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Controlled pore glasses - CPG
VYCOR-Process

e

alkali borosilicate

glass

530 - 710°c

d, 1 to 110 nm

spinodal phase separation

decomposition is initiated by heat treatment

alkali rich borate phase <-> pure silica

alkali phase soluable in acid -> silica network

pore size depends on basic material

shape depends on duration and T of heat treatment

F. Janowski, D. Enke in F. Schiith, K.S.W. Sing, J. Weitkamp (Eds.), Handbook of Porous Solids, WILEY-VCH, Weinheim, 2002, 1432-1542.
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The TE model
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Pore size < 1 nm -> /1, neglected, only pick off annihilation
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AR = 0.166 nm determined by Eldrup

Pore size > 1 nm -> /3, can not be neglected, temperature dependence of o-Ps
lifetime (excited states)

Tao, S. J. J. Chem. Phys. 1972, 56, 5499-5510. / Eldrup, M.; Lightbody, D.; Sherwood, J. N. Chem. Phys. 1981, 63, 51-58.
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The 2 models for R > 1 nm - Tokyo
Are + 4, (R<R,)

AE(Ra)[l—[Ff;f;} }% (R>R,)

= Tokyo model: A, (R)=

Problems: - no explicit temperature dependence
- two free parameters to be determined

J \
A be

empirical:
R, = 0.8 nm
0 b =0.55

(a) TE

K. Ito, H. Nakanishi, Y. Ujihira, J. Phys Chem. B 1999, 103, 4555.
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The 2 models for R > 1 nm - RTE

RTE model (for 3D cubic pores): _ .
P = 1 (2in5) [3m)
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D. W. Gidley, T. L. Dull, W. E. Frieze, J. N. Sun, A. F. Yee, J. Phys. Chem. B 2001, 105, 4657.
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The experiments
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S. Thraenert, E.M. Hassan, R. Krause-Rehberg, Nucl. Instrum. and Meth. B 2006, Vol. 248 No. 2, 336.
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The experiments at T = 300 K
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for T = 300 K general agreement to the RTE model

calibration curve for the correlation of o-Ps lifetime and pore size

Verifying the RTE mode/



The experiments at T = 500 K
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for T = 500 K still acceptable agreement to the RTE model
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The experiments at T = 50

K
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for T = 50 K no agreement to the RTE model can be observed
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The temperature dependence
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for D = 2.5 nm poor agreement to RTE model for T < 300 K
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for D = 4 nm shape of exp. data like RTE model
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The temperature dependence
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for D = 5 nm no temperature dependence to observe

for D = 27 nm contrary behaviour to the RTE model
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Summary

for T = 300 K general agreement to the RTE model -> at
room temperature, PALS is a useful porosimetry tool!

for T > 300 K still agreement to the RTE model.

for low temperatures the measurements show disagreement to
the RTE model
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Summary - temperature dependence

for small pores (D < 3 nm) the lifetime increases at low
temperatures

for D = 4 nm temperature dependence of lifetime fairly
agrees to the RTE model

for D = 5 nm no temperature dependence of the lifetime can
be observed

for large Pores (D > 8 nm) the lifetime decreases at low
temperatures -> contrary behaviour to the model.
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