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Abstract

Catalysts containing thodium (Rh) were prepared by the wet impregnation method using H-3-zeolite as support. Retention time of three n-alkanes
(Cs—C5), cyclohexane, benzene, trichloroethylene and tetrachloroethylene on the Rh/H-3-zeolite catalysts (0.5-2.0 wt% of Rh) and H-3-zeolite were
measured by inverse gas chromatography (IGC) in the 473.2-513.2 K temperature range. Standard free energy of adsorption, dispersive component
of surface free energy of adsorbent and specific interaction parameters between polar probes and catalysts were evaluated. The results indicate
that the adsorption characteristics of H-f-zeolite can be modified by rhodium. Surface area, enthalpy of adsorption and dispersive component of
surface free energy decrease after the impregnation of rhodium. Besides, it was found that rhodium dispersed in the framework of H-f-zeolite had
special adsorption for benzene which may be useful for making catalysts for certain reactions involving benzene in the future.
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1. Introduction

Up to now, rthodium-containing catalysts play a very impor-
tant role in industrial processes [1-3]. One of the important
applications is to clean up pollutants. For example, rhodium
is used in the manufacture of automobile catalytic converts [4].
It is an active catalyst for oxidations of ammonia and carbon
monoxide and the elimination of nitric oxide [5,6]. Rh/Al;O3
and Rh/H-BEA were successfully used for synthesis of gas from
CO; reforming of methane [7-9]. Beta zeolite was reported
to be a promising catalyst in most literatures, because it pos-
sesses relatively high density of Brgnsted acid sites and favorable
pore structure [10-12]. Zeolite is also a suitable support for
noble metals or metal oxides due to their open structure and ion
exchange capacities in heterogeneous catalysts. There have been
several studies on the adsorption properties of zeolite and metal
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loaded zeolite [13], but to our knowledge there are no detailed
studies on the adsorption parameters of H-3-zeolite supported
rhodium catalysts.

Gas—solid chromatography has been used for many years
to study adsorption and catalytic reactions with some advan-
tages with respect to static methods [14]. In contrast to
conventional gas chromatography, inverse gas chromatography
(IGC) has the stationary phase of the system as the object of
interest while the vapor of materials of known properties as
probes. IGC measurement can provide information on ther-
modynamic parameters, surface energy, reaction kinetics, and
textural parameters such as surface area and porosity. It is a
fast and easily controlled method. IGC has been widely utilized
to study synthetic and biological polymers [15], copolymers
[16], polymer blends [17], adsorbents [18], foods [19], car-
bon blacks [20], fibers [21], clays [22], and catalysts [23-31].
In recent years, Diaz et al. [14,25-29,31] reported numerous
studies on the surface of catalysts using inverse gas chro-
matography. Probably the main drawback of the method is that
IGC only provides physicochemical properties of the stationary
statistically independent of time. It ignores the heterogeneity
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of the adsorbing solid surface [32]. Time-resolved gas chro-
matography was invented to overcome these difficulties. The
results of reversed-flow gas chromatography (RF-GC) do not
need extrapolation to infinite dilution and zero carrier gas
flow-rate to approximate true physicochemical parameters [33].
RF-GC permitted a direct determination of catalytic reaction
rate constants, adsorption—adsorption rate constants, gas and sur-
face diffusion coefficients, adsorption isotherm parameters, etc.
[32-35]

In the present work, the surface properties of H-(3-zeolite
and Rh/H-3-zeolite, the heat of adsorption, the free energy
of adsorption, the surface free energy, as well as their spe-
cific and dispersive components, were investigated by IGC.
The chromatographic data should provide information on the
interaction between the sorbed molecules and the catalyst or
the support, and lead to insight on the catalytic behavior of
rhodium.

2. Experimental
2.1. Catalyst preparation

Five grams of H-B-zeolite (n(Si)/n(Al)=12.5, Nankai
University) was impregnated with appropriate volume of
RhCl3-3H,0 (98%, Aldrich) solution (0.1 mol L™!) to prepare
the catalyst containing Rh by the incipient wet impregnation
method [36]. After drying under an infrared lamp, the catalysts
were calcined at 573 K in air with a flow rate of 100 cm? min~!
for 30 min and then reduced at 773 K in Hy with a flow rate of
20 cm® min~! for 60 min.

