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Thislecture is dedicated to the memory of Professor Douglas Everett, the distinguished
physical chemist who died in June. Everett’s many contributions to surface and colloid
science included pioneering studies of adsorption thermodynamics and hysteresis and
definitive proposals for the interpretation of adsorption from solution data.

Early work on the characterization of porous materials (notably adsorbents and catal ysts) will
be summarised and attention drawn to progress made over the past 50 years. Procedures
currently used for pore size analysis will be critically reviewed as will the application of
equations now available for the interpretation of physisorption isotherms. The various
mechanisms involved in adsorption hysteresis will be discussed. Finally, the importance of
new reference materials and model pore structures will be stressed.
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There are several techniques in order to determine the particle size of powders and
emulsions. All these technigues assume the presence of spherical particles. Of course thisis
logical since one only has got one parameter to determine: the diameter. The practice,
however, is quite different. One has to deal with both spherical aswell as hon-spherical
particles and sometimes even fibres. Conventional techniques are then not satisfactory
anymore.

3 DUAFBI6KDSH

The Ankersmid CIS-100 series does not deal with the above mentioned assumption. By
combination of two techniques, Time-Of-Transition (TOT) and Dynamic Shape Analysis
(DSA) in one instrument one is now able to get a complete impression of the particles being
characterized.

Time-Of-Transition is based upon the principle that arotating laser beam gets bl ocked by passing
particles. A detector measures the intensity of the incoming light and can therefore measure the exact
obscuration time. Because the rotation speed of the laser is exactly known the diameter of the
particles being hit can be determined accurately. Each particle is measured separately so very absolute
high-resolution information is obtained of both the particle size as well as the concentration.

Besides the fact that the measurement is direct aso the particle’ srefractive index is not of any
influence on the measurement. So no pre-knowledge about refractive index, viscosity, temperature,
etc. is needed.

The technique implies the capability of measuring both very diluted samples and high concentrated
samples. Also, since only the signal width on the detector is measured and not the intensity, the
measurement is robust and requires no alignment at all.

Perpendicular to the laser channel the system is equipped with a video channel as well. With this
deviceit is possible to take pictures of the passing particles at high speed. These pictures can then be
analyzed with help of a powerful image-analysis software package. Many parameters like aspect ratio,
shape factor, curling index, fibre length, fibre width, etc. can be determined.

For thisreason oneis capable of analyzing particles with irregular shapes being far from ideally
spherical, like is assumed in other techniques. Further, the presence of agglomerates can be seen
easily and both the size of the agglomerates and primary particles can be analyzed separately by the
use of so-called strategic shapefilters.

The strategic shape filters gives the analyst the possibility to discriminate particles from eachother
using specific shape characterigtics. Within amatrix of severa kinds of particles the particles of
interest can be chosen and analyzed for e.g. particle diameter.

The combination of the above mentioned techniques is therefore a very powerful tool for a
complete characterization of the particle.
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The sorption of polar and apolar compounds on microporous solids is governed by
direct, specific and unspecific interactions. The knowledge of these interactions can in return
be used to assess properties of porous solids, such as the acid strength of Brensted and Lewis
acid sites, the polarity of the pore walls and effective pore diameters.

In the course of the lecture the analysis of the fundamental interactions as followed by
gravimetric, calorimetric and spectroscopic measurements will be discussed. The variation in
the type of interaction with increasing polarity of the molecule (alkanes, aromatic molecules,
alcohols, amines) the increasing contribution of the directed (specific) interaction will be
described in the first part of the lecture. It will also be shown that this increasing strength of
interaction will ultimately lead to corrosive chemisorption.

In the second part, the role of entropy and enthal py will be in the focus. Using
alkanes, it is discussed, how sorption influences entropy and enthal py. Understanding of
these variations and of ordering phenomena can lead to the classification of unknown
microporous substances.

In the last part, novel experiments to understand the elementary rates of sorption into
microporous and the diffusion through microporous solids will be discussed. Time resolved
i.r. spectroscopy in combination with the frequency response technique is utilized to describe
surface barriers and the influence of pore tortuosity for sorption and diffusion of aromatic
compounds.
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Uber Mehrere Jahrzehnte hinweg hat sich die Quecksilberporosimetrie als eine
hervorragende Charakterisierungsmethode fir portse Werkstoffe erwiesen. Poren zwischen
etwa 300 nm und ca. 3,5 nm Konnen innerhalb kiirzester Zeit bestimmt werden. Keine
andere Charakterisierungsmethode erfal3t einen solchen umfassenden Bereich. Der Vortag
wird die theoretischen Grundlagen beschreiben und dann anhand von verschiedenen
Beispielen die gegebenen Moglichkeiten offenlegen. Jede Charakterisierungsmethode hat
jedoch auch ihre Grenzen. Diese werden ebenfalls anhand von verschiedenen Beispielen
erlautert und mégliche Fehler bel der Datenauswertung und Interpretation werden aufgezeigt.
Die folgenden Themengebiete werden angesprochen:

Probenvorbereitung, Geratebeschreibung, Kontaktwinkelbestimmung, Oberflachen- und
Partikel gropH Bestimmung, Kompressibilitét von Probe oder Quecksilber, Kinetik der
Gleichgewichtseinstellung, Thermische Effekte, Porennetzwerk, Hysterese,
Computersimulationen.

Abstracts Seite 9



XI. Workshop tber die Charakterisierung von feinteiligen und por sen Festk rpern

( QYLLRQP HQWQAD IFWRVFRS\ 1 HZ 3HY/SHAWYHV RQD
+ XP IlGW & ROAMR®@IG 0 IFLIRVFRSH 6 Vi H

+ -HMV
60 6 / RIERQ 8 QWG. LQIGRP

Within the pharmaceutical industry, water sorption techniques such as Dynamic V apour
Sorption (DVS), a gravimetric technique allowing the flow of a controlled partial pressure of
solvent vapour over samples at temperatures within the range

10-90°C, have become an established means of testing pharmaceutical materials and
foodstuffs. Thistechniqueis similar in concept to the well-established gas sorption technique
used to elucidate the structure of porous materials. SMS has devel oped a microscope stage,
the VGI2000M, to complement these gravimetric methods, providing full environmental
control — both temperature and humidity, and enabling a microscope to be used to observe
materials under the same conditions that gravimetric data is obtained.

The availability of IR and Raman microscopes means that the VGI2000M opens the door to a
wealth of spectroscopic information on adsorbent—adsorbate interactions, and changes that
occur within materials in the presence of vapours. Presented hereis ataste of the type of data
that can easily be obtained by using the VGI2000M to control the partial pressure of water
vapour flowing over samples whilst under the microscope, and the potential of the stage
when used in conjunction with established gravimetric techniques.
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The occurrence of hysteresis between adsorption and desorption is a common feature of the
physisorption of gases in mesoporous materials. Two different concepts have been invoked to
account for this phenomenon: , QG-BHEHMNFRHP RHYview hysteresis as an intrinsic
property of the gas-liquid phase transition in single pores, based on the supposition that
metastabl e states may be supported in the pore in a manner analogous to superheating or
supercooling of abulk fluid. 3RIHQHAZRNP RGH{Vattribute hysteresis to a pore blocking
effect, on the assumption that evaporation of the liquid from wider pore sectionsis delayed if
the only available path for it is through a narrow constriction or neck. In this case the relative
pressure at which the pore empties will depend on the size of the necks, the connectivity of
the network, and the state of neighboring pores. However, it has long been recognized that
the lower closure point of the hysteresis loop exhibits some G&Z HJIP Wndependent of the
pore size distribution and pore morphology. For nitrogen at 77 K this ®Z HJFBRXHSRQ/bf
the hysteresisloop is at about 9 = 0.42.

In an attempt to distinguish between hysteresis due to intrinsic effects of the gas-liquid
ransition and pore networking effects we have compared the pore condensation in two kinds
of mesoporous silica materias: (i) MCM-41 and SBA-15 with open cylindrical pores of
uniform diameter; (ii) materials with large mesopores which are accessible only via more
narrow pores. Sorption isotherms of nonpolar and polar fluids in these silica materials were
measures over a wide temperature range, nearly up to the critical temperature 7.. For MCM-
41 and SBA-15, H1 type hysteresis loops are observed at temperatures 7 < 7y, and pore
condensation steps without hysteresisat 7 > 7. The so-called K\ VMRV WP SHDMH7 is
found to depend on the pore radius 5 as 74/7. 1 1/R. This behaviour can be understood on
the basis of independent pore theories. For materials (i), on the other hand, H2 type
hysteresis loops with a sharp step in the desorption isotherm are observed. The relative
pressure (SS)., at which pore emptying occurs exhibits a pronounced and nearly linear
temperature dependence. In a hysteresis phase diagram (S vs. 7/ 7.) the locus of (9S). of
materials of type (ii) nearly coincides with the pore condensation pressure at the hysteresis
temperature, (YS)y, of materialsif type (i). The significance of this observation will be
discussed.
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The question of the choice of adsorptive and temperature for the characterization of
microporosity has been discussed by several groups in the past years. Steric differences
between adsorptives as well as restricted diffusion at reduced analysis temperature have been
claimed to account for the differences in the experimentally detected micropore volumes. In
addition, swelling or contraction upon sorption in the carbons under investigation have been
discussed.

We performed a study of microporous, sol-gel derived (resorcinol-based) carbons with
different meso- and macrostructure but similar microstructure comparing sorption data to
structural information derived via small angle X-ray scattering (SAXS). Adsorption was
investigated for various adsorptives at 77 K, 273 K and 296 K, respectively. At room
temperature data have a so been recorded as a function of time revealing an adsorption
process characterized by two distinct steps for CO,.

The results for different adsorptives and temperatures will be opposed to the results from
SAXS; possible explanations for the two step sorption of CO,, e.g. slow diffusion into
ultramicropores and swelling of the carbon, will be discussed.
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Pore structure can be characterised using many techniques; for examples, water adsorption,
gas adsorption or size exclusion chromatography. Inverse size exclusion chromatography
having cellulosics; cotton Lyocell, crosslinked, Lyocell and so on, as packing materials was
applied to study pore size and surface area. This method provides real data of cellulose pore
because cellulosics swelling in water have the same behaviours as those are in textile
processing e.g. scouring, bleaching, dyeing and so on. It is achieved by monitoring of
retention time of various molecular weights of poly(ethylene glycol) and dextran. Standards
having small diameter can explored to small pores in materials and be retarded whereas the
big molecules which cannot enter any pore are swept through column then give low retention
time. Fibre Saturation Point (FSP) was obtained as following equation.
FSP (ml/g) = (trprobe - trdex4500000) x flow rate

Wt. of material in column
where trone IS retention times of various probes, tqexasonooo IS retention time of biggest probe;
dextran 4500000. Pore volume, mean pore size and inner surface are obtained by plotting
FSPs against hydrodynamic diameters of each probes
Y = KX+D
Intercept D is attributed to be pore volume; V, (ml/g)
Pore volume is devided by slope (K; average pore size) provides mean pore size; D,
(Angstrom)

D, = DK
Average pore size is multiplied to 2x10* means inner surface; O, (m*/g)

0, = Kx2x10*
According to the resulting information, pore characters i.e. pore volume, mean pore size,
and inner surface of cellulosics are different depending on type of materials and process of
pre-treatment. Selected results on cellulose fibres are presented.

&RUHVSRQGIQJ DXWRU 3UHVHOWQ) DXWRU
Univ. Prof. Dr. Thomas Bechtold M. Sc. Arunee Kongdee (Ph.D. student)
Institute of Textile chemistry and Institute of Textile chemistry and Textile
Textile  Physics, University  of Physics, University of Innsbruck

Innsbruck Hoechsterstrasse 73

Hoechsterstrasse 73 A-6850 Dornbirn AUSTRIA

A-6850 Dornbirn AUSTRIA
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Porous glasses are isotropic uniform random (IUR) two-phase systems for range orders/ ,
2nm </ <500 nm. The pore size Gand it'sdistribution 9 G law can be obtained via
mechanical methods (mercury intrusion and nitrogen or argon adsorption).

Thisis based on the assumption of a complete mechanical filling of the pores and the
assumption of amore or less cylindrical pore shape (right circular cylinder of random
diameter G.

On the other hand, pore size distributions for a certain/ can be obtained from scattering
experiments. Here, from the scattering intensity , K (K= scattering vector) the so-called
second order derivative of the small-angle scattering correlation function y” U results. This
function involves information about random chord lengths of pores and walls. After
separation of both effects, the pure chord length distribution $ U (IUR-chord lengths) of the
pores results. Now, special geometric models for the pore shape (involving a random
parameter) have to be introduced in order to determine the distribution law of this parameter.
Based on the model of infinitely long circular cylinder with random diameter G 9 G can be
obtained from $ U.

