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Abstract

The use of modified lime slurry as a sacrificial layer to protect the original porous substrate has a long tradition in the practice
of building and monument conservation in Austria. This paper presents the results of analyses performed on the Natural History
Museum Vienna to get more insight into the long-term performance of this conservation method. Stone surfaces on the facade and
roof area, covered with an acrylic tempered lime sacrificial layer and subsequently made water-repellent, were tested in situ and in
the laboratory. Whilst coatings in the exposed zones were completely vanished in certain areas, the samples from the facade were
in a good condition even after nearly twenty years of exposure. Hydrophobic activity could be verified up to a depth of five mm in

the porous stone substrates. Despite the general good state of preservation of most surfaces, the existence of highly hydrophobic

substrates will definitely restrict the implementation of any future sustainable conservation effort.
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1 Introduction

A very significant example of the 19" century architecture
in Vienna is the twin complex of the Museum of Fine
Arts and the Natural History Museum (NHM) on the
Ringstrale designed by Karl Hasenauer and Gottfried
Semper [1]. The construction of the NHM started in 1871
and lasted until 1889. The facade is mostly covered with
various types of biocalcarenite/porous limestone and dense
limestone types [2]. While at the pedestal different types of
biocalcarenite from Oslip, Mannersdorf and Woéllersdorf
(Burgenland and Lower Austria) were used [3], the lower
part of the facade is mainly covered by Zogelsdorf (Lower
Austria) biocalcarenite slabs [2, 3]. Contrary to the upper
floors, where different porous limestone types from Austria
and the neighboring countries were used, the more exposed
attic and roof area was covered with dense and weather-
proof karst limestone and a local conglomerate [2].

The previous conservation campaign started in the
early 2000s, after almost 120 years of outdoor exposure,
and was aimed at applying on the whole facade a sur-
face coating matching the natural hue of the stone sub-
strates and also protecting the subjacent surface. These
coatings were produced simply, using lime putty and fine
sand, but sometimes also pigments were added to the

mixture; a technique that has been used in Austria since
the Romanesque period [4—7].

Sacrificial layers ("slurries") based on a lime binder are
reversible and periodically reproducible coatings, which,
in the course of their own weathering, protect the under-
lying substrate (i.e., stone or mortar) [4—6, 8]. Although
instructions of the correct application were described and
discussed many times, problems such as poor processing
were frequently observed [4].

Due to the improvement of water-repellent coatings
during the second half of the 20" century, new methods
were elaborated and tested, which were combined with the
above described traditional method including the modifi-
cation of materials and cover coats [9—12]. The binder was
tempered with acrylic dispersions and the finished surface
subsequently treated with water-repellents. The long-term
hydrophobic effect lengthened the time between required
of conservation cycles and partly also reduced the pollu-
tion of the surfaces. During the 1980s this method was
thought to be an efficient remedy. Additionally, hydro-
phobic treatment was often applied regardless, not only
on architectural surfaces, but also on smaller monuments
with different maintenance needs [4].
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In the case of sacrificial layers another important fac-
tor of the conservation methodology is the maintenance.
Unfortunately, it is often still excluded from the idea of
long-lasting conservation cycles due to lack of understand-
ing of its importance. No material can perform long-last-
ing life without continuous maintenance [4]. If examined
regularly, necessary, and fast intervention can be done in
order to keep the monument in a good condition including
the further maintenance of the sacrificial layer. Damages
occur more frequently on monuments that are either not
maintained or maintenance is done without considering
conservation aspects [4]. The conservation damages occur
more frequently on monuments that are either not main-
tained or maintenance is done without considering con-
servation aspects [4]. The conservation activities on the
facade of the NHM in Vienna started in 2000, and after
the investigation of the stones' physical condition the main
focus was laid on maintenance as well as protective and
long-term conservation methods. First, gentle cleaning
methods were used to remove weathering crusts from
stone surfaces followed by the consolidation of soiling
and fragile parts of the substrate. Secondly, conservation
treatments and protective steps were employed, including
the placement of lead covers on exposed horizontal areas.
Finally, a sacrificial layer including a water-repellent treat-
ment was applied. Between 2000 and 2009 each vertical
section of the facades and the roof area were treated by
different companies, but still with the same concept, appli-
cation methods and materials [13]. Conservation activities
focused on the application of sacrificial layers and subse-
quent water-repellent treatment of the coatings, while the
idea behind the hydrophobic treatment was to extend the
lifetime of the sacrificial layers [14].

Due to the importance of sacrificial layers in the con-
servation as practiced in Austria and Central Europe, an
intensive research has been done recently in order to under-
stand the performance as well as the long-term lasting of
these protecting layers on different lime-based stone sub-
strates. As part of this research, the present contribution is
aimed to evaluate the composition and state of preserva-
tion of lime-based sacrificial layers at a well-documented
and intensively treated Viennese historic monument.