2.2. Surface area measurement

The surface area of adsorbents was measured using
N> physisorption at 77K. Prior to measurement, sam-
ples were transferred to the glass adsorption tube and
were degassed at 383 K under ultrapure nitrogen flow for
2.0h. The nitrogen adsorption—desorption isotherms were
acquired on the Micromeritics Tristar 3000 apparatus. The
pore volume was calculated from the so-called ¢-plot.
The surface area was calculated from Langmuir desorption
isotherms.

2.3. Transmission electron microscopy (TEM)

The structure of the four samples was detected with trans-
mission electron microscopy (TEM). The investigations were
performed on a JEOL JEM-2010 microscope. The samples
for TEM were prepared by adding 1-2 drops of solu-
tion of the catalyst in ethanol onto lacey carbon copper
grids.

2.4. The X-ray powder diffraction (XRD)
The crystalline structure of catalysts was determined by X-

ray powder diffraction (XRD). The XRD patterns of samples
were recorded on an X’ Pert PRO (PANalytical) diffractometer

at room temperature with Cu Ka radiation. XRD diagrams were
obtained in the range of 26 =10-50° by step scanning with a
step size of 0.017°.

2.5. IGC apparatus and procedure

The chromatographic experiments were performed with a
GCI112A gas chromatography equipped with a flame ioniza-
tion detector. Retention times were recorded on a workstation
N2000.

High purity nitrogen was used as the carrier gas with a flow
rate of about 28 mL min~!. The flow rate of the carrier gas was
measured with a soap bubble flowmeter and was corrected using
James—Martin factor for pressure drop and temperature change
in the column.

The adsorbates (probes) used were n-pentane, n-hexane,
n-heptane, cyclohexane, trichloroethylene, tetrachloroethylene,
and benzene. The probes of analytical reagent grade were pur-
chased from Shanghai Chemical Reagents Company and used
without further purification.

Samples were compacted into wafers using a press at
20tonnes pressure. Then the pressed wafers were crumbled
and sieved to obtain the powdery aggregates of 60—80 mesh
in size. A stainless steel column (30cm long, 2mm i.d.)
cleaned with methanol and acetone was used in this work.
The column was filled with 0.2 g (ca.) of the resulting pow-
der with the aid of vacuum and mechanical vibration. The
two ends of the column were plugged with silane-treated glass
wool. The column was then stabilized on the GC system at
513.2K overnight under a nitrogen flow of 28 mL min~!. In
order to avoid detector contamination, the outlet of the col-
umn was not connected to the detector during this treatment
period.

Measurements were carried out in the temperature range
from 473.2 to 513.2K. In order to meet the requirement of
adsorption at infinite dilution, corresponding to zero coverage
and GC linearity, the probes were introduced into the column
using a 1 pL syringe and the injected vapor volumes were lower
than 0.1 L. Therefore, any solute—solute interaction can be
neglected and the retention on the solid surface is only governed
by solid—probe interactions. For each measurement, at least three
repeated injections were made to obtain reproducible results.
Methane was used as a marker for the retention-time correction,
which was used to ensure the absence of dead volume when a
new column was placed in the chromatography. The net reten-
tion volume, Vy, can be calculated from the measured retention
time fR.

3. Calculations

3.1. Standard free energy of adsorption: specific and
dispersive components

At infinite dilution, the standard free energy to transfer 1 mol
of adsorbate from the gas phase to the surface at standard state,
defined as the variation in the standard free energy of adsorption,
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AGygs Jmol™b), is given by the following equation:

AGags = —RTe In RsPse (1)
Ty
where Kj is the surface partition coefficient, ps o the adsorbate
vapor pressure in the gaseous standard state and 7 is the vapor
pressure at equilibrium with the standard adsorption state (the
De Boer standard state).
For surface adsorption,

W = KA (2)
A=mS 3)

Then AG,gs can be expressed as

AG,g = —RTe In NP5 4)
wsmS
where R is the gas constant, A the specific surface area, m the
mass of adsorbent in the column and S is the specific surface
area of adsorbent. The standard reference states were taken as
Ps,e=101kNm~2 (1 atm) and 775 =0.338 mN'm ™!, the value of
the latter was proposed by De Boer [37].

For a given adsorbate, the surface free energy, AGygs
(Jmol~!), is the sum of energies of adsorption attributed to
dispersive, AGP, , and specific, AGS,, interactions.

For n-alkanes AG,qs = AG]aDdS, the increment of adsorption
energy corresponding to methylene group, AGcH,, can be cal-

culated from

Ve )

AGch, = —RIc In
W@+1)

where V@) and VNgier) are the retention volume of n-alkanes
with (n) and (n + 1) carbon atoms, respectively.

