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THERMAL DESORPTION ANALYSIS:

DSC curves of H,0 desorption from silicate glass in the multilayer coverage
range

H. Wittkopf, H —J. Flammersheim and L. Herlitze

DEPARTMENT OF CHEMISTRY, FRIEDRICH-SCHILLER-UNIVERSITY, JENA 6900, G.D.R.

Experiments on water desorption from silicate glass powders of different chemical compositions
were carried out by means of DSC. In order to establish the desorption energy distributions, a
model of the heterogeneous surface was applied to the thermoanalytical desorption curves, and the
results are discussed together with contact angle measurements on flat polished glass samples.
The maxima in the desorption curves shift to lower temperature with increasing hydrophobic
character; this is caused by divalent cations such as Pb%*, Ca?* and Zn?**, while alkali metal ions
are responsible for an increase in the hydrophilic behaviour.

The reaction of water with silicate glass is one of the most interesting
topics in research on glass reactivity [1]. Corrosion of glasses in a wet
atmosphere occurs even at room temperature, and often limits the appli-
cation of special glasses in optical instruments. The adsorption of water from
the atmosphere is the first step of such a reaction. This paper presents results
on water desorption from silicate glasses with different chemical compo-
sitions, investigated by means of DSC measurements and analysed by the
theory of thermal desorption. The Perkin-Elmer DSC 2¢ was found to be
sensitive enough to detect the heat flux due to the desorption of H,O multi-
layers from several silicate glass powders.

Theoretical

In general, the heat flux dg/df of a desorption process from homogeneous
surface sites in a DSC spectrometer working in linear temperature rise mode
(T' =T, +B 1) can be correlated with the common desorption rate R4 (Rq =

= — —% ) by the following relation:

1l dg _  dn __ 1 dn=Rd )
E ar dr g dT

where E is the molar energy of desorption (desorption energy), 8 is the
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heating rate, n is the amount of adsorbed water molecules, and g = n' E. The
desorption rate can be described by the Polanyi-Wigner equation [2]:

—E/R T

Ry=n-ve 2)

for first-order desorption.
In the case of desorption from a heterogeneous surface, for the overall
heat flux dQ/d¢ we have

oy B4 (3)

where dg;/df is the heat flux,from the homogeneous surface sites, with acti-
vation energy E; -k is the number of energetically different surface sites.

The desorption flux from the homogeneous surface sites can be described
by

dg;
dr
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Equation (4) was obtained by integration of Eq. (2). o, is the initial popu-

lation of the surface sites with desorption energy E; and v is a measure of the
frequency of surface sites with desorption energy ;.

By providing k equidistant E; values in the energy range E; —FEj , the corre-
sponding initial coverage vectors Ho;—Ho; Can be calculated by an iteration
process which fits Eq. (3) to an experimental thermoanalytical desorption
curve, as discussed in [3]. The relative frequency of an adsorption site
with desorption energy E; is given by

Mo

Hy= —1— (5)
s
i=1

Experimental
Glass samples with different chemical compositions, as given in Table 1,
were ground in an agate mortar and sieved to a fraction 40—45 um in

diameter. The glass powders were stored in saturated water vapour atmo-
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Table 1 Characteristics of glass samples. T, is the temperature of the desorption peak maximum

Con- H,0 Contact
stituent  SiO, B,0; BaO  PbO Na,0/K;0 other  coverage Iu.K  angle,
Sample No mol 7% mol/g deg
1 78 - - 9.5 11.5 (Al,0,) 1.5 1072 361 55+ 15
i

I1 74 9.5 1 - 15.5 - 7.2 1072 356 43+ 5
I 69 - - 23 8 - 44 1073 354 45+ 8
v 60.5 - - 345 5 - 83 107 315 56+ 4
v 64 6.5 10 0.5 9. (ZnO) 7.2 107° 311 58+ 4

sphere in a desiccator at room temperature for 3 months. The small alumina
DSC pans were filled with 10—20 mg of the glass powder and covered with a
perforated lid to avoid the squirting out of the sample material. On removal
of the samples from the wet atmosphere, they were immediately put into the
DSC 2c¢ (Perkin-Elmer) and cooled down to 250 K. As thermal equilibrium
appeared, the samples were heated with a linear temperature rise of
10 deg min~! up to 400 K. The second run was taken as reference.