The porosity Sis the deciding control parameter in all steps of the data evaluation from, K
to 9 G. Based on so-called linear simulation models, which operate with constant chord

lengths O= b(pores) and P =P (walls), the porosity is defined by S= O G P
Different assumed range orders/ can possess different porosities, S S/ .

Here, in contrast to the mechanical methods, the parameter pore accessibility and pore
blocking effects have not to be taken into account. All pores simultaneously contribute to the
scattering effect. Even filled pores can be detected via small-angle scattering.
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For the characterisation of porous sorbents like activated carbons the measurement of
adsorption isotherms and subsequently evaluation using different theories like BET- or DFT-
method is a very common and useful approach. The devices needed are commercially
available and in most cases computerized. Thus the specific sorbent parameters like surface
area, pore size distribution and pore volume for example are easily available. Though these
parameters are valuable and in most cases sufficient for surface characterisation, additional
measurements of the heat of adsorption may be helpful for energetic characterisation of the
porous material.

We present an example for simultaneous measurement of gas uptake and adsorption energy
to study the surface loading of an activated carbon impregnated from supercritical dioxide
with different organic acids, namely benzoic acid, palmitic acid and 8-hydroxyquinoline. As
measuring device a new devel oped sensor gas calorimeter (SGC) [1] was utilized that enables
combined volumetric and cal orimetric measurements from vacuum up to 10 bar in a
temperature range between 77 K and 373 K. Ammonia was chosen as sorptive gas. It is
acting as a probe gas molecul e because of its selective neutralization reaction with the acid
functions of the organic compounds. The difference between the amount of ammonia
physically adsorbed on the charcoal surface and the ammonia molecules reacting with the
acids alows the calculation of the amount of impregnate on the coal surface by two ways: On
one hand the amount of impregnate can be determined by classical chemisorption analysis of
the adsorption isotherms, on the other it can be calculated from the absolute energy released
during pure chemisorption + that means neutralization + reactions.

As can be seen from the measurements presented, in some cases only the last method will
lead to meaningful results, because even if the differences between chemisorption and
physisorption isotherms are very small, the differences of the heat of adsorption and
consequently for the absolute energy released are still remarkable and thus very useful for
evaluation.

5 HHHAV

W. Zimmermann, J. U. Keller, A New Caorimeter for Simultaneous Measurement of
Isotherms and Heats of Adsorption, Thermochimica Acta, MS S60-26, in print, 2002.
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Die heterogen katalysierte Hydrierung von Acrolein, einem a,b-unges ttigten Aldehyd, kann
einerseits zum ges ttigten Aldehyd (Propanal), andererseits zum unges ttigten Alkohol
(Allylalkohol) erfolgen. W hrend mit "klassischen™ Hydrierkatal ysatoren wie Platin,
Rhodium oder Nickel im wesentlichen das technisch weniger erw nschte Produkt
Propionaldehyd gebildet wird, liefern neuartige Hydrierkatalysatoren auf Basis von Silber-
und Goldnanopartikeln auf einem geeigneten Tr germaterial beachtenswerte Selektivit ten
zum technisch relevanten Produkt Allylalkohol.

Uber die Eigenschaften von Silber und Gold al's Hydrierkatalysatoren und damit auch die
Gr ndef rdieintrinsische Selektivit t zum Allylalkohol in der Acrolein-Hydrierung ist
bisher sehr wenig bekannt. So ist zum Beispiel das H»-Chemisorptionsverm gen beider als
Nanopartikel auf Oxiden vorliegenden Metalle und der mit der Wasserstoffaktivierung ver-
bundene Mechanismus ungekl rt. In diesem Beitrag soll dieser Frage mittels dynamischer
kalorimetrischer Experimente (Messung differentieller und integraler Adsorptionsw rmen)
sowie mittels statischer Sorptionsmessungen nachgegangen werden. Die erhaltenen
Ergebnisse werden mit den Resultaten f r "klassische" Hydrierkatalysatoren verglichen und
Zu katal ytischen Experimenten in Beziehung gesetzt.

Es zeigt sich unter anderem, dass die Adsorption von Wasserstoff an Ag/SiO,-Katalysatoren
von der Herstellungsmethode der Katalysatoren (und damit den strukturellen Gegebenheiten)
abh ngt. Sieist, im Gegensatz z.B. zur H,-Adsorption an Pt/TiO,, ber einen weiten
Temperaturbereich reversibel. Aus TAP-Messungen (transient analysis of products) ist
alerdings bekannt, das an Silber zumindest bei h heren Temperaturen (> 250 °C)
dissoziative Wasserstoffadsorption auftritt. Die Ergebnisse werden im Hinblick auf ihre
Bedeutung f r das katalytische Potenzial von Silber und Gold a's selektive
Hydrierkatalysatoren diskutiert.
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Hydrotalcite-like compounds (HTlcs) are layered-double hydroxides with general formula
M2, M3 (OH)J[A ]/ -@H20. These materials are being increasingly applied as catalyst
support and catalyst precursor. The type of cations in the layers, and of the anionsin the
interlayer can be widely varied, and so the opportunities for fine-tuning catalytic properties
are extremely high [1]. Upon controlled thermal decomposition, HTIcs form homogeneously
dispersed mixed oxides with a high specific surface area (usually >100 m? g%). Different LQ
WY techniques have been used to investigate phase transitions during thermal decomposition
[2,3], but changes in the porous network have not been studied in detail [4]. This aspect is
crucial to optimize the activation of HTlcs for catalytic applications.

This contribution presents the textural and structural changes during thermal decomposition
of hydrotalcites to mixed oxide catalysts, with special attention on the evolution of the porous
structure with temperature. These data are substantiated with LOQM\X characterization by other
spectroscopic techniques. Based on the application of multiple techniques, an integrated
mechanism of the thermal decomposition process is proposed, which can be used to derive
structure-activity relationships in the catalytic applications of these materials. We will show
this correlation for direct NoO decomposition over activated Co-Al hydrotal cites.

J. Pérez-Ramirez, J. Overeijnder, F. Kapteijn, JA. Moulijn, $SSO&DE0O%  (1999) 59.

J. Pérez-Ramirez, G. Mul, F. Kapteijn, JA. Moulijn, - 0 DMJ &KHP (2001) 821.

J. Pérez-Ramirez, G. Mul, JA. Moulijn, 9LE 6SHAARFARS.  (2001) 78.

J.C. Groen, J. Pérez-Ramirez, L.A.A. Peffer, JA. Moulijn, presented at COPS VI, May 8-11,
2002, Alicante, Spain.
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Theincreasing claim of building constructions requires materials with more performance.
While the strength and durability of Ultra High Performance Concretes are superior to
conventional concretes under ambient conditions, their failure israpid and dramatic during
exposure to fire.

A rapid heating leads to destruction because of the high density of the structure.

The thermal strain originating through the heating treatment of the concrete body lead to
pressure tensions in the area of the heated surface, which can lead to cracks, with
transgression of the concrete strength. The water-vapour pressure in the inside of the
concrete hardly plays arole in the formation of these cracks. He influences only the
instability of the outer layer because of additionally stored thermal energy.

Therefore it is very important to know the porosity of concrete by different temperatures.
In this investigations we tested 10 specimen up to 850 °C.

The results are mapped in the poster.
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Expansion als Folge der Eisbildung und Kontraktion, die auf die Mikroeislinsenmodell

zur ckzuf hrenist, wurden im Zementstein beobachtet. Von der Porosit t, der

Porengr Renverteilung und dem S ttigungsgrad h ngt es ab, ob und in welchem
Temperaturbereich einer der genannten Effekte (Kontraktion oder Expansion) dominiert. Die
Probenbedingungen werden durch w/z-Wert, die Zementart und die Lagerung eingestellt. Die
Effekte lassen sich in einem speziellen Dilatometer bestimmen. Die Anderung von

Porengr Renverteilung wurde mit Hilfe Quecksilberporosimetrie untersucht. Zur
Beschreibung der Eishildung w hrend des Gefrierens wurde Methode der thermischen
Analyse verwendet. Dadurch wurde Korellation zwischen den Messungen der

L ngen nderung und kaloriemetrischen Messungen ersichtlich. In der Regel f hrt die
Eisbildung in por sen Materialien zu einer Volumenvergr 3erung der Probe, was durch 9%
Volumenausdehnung des Eises verursacht wird. Durch eine Anderung unter Wasserlagerung
zur Lagerung an der Luft unter 100% rel. Luftfeuchte entsteht ausreichend leeres
Porenvolumen, so dass die 9% V olumenausdehnung des Eises nicht mehr beobachtet wird.
Alsm gliche Erkl rung daf rist die chemische Schrumpfung. Wenn die Eisexpansion durch
Leervolumen unterdr ckt ist, dann beobachtet man eine Kontraktion. Entsprechend dem
Mikroeislinsenmodell ist unter 0°C Wasser und Eis gleichzeitig nur dann in einem por sen
System stabil, wenn das Wasser unter grof3em Unterdruck steht. Da die Matrix nicht
unendlich starr ist, f hrt diese Bedingung zu einer Kontraktion des Zementsteins, wobel das
Wasser aus den Gelporen herausgedr ckt wird. Mit den Versuchen wurden die V oraussagen
des Mikroeislinsenmodells eindeutig bewiesen. Die Ergebnisse zeigen deutlich, dass der
Einfluss der chemischen Schrumpfung bei der Frostbeanspruchung des Zementsteins nicht
vernachl ssigt werden darf.
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M. Hépcke, MBF GmbH; G. Buchenau, TU Berlin; B. Hillemeier, TU Berlin

Vor zehn Jahren in Japan erfunden, wird Selbstverdichtender Beton (SVB) als jiing-
ste Innovation im Betonbau jetzt auch in Europa entwickelt und angewandt. Gegen-
uber herkdmmlichem Beton zeichret sich SVB dadurch aus, dass er im frischen Zu-
stand unter seinem Eigengewicht bis zum Niveauausgleich fliet und dabei entliiftet.
Er braucht deshalb nicht durch Rtteln verdichtet zu werden. Fir sein spezielles
FlieBverhalten ben&tigt SVB einen Stabilisierer. Die heute am haufigsten eingesetz-
ten stabilisierenden Betonzusatzstoffe sind Kalksteinmehl und Quarzmehl [1]. Ge-
steinsmehle von Hartsteinen aus Edelsplittbrechanlagen stehen als qualitativ hoch-
wertige Sekundérstoffe zur Verfligung [2].

Der hohe Mehikorngehalt und der hohe Anteil der Bindemittelmatrix im SVB fiihren
zu einem feinporésen Betongefiige mit sehr grofRer innerer Oberflache. Beides be-
einflusst maRgeblich die Neigung des Betons zu feuchtebedingten Verformungen.
Unter der Beriicksichtigung der Gesamtporositat der Betone kénnen mit der Queck-
silberdruckporosimetrie Aussagen Uber die Neigung zum Trocknungsschwinden ge-
macht werden. In einem Gemeinschaftsprojekt der MBF und der TU Berlin wurde die
Porositat von SVB mit Mehlen unterschiedlicher Gesteine untersucht. Fiir die mehl-
kornreichen SVB wurde eine charakteristische Porenradienverteilung erkannt.

[1] Sachstandsbericht Selbstverdichtender Beton (SVB), H.-W., Heft 516 der Schriftenreihe des
Deutschen Ausschuf} fur Stahlbeton, Beuth-Veriag, Berlin 2001

[2] Buchenau, G.; Hillemeier, B; ,Gesteinsmehle fur selbstverdichtenden Beton“, Betonwerk +
Fertigteil-Technik, Vol. 67, November 2001, S. 32 - 37
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Trinkwasserbeh Iter werden bereits seit vielen Jahrzehnten aus Beton bzw. Stahlbeton
hergestellt. Die Innenfl chen dieser Beh Iter werden mit zementgebundenen

D nnschichtm rteln versehen. Als Gr ndelassen sich f r diese Vorgehensweise anf hren:
hygienische Lagerung, Ausbessern von Schadstellen, als Verschleissschicht bei chemischer
und mechanischer Beanspruchung, einfachere Reinigung und Optik.