The surface free energy of the adsorbent, ys, may be split
into dispersion,y? , and specific, yg, contributions:

Ys=vs+7s (©6)

The dispersive component of the surface energy (yé) ), intrin-
sic and unspecific for all molecules, is due to London forces. It
is given by the following equation:

2

where N is the Avogadro’s number, ach, the cross sectional area
occupied by a —CHj— group (0.06 nm?), and YCH, (m]J m~2)is
the surface tension of a surface consisting of CH, groups, which
has the following expression:

yeu, = 35.6 4 0.058(20 — Tc) ®)

The specific component of the surface free energy is closely
related to the parameter of specific interaction of polar solutes
ISP, This parameter involves the surface properties in terms of
potential and acid-base interactions and may be determined
from the difference of free energy of adsorption, A(AG),
between a polar solute and the real or hypothetical n-alkane
with the same cross-section surface area [24] or boiling point,
Ty, [38], as shown in the following equation:

ISP _ A(AG)
Na,

®

where a;, is the cross sectional area of the polar probe. In this
work, aj, is calculated from the liquid density, o, and the molar
weight of the probe, M, assuming molecules of spherical shape
in a hexagonal close-packed configuration [31,38].

a, = 1.09 x 10" M ” (10)
P ° ,ON

Although this treatment is empirical, it enables the compari-
son of the specific interaction between the catalyst and the probe
molecule by means of a unified scale.

3.2. Enthalpy of adsorption

The heat of adsorption AH,4s can be calculated from
Gibbs—Helmotz equation

IAG T¢ AH. dIn W
( ads/ Tc) __ 2ads — _R nvN (11)
dTc T¢ dTc
thus
d(In Vn)
AHygs = — (12)
a(1/1c)

Fig. 1. TEM images of 0.5% Rh/H-B-zeolite (a), 1.0% Rh/H-B-zeolite (b) and 2.0% Rh/H-B-zeolite (c).
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Fig. 2. XRD patterns of H-B-zeolite and Rh/H-B-zeolite.
4. Results and discussion
4.1. Catalysts characterization

Fig. 1 shows the transmission electron microscopy (TEM)
images of H-B-zeolite and the Rh loaded H-B3-zeolite. It is
notable that for the H-3-zeolite loaded with 2.0% rhodium, there
are uniform nanoparticles with about 2 nm average diameter and
these nanoparticles distribute evenly in the zeolite framework.
The nanoparticles are different from zeolite in nature and it is
suggested that they are rhodium metal particles. Except for the
H--zeolite loaded with 2.0% rhodium, there is no visible pres-
ence of particles under TEM and it is suggested that the rhodium
metal is dispersed uniformly in the zeolite framework in much
smaller size. From the pictures it also can be observed that the
impregnation of metal did not significantly affect the shape of
the parent zeolite.

The X-ray diffraction patterns of H-{3-zeolite-supported
rhodium catalysts are shown in Fig. 2 alongside the pattern
of pure H-B-zeolite. The high-intensity line (20=22.7°) is
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Table 1
Specific surface area of catalysts

Sample SLangmuir (m2 g_') Vnicro (Cm3 g_l)
H-B-zeolite 675 0.192
0.5% Rh/H-B-zeolite 593 0.169
1.0% Rh/H-B-zeolite 618 0.174
2.0% Rh/H--zeolite 553 0.157

attributed to zeolite beta. It can be seen from the figure that all
samples exhibit the typical diffractograms of zeolite beta frame-
work. The intensities of the zeolite lines decrease slightly with
the addition of Rh, indicating that the crystallinity of the zeolite
is decreasing when increasing Rh loading.

The surface area of catalysts obtained is shown in Table 1.
From Table 1 it can be observed that the surface area decreases
slightly after the impregnation. The result proves that for
rhodium loaded zeolite, there are metal particles in the zeolite
framework and the metal particles block the micropores thus
decrease the microporosity of the zeolites. Considering the inac-
curacy of the instruments, the sample of 0.5% Rh is level with
the sample of 1.0% Rh in the surface area and pore volume.
However, the sample of 2.0% Rh shows much lower surface
area and pore volume. This phenomenon can be attributed to
their difference in the particle size. For the samples of 0.5% Rh
and 1.0% Rh, the Rh particles are not large enough to block the
channels of the zeolite. When Rh-loading reaches around 2.0%,
the nanoparticles are large enough to be visible under TEM and
block the micropores greatly, thus decrease the surface area and
the pore volume obviously.