The DSC curves in Fig. 1 show only the influence of the adsorbed water
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Fig. 1 DSC desorption curves
The sensitivity range is marked as bars in both diagrams, the melting peak (dashed line) is only
shown in curve V.
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layer. The curves in general exhibit two peaks, the melting peak of the
adsorbed water layer at about 274 K, and the desorption peak at different
temperatures. For simplification, the melting peak is only demonstrated in
curve V. All measurements were carried. out under N, flow conditions. The
flow rate was about 20 ml/min.

Discussion

The H,O coverage varies by two orders of magnitude from sample / to
sample V, which indicates the large difference in the hydrophilic characters
of the glass samples investigated. Similarly, the desorption peak maximum
temperature Ty, shifts to lower values, as indicated in Table 1. The hydro-
philic character decreases with increasing lead content (I and V). In the
case of sample V, ZnO and BaO may be responsible for the corresponding
behaviour, while alkali metal ions relate to a higher H,O coverage.

The shape of the desorption peak appears to be caused by more than one
binding state of H,O in the multilayer. This is confirmed by the energy
distribution in Figure 2. The main desorption energy contribution varies
from 102 to 88 kJ/mol with decreasing H,O coverage. This is always more
than twice the condensation energy of liquid water.

Another interesting feature is the conformity of the H,O coverage, the
desorption energy, and the H,O contact angle measured on flat polished
glass samples. The highest desorption energy corresponds to the lowest
contact angle, except for glass sample /.

Glass I forms a much thicker corrosion layer than other glasses. This can
be concluded from surface area measurement after several corrosion times
[4, 5] On storage in the wet atmosphere, the surface area of sample [ in-
creases much more than those of the other glass samples. This increase in
specific surface area can be explained by the formation of a porous corrosion
layer.

The energy distribution can be used to predict the adsorption behaviour
of investigated glasses, e.g. to calculate adsorption isotherms or surface
pressures of H,0.

More detailed research is necessary on this subject.
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Fig. 2 Energy distributions calculated from the DSC desorption curve shown in Fig. 1.
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Zusammenfassung — Wasserdesorptionsexperimente an Silikatglaspulvern unterschiedlicher Zusammen-
setzung wurden mittels DSC ausgefiihrt. Fir die Berechnung von Desorptionsenergieverteilungen wurde
ein Modell der heterogenen Oberfliche genutzt und zusammen mit Randwinkelmessungen an glatten,
polierten Glasoberflichen diskutiert. Das Maximum der Desorptionskurven verschiebt sich mit
wachsendem hydrophoben Verhalten nach tieferen Temperaturen, wofiir divalente Kationen wie Pb2*
Ca?* Zn?* verantwortlich sind, wiihrend Alkaliionen das hydrophile Verhalten beginstigen.
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PE3HOME — Metogom OCK usyuena necop6uMA BOAB!I HR MOPOIIKOOOPA3HBIX CHIMKATHBIX CTEKIAX
€ Pa3/IHYHLIM XHMHUYECKHUM cocTaBoM. C Ieskio MONTyYEeHHA pachpefeneHHit 3Herpuil fecopbumu K Tep-
MHYECKHM AHAIMTHYECKHAM KPHUBBIM HecopOuuy Gbina IMpHMeHeHa MOIeNb reTeporeHHON MOBePXHOCTH
M TMOJIyueHHble pe3ybTaThl ObUTH 0GCYKAEHBI COBMECTHO C U3MEPEHHAMM YIiIOB KOHTAaKTa Ha II0OBepX-
HOCTH TNOIHPOBaHHEIX 06pasnoB cTeKna. MakcHMyM KpPHBBLIX JecopOuuH COBUraeTcA B CTOPOHY Gosee
HH3KHX TeMIlepaTyp C yBesauueHseM ruipooGHOro xapaxrepa CTeKOJ, OGYC/IOBNEHHOrO HAIHYHEM

HOHOB CBYHIA, KAIBLHA ¥ QUHKA, TOTJA KaK HOHBI IIeJIOYHBIX METANLIOB OTBeTCTBEHHbI 34 YBeHIeH!e
raapodUIBHOCTH CTEKOT.
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