In den vergangenen Jahren wurden an diesen Beschichtungen, aber auch an dem darunter
liegenden Beton Sch den beobachtet, deren typische Merkmale vorher in der Literatur noch
nicht beschrieben waren. Es entstehen kreisrunde, oft braun verf rbte Schadstellen, diein den
meisten F llen vertikal, horizontal oder orthogonal angeordnet sind. Das Materia in den
Flecken ist aufgeweicht und talkartig und kann mechanisch, z.B. durch Reinigung, leicht
entfernt werden. Die chemische Analyse hat gezeigt, dass der Zementstein v |lig abgebaut
ist. Uberraschend ist die Geschwindigkeit dieser Korrosion. In einigen F llen trat bereits 6
Monate nach der Applikation dieses Schadensbild auf.

Bei den Untersuchungen zum Schadensmechanismus wurde ein a's Hydrolyse
zementgebundener Werkstoffe Prozess vorgeschlagen. Dieser Hydrolyse stellt einen
gekoppelten Prozess von Transport und chemische Reaktion, deren Verlauf entscheidend
vom Porengef ge des Werkstoffes abh ngt.

Basierend auf diesen Ergebnissen wurden dauerhaftere Werkstoffe entwickelt, deren
»Performance” in der Praxis durch eine praxisnahe Qualit tskontrolle sichergestellt wurde.
Danach gelten die folgenden Anforderungen: Gesamtschichtdicke > 10 mm, Gesamtporosit t
< 15% , gemessen mit dem Hg-Druckporosimeter bis 2500 bar und die Lage des 1.
Maximums sollte bei Werten < 0.1 mm liegen.

Diese Anforderungen haben sich bereitsin der Schweiz in der Praxis bew hrt. In einem seit 4
Jahren begleiteten Versuchbeh Iter, in dem Beschichtungen der neuen Generation eingesetzt
wurden, ist nach diesem Zeitraum kein signifikanter Abbau der Beschichtung festzustellen.
Bei neu erstellten bzw. instandgesetzten Beh Itern wird diese Qualit tskontrolle in der
Schweiz bereits routinem ssig eingesetzt. Die Dauerhaftigkeit der Beschichtungen konnten
so deutlich erh ht werden.

Zusammenfassend kann festgestellt werden, dass durch die Aufkl rung des Mechanismus
kurzfristig neue, dauerhaftere Werkstoffe entwickelt werden konnten. Die Leistungsf higkeit
dieser Beschichtungen wird auf der Baustelle durch eine rigide Qualit tskontrolle
sichergestéellt, in der die Hg-Druckporosimetrie eine zentrale Rolle spielt.
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Die feuchte Wundbehandlung ist ein elementarer Bestandteil zeitgem Ger Wundversorgung.
Bereitsim 19. Jahrhundert wandte F. Hebrain Wien kontinuierliche Wasserb der bei brand-
verletzten Patienten erfolgreich an. G. D. Winter zeigte 1962 erstmals experimentell am
Schwein, dass es unter einem Okklusivverband innerhalb k rzerer Zeit zu einer vollst ndige-
ren Epithelisierung kommt als bei Luftexposition. Bei der Entwicklung von liposomalen
Hydrogelen mit wundheilenden Eigenschaften kann somit das Verhalten der Wasserabgabe
an die Haut bzw. das Abdampfverhalten von Wasser - bis hin zum Eintrocknen des Gels -
ein qualit tsrelevanter Parameter sein. In diesem Rahmen wurde die Anwendungsbreite der
Wasserdampfsorption auf halbfeste pharmazeutische Zubereitungen erweitert, um das
Abdampfverhalten n her zu untersuchen und quantifizieren zu k nnen.

F r die Untersuchungen wurden drei unterschiedlich hergestellte bzw. gelagerte
wundheilende Gele verwendet.

Dazu wurden Wasserdampf sorptionmessungen an Hydrogelen unterschiedlicher Chargen
durchgef hrt. Die eingewogenen Proben wurden mit 2 unterschiedlichen DV S-Varianten
vermessen:

bei einer konstanten Feuchte von 50% relativer Feuchte (r. F.)

mit einem vorgegebenen definierten Feuchteprofil (zun chst abnehmende Feuchte von 95%
bis 0% r. F. in 5%-Schritten und danach analoger Wiederanstieg auf das Ausgangsniveau).
Eine vergleichbare Oberfl che wurde unter Verwendung einer definierten Tropfengr Ge
(Spritze) erreicht. Jeweils durchgef hrte Doppel bestimmungen zeigen die gute Reprodu-
Zierbarkeit der Messungen.

Zur Charakterisierung des Abdampfverhaltens wurden die Wasserdampfadsorptionsmes-
sungen bez glich des prozentualen Masseverlustes (m in %) und der Dynamik (dm/dt in
%-min™) ausgewertet. Zwei sehr hnlich hergestellte Gele wiesen ein fast identisches
Abdampfverhalten auf, der Masseverlust des dritten Gels war verlangsamt. Insbesondere bei
den Versuchen unter konstanter relativer Feuchte zeigte Gel 3 eine deutlich abweichende
Dynamik des Masseverlustes. Bei definiertem Feuchteprofil traten analoge Unterschiede auf.
Es konnten mit Hilfe der DV S-Methode gel spezifische Unterschiede bez glich des
Abdampfverhaltens des Wassers infolge einer ver nderten Mikrostruktur der untersuchten
Gele nachgewiesen werden. Auf der Grundlage dieser Informationen ist esm glich,
malgeschneiderte Hydrogele mit einem definierten Abdampfverhalten herzustellen und
dadurch die Produkteigenschaften wundheilender Hydrogele zu verbessern.
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Bei der hier eingesetzten inversen Gaschromatographie wird im Gegensatz zur

herk mmlichen anal ytischen Gaschromatographie das unbekannte S ulenmaterial, also die
Festk rperprobe, mit bekannten Gasen bzw. D mpfen untersucht, die in einen Helium-

Tr gergasstrom mit einstellbarer relativer Feuchte injiziert werden. Die V ersuchstemperatur
betrug 30C. Mit dieser Methode wurden erstmals und einzigartig direkt die dispersiven
Oberfl chenenergien und spezifischen (polaren) freien Wechselwirkungsenergien an
Zementstein im Bereich von 0% bis 85% relative Feuchte gemessen. Insbesondere konnte der
Teil desM nchner Modells verifiziert werden, in dem das enorme Quellen bzw. Schrumpfen
im unteren Feuchtebereich (dort unter 40% rel. F.) durch die Abnahme der Festk rper-
Oberfl chenspannung aufgrund adsorbierter Wassermolek |e beschrieben wird (bekannt als
Bangham-Effekt) [1]. Die Messungen wurden von Herrn Dipl.-Ing. Rinner unter Leitung von
Herrn Prof. Dr. Kohler am IAF FH Reutlingen durchgef hrt, beiden gilt ein besonderer Dank
f rdiegew hrte Unterst tzung. Die Ergebnisse insbesondere f r zwei der polaren

L sungsmittel Chloroform und 1,4 Dioxan zeigt ein leichtes Minimum bei 30% rel. Feuchte.
Dieser Bereich ist u.a. durch Kapillarkondensation in den 2nm CSH-Gelporen
(Calciumsilicathydrat) charakterisiert, wie Stickstoff- und Wasserdampf sorptions-messungen
belegen [2]. Aus SANS-Messungen (Small Angle Neutron Scattering) bei unterschiedlichen
Feuchten an Zementstein (NIST, USA) sind die spezifischen Oberfl chen in Abh ngigkeit
der Feuchte bestimmt worden. Mit diesen Werten wird versucht eine Relation zwischen
dispersiver freier Oberfl chenenergie und spezifischer polarer Wechselwirkungsenergie
herzustellen.
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Die Eigenarten des Wassermolek |serm glichen die quantitative Messung des
Wassergehalts von Materialien mit vielen unterschiedlichen Methoden in Abh ngigkeit von
den Umgebungszust nden, den Messbedingungen und der Probenvorbehandlung. F r
Routinepr fungen finden praktisch nur wenige Verfahren Anwendung:

f r Feststoffe: Gravimetrie und Volumetrie,
f r FH ssigkeiten: Karl-Fischer-Titration,
f r Gase: Hygrometrie und Psychrometrie.

In der Materialforschung werden aulerdem Infrarotspektroskopie,
Kernresonanzspektroskopie, Dielektrizit tsmessungen und kal orimetrische Untersuchungen
durchgef hrt. Daneben gibt es Testmethoden zum qualitativen Wassernachweis mittels
Feuchtigkeitsindikatoren, wie z.B. die R tung von blauem Kobalt(l1)-chlorid oder die
Bildung von gelbem Bleijodid aus Kaliumbleijodid.

Die Kenntnis und die Beeinflussung des Wassergehalts bzw. der Feuchte von Materialien
sind im Korrosionsschutz, in der K Ite- und Klimatechnik, f r die chemische Reinheit von
Chemikalien, f r die Funktionst chtigkeit von Organismen, f r die Beschaffenheit von
Bauwerken und f r die technologischen Eigenschaften vieler Stoffe (Textilien, Papier,
Pharmazeutika) u.a. sehr wertvoll. Entsprechend der Allgegenwart des Wassers und wegen
seiner grolen technischen Bedeutung existieren f r viele Fachgebiete material spezifische
genormte Messverfahren zur Bestimmung der Feuchte, des Wassergehalts bzw. der
Wasseraufnahme von Stoffen. Im Arbeitsausschuss ,, Partikel messtechnik: Oberfl chen-
messverfahren* des Normenausschusses Bauwesen werden derzeit allgemeine Normen zur
Messung der Materialfeuchte sowie der Wasserdampfadsorption und tdesorption
ausgearbeitet.

Wir geben einen kurzen Uberblick ber quantitative Messmethoden und den Stand der
Normung.
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Some natural fibres like flax, hemp and others show excellent mechanical properties which
make them a promising choice for the reinforcement of polymers and other technical uses.
The high water regain of the fibres is a decisive factor. In humid air the hydrophilic cellulose
structure is able to absorb more than 20 % of water into the amorphous regions of the fibres,
depending on fibre type, preparation and environmental humidity. The interaction of
differently prepared fibres with water vapour and the effect of surface treatment is
investigated by dynamic vapour sorption, using a DV S-1000 instrument from Surface

M easurements Systems, London.

The equilibrium isotherms and al so the sorption kinetics of each individual step are obtained
by recording the time dependent mass change corresponding to the step-by-step change of
relative humidity. ) LIXUH .

Cellulose and other hydrophilic natural materials generally show sorption isotherms of type 11

Water Vapor Sorption / Desorption Comparison of Isotherms
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Figure 1 Figure 2

and the desorption evidences a characteristic hysteresis over the whole range of relative
humidity as shownin) LJXUH .
In contrast to several kinetic models suggested in literature, e.g. the Model of Young and
Nelson [1], which do not correctly describe the experimental isotherms, it has been found that
the sorption and desorption kinetics can be excellently modeled by assuming two parallel,
independent first order processes, defined here asthe 3D [ SRHMDO LCHIWY PREHD
3(. PR3D Thismodel offers asuperior fit of the experimental isotherms, but even more
important, it reveals two distinct mechanisms for the exchange of water vapour, related to
different sorption sites. These specific mechanisms are represented by individual sorption-
desorption isotherms as components of the total isotherms. Thus the PEK-model provides
extended information on the fibre structure and a clearer distinction of different fibre types
and modifications.

The model equation for the mass gain is and for the mass loss in desorption
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The model equations are fitted

v = Mass at equilibrium and ¢ = characteristic time to reach

H)=0,8- 19, 0632100 ,
€ He

to the experimental mass
change of each sorption step
by nonlinear regression.

12=0.999548 DF Adjr 2=0.99952 FitStdErr = 0.000963277  Fstat = 48622.4

Sorption Step 20% - 30% R.H.
Scutched Flax
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M1y, =0.0984646

to=7.83667
t1 = 28.0481

) LIXUH  shows an example of Zm
the excellent fit of the model o001 ||
curve with the experimental
values together with the
residuals and the fit statistics.
Different from other kinetic
models (e.g. [2]), the PEK-
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consistently applicable for 008
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also for all tested fibre types.

Figure 3
The results strongly suggest a

relation to the differing types of amorphous regions in the fibres and/or to the different states

of "bound" or "fr

ee" water, discussed for hydrophilic materials [3] + [6]. Because more data

and additional experiments (e.g. DSC) are necessary to establish such a connection, we avoid
any bias by defining the two kinetic processes as \BZ and |DJ\corresponding to V&Z and

IDWorption sites.