4.2. Inverse gas chromatography

4.2.1. Influence of the carrier gas flow rate on
measurements

In the measurement of the adsorption characteristics of both
Rh/H-B-zeolite and H-B-zeolite, it is important to separate the
probe adsorption on the external surface from the probe diffu-
sion within the bulk of the materials. It may be expected that for
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Fig. 3. Influence of carrier gas flow rate on the retention volume at 473.2 K for pentane (@), hexane (A), heptane(V¥) over: (A) 1% Rh/H-B-zeolite and (B) H-B-zeolite.
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microporous materials, such as zeolites, this separation is neces-
sary. Mukhopadhyay and Schreiber [39] and Qin and Schreiber
[40] have demonstrated that by changing the carrier gas flow rate
and thus changing the contact time between adsorbate and adsor-
bent, it is possible to separate the surface adsorption contribution
from the total retention datum.

The retention volume of alkanes is shown in Fig. 3 as a
function of the carrier gas flow rate with 1% Rh/H-{3-zeolite
and H-B-zeolite as stationary phases at 473.2K. It can be
observed that the retention data were independent of the car-
rier gas flow rate in both instances, which indicates that the
measurements are not limited by diffusion effects. Accord-
ing to Fig. 3, a flow rate of 28 mL min~! was chosen for this
study.

4.2.2. Standard surface free energy

The standard free energies of adsorption are given in Table 2
calculated from Eq. (4). The decrease of adsorption free energy
with the increase of temperature follows the van’t Hoff equation.
From Table 2 it can be easily observed that the standard free
energies of adsorption of benzene to zeolite increase greatly
when rhodium is loaded onto zeolite. It also can be observed
from the table that the standard free energies of adsorption of
H-3-zeolite increased with the Rh loading. It may be caused
by the highly dispersive Rh metal particles. The unsaturated Rh
surface atoms are more active and contribute to the adsorption
of probes. While further increasing Rh loading to 2.0%, the
growing size of metal particles started to be visible and blocked
the zeolite channels thus stopped the rising of free energies of
adsorption.

Dispersive component of surface free energy of adsorbent,
yé) ,is calculated from Eq. (7) (Fig. 4). The dispersive interaction
decreases as the temperature increases, which is attributed to the
entropic contribution to the surface free energy. It is observed
that most values of the dispersive component of surface free
energy of Rh/H-3-zeolite are lower than those of H-3-zeolite
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Fig. 4. Dispersive interaction, yg , of catalysts as a function of temperature (H-
B-zeolite (@), 0.5% Rh/H-B-zeolite (A), 1.0% Rh/H-B-zeolite (M) and 2.0%
Rh/H-B-zeolite (0)).
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Fig. 5. Specific interaction parameter based on ap, 1.0% Rh/H-B-zeolite at
493.2 K (n-alkanes (H), cyclohexane(UJ), benzene(x ) and trichloroethylene(V)).

over the temperature range examined. This can be ascribed
to the decrease of surface area of zeolite after loaded. From
Fig. 4 it is also observed that the yg values of the surface free
energy of Rh/H-3-zeolite vary slightly with the rhodium load-
ing. The yé) values of H--zeolite and Rh/H-B-zeolite are a
little lower than those of zeolite 13X (154.9 mJ m~2 at 200 °C)
[14], Al,O3 and Pd/Al,O3 [28] and NaX and CaA [26] observed
by Diaz.

The specific interaction parameter, ISP, can be evaluated from
Eq. (9) (Fig. 5). Table 3 shows ISP values of H-B-zeolite, 0.5,
1.0 and 2.0 Rh/H-B-zeolite. It is notable that IS? of H-B-zeolite
to benzene increased greatly after rhodium was loaded onto H-
B-zeolite.

The interaction between a solid substrate and probes is
attributed to secondary bonding caused by both polar and non-
polar (dispersive) Van der Waals forces between adsorbent and
adsorbate. Fig. 4 reveales that the amount of Rh loading had
very limited effect on the nonpolar forces between zeolite and
benzene, indicating that rhodium has special interaction with
benzene. The interaction of electrons between aromatic ring and
rhodium probably intensifies the physicochemical adsorption of
benzene. And, like the standard free energy AG,qgs and disper-
sive component free energy J/E , it is also observed that the ISP
values of Rh/H-B-zeolite increase with the Rh loading. But the
1P values decrease when Rh loading reaches to 2.0%.

