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CHARACTERIZATION OF POROUS GLASSES BY MEANS OF POROSIMETRY
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Methods for the determination of the textural characteristics of microporous (mean pore diameter
d < 7.5 nm) and macroporous (d > 7.5 nm) glasses by nitrogen adsorption and mercury porosimetry were
ezamined. The results obtained were compared and the practical scope and limitations of the two methods
determined. With macroporous glasses, the results were significantly affected by the input material constants

employed, and also in the case of very fine particles.

INTRODUCTION

Porous glass is a special material prepared by leach-
ing the chemically less resistant phase from a phase-
separated glass (usually derived from the system
Nay0-B203-Si03) following suitable heat treatment
[1, 2, 3]. The range of pore sizes in the porous glasses
is very wide (from 0.2 to 1000 nm) [1]. According to
the final pore size, which depends on the chemical
composition of the initial glass, on its heat treatment
and on the way of leaching, porous glasses are divided
into macroporous glasses (mean pore size more than
7.5 nm, which is the smallest one measurable with
standard mercury porosimeters) and the microporous
ones (mean pore size less than 7.5 nm). However, this
classification does not merely reflect the differences
in pore size, because the two groups also differ sub-
stantially in the way they are prepared, in some of
their properties, and in particular in their fields of
application.

Macroporous glass under the trade name Con-
trolled Pore Glass (CPG) [e.g. 4, 5] is of practical in-
terest for biotechnology, chromatography and techni-
cal chemistry [1, 2], whereas the properties of macro-
porous glass approach those of silica gel and find sim-
ilar applications (adsorbents, catalyst carriers, etc.
[1, 2]).

Porous glass is mostly characterized [1] by three
textural characteristics: mean pore size, pore volume
and specific surface area. With macroporous glasses,
there is an additional characteristic associated with
the width of the pore size distribution curve. The
textural characteristics are almost without excep-
tion established by nitrogen adsorption and mercury
porosimetry [1].

Determination of the specific surface area accord-
ing to the BET theory is a standard method that
will not be discussed in more detail here. On the
other hand, no available prospectus nor publication
describes a detailed procedure for evaluating the tex-
tural characteristics from the results obtained by mer-
cury porosimetry. According to Haller [7], the mean
pore size is defined as the pore size corresponding
to penetration of one half of the total intruded mer-
cury volume. The volume of the pores is given directly
by the volume of the mercury intruded.* The width
of the pore size distribution curve is a rather inade-
quately defined textural characteristic. For example,
the firm Fluka AG [4] defines it only as the range of
pore sizes (in relative percent of the mean pore size)
into which 80% of the total mercury volume pene-
trates during mercury porosimetry.

Another problem arising in the evaluation of mer-
cury porosimetry results is the effect of the input ma-
terial constants. The relation between pore diameter
d and pressure p for mercury penetration is described
by Washburn’s equation [8]:

d= 40 cosf
p

where o is the surface tension of mercury and @ the
wetting angle of mercury on the material in ques-
tion. Two material constants have to be substituted
into the formula: surface tension o and wetting an-
gle 6. The frequently employed value for the surface
tension of mercury is 0.480 Nm~!. Liabastre and Orr

(1)

*The term “mean pore size”, as used by Haller, is in
fact the “median of pore diameter” and not a mean
e.g. in the statistical sense of the word.
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