be frozen at
—78° or —195°, and the absolute pressure of the gas in the
circulation systein could be estimated to 0.1 mm. at scale .

The hot wire gage was used for the analysis of samples
H,0-D,0O vapor. Its specifications and use as an analytical
tool are described elsewhere.!? The volume of the cell (K)
and associated transfer lines (7.c., the cell system) up to a
fixed level in the mercury cut-off was accurately known and
served as a buret for volumetric measurenients.

The reactor tube passed through a thyratron-coutrolled
furnace which could be maintained at a constant temperature
in thie range 100 to 500° to about =#0.2°. The catalyst
sample was held in a basket in the heart of the furnace.
The basket was supported on a small diameter tube, which
served also as a thermowell.

Procedure. Hydrogen Exchange between Water Vapor
and Catalyst.—The catalyst was first subjected to an appro-
priate pretreatment, the nature of which will be evident from
later discussion. To tlie evacuated catalyst (0.25-0.5 g.)
containing but one hydrogen isotope (A)!% about 0.7 minole
of wuater containing the other isotope (B) was admitted
from reservoir R. A pressure of 20-25 mm. was thereby
produced iu the gas circulation system. The vapor was
allowed to circulate, aud samples were analyzed periodically
with the liot wire gage. In some of tlie experiments tle
temperature of the systein was raised after a steady gas
composition was attained in order to observe the effect of
tewuperature on the equilibriunt. The livdrogen of the
catalyst involved in the equilibration, expressed as inilli-
mioles exchiangeable water, £, was calculated as

E=RN -5

wliere R is the ratio of isotope A to B in thie vapor at equilib-
riutn, N is the number of millimoles of water containing
isotope B initially added and .S is the number of millimoles
exchangeable water associated with the exchange apparatus
alone, as determined by appropriate calibration experiments.

Dehydration Experiments.—In the study of the varia-
tion of catalyst water content with temperature, a dehydra-
tion procedure was frequently used. This technique iu-
volved the volumetric measurement of water evolved from
the catalyst as a result of an incremental increase in cata-
lyst temperature. The cell of the hot wire gage could be
used as a burette in making these measurements. Thus,
the temperature of the catalyst, after 1 hr. evacuation, was
increased by increments of approximately 100°. The
water evolved was frozen out at —78° after each new tem-
perature was reached, then vaporized into the cell and meas-
ured by pressure at manometer M-1. Changes in water
content could be measured to better than 0.029, by this
method.

Resuits of Hydrogen Exchange Experiments

The analysis as a function of time and tempera-
ture of water vapor circulated over catalyst SA,
in a typical experiment, is indicated by Fig. 2.
Here the catalyst initially containing only light
hydrogen was evacuated for 1 hr. at 110° prior to
the addition of a measured amount of DO vapor.
It will be seen that even at 110° a steady vapor
composition was reached in a matter of a few hours.

(12) R. G. Haldeman, Anal. Chem., 28, 787 (1933).
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heavy hydrogen by repeated exposure at or above 100° to H:O or
D20 as required.
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Further, as temperature was increased, the vapor
composition changed very little. This rapid equil-
ibration of circulating vapor and independence of
temperature change was found to occur also over
the base-exchanged silica—aluminas and over the
component oxides.
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Fig. 2.—Increase in the 9 H,0 with time in a vapor orig-
inally pure D20 in contact with catalyst SA containing at
the start HoO but no D,0.

The temperature-water vapor composition data
of Fig. 2, calculated as exchangeable water, are
plotted in Fig. 3. The calibration data for the
walls of the system are also plotted. It will be
noted that the exchangeable water attributed to
the catalyst is virtually independent of tempera-
ture. These data indicate that all the catalyst
hydrogen is involved in the equilibration between
vapor and catalyst.

Because of the rapid exchange between the
added water vapor and the water, hydroxyl groups
and protons in the catalyst, the latter could be
completely deuterated by repeated exposure to
pure D,O. Experiments in which H,O was cir-
culated over the deuterated catalyst gave results
analogous to those disclosed in Fig. 2 and 3.
Further, for a given catalyst pretreatment, the
millimoles of exchangeable water obtained by
circulating H>O over the deuterated catalyst
agreed within about 0.19, with the same quantity
obtained when D,O was circulated over the cata-
lyst containing only light hydrogen. These results
also seem to indicate that all the catalyst hydrogen
is involved in the equilibration and that isotope
effects are small.

