Dynamic physisorption of 15+ molecular probes for apolar and
polar interactions, substance specific BET, heterogeneity and
diffusion coefficients using Inverse Gas Chromatography (IGC)
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SUMMARY

A novel IGC setup allows a very flexible
injection of 15+ molecular probes at either
infinite dilution (IGC-ID) or a saturation of
the surface by a finite concentration (IGC-
FC) and subsequent desorption analysis.

Using IGC-ID, the apolar and polar inter-
actions of fresh, used, artificially aged and
recycled catalysts were determined.

By IGC-FC the adsorption behaviour of
zeolites by methanol was measured inclu-
ding adsorption energy distribution.
Diffusion coefficients in alumina beads
could easily be quantified by Zero Length
Column (ZLC) using the IGC setup.

CHALLENGES

Fresh, recycled, used and
artificially aged catalysts
behave differently and not
as expected.

What are the differences in surface
properties of fresh, recycled, used
and artificially aged catalysts?

Are the assumptions about recycling
and artificially aging correct?

Zeolites are used for
methanol adsorption —
what are the quantitative
differences?

Is there irreversible adsorption of
methanol”? How does this influence
the adsorption isotherms? Does the
behaviour reflect the adsorption
energy distribution?

Determination of diffusion
coefficients by van
Deemter are tedious. How
does the Zero Length

Column (ZLC) method
perform?

The ZLC method can be easily
performed with the IGC Neuronic
iInstrument to measure diffusion
coefficients of toluene, cycooctane
and octane on two alumina beads.
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PRINCIPLES

Samples (powder, fibres, flakes) are filled into column. Any kind of
volatile substance can be used as a ,probe” to study the surface
properties. A standard set consists of 15+ probes of n-alkanes,
branched and cyclic alkanes and different polar probes™ 2 3,
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Instrumental setup of \“w
IGC Neuronic, Adscientis =~
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= Desorption isotherm, irreversible adsorption, specific surface
area (BET), adsorption energy distribution function (AEDF)
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= Basis for diffusion coefficient determination (ZLC), see below

Time [min]

GC detector signal at constant flow (2-8 min)
and desorption (8-140 min) for 3 injections

EXPERIMENTS and RESULTS CONCLUSIONS

USED catalyst shows a
great loss in polarity.
Artificially AGED
catalyst is between the
properties of FRESH
and USED with a lower
apolar value than both.

RECYCLED catalyst are
very different than
FRESH, the polarity is
not regained and very
high apolar properties
result.

|GC at infinite dilution (lD) ...... L Fragh D e . .
using 15 different non-polar 1 * ' '
and polar gas probes as n-
alkanes, chloroform and
diethylether revealed
quantitatively the specific
polar interactions () ISP) and
the non-polar, disperse
surface energy y.° .

USED: Decrease in polar
propertles, Some |ncrease .......
in non-polarity : -

RECYCLED: very
different than FRESH
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Specific polar interaction

Disperse (apolar) surface energy

In an 1GC finite-concentration The adsorption energy distribution function is IGC-FC revealed clear
(FC) setup, methanol is calculated by the Elution at the Characteristic differences in methanol
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Diffusion coefficients of
octane, cyclooctane
and toluene could
easily be determined
using the ZLC method
and the IGC-FC setup in
the kinetic regime.
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Experiments were
repeated using alumina
beads of two slightly
different particle
diameters and results
were confirmed within
experimental error.
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B12: ds,= 1.71 mm J ’ o
B17: doy= 1.65 mm D= 2.14*105cm?/s  Dgyc= 2.85710° cm?/s D = 3.63*10-° cm?/s

D,o= 2.07*105cm2/s D= 2.50*10° cm?/s D, = 3.87*10-5 cm?/
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