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Mass Transport Mechanisms

Diffusion in zeolite A Diffusion in ZSM-5
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Range of diffusivities
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Zeolite synthesis — Jurgen Caro, Wolfgang Schmidt




Historical Development of Diffusion in Zeolites Measurements
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Transport, Tracer and Self Diffusion
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Microscopic vs Macroscopic measurements

« Microscopic

Measurement over very short time
and length scales.

The RMSD is related to the
diffusion coefficient through
the Einstein equation.

Limit on slower diffusing species.

« Macroscopic

Measurement over the entire crystal
length scale and process time
scale.

Typically the gas phase concentration
or pressure is monitored and
through a mass balance the
adsorbed phase composition is
obtained.

The mass flux under unsteady state
conditions is typically measured.

Limit on faster diffusing species.




Some recent measurements...

n-Hexane in Silicalite after 1989
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Gravimetric uptake — Reiner Staudt
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Gravimetric uptake — System at INC Leipzig

® experimental data
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n-Butane in Silicalite — strong heat effects. Staudt 2005

Almost a monolayer
on each tray.



QENS/NSE - Length and Time Scales — Herve Jobic

Momemtum transfer (A'l)

10

©
[N

0.01

Time scale (ps)

104 102 1 102
i | | | |
Bey ]
i 41
= // |
N / _ Z
- 110 3
. ?
- i =
B BS j =%
i Jd100 9
[ |NSE 1
i < 1000
i I I I I
102 1 102 104 106

Energy transfer (peV)



QENS/NSE what is measured

QENS, NSE (coherent scattering: D, C, N, O...)

Transport diffusivity

QENS (incoherent scattering: H)
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PFG-NMR — Jorg Karger
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self-diffusion

The attenuation of the NMR signal v is given by

\|;(t, yBg) = eXp{_%y282g2<r2(t)>}

The lower limit of detection is 100 nm for the displacement and an
observation time of the order of 100 ms.

Department of Interface Physic

l.e. a minimum Dg,; = 10-1*m?s-!
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PFG-NMR — evidence of internal barriers
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Only kinetic experiments carried out with different
techniques on the same crystals can detect the existence
of internal barriers!

1 E-09 i m
" [ |
1.E-10 - z 0
a
o
&
—1.E-11 -
w 1
4
E
0O | E-12 -
| ]
.
1E-13 4 L
®
[ ] . .
1E'14 T T T T T T
2 4 6 8 10 12 14 16
Number of carbon atoms

n-alkanes in MFI at a loading corresponding to 6 carbons per channel crossing.

Comparison of experimental results at 423K.
m QENS new data; o0 QENS; A PFG-NMR ; e ZLC.



The ZLC apparatus
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signal (uV)

Experimental Signals - Silicalite

n-decane T=125 C, P=0.006 Torr
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Check D, with Partial-Loading Experiment

n-decane, 125 C, P=0.006 Torr
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Adsorbed Phase Concentration

n-decane, 125C, P=0.006 Torr
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Diffusion of n-alkanes in 5A
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Directions of methanol adsorption in Ferrierite crystal

544 :@_
3
4.2A >”-
5
370 sec
d0-ring viewed along [00]]
130sec| .-~
30sec| i+
3.54 '.-""“I i
54 . Osec|
Open 10-ring channels L
S.ring viewed clong [010] Blocked 10-ring channels of “roof’ part and 8-ring 50
of crystal “body” Y o109 channels in Y-direction
[ =
1.0. 5
b
{
c
05 @
&)
: ot
370 sec 8
0.0
130 sec 370 sec
130 sec
30 sec 160 &
30 sec
Q’
0 sec
50 0 sec
50
) 25

C(Y, Z=const, 1)



Darken Correction
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ZLLC Measurement of Darken Correction
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ZLLC Measurement of Darken Correction

Experimental measurements carried out on 5A crystals at
UOP (Douglas Galloway)
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GOOD NEWS!!!

 New funding from DFG for continuation
programme 2007-2009.

« Additional experimental techniques

e New materials

e Extend work to mixtures



Single crystal membrane — D.B. Shah




Frequency Response — Andreas Jentys
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