2 Sampling and analytical methods

Due to the historical value and touristic importance of the
NHM, only restricted sampling and in situ measurements
were possible. Nevertheless, the sampling sites included
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different sections on the exposed northwest facade up to
a height of approx. five meters and the roof area (Fig. 1)
restored between 2001 and 2009 allowing the comparison
of interventions carried out by different companies in dif-
ferent years (Table 1). In situ observations and measure-
ments up to a height of five meters, including the determi-
nation and comparison of the color of different section's
surfaces by using the NCS system (www.ncscolour.
com) [15], were performed. A total of twenty-five sam-
ples (Table 1) including the sacrificial layers and the stone
substrate have been documented and sampled. The hydro-
phobic properties of the surface [16], as well as the fresh
broken surface of the substrate were estimated by apply-
ing a small water droplet with a pipette. Then, the sur-
face of the sacrificial layers was documented by a portable
digital microscope (DBPOWER Desktop Digital Mobile
Microscope, DM). All samples were dried at 40°C over-
night and after embedding them in epoxy resin, polished
sections were prepared and analyzed by stereo-zoom
(Leica S8APO) and optical (Zeiss AXIOScope Al) micro-
scopes, using raking (RL) and incident light (IL), respec-
tively. Finally, the sections were coated with carbon before
analysis by scanning electron microscope (Zeiss EVOLS,
acceleration voltage 20 kV), coupled with an energy dis-
persive X-ray spectrometer (EDS, Bruker Quantax XFlash,
Bruker Esprit software). The estimation of the amount of
air voids (given in area %) was performed on the SEM-
EDS images. Additionally, the unprepared remnants of
samples were also tested on their cross section by moist-
ening their surfaces in order to determine the exact depth
of penetration of the water-repellent treatment. Finally, the
remaining level of hydrophobic activity on the top of the

Fig. 1 The NW-facade (left) and part of the roof area (right) at the NHM
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Table 1 Sampling sites and main characteristics of the samples

Company Color of the Hydrophobic
Sample / Year of Position Architectural element / Surface Substrate surface (NCS activity of the
conservation system) surface
Al-1 pedestal cordon / horizontal
polluted surfaces:
Al-2 A /2009 NW-corner pedestal cordon/ vertical S1502-Y50R
Al-3 avant-corps rusticated ashlar, frontal / vertical “clean" surfaces:
. . . S1002-Y50R
Al-4 rusticated ashlar, side/ vertical
B-1 pedestal, smooth surface / horizontal
B-2 edge of a rusticated ashlar / horiz.-vert.
B-3 B /2009 NW-long side side of a pedestal, smooth surface / horiz. S1002-Y50R
(left part)
B-4 pilaster, edge of rust. ashlar / vertical
B-5 pilaster, rust. ashlar / vertical
Zogelsdorf
A2-1 edge of the pedestal, smooth surface / vertical o alcarenite negative
A2-2 _ pilaster, rust. ashlar / vertical (ZBCA)
A/2000  contralavant $1002-Y50R
A2-3 corps side of a pilaster, rust. ashlar lower edge / v.-h.
A2-4 side of a pilaster, rust. ashlar up. edge / v.-h.
C-1 smooth edge of a pilaster / horizontal
C-2 g i rusticated ashlar / vertical
c/2006 N W-longside $ 0502-Y50R
C-3 (right part) rusticated ashlar / horizontal
C-4 side of a pilaster, rust. ashlar / vertical
A3-1 - edge of a rust. ashlar / vertical S 1002-Y50R
A /2000 SW-corner S 1502-Y50R
A3-2 avant-corps edge of a rust. ashlar / horizontal S 1002-R
roof area,
R-1 C/2003 left dome to ashlar / vertical ZBCA negative
Maria-Th. square
roof area,
R-2 C /2003 sculptural baluster / vertical
group, towards
Maria-Th. square X
¢ aren. NW C"lWPaC: arst §1005-Y20R positive
R-3 C/2003 rootarea, base of a sculpture / horizontal tmestone S1020-Y20R
corner S1020-Y30R
R-4 C /2003 roof area, NW baluster, plinth
side
R-5 C /2003 roof area, right ashlar / vertical ZBCA negative
dome
R-6 C /2003 roof area, central ashlar / vertical conglomerate positive

dome

samples were tested and documented. In order to perform
this, a small water droplet was placed on the horizontal
surface of the coatings. If the water could soak into the
surface (i.e., the hydrophobic activity has decomposed on
the surface), the uppermost part (approx. 50 pm) of the
coating was carefully removed by a scalpel, and the test
has been repeated until the hydrophobic zone was found.
Digital photographs were taken and the contact angle of
the water droplet measured in order to estimate the hydro-
phobic activity in the samples [16].