Proof that water contents determined by ex-
change represented the water equivalent to all the
catalyst hydrogen was obtained by calcination of
comparable samples to constant weight at 1200°.
The results are given in Table II. These data
indicate that the exchange technique furnishes a
useful method for the 4z situ determination of
catalyst water content. In fact, it is thought
that the exchange method is capable of providing
catalyst water contents to about 0.19, absolute.

Temperature-Composition Data.—Temperature—
composition data were obtained for the five cat-
alysts under study. The data for catalyst SA
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TaBLE 11
WeIGHT 9 WATER AS H,0
By wt. loss
By on caleination
Catalyst exchange at 1200°
SA 3.15 3.4°%
SA 0.79 0.7
KSA 2.42 2.3
BSA 2.92 3.1
S 0.84 0.9
A 0.94 1.1
@ Further heating to 1500° to constant weight produced

a negligible change in weight.

are plotted in Fig. 4. In this plot are given five
dehydration curves, each starting from a reproduci-
ble condition of catalyst hydration (letters A to E).
The significance of these states is considered below.
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Fig. 3.—Variation of exchangeable water of catalyst SA
and system with temperature; O, D,O circulated; @, H,0
circulated. Curve 1 is for the glass system without the
catalyst; curve 2, the glass system plus 0.16 g. of catalyst
SA; curve 3, the corrected curve for 0.16 g. of catalyst SA,

The points at A represent the water content of
the catalyst as determined by exchange after it
was soaked in water for a day, then evacuated at
110° for 1 hr. The points at B represent the water
content of the catalyst after it had been cooled to
110° from 500° in 20-25 mm. of water vapor and
evacuated for 1 hr. at 110°. The points at C
represent the water content of the catalyst after
it had been cooled from 500 to 30° in water vapor,
exposed to water vapor at a relative pressure
P/Py of about 0.7 for several days, then heated to
and evacuated at 110° for 1 hr. The points at D
were obtained by a process analogous to those at
C, except that the P/P, for rehydration was
approximately unity rather than 0.7. Finally,
the point at E represents the water content of the
catalyst after it has been evacuated at 500°, cooled
to 110° 7n vacuo, exposed at 110° to excess water
vapor at several millimeters pressure for 1 hr., then
evacuated for 1 hr. at 110°. The water picked up
by this cycle at 110° and not removed by the 1 hr.
evacuation will, for convenience, be described as
being ‘‘fixedly adsorbed.” Its magnitude is inde-
pendent of the pressure of exposure, over a con-
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Fig. 4 —Water content vs. temperature for catalyst SA:
©, exchange water measurement; @, dehydration measure-
ment; ¥, fixed adsorption measurement; A, initial state of
catalyst after evacuation at 110°; B, after cooling from 500
to 110° in water vapor and evacuating at 110° for 1 hr.;
C, after rehydration at P/Py ~ 0.7 at 30° and evacuating at
110° for 1 hr.; D, after rehydration at P/Py ~ 1.0 at 30°
and evacuating at 110° for 1 hr.; E, after “fixed adsorption”
at 110°, Curves I to V are dehydration curves.

siderable range, as indicated by the data of Fig. 7
for measurements made at 150°.

The dehydration curves starting from points A
to E form a family of curves which coalesce at 500°
at a water content of about 0.85;. (The value was
found also by the exchange method at 500°.)

It is interesting to note that the water expelled
along curve I, when the catalyst was heated to
500° can be largely replaced by rehydration at
30° and high relative pressure of water vapor.
In fact, the extent of rehydration is roughly pro-
portional to the relative pressure.

The temperature—composition data for the base-
exchange silica—aluminas, KSA and BSA, were
quite similar to those of the unexchanged catalyst
and need not be reproduced here. A few qualita-
tive remarks will suffice. The water contents of
KSA and BSA at 500° were 0.64 and 0.729%,
respectively. Curve II for catalyst KSA was
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Fig. 5—Water content vs. temperature for catalyst S (an
ammonia-treated silica gel). For key to curve designation,
see legend of Fig. 4.
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nearly identical to that for SA, whereas curve I1
for catalyst BSA was somewhat steeper than that
for SA. For the three substances, curve V was
of identical slope. The spread between curves [
and V was not as great for KSA and BSA as for SA.