) LIXH shows the MBZ and IDW\¢omponent isotherms for sorption ( $) and desorption (
99 together with the measured and calculated total isotherms. The experimental values are

almost perfectly fitted.
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Figure4 B

There is some ambiguity regarding the desorption. In) LJXUH %the desorption component
isotherms are plotted by subtracting the step-by-step mass loss starting from the total
maximum. It seems also logical to subtract each component from the maximum of the
corresponding sorption branch, or to set the start point 0 at 0% R.H.
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A closer evaluation of the alternatives reveals a change in the state of water at higher
humidities.

The powerful thermodynamic sorption model of Adolphs and Setzer [7] - [9], allows for the
description of sorption isotherms by afew significant numbers:

The ([ FHW6XUDRH: RN

the comparison of our
isotherms and especially the

. Sorbate Mass at ESW Minimum
(6 the PRRD\HJ (ESW-linear-method)
FRYHDJHor (better for our
fibres) the \RIBHSPDWR 40 o ]
KL NWMD:\NQO DWV EXXX3 Sum slow + fast
. % E== Measured Isotherm
(6: 0 LQaan the RQHV o 30 %
SRMADO This model turns > 3
out to be ideally suited for E
T
= RS

i
RS
SRIRK
QRIREIEKKL

AEREERRERRERRRRRRARRIRRARNNRNNRNNRNNMANY

calculated component 3% -
isotherms. i 55 %

) LIXUH  shows the sorbed o L K ‘

mass My, at ESW-Min for Scutched STEX Silane 1.5%  Silane 3%

the component isotherms of ) 13

sorption and the total

isotherms of differently modified fibres. As expected the My, values of the components add
up to the My, value of the total isotherms. The components reveal essential differences of the
fibre structure, especially obvious in the case of the silane treated fibres, where the total My,
is similar and the measured isotherms are practically congruent.

Actually the new PEK-model offers many more interesting aspects which are still under
investigation. It provides a better understanding of the sample structures and can be
successfully used for an improved characterization of different materials.
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* HOHWDODSSTEDWRQRI - | QMIV P HKRG
| RUWH | DIFDBEXOMRQ Rl VRIBWRQ HT XIIEUXP

-RDQQV/$ 3RXQV &DUHDF 0 DWHD (URK5REHYY * XAXQ5HFKHDXHJ

) DFXOVR $SSTHE3K\ PV 7THKQWAKHS QHIMMW IQBRHD 3 2 o 1/ 0%

( LQBRYHD 7KH 1 HNH.DQB/ KDQGHERXO# KREDIORP  FK PDWHY WHQD

, QUDANe US$ QRLIDQVAKHEKHP LHXQGS DOMYAKHE& KHP LHGHU- RKDQQHV* X\MEHD 8 QYHIMAWY
* XHEHIZH ' 0D * HPDQ HIFK UREHQ# WRQICHGH

3K\ MNDDAKHY, QAN XOXVO O P LADQV8 QYHIME « YEXU &XUHOADGEHW %/DYDUDQ
&HOMUR $SSTHG( GHI\ 5HADUK $P + XEDQG - «UBU * HPDQ JXAXQ ]CHXQ
ZXH]EXU CH

On the basis of a molecular model for adsorption kinetics J ntti introduced a method to
calculate equilibria shortly after a change of the pressure of the sorptive gas. In the present
paper we show that this method is useful in many more situations than those intended
originally
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4 XDQWLFDARQRI $P RUSKRXV / DFVRVHE\ ' \ QDP LF 9 DSRXU
6 RUBWRQ DQG , VRWHLP DOD LFURFDRUP HW

3 0 DUOHND 1 5DHIDAN DG+ 6\MNHD
' HEDUW HQAR' 3 KDUP DRHXAWFYDQG YARSKDP DFHANRY & KUMINDQS$ GHKVE QYHMW. LHD
* XMBUW . KD

INTRODUCTION The dynamic vapour sorption experiments were
performed using aDV'S 1 (Surface M easurement
7 KHDWAXP HOAR BZ GYHYR DP RUBKRXV Systems, United Kingdom). It is equipped with a

ARQMNQ @RRHLYDQ LP SRUARQABDUNQ WH Cahn-Microba ance-Module which can detect mass
SURGKRNGHYHBSP HQAR  SKDUP CRHXWHDY 6HYH DOchanges as low as 0.1ug. Sample and reference are
SUCHSGVKDYHEHH\R I DUGARUEHG LQWH exposed to conditions in which a defined relative
QMDMH + RZ HyHU WHHP HMRGY \XRK DV humidity could be adjusted - the whole system is
3; 5" ,\RKHP DD IRRDRIP HM DG stored in atemperature controlled chamber. The
"\@PIF9CBRXUGRBWRY ' 96 DHIQPRW  instrument records mass change as afunction of
O DEDEWG \VR\SHAL LF SLIREGP V time (figure 1).

7KHDP R WHWXG Z DY\R GHYHERS DQG HYDODM

DVP S®IP HMRGVR TXDOAM\ GZ GYHY R /" E
DOP RIBKRXVARQMONQ @RRH 7 KHHR SK\ MFDO Miciobalahce

Pl VUH/R DP REKRXVORRH SUHSDLHG B\ Module

\SWD QU 1QJ DQDIXHRXVMROWRQR D3KD

OPRHLQDY% FKLO LQAL6SWD. ' UHJ ZDVP I HB
Z W R WEECHDSKD @RRHP RQRA\ GLDMLO
QLIHHIADARY 7 KRHP L WUHZ HHLQYHIA DMG

QD' \ CP IF9 DSRXU6 R BWRQ$ QDO HIDQG
UHR WERADVHG XQGHU CGH LOHG FRQAWRQVIQD
P IHIRFDBUP HMU Sample Reference

MATERIALSAND METHODS

Materials Va pouh; G;‘erlleratnr

Lactose types: N oduie )

Lactohal€® LH 200 (BDI, Borculo, The ~| "|"*

Netherlands), Pharmatose® 325M (DMV, Veghel,

The Netherlands), amorphous Lactose (prepared by Flow Control

spray drying an agueos solution of Pharmatose® Module

325M in aMiniSpray Dryer 190, B chi, g

Switzerland). Temperature Contralled
Chamber

Methods e .

The microca orimetric experiments were performed

using the Thermal Activity Monitor TAM 2277 Fig. 1: Dynamic Vapour Sorption Measurement
(Thermometric, Sweden). It is equipped with awater

bath (heat sink), which provides stable temperation Mixtures of different lactose types

and detects heat changes as small as10°°C. The  Physical powder mixtures of two different grades of
experiments with a sample amount of approximately lactose were prepared. All lactoses and powder
150mg were carried out in static crimp-sealed glass  mixtures were laboratory batches. The crystalline
ampoules. The ampoul es contained micro lactose quality was Lactohale LH200. For
hygrostates with saturated salt solutions to produce arecrystallisation purpose the lactose was conditioned
well defined relative humidity of 58%RH (NaBr) at at 94%RH for 48 h, and in the end dried with

25°C. The equilibration time was 15 minutes. The  Nitrogen for 2 h. The amorphous lactose was
instrument records power (LW) as afunction of produced by spray drying a Pharmatose 325

time. solution (10%) in aMini Spray Dryer 190 (B chi,
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Switzerland). Inthefirst series Lactohale LH 200 The amorphous content correlated with the increase
and amorphous lactose were mixed in ratiosfrom  of mass (figure 4).

about 0.5% amorphous content to about 75%. In the

second series Lactohde LH 200 and amorphous

lactose were mixed in ratios from about 0,5% to

about 10%. The mixing was performed in a Turbula

mixer for 30 minutes.

RESULTS

The evaluation of amorphous content by isothermal

microcal orimetry was done in thefirst series. When

the mixtures of |actose with amorphous parts were

loaded in the sample cell with amicrohygrostate, a o

sharp exothermic peak due to the crystallization was Fig 4: Calibration plot of mass change vs.

observed - as reported in earlier literature (3). The ~ @morphous content for the DV'S

exaothermic heat flow was proportional to the

amorphous content; quantification could bedone ~ DISCUSSION AND CONCLUSIONS

with a high accuracy, the time needed to obtain the  Both, the TAM and the DV'S 1 were able to detect

crystallization peak varied depending to the small amounts of amorphous content in powder

amorphous amount (figure 2). compositions. A linear relationship between
amorphous content in the range from about 0.5 to
10% and the signals obtained by the analytica
methods could be found (figure 4 and 5).

Fig. 2: Signal output plot for the TAM 2277
(amorphous content about 1, 3, 6, 10%)

In the second series the samples were investigated ) o

with the dynamic vapour sorption. The samples were Fig 5: Calibration plot of heat flow vs. amorphous
first dried, then exposed to ahigh relative humidity content for theisothermal microcal orimetry

(90%) and then dried again for adefined time. A )

clear crystallization pesk was obtained. Themass ~ The dataobtained by the DV'S seemed to be more
change at the end of the first and the second drying  "€liable, as no manual integration has to be applied.

(figure 3). more reproducible. In addition, the time used for a

powder analysisis shorter for the DV S-technique,
making this more convenient for routine application.

REFERENCES

1 Buckton, G., Adv. Drug Ddl. Rev. 1997, 26, 17-
27.
2 Mackin, L. et al., Int. J. Pharm. 2002, 231, 227-
236

3 Kawakami, K. Et al., J. Pharm. Sci. 2002, 91, 417-
Fig 3: Mass change plot for the DVS 42

Abstracts Seite 33



X1. Workshop tiber die Charakterisierung von feinteiligen und por sen Festk rpern

" IWVRUGHHG VAKFWUAV 1O P LEBIG GUXKJ V DQG 7 KHUGHWIPWRQ
E\ G QDP LF YDSRUVRISWRQ P HDVXUHP HQW' 96

1 SDHIDAN 3 0 DINMHNDDQG%: O » @BU
' FEDUFHQV R 3KDWPPDAHXWY DG %ARSKDPDFHAWEY  &KUMIDD  $EUHKW 8 QYHIW . LHD

* XWWMEHIVW ' . HD
Introduction

Jet-milling is the common way for micronization of
drugs. However, this technique isineffective and
shows disadvantages such as electrostatic effects,
broad particle size distributions and the creation of
thermodynamically instable areas due to the high
energy input (Fig. 1) [1]. Disruptionsin the crystal
lattice can cause physical or chemical instability.
Disordered regions in the resulting product are
thermodynamically instable. They can be detected
and analyzed by dynamic vapor sorption analysis
(DVS) [2]. Amorphous or disordered material will
crystallize, especially when water from the
atmosphere is adsorbed. Because of areduction of
the glass transition temperature, the energy
threshold to recrystallization is decreased [3]. As
crystalline substances show a reduced water
sorption, a crystallization process can be observed
by DV S as amass loss will occur.

U " DREAHS\WUDAHRE PLAX)

Amorphous regionsin milled drugs can affect
substance properties: The conversion of crystalline
solid surfacesinto partially amorphous solid
surfaces leads to a“ dynamic nature” of the
micronized drug [4]. In addition to this, disordered
structures in the material can also influence the
performance in formulations [5]. Surface energy
changes can also influence processing properties
such as the powder flow. Micronized powders with
a higher energetic surface show poorer flow
properties [6]. Thus the characterization of surface
properties (e.g. by DV S or inverse gas chromato-
graphy, IGC) is an important aspect. Due to the
disadvantages of milling processes, techniques
which produce the drug directly in small particle
size should be favored. Small drug particles can be
produced by arapid crystallization process in the
presence of stabilizing agents[7]. Using thisin-
situ-micronization technique, all particle surfaces
are naturally grown resulting in improved drug
substance properties 8, 9].

Materials and Methods

Fluticason-17-propionate (FP) was used as model
substance in order to characterize amilled and an
in-situ-micronized drug. Milling was carried out in
ajet-mill (3 cyclesat 8 bars). In-situ-micronization
(INSIM) was carried out according to the flow chart
inFig. 2[7]. As stabilizing agent HPMC
(Metolose 60 SH4000 Shin Etsu) was used. The
drug content in the resulting product was 91 %.
Physical properties were characterized by Powder-
X-Ray-Diffractometry (Stoe & Cie) and by DVS
(DVSL, Surface Measurement Systems, UK). After
drying at 0 % RH, the relative humidity was
increased up to 90 % at 25 C.

YU ) GZ DU WH,16,0 SIRFHW
Results and discussion

During the milling process, chancesin drug
substance properties occur. Amorphous areas are
created due to the high energy input. Differencesin
the PXRD-patterns of the non-milled and the milled
drug can be observed as the milled drug shows a
widening of the peaks resulting in a decreased
resolution (Fig. 3).