4.2.3. Enthalpy of adsorption

Enthalpy of adsorption AH,gs can be obtained from the slope
of the plot of R1n V versus 1/T (Fig. 6), based on Eq. (12), and
the results are summarized in Table 4. The dependence of adsorp-
tion enthalpy on the size of probe molecule on H-f3-zeolite and
1.0% Rh/H-B-zeolite is shown in Fig. 6. Linear relationships
are observed. High AH,4s value indicates a strong interaction
between catalyst and adsorbate. It is observed that the adsorp-
tion enthalpy increases with the number of carbon atoms, due
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Table 2

Standard free energy of adsorption, —AG,gs (kJ mol™!) for the probes on catalysts

Adsorbent/probe Temperature (K)

473.2 493.2 503.2 513.2

H-B-zeolite
Pentane 15.59(0.13) 14.17(0.12) 13.53(0.05) 12.73(0.06)
Hexane 21.04(0.05) 19.43(0.05) 18.70(0.04) 17.81(0.02)
Heptane 26.53(0.04) 24.64(0.02) 23.89(0.04) 22.98(0.05)
Cyclohexane 18.75(0.10) 17.32(0.01) 16.61(0.09) 15.91(0.02)
Trichloroethylene 16.59(0.03) 15.15(0.06) 14.42(0.12) 13.87(0.05)
Tetrachloroethylene 18.52(0.05) 17.13(0.04) 16.41(0.06) 15.83(0.03)
Benzene 18.31(0.10) 16.77(0.13) 16.20(0.14) 15.60(0.04)

0.5% Rh/H-B-zeolite
Pentane 18.28(0.08) 17.09(0.07) 16.36(0.12) 15.88(0.03)
Hexane 23.92(0.09) 22.38(0.01) 21.51(0.05) 21.06(0.03)
Heptane 29.44(0.04) 27.73(0.07) 26.89(0.04) 26.18(0.06)
Cyclohexane 21.04(0.06) 19.49(0.04) 18.78(0.05) 18.14(0.05)
Trichloroethylene 20.02(0.05) 18.76(0.05) 18.17(0.02) 17.75(0.01)
Tetrachloroethylene 22.08(0.09) 20.60(0.04) 19.90(0.05) 19.46(0.03)
Benzene 30.75(0.19) 30.22(0.12) 30.06(0.15) 29.74(0.20)

1.0% Rh/H-B-zeolite
Pentane 18.40(0.01) 16.89(0.03) 16.42(0.04) 15.69(0.06)
Hexane 23.92(0.04) 22.21(0.09) 21.66(0.16) 20.89(0.12)
Heptane 29.26(0.01) 27.49(0.01) 26.55(0.04) 26.01(0.12)
Cyclohexane 21.41(0.03) 19.72(0.01) 19.05(0.02) 18.42(0.04)
Trichloroethylene 20.07(0.01) 19.91(0.02) 19.10(0.04) 19.02(0.13)
Tetrachloroethylene 21.78(0.08) 21.33(0.04) 20.64(0.03) 20.03(0.07)
Benzene 32.35(0.14) 32.44(0.12) 32.09(0.10) 31.92(0.19)

2.0% Rh/H-B-zeolite
Pentane 16.63(0.09) 15.34(0.15) 14.63(0.05) 13.91(0.06)
Hexane 21.99(0.12) 20.65(0.03) 19.90(0.14) 19.23(0.19)
Heptane 27.16(0.04) 25.69(0.20) 24.68(0.04) 23.97(0.02)
Cyclohexane 19.18(0.12) 18.18(0.08) 17.45(0.03) 17.28(0.08)
Trichloroethylene 18.76(0.03) 17.46(0.16) 16.95(0.08) 16.21(0.07)
Tetrachloroethylene 20.33(0.04) 19.16(0.03) 18.55(0.08) 17.82(0.04)
Benzene 29.88(0.40) 27.89(0.33) 27.06(0.29) 26.07(0.31)

Standard deviations are given in parentheses.

to the increasing boiling point of the n-alkanes and the stronger
interaction between the probe and the adsorbent surface. It is
also observed that the adsorption enthalpies of n-alkanes on H-
B-zeolite are higher than those on Rh/H-B-zeolite. It may be
attributed to the Lewis acid sites in H-3-zeolite that are active
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220- -
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for the adsorption of hydrocarbons. Similar observations were
reported in the literature [28]. In addition, it can be seen that,
for these compounds, the values of AH,qs are higher than their
corresponding heat of liquefaction (Table 4). This implies that
the measured enthalpies of adsorption are not only from the