The temperature composition data for silica gel
S are represented by Fig. 5. The curves have the
same meaning as for catalyst SA. Gel S had
approximately the same surface area, the same
average pore diameter and virtually the same
kind of dependence of water content on pretreat-
ment as that of the silica—alumina catalyst. How-
ever, the shapes of the various curves are markedly
different from their silica-alumina counterparts,
particularly in the low temperature region where,
for a given increment of temperature, the silica
gel evolves relatively little water in comparison
with that given off by the silica—aluminas. It
should be noted that gel S ‘‘fixedly adsorbed”
virtually no water at 110 and 150° on the catalyst
evacuated at 500°. The effect of pressure during
exposure of catalyst to water vapor on the fixed
adsorption at 150° is shown in Fig. 7.

The activated alumina (A) showed relatively
little dependence of water content on pretreatment
conditions. The results are given in Fig. 6.
Most of the water evolved from the catalyst in its
initial state (after soaking in water and evacuation
at 110°) on heating to 500° (curve I) was found to
be readsorbed on cooling to 110° in water vapor
and evacuation at that temperature. Further,
fixed adsorption at 110 and 150° was strong on the
catalyst evacuated at 500°. The effect of pressure
during exposure to water vapor on fixed adsorption
at 150° is shown in Fig. 7.

Discussion

During the past ten years, a great many
papers!*~18 have been published relative to the
question of the types of acid sites that exist upon
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Fig. 6.—Water content vs. temperature, catalyst A (Har-
shaw activated alumina). For key to curve designation, see
legend to Fig. 4.
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silica—alumina cracking catalysts and that are
responsible for the catalytic activity of these ma-
terials. Two general pictures of these surfaces
have evolved. One group of workers? has sug-
gested that an aluminum ion is able to codrdinate
with four oxygen ions and thus form a complex
with silica such that one proton per codrdinated
aluminum ion is necessary to preserve electrical
neutrality. This picture of the silica—alumina
catalysts would postulate the existence of protons
on the surface of the silica—alumina complex as
the active centers for catalytic cracking and for
other reactions capable of being catalyzed by the
silica—alumina catalysts. Another picture has
been presented by Milliken, Mills and Oblad.!*
They suggest that the silica—alumina structure in
which the aluminum ious are codrdinated with
four oxygen ions is unstable in the acid form; they
propose that, in the absence of added bases or
hydrocarbons, the aluminum ions in silica—alumina
catalysts are actually six codrdinated as they are
in some of the various forms of alumina. At the
interface between silica and the six codrdinated
alumina groups, they believe a rapid rearrangement
of atoms can take place whenever the silica—
alumina groups are approached by a base such as
quinoline or ammonia or even by hydrocarbon
molecules. In other words, they visualize the
alumina as being present in the usual calcined
silica—alumina as a Lewis acid rather than a
Bronsted (proton donating) acid. No general
agreement exists in the literature as to which of
these two pictures is more nearly correct.

The work outlined in the present paper, though
not conclusive in distinguishing between these two
possible pictures, does contribute several new bits
of experimental data that seem to have a definite
bearing on the question. These may be sum-
marized as follows.

(1) The isotope exchange experiments as illus-
trated for example in Fig. 4 seem to establish that
this typical silica—alumina catalyst retains about
0.89, water after it is evacuated at 500°. This is
in good agreement with similar values published
by other authors.®'* In view of the fact that a
gram of a catalyst containing 12.5% aluminum
oxide consists of about 14.6 mmoles of Si0,, 1.2
mmoles of AlO; and 0.45 mmole of H:0, it is
evident that even if all of the hydrogen of this
water were present as protoms, it would not be
sufficient to furnish one proton for each aluminum
atom or ion in the catalyst. It seems necessary,
therefore, to admit at once that at least some of
the aluminum must be incorporated in the silica—
alumina catalyst in some form other than the one
proposed by the first picture above in which the
aluminum is codrdinated with four oxygens, each
such coérdination group being accompanied by a
single proton.