)L 3;5 R PLOBGOGERWPIARYHS) 3
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The thermodynamically activated surface can be
detected by Dynamic Vapor Sorption. After drying
the drug, it is exposed to an increased humidity in
two steps (50 and 90 % RH). Finally two
adsorption-desorption-cycles are carried out. It can
be observed (Fig. 4) that water vapor-affinity is
higher in the first 90 % RH step. The two following
cycles are nearly identical and show a decreasein
mass at e.g. 90 % RH compared to the first
exposure to 90 % RH. The partially disordered
surface recrystallized during the first exposure to
high humidity. The resulting surface exhibits higher
crystallinity which becomes obvious by the reduced
affinity to water vapor. As FP is an extremely
hydrophobic substance, water vapor sorption islow.
Thus no complete crystallization occurs in the first
steps resulting in small differences between the two
complete cycles. In contrast to the milled drug
substance, the INSIM-product shows two identical
sorption profiles (Fig. 5). Thus, by preparing small
particles without a milling process but only by
association of molecules, a natural grown surfaceis
created. Due to adsorbed hydrophilic stabilizer
water affinity isincreased, of course. Thisresultsin
a better wettability and thusin an increased
dissolution rate [8].

Fig. 4: Water-sorption profile of jet-milled-
Fluti casone- 17-propionate

Fig. 5: Water-sorption profile of INSIM-
Fluticasone-17-propionate

Conclusions

Milling processes cause a thermodynamically
activated surface. Due to differencesin the affinity
to water vapor between amorphous and crystalline
substances, the disordered surfaces can be detected
by Dynamic Vapor Sorption Measurement (DV'S).
The disadvantages of milling processes can be
avoided if the drug is directly produced in the
desired particle size by in-situ-micronization.
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7TKH6WG Rl " UKJ &DUIHU,QMDRARQV E\ ,QYHWH* DV
&KURP DRI LDSK\

' DQHAUHWE0 61$ ' DIGYXV®U 60 68. ) IDQN7KIHPDQD 60 6 8.

3XUBRWH The study of drug-carrier interactionsis highly relevant to pharmaceutical
applications. The interaction between active drug and carrier may be too strong, resulting in
an inefficient release of the drug. In the opposite case, weak interaction, the release of the
drug might occur before the targeted areais reached. It isfor thisreason that an accurate
prediction of the magnitude of drug-carrier interaction is of interest.

0 HMRGV Inverse Gas Chromatography (IGC) provides a very sensitive determination of
thermodynamic parameters. Those are measured at infinite dilution where interactions only
occur with the highest energy sites. For this reason, the obtained values show a high
sensitivity towards small changes in surface properties. In this study, free energy (dG) values
for various acid-base probe molecules were used to characterize the surface chemistry and the
specific strengths of interaction of both drug and carrier. From the dG-values an interaction
parameter can be obtained which allows a rating of the carriers according to their specific
interaction with the drug surface.

5 HXAV Different microcrystalline cellulose samples and lactose have been considered. The
investigated drug component was Tacrine hydrochloride. By using different acid-base probe
mol ecul es the surface chemistry was determined independently for the carriers and the drug.
M easurements show that the surface chemistry of the cellulose samplesis dominated by
stronger acidic groups while lactose appears to be weakly acidic. The drug surfaceis
dominated by amine groups on the surface and is therefore very basic. The calculated
interaction parameters for each drug/excipient combination correlate with the strength of the
specific interaction. The higher the dG-values for the dominating surface group the higher the
drug-carrier interaction parameter.

&RFOMRYV (i) Drug-carrier interactions are often dominated by acid-base interactions. (ii)
The strength of this interaction can be predicted by 1GC free energy measurements.
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,QYHVWI DARQ Rl YDWK VR %DWWK 9 DUDMRQV 1Q WH
' WMWVROMRQ 5 DM RI DQ $ PWvH 3 KDUP DFHXWEDO,QJ UHGLHQW
$3, B\ ,QvHWH* DV &KWRP DRJWDSK\ ,* &

' DMIG%\BU 60 68. ' DQHDAUHWGE0 61$ ) UDON7KIHPDQQ 60 6 8.

3XUBRWH Batch-to-batch variations of API‘s pose an important problem in drug
manufacturing. The choice of techniques available for the characterization and identification
of different batchesis limited due to the small physiochemical differences which require a
highly sensitive technique.

0 HMRGV Inverse Gas Chromatography provides a very sensitive tool for the determination of
thermodynamic parameters. These are measured at infinite dilution where interactions only
occur with the highest energy sites. For this reason, the resultant values show an extremely
high sensitivity towards small changes in surface properties. In this study, with three batches
of the same API under investigation, all show differences in the dissolution behavior. For
characterization, the dispersive surface energies (g) and specific free energies (dG) have been
determined with different polar and non-polar probe molecules.

5 HXQV Although no differences in the g-values were found between the different batches (A,
B, C), dG's showed significant changes depending on the batch investigated. Differences
occurred in the free energy of dichloromethane, ethyl acetate and ethanol. The dG-values
obtained were correlated with the dissolution behavior of the samples. A linear relation was
found between the strength of specific interaction (dG- values) and the dissolution rate (“ A"
has the lowest dissolution rate, “C* the highest). The free energy values for sample “A*
suggest the highest concentration of surface groups are available for an interaction with the
agueous dissolution medium. Therefore, an energy level can be defined which corresponds to
an optimum dissolution rate. For dioxane this energy range is around 15.0 kJ/Moal. The
difference in the surface group concentration can be assigned to slightly different processing
conditions.

&RFOMRYV (i) dG-values, measured by 1GC, can be correlated with the dissolution rates of
drugs. (ii) A linear relationship was found between dissolution rate and free energy. (iii) Free
energy measurements allow a prediction of the dissolution rate.
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' HWMLP LQLQJ VP D@DP RUSKRXV FRQWQW RI SKDUP DFHXWEDO
SRZ GHWY/ XVIQJ WH VRUISWRQ SUIRSHIAHV RI RU DQLE YDSRW/
E\ ' \ QDP LF 9DSRUG RUBMRQ ' 96

" DMIG%WBU 60 68. ' DQHOAUHWGE0 6 1% ) UDON7KIHPDQQ 60 6 8.

3XUBRWH Amorphous materials in pharmaceutical formulations yield complex and
challenging problems concerning the performance, processing, and storage of these products.
The presence of amorphous materials can be wanted or unwanted, depending on the desired
or undesired unique properties of the amorphous phase. For these reasons, determining the
amount of amorphous material is critical in the formulation of pharmaceutical powders.

0 HMRGV DVSis awell-established method for the determination of vapor sorption
isotherms. It is based on a highly sensitive gravimetric system, which measures the
adsorption and desorption of extremely small amounts of probe molecule. In the current
studies octane vapor uptakes were collected on a-lactose monohydrate samples with various
amounts of amorphous material. Amorphous lactose will uptake significantly more octane
than crystalline lactose. The relative uptakes can be used to calculate the amorphous content.
Thismethod is an extension of the well-known approach by Zografi et a (Intern. J. Pharm.
101 (1994), 237) but avoids the problem of using water.

5 HXAV Octane sorption isotherms were collected for the lactose sample with different
amorphous contents. The amorphous material exhibits a significantly higher octane
adsorption capacity, compared to the crystalline phase. For a 100% amorphous sample, the
octane uptake at 0.90 p/p, was 0.2177% (based on dry mass) compared to only 0.01840% for
the 100% crystalline material. This over 1000% difference in uptake allows the determination
of very small amorphous contents. For a physical mixture of 1% amorphous material an
octane uptake at 0.90 p/p, of 0.0204% was measured, corresponding with the 1% loading.

& RFOMRYV (i) The octane uptake for amorphous and crystalline phases of an a-lactose
monohydrate sample was characterized using DVS. (ii) The differences in octane uptake
between the amorphous and crystalline materials allow the determination of amorphous
contents in partially amorphous powders.
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$Q LOYHV\WI DARQ Rl WH DGVRUSWRQ P HFKDQVP Rl SURFHW
VROYHQW RQ SKDUP DFHXWEDOH FLSLHQW E\ ' \ QDP LF 9 DSRU
6RLSMRQ ' 96

) IDIN7KIHPDQR 60 68. ' DMGoMBUGO 68. ' DQHAUCHWG0 6 1$

3XWBRWH The interaction of organic solvents and water with pharmaceutical powdersis
highly important for the understanding of solvent-based processes, e.g. wet-granulation,
crystallization etc. For this reason information about the adsorption mechanism of these
solvents on powder surfacesisrequired. A fast and easy way of investigating the mechanism
is the determination of sorption isotherms. 0 HKRGV DV Sis a well-established method for
the determination of vapor sorption isotherms. It is based on a very accurate gravimetric
system, which measures the adsorption and desorption of extremely small amounts of probe
molecule. Sorption experiments can be undertaken with water and organic vapors. In the
current studies water (as a very polar solvent) and a homologous series of alcohols (with
gradually changing pol DUMW KD/HBEHHQXVHG & WX Ha-L actose-monohydrate has been
selected as model material. 5 HX@V Sorption isotherms are shown in the Figure below.
Water shows atype |11 adsorption isotherm. This suggests that water forms clusters on the
lactose surface rather than a monolayer since the intermolecular interaction is comparatively
strong. The alcohols show atypical type I1/111 mix mechanism, which becomes increasingly
type Il character with increasing carbon chain length. This means there is a shift from cluster
to monolayer formation. Such effect generally depends on the nature and strength of surface
groups on a solid. For thisreason it is possible to predict the adsorption behavior of
pharmaceutical solidsin processesinvolving solvents. & RIFOMRYV (i) DVS provides an
understanding of sorption mechanisms and allows a prediction of sorption behavior of organic
YOERY DG Z DMJRQ SKDUWP CHHXWADOSRZ GHY L DMJIRP VFOMMURQ \WH o-L actose-
monohydrate surface. (iii) Alcohols adsorb in a mixed mechanism, which has an increasing
monolayer contribution depending on the carbon chain length.
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5 HFHOWS GYDQFHV 1Q ,QYHWH * DV &KURP DWRJ LDSK\

" oX\VBU
SMS London UK

Inverse Gas Chromatography has been used for many years as a powerful and sensitive
method for the study of the surface science of organic materials such as polymers,
pharmaceutical materials and foodstuffs. On these materials where physisorption tends to
dominate the interaction experiments can usually be carried out close to room temperature. In
the last few years SMS has developed an automated iGC to make the study of these organic
materials fast and reliable.

Inorganic or porous materials pose more significant challenges as they often interact much
more strongly with adsorbents, involving chemisorption, condensation or reaction. In such
cases studies must be carried out at higher temperatures or using alternative methods to the
traditional “pulse’ injection. SMS has recently focused development of both the equipment
and applications of the iGC to inorganic materials. Results will be presented in on overview
of the measurement of the surface properties of inorganic materials using a variety of
approaches such as the use of elevated temperatures, temperature ramps (TPD) and frontal
methods combined with iGC to extend the technique to a new class of materials and
conditions.
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There are many ways to determine the adsorption isotherms and the diffusion of adsorptives
in zeolites. Some methods use a carrier gas like, Zero length columns, gas-chromatography,
inverse gas-chromatography and sometimes gravimetry. The carrier gasis nhormally helium
and sometimes argon. Diluting with a carrier gas has benefits. By diluting it is more easy to
measure at very low partial pressures. Also the thermal effect of the heat of adsorption can
probably be diminished, especially when helium is used. Therefore we studied whether these
so-called inert gasses have any influence on the results.

We show that helium and argon have a influence on the adsorption equilibrium of normal and
iso-butane in three zeolysts (FER, MFI and BEA). Also ainfluence on the rate of adsorption
is shown. Thisinfluence is dependent on the zeolite, on the adsorptive and on the carrier gas.
Thisresult indicate that it is very important to measure adsorption as much as possible under
the same circumstances as the results will be used for.

An example on the BEA is given below.
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With todays SAXS technology, the simultaneous real-time measurement of small- and wide-
angl e scattering/diffraction can be performed LQMYY, during thermal or chemical treatment,
using standard laboratory X-ray sources. With many types of polymeric, cellulosic or ceramic
materials, time-scales as short as minutes or even seconds can be reached. Problems of aging
or annealing after production can be investigated over all relevant time-scales. Thisis useful
towards optimization in R& D of nanoporous products, e.g. for controlled-release
formulations. as the nanostructural characteristics relate to properties such as bioavailability,
mechanical, thermal or chemical stability.

The specific inner surface, i.e. the interfacial area per unit volume, between nano-disperse
phasesin solid materials is one of the most unconditional parameters to be derived from
small-angle X-ray scattering (SAXYS). Its determination requires no additional knowledge on,
e.g., absolute intensity or irradiated mass. Limitations exist only in the interpretation of this
parameter insofar as the nature of the interfaces needs specification in terms of a physical
model, e.g. a crystalline/amorphous two-phase system, or a system of nanovoids. Even three-
phase systems can be treated if the respective weight fractions are known.