-10
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Fig. 6. Adsorption enthalpies (AH,qgs) of n-alkanes on catalysts.
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Table 3
ISP (mJ m~2) values determined for catalysts under study
Adsorbent/probe Temperature (K)
473.2 493.2 503.2 513.2
H-B-zeolite
Cyclohexane 22.9(0.5) 22.5(0.1) 22.1(0.4) 22.6(0.1)
Trichloroethylene 58.1(0.2) 55.7(0.3) 54.7(0.7) 55.6(0.3)
Tetrachloroethylene 44.2(0.3) 43.0(0.2) 42.4(0.3) 43.3(0.1)
Benzene 69.5(0.5) 66.4(0.7) 66.3(0.8) 66.9(0.4)
0.5% Rh/H-B-zeolite
Cyclohexane 21.1(0.3) 19.1(0.2) 19.3(0.2) 18.1(0.3)
Trichloroethylene 63.1(0.3) 60.3(0.3) 60.7(0.1) 59.7(0.1)
Tetrachloroethylene 43.4(0.4) 40.9(0.2) 41.0(0.3) 40.4(0.2)
Benzene 123.6(1.0) 125.7(0.7) 127.5(0.8) 127.0(1.1)
1.0% Rh/H-B-zeolite
Cyclohexane 22.0(0.2) 21.1(0.1) 19.5(0.1) 20.4(0.2)
Trichloroethylene 66.6(0.1) 67.4(0.1) 63.0(0.2) 67.7(0.7)
Tetrachloroethylene 45.5(0.4) 45.4(0.2) 43.0(0.1) 44.2(0.4)
Benzene 135.6(0.8) 137.7(0.7) 135.8(0.6) 140.0(1.0)
2.0% Rh/H-B-zeolite
Cyclohexane 19.6(0.5) 20.7(0.4) 20.3(0.2) 22.8(0.4)
Trichloroethylene 62.1(0.2) 61.1(0.9) 60.5(0.4) 60.4(0.4)
Tetrachloroethylene 41.4(0.2) 41.6(0.2) 41.2(0.4) 41.1(0.2)
Benzene 124.7(2.2) 119.9(1.8) 117.6(2.6) 116.1(1.7)

Standard deviations are given in parentheses.

Table 4

Adsorption enthalpies —AH,gs (kJ mol~") and solute liquefaction heats for the compounds studied over the different adsorbents

Probe H-B-zeolite 0.5% Rh/H-B-zeolite 1% Rh/H-B-zeolite 2% Rh/H-B-zeolite —AHq (kJ mol~1)
Pentane 49.1(0.999) 47.2(0.998) 50.0(0.999) 48.7(0.999) 243

Hexane 58.9(0.999) 58.7(0.997) 60.7(0.999) 54.8(0.999) 27.2

Heptane 68.2(0.999) 68.4(0.999) 68.8(0.999) 65.3(0.998) 31.7

Cyclohexane 52.4(0.999) 55.6(0.999) 54.7(0.999) 42.9(0.992) 29.97
Tricholorethylene 49.2(0.998) 47.3(0.997) 50.7(0.999) 48.5(0.999) 34.62
Tetrachloroethylene 50.7(0.999) 53.8(0.996) 56.9(0.999) 49.7(0.999) 34.68

Benzene 50.4(0.997) 42.3(0.999) 52.7(0.966) 74.8(0.999) 33.92

Regression coefficients (R%) are given in parentheses.

heat of condensation of the compounds onto the surface, but References

also from physico-chemical interactions between probes and
adsorbents.

5. Conclusion

Catalysts containing 0-2.0 wt% rhodium were prepared and
characterized. Inverse gas chromatography was used to charac-
terize the surface properties of H-B-zeolite and Rh/H-3-zeolite.
Properties such as enthalpy of adsorption, free energy of adsorp-
tion and dispersive and specific components of surface free
energy were reported.

The adsorption characteristics of H-f3-zeolite can be modified
by rhodium. The surface area, the enthalpy of adsorption and
dispersive component of the surface free energy decrease after
the impregnation of rhodium.

Rhodium has significant effect on the adsorption of benzene.
This unique property may be useful for making catalysts for
certain reactions involving benzene in the future.
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