(2) A comparison of the total water content
of the unexchanged silica—alumina catalyst and
catalyst KSA (exchanged with potassium ion)
and catalyst BSA (exchanged with barium ion)
seems to indicate that the sites occupied by potas-
sium and barium ions in the base-exchanged struc-
tures would not be occupied by the protons in the

THE WATER CONTENT OF A SILICA-ALUMINA CATALYS"

2921
QU
I
12
<
<
o 05
e ALUMINA - A
; A4
L 04
=
L o3
x
2
@02
< SILICA-ALUMINA - SA
Q ol
T 00 . SILICA-S L |
0 1 2 3 4

PRESSURE OF WATER VAPOR - MM. HG,

Fig. 7.—Fixed adsorption of water at 150° on silica-alumina,
silica and alumina after evacuation at 500°.

absence of these ions after the catalyst has been
evacuated at 500°. The basis for this evidence is
summarized in Table III. It will be noted that
the total water content of catalyst SA, catalyst
KSA and catalyst BSA are, respectively, 0.79,
0.64 and 0.739%,. In milliequivalent, these water
figures interpreted as protons are equivalent to
0.89, 0.74 and 0.84 milliequivalent of hydrogen
ions per gram. It is evident, therefore, that the
0.58 milliequivalent of potassium ion in catalyst
KSA and the 0.46 milliequivalent of base-ex-
changed barium in catalyst BSA do not cause a
decrease of more than 0.15 and 0.05 milliequivalent
of hydrogen ion, respectively. This result cer-
tainly seems to suggest that a silica—alumina crack-
ing catalyst evacuated at 500° does not have a very
large fraction of acid sites occupied by protons.

TaBLE I1I

ExCcHANGE JON AND HYDROGEN CONTENT AT 500°

(1) (2) (3 (4) (5) (6)
Water Total

content, Hydrogen hydrogen

Exchange ion, wt. % content, as equiv., as

Catalyst meq./g.% as H,O meq./g.¢ meq./g.b
SA none 0.79 (.89 0.89
KSA K+ 0.58 0.64 0.74 1.32
BSA Ba*! (.46 0.73 0.84 1.30

@ Per gram of 8iO; + ALO;. ?The total hydrogen
equivalent is the sum of the exchangeable ion and hydrogen
contents.

(3) The water content picked up on cooling
catalyst KSA or BSA from 300 to 110° and not
removed by 1 hr. of evacuation at 110° is the same
within experimental error as for catalyst SA both
when the exposure to water vapor is continuous
during the cooling process from 500 to 110° (such
as in Curve 2, Fig. 4, for catalyst SA), and when
the exposure to water vapor occurs only at 110°
(such for example as in curve 3, Fig. 4, for catalyst
SA). This seems to indicate that most of this ad-
sorbed water is picked up by portions of the cata-
lyst other than the particular sites which during a
base exchange procedure become occupied by
potassium ions or barium ions. It must, however,
be admitted that certain small portions of the
added water vapor in the case of the SA catalyst
must be going to active acid sites. This is clearly
demonstrated by the experiments of Hindin, Mills



2922

and Oblad? in which the rate of exchange of iso-
butane with a deuterated cracking catalyst, the
rate of isomerization of hydrocarbons over a crack-
ing catalyst!® or the rate of cracking of hydro-
carbons over a cracking catalyst are all increased
by as much as twenty-five fold by the addition of as
little as 0.05%, H,O or DO to a cracking catalyst
previously evacuated at 500°. In view of these
experimental results, presumably one must con-
clude that no more than about 0.01 milliequivalent
per gram of hydrogen from water (corresponding to
+(.029, maximum difference between ‘‘fixed ad-
sorption” of water at 110° on catalyst SA as com-
pared to catalysts KSA and BSA) goes on to the
particular Lewis acid sites that, in the base-ex-
changed catalyst, would be covered with potassium
ions or barium ions. This point will be discussed
in more detail at the end of the next paper which
presents our own extensive measurements on the
influence of different types of adsorbed water on
the exchange between isobutane and deuterated
cracking catalysts.