The simultaneous measurement of small- and wide-angle diffraction/scattering (SWAX) is
particularly useful in micro-heterogeneous systems where e.g. the active ingredient is
crystalline while the outer matrix is amorphous polymeric. There, the non-invasive LQV\X
observation of differential dissolution processesin different mediais possible.

In thistalk, the theoretical and practical aspects of SAX/SWAX will be presented together
with selected examples from different systems.

Address: Schmiedlstralie 6, A-8042 Graz, Austria.

Tel: +43316 4120 300; Fax: +43 316 4120 390;

e-mail: peter.laggner@oeaw.ac.at
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The technique of helium displacement is a widely used method for measuring the real density
of solids and powders. Helium is avery small atom that can permeate even extremely narrow
poresin asolid, thus permitting the determination of its real volume. The ratio of the dried
mass and its volume gives as aresult the real density of the material under test. The high
thermal conductivity of helium and its quasi ideal gas behavior at about room temperature,
make this technique reliable and fast to determine the volume of solids, despite that other
gases might also be used for this purpose. A well dried sample isweighed and placed ina
calibrated measurement chamber of known volume. Helium isfirst loaded at a known
pressure in a calibrated reference chamber and then expanded into the sample chamber. Once
the pressure is stabilized, experimental data are collected and the material volumeis
determined. Density is afundamental parameter for the definition of solids properties.

Real density is calculated by referring the mass of adried material to its real volume:
r=m/Vv
The density of a given material is therefore depending on:

60P SBI6VXV liquid, solid or gaseous

60P SBI(DMH among solids, density is characterizing the material itself (i.e. purity).

7THP SHDMH density of solidsis strongly dependant on temperature. For most materials the
higher the temperature the lower the density. Usually, for most of materials, density is defined
at 20 C. Another way to define density is the specific gravity, that is the sample density
referred to the water density calculated at 4 C.

3RRMW the presence of poresin a given solid, permits to define its volume mainly in two
ways: the external or envelope or bulk volume and the pore volume. When considering the
sample mass referred to its external volume the density is named Bulk (or Envelope) density.
Knowing the pore volume and by correcting the external volume with the pore volume, we
obtain the real density.

SWIHHFHR PRVYHRURKHIYDSRY DORBHGIQWHVDP SBi the sample has to be dried
before any density measurement

A number of analytical instruments are available on the market to measure the real density of
solids by helium displacement, the common name of these type of instrument is pycnometer.
Despite the analytical technique seems to be relatively simple, a number of important
parameters have to be taken into account for accurate and reproducible measurements. In the
present communication the analytical conditions influencing density results will be described
in detail.
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Zusammenfassung

Traditionell werden die in den bisherigen Workshops gegebenen Berichte ber relevante
Normen fortgesetzt. Eswird ber Fortschritte in der Normung von Verfahren im Rahmen des
DIN NABau - AA 11.42.08 ,, Partikelmesstechnik; Oberfl chenmessverfahren? sowie des
Spiegelgremiums ISO/TC 24/SC 4/WG3 "Sieves, Sieving and other sizing methods/ sizing
by methods other than sieving / pore size distribution, porosity” vorgetragen. Dazu geh ren
uva:

DIN 66135 + 1 bis 4: Mikroporenanalyse mittels Gasadsorption

DIN 66136 + 1 bis 3: Bestimmung des Dispersionsgrades von Metallen durch Chemisorption

DIN 66137 + 1 bis 3: Bestimmung der Dichte fester Stoffe

DIN 66138 + 1 bis 2: Messung der Sorption von Wasserdampf und anderen D mpfen an
Feststoffen durch W gung

ISO/WD 15901 Pore size distribution and porosity of solid materials; Evaluation by
mercury porosimetry and gas sorption

ISO/WD 15901-1: Mercury porosimetry
ISO/WD 15901-2: Gas sorption
ISO/WD 15901-3: Analysis of micropores by gas adsorption

DIN 1SO 9277: Bestimmung der spezifischen Oberfl che von Feststoffen durch
Gasadsorption nach dem BET-Verfahren

Weitere in Arbeit befindliche Projekte der Normung in den o. g. Gremien werden erw hnt.
Gleichzeitig wird um Vorschl gef r weitere zu erstellende Normen zur Charakterisierung
von oberfl chenreichen und por sen Feststoffen gebeten, die auf Adsorptions- und

Intrusionsverfahren beruhen und die vor allem f r industrielle Anwendungen von besonderer
Bedeutung sind.
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A short review is presented of various gas adsorption models at porous and dispersed surfaces
[1]. In more detail the extended version of the computation model for sorption isotherms and
capillary condensation from Churaev, Starke and Adolphs|[2, 3] isdiscussed. This model
combines the excess surface work ESW-model and disjoining pressure approach and is
applied for various pore size distributions of cylindrical and slitlike mesopores. Theideais
that during adsorption on the porewalls the approaching films will reach a metastable
situation and collapse - capillary condensation proceeds. Evaporation is described with a
modified Kelvin equation. Particularly for cylindrical poresisfound much evidence that the
surface tension is dependent on the pore size. Successfully computations of experimental data
of sorption with nitrogen, argon and water on various nanoporous materials emphasize this
dependency. Besides the entire computation of sorption isotherms with hysteresis (or no
hysteresisin case of very small pores) it is aso possible to determine the monolayer and
specific surface area with the ESW model [4-5].

1. Adolphs, J:” Modeling of Gas Adsorption at Porous and Dispersed Surfaces’, in
6XUDAH DG, QMIDARHEAHIH (ed. Arthur Hubbard , 2002.

2. Churaev, N.V., Starke, G., Adolphs, J., - &RTRG, QMIDAHG6M. 221, 246 (2000).

3 Churaev, N.V., Adolphs, J., &RIRG- + 62: (4), 495 (2000).

4. Adolphs, J., Setzer, M. J., - &RTRG, QMIDH6A., Vol. 180., 70 (1996).

5. Adolphs, J., Setzer, M. J, - &RTIRG, QMIDFH6FL, VVol.184. 443 (1996).
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Por se keramische Bauteile mit verbesserten optischen Eigenschaften werden f r die

Erh hung der Laserleistung von Nd-Y AG-Laser ben tigt. Bisher wurden zur Herstellung
dieser por sen Al,Os-Keramik nur Pulvermaterialien mittlerer Korngr e (0,5-1 m)
eingesetzt. Die damit erreichten optischen Eigenschaften sind jedoch noch unzureichend und
sollen weiter optimiert werden.

Das Ziel dieser Untersuchungen ist es, eine por se Al>Os-Keramik aus nanodispersem Pulver
f r den Lasereinsatz mit verbesserten Reflexionsverhalten herzustellen.

Entwicklungsm glichkeiten zur Herstellung dieser por sen Al>Os-Keramik aus Nanopulver
werden bevorzugt nach dem Gelcasting-Verfahren gesehen. Eswird ein Gef ge des
Werkstoffes erwartet, dass die optischen Eigenschaften wesentlich verbessern kann. Zum
Vergleich wurde eine por se Probe untersucht, die aus Pulvern mit Korngr Gen >500 m
hergestellt wurde.

Durch eine spezielle Oberfl chenmodifizierung des Nanopulversist esm glich Schlicker mit
einem Feststoffgehalt von 33-50V 0l.% herzustellen. Nach der Trocknung der Probek rper
werden Gr ndichten von 52-56 % erreicht. Durch Variation der Sintertemperatur von 1250-
1600 C sind por se Sinterwerkstoffe mit einer relativen Sinterdichte im Bereich von 55-80%
und einem Porenradius von 50-100nm herstellbar. In Abb.1 sind das kummulative
Porenvolumen zweier por ser Proben in Abh ngigkeit vom Porenradius graphisch dargestellt.
Beide Proben haben eine relative Sinterdichte von 80%. Der Porenradius unterscheidet sich
um den Faktor ~10. Die REM-Aufnahmen der Gef ge dieser temperaturge tzten por sen
Keramiken sind in Abb.2 aufgef hrt. Die Kristallitgr Ge der Al,Os-Nanoprobe b) ist mit

~1 mim Vergleich zur Probe a) mit ~30-50 m wesentlich geringer.

Der Reflexionsgrad der por sen Keramik konnte im Wellenl ngenbereich zwischen 0,3-2 m
(VISNIR) durch den Einsatz von Nanopulver von 0,9 auf 0,95 verbessert werden
(vgl.Abb.3).
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Porenradius in nm
a) Vergleichsprobe b) Al,Os-Nanoprobe

Abb.1 Kummulatives Porenvolumen Abb. 2 REM-Aufnahmen der Gef ge von
por ser Al,Os-Keramiken als Funktion por sen Al,Os-Keramiken (a,b)

des Porenradius
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Vergleichsprobe (Vga) als Funktion der
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Das Gelcasting-Verfahren erm glicht die Herstellung por ser keramischer Bauteile (vgl.
Abb.4) aus Al,Os-Nanopulver mit malgeschneiderten Eigenschaften f r optische
Anwendungen.

Danksagung: F r die Mitarbeit bei der Durchf hrung und Auswertung der Untersuchungen
werden Frau Krull, Frau Dr.R hl-Kuhn und Frau Strauss (BAM Berlin) gedankt.
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Organisch-anorganische  Nanoverbunde k nnen aus Polyethylenglykol mit einer
zahlenmittleren Molmasse von 600 g/mol, das kolloidale Kiesels ure enth It, und
Diphenylmethandiisocyanat in kompakter und gesch umter Form synthetisiert werden. Die
Materialien haben im Vergleich zu analog hergestellten kiesels urefreien Polymeren deutlich
andere Eigenschaften. Beispielsweise wirkt sich die Einlagerung der anorganischen Partikel
auf Flammfestigkeit, mechanische Stabilit t, Porosit t und Schallwellendissipation aus. Eine
Erkl rung f r die Eigenschafts nderungen kann ber die Entwicklung der Porenstruktur
gefunden werden. Sie wurde an gesch umten Material in  Abh ngigkeit vom
Kiesels uregehalt systematisch untersucht.

Mit wachsendem Kiesels uregehalt nimmt die Porosit t der Nanoverbunde zu, wobei
auff Ilig ist, dass sie im Bereich von 8-15 M.-% (SIOy)x verz gert ansteigt. Dieser Effekt
deutet auf eine Teilhabe der Kiesels urepartikel an der Entstehung des polymeren Netzwerkes
der Verbunde hin. Eine Best tigung dieser Vermutung liefern Ergebnisse von
Quecksilberporosimetrie, EDX-Analyse und Rasterel ektronenmikroskopie (REM).

Das kiesels urefreie Material weist eine bidisperse Porenvolumenerteilung mit einem breiten
Maximum f r Porenradien zwischen 35 und 62 m und einem zweiten Maximum bei etwa
2 mauf. Mit zunehmendem Kiesels uregehalt im Polymer wird der 2 m-Peak kleiner. F r
Zugabemengen ab 15 M.-% wird er nicht mehr detektiert. Aus den REM-Aufnahmen ist
herzuleiten, dass sich in den Nanoverbunden eine kiesels urehaltige Schicht auf den
urspr nglichen Polymerlamellen gebildet hat. Dadurch wird m glicherweise die Ausbildung
kleiner Poren zur ckgedr ngt. Bel h heren Kiesels uregehaten lagern sich (SiO)x-
Agglomerate in Stege und Knoten der Polymerstruktur ein. Der Eintrag von kolloidaler
Kiesels uref hrt vermutlich zu einer nderung der Struktur des Polymers, die auf der aktiven
Teilnahme der Kiesels urepartikel an der Netzwerkbildung beruhen sollte.
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Ungeordnete por se Festk rper (Silicagel, Al,O; etc.) werden in breitem Umfang als Kata
lysatortr ger eingesetzt. Die Topologie und Morphologie der verwendeten Tr ger beein-
flussen dabei den Transport von Edukten und Produkten in den Poren und damit die Aktivit t
und Selektivit t der entsprechenden Katalysatoren. Aus diesem Grunde ist einem glichst
genaue Kenntnis der Textur- und Stofftransporteigenschaften der zur Verf gung stehenden
por sen Materialien sowie der resultierenden Tr gerkatalysatoren notwendig. Die Ermittlung
dieser Parameter ist mit einer Reihe von Schwierigkeiten verbunden. Neben den Grenzen der
Routinemethoden zur Texturcharakterisierung der zumeist komplexen Hohlraumstrukturen
fehlen relevante Texturgr Gen aus denen auf die Transporteigenschaften geschlossen werden
kann. Geeignete Modellsysteme, d.h. Tr ger mit gezielt einstellbarer Hohlraumstruktur,
geeigneter geometrischer Form und einheitlicher Oberfl chenchemie bzw. tmorphologie, sind
bisher nicht verf gbar.

Durch neue Erkenntnisse ber die Strukturbildungsprozesse in Alkaliborosilikatgl sern und
Fortschritte bei der Optimierung von Verfahren zur Herstellung spezieller Formk rper ist es
m glich, por se Gl ser herzustellen, die sich dem erforderlichen Modellcharakter n hern. Die
Textur kann im Porengr Oenbereich zwischen 1 und 100 nm kontrolliert eingestellt werden.
Vergleichbare Texturen k nnen in Form von Pulver, Granulat, Kugeln sowie als ultrad nne
flache Membranen realisiert werden. Die Katalysatortr ger verf gen ber einheitliche Poren-
topologie, Oberfl chenchemie sowie £morphologie.

Nickel- und Platintr gerkatalysatoren auf der Basis der por sen Gl ser werden durch

Tr nkung bzw. Incipient Wetness-Technik hergestellt. Zur detaillierten Charakterisierung der
por sen Glasformk rper sowie der resultierenden Tr gerkatalysatoren werden
gleichgewichtsbasierende (Molek Isonden, N-Adsorption, Hg-Intrusion, Chemisorption) mit
dynamischen Methoden (Stoffaustausch, Permeabilit t, TPR), der R ntgenklein- und
weitwinkelstreuung sowie der Elektronenmikroskopie kombiniert.
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The industrial application of activated carbon (AC) is quite widespread. AC can be used as
substrate for biochemical and/or pharmaceutical molecules designed for controlled or retarded
release in medical applications.

For proper introduction and storage of the pharmaceutical moleculesin the AC it proved to be
advantageous to impregnate the carbon with properly chosen 2anchor molecules®. These
normally are dissolved in a supercritical solvent, often CO2, and then adsorbed by the carbon.
The aim of this study is to compare structure characteristics determined by gas adsorption and
mercury porosimetry prior and after impregnation and find optimal conditions for
impregnation processes.

It isof interest to know how the specific surface area and pore spectrum of the carbon are
changed by the impregnating anchor molecules. We present results in the investigation of the
pore structure and the adsorption behavior of activated carbon SC-44 impregnated with
different anchor molecules under different pyrolysis conditions.

Standard methods were used for the determination of surface area and pore size distribution
for different the SC-44. These methods are complementary and cover awide range of
structural information. The results presented in this work confirm that the pore structures
decrease by impregnation. Under studied conditions no significant difference in the pore size
distribution between activtated carbon and impregnated activated carbon was observed. The
amount adsorbed of nitrogen at 298K for impregnated activated carbon increases with rising
pyrolysis temperature. This effect is consistent with the tendency found by determining the
specific surface area (BET) and types of pore volume from both the measurements of Hg-
Porosimetry at 298 K and adsorption of carbon dioxide at 273 K.

The adsorption isotherms on activated carbon SC-44 impregnated with different impregnants
show that the specific surface area and pore volume decrease after impregnation in all cases.
To understand the differences of N2 adsorption behavior at 77k and 298K between SC-44
impregnated with benzoic acid and SC-44 impregnated with ferrocene further inverstigations
are necessary.
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Mesopor se Materialien (Porendurchmesser von 2 bis 50 nm) finden eine breite Anwendung
in der heterogenen Katalyse, als Adsorptionsmedien und in der Filtrations-technik. Ein breites
Feld nehmen dabei Materialien auf SiO,-Basis ein. Die Struktur der Materialien| Ot sich
durch geeignete Wahl der Parameter (z.B. pH-Wert, Temperatur usw.) und Zus tzen (Tenside
bzw. andere organische Additive) stark modifizieren.
Die Verwendung des Glykolesters der Orthokiesels ure als Si-Precursor hat gegen ber den
blichen Precursoren (TEOS bzw. TMOS) den Vorteil, dal der Precursor durch freie OH-
Gruppen in beliebigen Verh Itnissen mit Wasser mischbar ist. Der bei der Hydrolyse
frelwerdende Ethylenglykol ist ein wasser hnliches L sungsmittel mit hoher
Oberfl chenspannung ist, das die hydrophoben Wechselwirkungen des Tensids (als Templat)
bei der Aggregation nicht negativ beeinflu(t. Die Dauer des Ubergangs vom Sol zum Gel ist
von den Hydrolyse- und Kondensationsreaktionen abh ngig, die ihrerseits von der
Konzentration des Si-Precursors, des pH-Werts, der Temperatur und anderer Parameter (z.B.
Tensidmenge) beeinflult werden. Innerhalb weniger Tage nach dem Festwerden setzen bei
den Gelen Alterungs- und Reifungsprozesse ein. Durch Bindungsbildungen oder Anziehung
zwischen Partikeln zieht sich das Netzwerk zusammen, und dabel wird L sungsmittel aus den
Poren gedr ckt. Diese Schrumpfprozesse f hren dazu, dal sich die Gele von der Wand der
Reaktionsgef Oel sen.
Durch den Zusatz eines kationischen Additivs ist es gelungen, die Schrumpfung des
Gelk rpersim nassen Zustand zu reduzieren bzw. vollst ndig zu unterbinden. Die positive
Aufladung des nassen Gelsf hrt zu abstolienden Kr ften innerhalb des Netzwerks, was einer
m glichen Schrumpfung entgegenwirkt. Im Vergleich zu Proben ohne Zusatz wird die
Gelierdauer in Abh ngigkeit von der Menge des kationischen Additivs wesentlich verl ngert.
Eine hohe Additivkonzentration verhindert vollst ndig das Festwerden. Durch rheologische
Messungen und SANS-Messungen kann der Sol-Gel-Ubergang verfolgt werden. Die durch
berkritische Trocknung mit CO, aus den nassen Silica-Gelen erhaltenen Aerogele (vgl. Abb.
1) sind ridfrel und vollst ndig transparent. Die spezifische Oberfl che der Aerogele kann
durch das Additiv zwischen 700 und 1100 m?/g eingestellt werden, wobei das Maximum der
Porenradienverteilung zwischen 5 und 20 nm liegt.
Die unter Zusatz von kationischem Additiv hergestellten nassen Gele klingen nach
mechanischer Anregung im h rbaren Frequenzbereich, wobei die Frequenz des Klangs von
der Konzentration des Additivs abh ngt. Eine st rkere Aufladung des Netzwerksf hrt zu
mechanisch weniger festen Gelen, da die abstolenden Kr fte die Verbindungskn pfung
zwischen den SiO,-Clustern behindern. Die Frequenz des Klangs kann also s Mal f r die
Festigkeit der Gele dienen. Die Aufnahme von Sonogrammen (vgl. Abb. 2) erm glicht es,
eine Alterung ber einen Zeitraum von mehreren Monaten und dar ber hinaus zu
untersuchen, was bei rheol ogischen Messungen nicht m glich ist. Die Frequenz steigt
zun chst stark an, um dann einen Plateauwert zu erreichen.
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Physical gas adsorption and mercury intrusion porosimetry (MIP) are frequently used in the
characterization of porous materials as HJ catalysts and adsorbents. Although the principles
and operating conditions used in both techniques are quite different, the results obtained from
these techniques are often used in comparative and complementary studies.

The development of model materials as MCM-41 and SBA-15 hasled to many critical studies
and developments of PSD calculation modelsin the field of gas adsorption. To alimited
extent similar developments are found in the field of MIP, mainly focussing on pore network
connectivity [1]. However, one important parameter in the PSD calculations from MIP
measurements is the contact angle theta (g), representing the non-wetting behaviour of
mercury on a solid surface. Generally presumed is g = 1408€ but the real gfor various
materialsis often different and a deviation of 20 will aready result in a systematic error in
the calculated pore size of 35%.

In this contribution we will discuss two different methods for the measurement of g and their
correlation. In addition the incorporation of the measured gin the MIP is discussed, resulting
in amore accurate pore size calculation, asis shown by a comparative study with N, gas
adsorption.

[1] K.L. Murray, N.A. Seaton and M.A. Day, / DQIPXWU ~ (1999) 8155,
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Nach knapp 2-j hriger Entwicklungsarbeit auf der Grundlage des im Juni 2000 zwischen dem
NIST und der BAM unterzeichneten " Agreement on a Cooperation in the Field of Reference
Materials' konnte im August 2002 die erstmalige gemeinsame Zertifizierung eines
Referenzmaterial s abgeschl ossen werden. Das Material mit der offiziellen Bezeichnung
NIST SRM 1917/ CRM BAM-P127 (Al,Os-Pellets von etwa 1 mm Durchmesser) ist ein
zertifiziertes Referenzmateria f r die Quecksilberporosimetrie ("Mercury Porosimetry
Standard"). Auch dieser Referenzmaterial entwicklung wurde das zum ersten Mal bei den
BAM-Materialien CRM BAM-PM-120 bis -122 verwirklichte Konzept der
Gesamtkurvenzertifizierung zu Grunde gelegt, woraus u. a. folgende Vorteilef r den
Anwender resultieren:

Verf gbarkeit einer Vielzahl von zertifizierten Datenpunkten im Arbeitsbereich eines
typischen Porosimeters (0,1 bis 400 MPa)

dadurch breitbandige Beurteilung der Drucksensor-Performance m glich

Eignung dieses Referenzmaterials sowohl f r 200 MPa- alsauch f r 400 M Pa-Porosimeter
Im Einzelnen wurden zertifiziert:

a) die Hg-Intrusionskurve zwischen 0.1 und 400 MPa

b) die kumulative Porenvolumen-Kurve zwischen 3.7 und 14708 nm

C) der Porendurchmesser

d) das Porenvolumen bei ausgew hlten Intrusionsdruckwerten (als Einzelwerte).

Zur Teilnahme an dieser Zertifizierung hatten sich zun chst 35 US-amerikanische und

europ ische Laboratorien gemeldet, die sich einer Eignungspr fung unterziehen mussten. Am
eigentlichen Zertifizierungsringversuch waren schliedlich 17 US-amerikanische und 15
europ ische Laboratorien beteiligt, wobei von den europ ischen Teilnehmern 11 aus
Deutschland, 2 aus der Schweiz und je 1 Labor aus Italien und den Niederlanden kamen.
Mit dieser ersten gemeinsamen Referenzmaterial entwicklung wurde ein neuer Weg der
Zusammenarbeit zwischen der BAM und dem NIST beschritten, der eserm glicht
Parallelentwicklungen im internationalen Malstab zu vermeiden und damit Zeit, Kosten und
Entwicklungsaufwand einzusparen. Gleichzeitig ist eine weltweit gr (ere Akzeptanz eines
solchen Referenzmaterials gegen ber auf rein nationaler Basis zertifizierten Referenz-
materialien zu erwarten.
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The development of CRMs for the Mercury Intrusion method according to the BCR
guidelines and I SO guides 30 ... 35 is an important contribution to the harmonization of
national, European, and international standards and also to the comparability of the
experimental results.

In thefirst part of the certification analysis for mercury intrusion method (high pressure range between
0.1 and 400 MPa) three meso- and macroporous materia's (two porous glass beads and beads of
aumina) have been analysed. For these materials a new certification philosophy has been devel oped.
Instead of certifying only single values of certain properties such as the pore volume or the pore width,
the whol e pressure volume curve (pore volume as a function of intrusion pressure) has been certified.
So, for the first time the user has the possibility of checking not only the measured volume but & so the
displayed values of the pressure sensors of the instrument.

In the second part of the certification analysislow pressure materials will be certified, such as ceramic
pieces with pore diameters of about 2, 3 and 5 mm. These diameters correspond to a volume increase
at about 0.8, 0.5 and 0.25 MPa. In contrast to powders, there is no possibility of homogenizing the
whole candidate materia in the case of compact samples. Pressure volume curves from designed

round robins are analysed by means of a multivariate variance components model for characteristics of
the curves. Adjusted curves and statistics from the variance components model are used to create a
certified pressure volume curve with confidence bands and prediction bands (Figure 1).
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Natursteine sind ein weit verbreitetes historisches Baumaterial. F r ihre hygrischen,
mechanischen und damit verwitterungstechnischen Eigenschaften ist neben der stofflichen
Zusammensetzung - dem Mineralbestand, in hohem Male das Gef ge verantwortlich.