(4) The data of the present paper seem to re-
quire that the picture proposed by Milliken, Mills
and Oblad'* is more nearly representative of the
facts than the picture in which it is visualized that
the active acid sites are protons located in the
neighborhood of four-cotrdinated aluminum ions
in alumina-silica complexes. However, there is
certainly no way of precluding the possibility of a
small fractional covering of the surface with
Bronsted acid sites.

(19) S. G. Hindin, A. G. Oblad and G. A. Mills, Tars JournNar, 77,
535 (1953).
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A few further items should perhaps be pointed
out in connection with the data in the present
paper. The results plotted in Fig. 4 and 5 indi-
cate that for both silica gel and silica—alumina
catalysts about half of the water removed by
evactuation at 500° cannot be restored to the
catalysts until they are soaked in liquid water or
exposed to a high relative pressure of water vapor
at some low temperature. The data suggest that
this portion of the water that is taken up by the
catalyst penetrates deeply into the tiny crystallites
or blocks of amorphous silica or silica—alumina that
make up the silica and the silica—alumina catalysts,
respectively. Apparently this penetration takes
place principally from water held by capillary con-
densation in the pores of the silica gel or the silica—
alumina catalyst. It seems reasonable to assume
that much of it can be assigned to the excess silica
gel in the silica—alumina catalysts. On the other
hand, the “fixedly adsorbed water” indicated by
curve 5 of Fig. 4 for silica—alumina and curve 5
of Fig. 6 for alumina can be taken up from the
vapor phase by the catalyst at 110° with a suffi-
ciently high heat of adsorption to avoid removal
during the subsequent evacuation for 1 hr. at 110°,
It should be noted in this connection that the silica
gel itself apparently does not take up any ‘‘fixedly
adsorbed’” water. Accordingly, this type of water
sorption presumably must be attributed either to
the silica—alumina complex or to some residual
alumina on the surface of the silica—alumina
catalyst.
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The exchange of the hydrogen of isobutane with the deuterium of various deuterated materials has been studied at 150°

as a function of their D,O contents;
exchanged with potassium and barium ions.
at 150° was found to be very small.

a maximum at a value which depended upon the prior history of the sample.
In general, the total amount of deuterium transferred to the isobutane

amount caused a decrease in the exchange rate,

these materials include silica—alumina, silica gel, alumina and silica—alumina base-
For silica—alumina evacuated at 500° prior to a test run, the exchange rate
The exchange rate increased with increasing water content of the solid, going through

Water contents greater than this optimum

during a run was found to depend primarily on the temperature of final evacuation of catalyst, regardless of prior history

or absolute amount of water in the catalyst.
inert for hydrogen exchange.

The base-exchanged catalyst and the component oxides were comparatively
Apparently, water molecules must be added to or be available at some type of silica—alumina

Lewis acid site before isobutane will undergo “‘activated adsorption’ on the catalyst surface.

Introduction

Several groups of workers?—* have studied the
exchange of hydrogen atoms in hydrocarbons with
the deuterium content of deuterated silica—alumina
cracking catalysts. They have also demonstrated
that the water content of a catalyst has an im-
portant bearing on the rate of the exchange reac-
tion. With a view to further elucidating the

(1) Johns Hopkins University, Baltimore, Md.

(2) R. C. Hansford, P. G. Waldo, L. C. Drake and R. E. Honig,
Ind. Eng. Chem., 44, 1108 (1952).

(3) S. G. Hindin, G. A. Mills and A. G. Oblad, THis JoURNAL, 73,

278 (1951).
(4) S. G. Hindin, G. A, Mills and A, G. Oblad, ¢bid., 77, 538 (19535).

structure and behavior of cracking catalysts, we
recently explored the sorption of water vapor by
silica gel, by alumina and by silica—alumina crack-
ing catalysts.*®* As a continuation of this study,
the present paper summarizes our experimental
results relative to the rather complex interrelation
between the water sorption and the rate of ex-
change of the hydrogen atoms of isobutane with
silica, alumina, active silica-alumina cracking
catalysts and silica—alumina catalysts in which
K+ and Ba** have been incorporated by base
exchange.

(3) R. G. Haldeman and P. H. Emmett, ¢bid., T8, 2917 (1956).