Dieses ergibt sich aus der Anordnung der mineralischen Bestandteile, der Art der
Kornbindung und der Art, Gr (e und Verteilung der Poren.

Die Ausbildung des Porengef ges beeinfludt dabei vor allem Feuchte- und

Salztransportvorg nge, Wasserdampfdiffusionsverhalten, Frost-Tau-Best ndigkeit und
spiegelt sich auch in den Kennwerten Festigkeit und E-Modul wider. Durch Umwelteinfl sse
im Verlaufe des Nutzungszeitraumes ver ndern sich das Porengef ge und damit auch die
gesteinstechnischen Eigenschaften, was mit dem Begriff Verwitterungsverhalten beschrieben
wird.

Praktische Bedeutung hat die Quecksilberdruckporosimetrie bei der Gef gecharakterisierung
unter anderem f r die Prognose im Hinblick auf das Verwitterungsverhalten, die
Herkunftsbestimmung von Sandsteinen und die Auswahl geeigneter Ersatzgesteine sowie die
Aufkl rung von Sch digungszust nden und £mechanismen. Dabei sind nat rlich die anderen
petrographischen und gesteinstechnischen Eigenschaften stets mit zu untersuchen und in die
Betrachtungen bzw. Entscheidungen einzubeziehen.

Abstracts Seite 59



X1. Workshop tiber die Charakterisierung von feinteiligen und por sen Festk rpern

- RUN\VKRS 9,
3K\ VVRUBWRQ

yUHV)  1RYHP EHU
. DJQHUGDDO

Abstracts Seite 60



X1. Workshop tiber die Charakterisierung von feinteiligen und por sen Festk rpern

( YDOXDARQRI 3RIRVIW LQ 3ROP HU' HUYHG &HUDP LEV E\
&RP EIQHG* DV $ GVRIBWRQ DQG +J ,QAKVIRQ $ QDO

' HFDU. RK +DIDG6RKP LGN HRU * IDKZRKO
. HOPVAKH:  HINKRIHXQGYEXMB! 8 QYHIMWYAP HD * HPDQ

The pyrolysis of Si-based preceramic polymers is a suitable method to produce porous
ceramic components. Crosslinking and subsequent thermal treatment in inert gas atmosphere
induce controlled release of solvents and decomposition gases, respectively. The resulting
ceramer structure which is a polymeric-ceramic hybrid contains pores down to the sub-nm
range. The porosity characteristics can be adjusted by carefully controlling the heating rate in
the polymer to ceramic transition temperature range.

From 500 C to 800 C hydrocarbons which are placed as side groups on the polymeric Si-O +
backbone and hydrogen evolve and |eave pores behind in the structure. Around 600 C the
specific surface area reaches its maximum value whereas with further increase of temperature
the inner surface is reduced dramatically. The amount of gases and aso the release
temperature can be influenced by changing the composition of the polymer. For example inert
fillers as prepyrolized polymers or MoSi;, can be added reducing the gas evolution and leading
to reduced shrinkage as the fillers act as stabilizer of the structure. Liquid additives as
akylsilanes alow an increase of the amount of decomposition gases as they add more
hydrocarbons into the polymer which are to be released during pyrolysis. This effect is used
to extend the temperature range where decomposition takes place and results in a prolonged
stabilization of the specific surface areato higher temperatures.

The resulting porosity is characterized by poresin the micro-, meso- and macro-range. The
macropores provide access to the micropores which are of interest for adsorption applications.
The complete evaluation of the pore size distribution on micro-macro components needs an
enhanced testing method where gas adsorption (N2) and Hg intrusion are combined. From
adsorption isotherms the micropores are calculated by the Dubinin approach where the pores
arefilled totally in a spontaneous manner depending on the applied relative pressure. The size
and amount of mesopores are calculated using Kelvin equation where capillary condensation
is considered. These results have to be transformed from for the liquid state in order to add
now the results of the Hg intrusion measurements. Thus, a complementary cumulative pore
volume is received showing also the individual proportions of micro-, meso- and macropores.
Its change during the pyrolysis can be displayed giving detailed information about the
processes taking place in the body during ceramer forming.
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Adsorptionshysterese wird in einem weiten Temperaturbereich gefunden, der von der Natur
des Porensystems und des Adsorptivs abh ngt. In der vorliegenden Arbeit werden
Untersuchungen an Silika-Materialien mit regelm ssig angeordneten zylinderf rmigen Poren
(MCM-41 mit Porenweiten 2-4 nm; SBA-15 mit Porenweiten 5-10 nm), die durch eine
templatgest tzte Sol-Gel-Synthese hergestellt wurden, sowie an Silika-Materialien mit
ungeordneten Porensystem durchgef hrt. [1]
Abh ngig von der Topol ogie des Porensystems (Einzelporen oder Porennetzwerk), der
Porenweite und Porengeometrie, sowie der Temperatur zeigt die Porenkondensation von
D mpfen eine mehr oder weniger ausgepr gte Hysterese. Durch die Verf gbarkeit von
Materialien mit zylinderf rmigen Poren einheitlicher Gr sse wie MCM-41 und SBA-15
lassen sich diese Einfl sse erstmalsin systematischer Weise studieren.
Hierzu wurde die Porenkondensation von polaren und unpolaren Gasen (CHF3, C,Fs und SFe)
in MCM-41 und SBA-15, sowie in Silika-Materialien mit ungeordneten Porennetzwerken

ber einen weiten Temperaturbereich bisin die N he der kritischen Temperatur T, des
jeweiligen Fluids gemessen. F r diese Untersuchungen wurden zwei Mikrowaagen-
Apparaturen eingesetzt, welche die Messung der Adsorptionsisotherme bis zum jeweiligen
S ttigungsdruck po(T) erm glicht, einerseits im Niederdruckbereich (bis 1bar), andererseits
im Hochdruckbereich (bis zum kritischen Druck , max 50bar).
Aus den Adsorptionsisothermen der verschiedenen D mpfe in den MCM-41 und SBA-15
Proben mit unterschiedlicher Porenweite wurde die jeweilige Hysteresetemperatur Ty und der
dazugeh rige Hysteresedruck (p/po)s ermittelt. F r die ungeordneten Materialien wurde die
Temperaturabh ngigkeit des unteren Schiessungspunktes (lower closure point pressure
(p/po)L) ber einen grossen Temperaturbereich (0,55 £ T/T¢3 0,95) bestimmt.
Eine Auftragung der Dr cke (p/po)x und (p/po). in einem Hysteresephasendiagramm (p/po
gegen T/T,) zeigt, dass eine allgemeine Grenzlinie zwischen Adsorptionsi sothermen mit und
ohne Adsorptionshysterese existiert.
Adsorptionsisothermen von SFs zeigen bei tiefen Temperaturen in Abh ngigkeit von der
Porengr sse des Silika-Materials ein Ausbleiben der Kondensationsstufe und demzufolge
auch einer m glichen Adsorptionshysterese. Diese untere Grenze der Hysterese | sst sich aus
der Lage des Tripel punktes des Gases in den Poren erkl ren.

[1] A. Schreiber, Dissertation, TU Berlin, 2002
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Gas adsorption phenomenon have been used for many years to characterize the porosity of
physical and technical sorbent materials. Traditional volumetric or gravimetric measurements
of adsorbent/adsorbate systems lead to the Gibbs Excess Mass(GEM) of the adsorbate by
using the so - called helium approximation of the void volume of the sorbent material[1].

Another measure for the porosity of a sorbent material, which aso would be physically more
sound than the GEM concept, is the absolute mass (AM) of a sorptive gas adsorbed on the
(external and /or internal) surface of the material. The basic problem with AM has been the
lacking of both a concise definition and a method to measure it.

We here present a new method to measure absolute masses of gas adsorbed on the external
and internal surfaces of a porous solid serving also as a definition of the AM by way of
experiment. The method consists of a combination of calorimetric and dielectric
measurements. These lead to integral enthalpy and the dielectric polarization of the adsorbed
phase from which by purely thermodynamic arguments the absolute mass adsorbed can be
determined without using the so - called helium hypothesis nor any other equivalent
assumption[2].

As example adsorption of subcritical carbon dioxide (CO2) on zeolite (Degussa DAY) at 298
K and pressures up to 0,4 MPais considered. As expected data of absolute masses are always
somewhat larger than the coresponding Gibbs Excess Masses cal culated from both volumetric
and gravimetric mesasurements via the helium volume of the zeolite. For calorimetric
measurements a new sensor gas cal orimeter(SGC) has been used[3]. Dielectric measurements
were performed in a cylindric capacitor placed within a volumetric adsorption instrument.

References:

1. F. Rouquerol, J. Rouquerol and K. S.W. Sing, Adsorption by Powders & Porous
Solids, Academic Press, New York etc., 1999.

2. J. U. Keller, W. Zimmermann and E. Schein, Determination of Absolute Gas
Adsorption Isotherms by Combined Cal orimetric and Dielectric Measurements,
Adsorption, ADSO800-02, in print 2002.

3. W. Zimmermann, J. U. Keller, A New Calorimeter for Simultaneous Measurement of
Isotherms and Heats of Adsorption, Thermochimica Acta, MS S60-26, in print, 2002.
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Since the comprehensive survey published in 1999 ['] much work was done in standardizing
measuring methods to characterize the surface morphology of dispersed and/or porous solids
and to certify reference materials. The present paper summarizes and reports on new

standards and proposals.

[l E.Robens, K.-F. Krebs, K. Meyer, K.K. Unger: Standardization of Sorption Measurements and Reference
Materials for Dispersed and Porous Solids. Chapter R $ ' aBRZW\L HG  $ GRBWRQDIGIW
Application in Industry and Environmental Protection. Vol. 1: Application in Industry. Studies in Surface
Science and Catalysis, Vol. 120 A. Elsevier, Amsterdam 1999, p. 95-116. ISBN 0-444-50165-7.
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Introduction

Well-ordered mesoporous silicate materials prepared by micelle templating attracted much
interest since they were first described ™. A whole family of new materials designated M41S
were described then. One class of these mesoporous materialsis MCM-41. They consist of
hexagonally ordered cylindrical pores. Features like uniform pores in the range between 20
and 80 A and surface areas around 1000 m’g™* make them good candidates for catalyst
supportsin fine chemistry and for separation applications. In the course of optimising and
facilitating the synthesis procedure of MCM-41 we found a material that showed exceptional
results in nitrogen adsorption measurements.

Experimental

Nitrogen adsorption measurements were performed at liquid nitrogen temperature with an
ASAP 2010 apparatus of Micromeritics. Prior to the measurements the samples were
degassed at 400 C until the pressure was below 1.4*10° Pa. The surface area was determined
from the nitrogen adsorption isotherm by the BET method.

TEM was performed using a Philips CM 30 el ectron microscope.

Results

In Fig. 1, one can see a nitrogen adsorption isotherm and a TEM picture of the new
mMesoporous materials.

T T T T 1
00 02 0.4 06 0.8 10
relative pressure p/p0

Fig. 1. Nitrogen adsorption isotherm and TEM picture of mesoporous material.

Using the BET method to estimate the specific surface area of this materials led to
exceptionally large surface area around 1500 m’g™ when adsorbed volumes up to pressures of
p/p0 = 0.2 were used for the BET surface area plot. From the BET surface area plot one could
see already that the points can not be fitted with a straight line. For this reason and because
the starting capillary condensation at pressures smaller than p/p0 = 0.2 could be the reason for
too high BET surface areas. BET surface area cal culations were repeated with decreasing
maximum pressures (Table 1).
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Table 1

BET surface areas of identical mesoporous materials cal culated with decreasing maximum
pressure

maximum pressure BET surface area VM (monolayer vol.) corr. coefficient

[p/pO] [m’g] [cm’g]

0.2 1515 348 0.9965

0.18 1476 339 0.9966

0.16 1426 328 0.9971

0.13 1360 313 0.9982

0.1 1304 300 0.9991

The BET surface area values obtained decreased with every point that was not taken into
account, whereas the correlation for the linear fit of the points became better. But even at
maximum pressures p/p0 < 0.13 surface areas calculated with the BET model decreased
further and correlation coefficients were still not very good. At these low pressures capillary
condensation in mesopores can be excluded as the reason for too big BET surface areas.

[1] J. S. Beck, J. C. Vartuli, W. J. Roth, M. E. Leonowicz, C. T. Kresge, K. D. Schmitt, C.

T. W. Chu, D. H. Olson, E. W. Sheppard, S. B. McCullen, J. B. Higgins, J. L. Schlenker,
- RAUDAR \WH$ P HIFDQ&KHP LFDOSRALH , 10834
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