3 Results

3.1 Sacrificial layers on the northwest facade

The conservation of the northwest facade was executed
by three different companies (indicated by A, B and C in
Tables 1 and 2) in five campaigns between 2000 and 2009.
Table 1 and 2 show the results of the in situ observa-
tions and laboratory tests, respectively. The substrate on
the entire surface investigated in this study is a porous
Tertiary limestone (biocalcarenite) originating from the
historical quarries near Zogelsdorf, Lower Austria [1].



In general, the surface coatings of the facade exhibit
a good state of preservation and a homogenous appearance
disregarding partial contamination with fine dust.

Based on the NCS charts the color of the coatings is off-
white and shows only slight variations (Table 1). Only the
bright ochre hue of the sacrificial layers at the right part of
the northwest long side (Samples C-1 to 4) differs from the
rest of the northwest facade (S 0502-Y50R).

Despite the above mentioned color differences, the
most noticeable structural feature of the sacrificial lay-
ers was the presence of varying amount (i.e., 5 to 50 %)
of air voids. Fig. 2(a) shows an extreme example, where
the partly altered surface of the coating, consisting of a
binder embedding many air voids. Independently of the
facade section and/or the company executed the work, dif-
ferent amount of air voids (mostly between 10 to 20 %)
could be observed in all samples. The deposition of dust in
these voids in sheltered surfaces was apparent in the case
of earlier applications (samples A3-1 and 2). In situ water
droplet tests performed on both vertical and horizontal
surfaces indicated the absence of hydrophobic activity
(i.e., flat or infiltrating water droplets) on the very top of
the sacrificial layers in all sections. On the contrary, fresh
broken surfaces showed contact angles >90° indicating
their hydrophobicity (Fig. 2(b)).

Figs. 3(a)—(d) and Fig. 4(a)—(b) show the changes in
water droplet contact angle on the top of the samples after
carefully removing the top of the sacrificial layers. In all
cases a distinct increase of the contact angles (90 to 110°)
was observed, confirming the in situ tests performed at the
facade and indicating that all sacrificial layers exhibit clear
hydrophobicity far below their surfaces. Additionally, water
droplet tests performed on the cross sections of the sam-
ples were used to determine the depth of penetration of the
water-repellent agent. The measured depths of penetrations
varied between 3 and 5 mm (Fig. 5, Table 2). Laboratory
tests and further investigations by OM and SEM (Table 2,
Figs. 6(a)—(d) and Figs. 7(a)—(d)) reveal more structural
and compositional details. The yellowish color of the sam-
ples C1 to 4 was clearly due to the extensive use of yel-
low ochre pigments in the coatings (Fig. 7(c)). In almost all
cases a good to excellent bond and no detachment between
the stone substrate and (first) coatings were observed.
The sacrificial layers mostly fill the surface porosity and
roughness [14] of the biocalcarenite supporting the above
described good contact surface. With the exception of the
facade sections of the sample series B and C (Table 1), the
sacrificial layers were predominantly applied in one layer.
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Fig. 2 Porous surface due to large amounts (approx. 50 %) of entrapped
air voids in a coating on the facade, (a) Contact angle > 90° indicates
hydrophobic properties of the substrate, (b) DM

Fig. 3 Hydrophobic activity of sacrificial layers taken from the facade;

(a) surface and (b) approx. 50 um below the surface (sample A2-3),
(c) surface and (d) approx. 50 um below the surface (sample C-1)

The thickness of single or multiple layers varied from 0.2
to 1.5 mm, but samples from the sections B and C revealed
larger thicknesses, where the single layers were also
thicker compared to the other facade sections. Analyses on
cross sections brought more insights into the distribution
of air voids and their impact on the durability of the coat.
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Fig. 4 Hydrophobic activity of sacrificial layers taken from the facade;
(a) surface and (b) approx. 50 pm below the surface (sample A3-1).
Hydrophobic activity of sacrificial layers taken from the roof area

(c) R-2 and (d) R-3

 wet: Hydrophilic,
{ ~oft PERRENA

e 3

Fig. 5 Proof of depth of penetration of the water-repellent treatment on
the broken surface (cross-section) of sample B-4. Dry zones indicate
hydrophobic, wet hydrophilic properties in the stone substrate

Although, the amount of air voids could be observed in
situ even by naked eye, microscopic observations indicated
partly large differences between samples taken from the
same facade sections applied by the same company. Fig. 6
shows an example where the different amounts of air voids
caused more intense alteration at same exposition time on
vertical surfaces. While sample A1-3 contains (Fig. 6(a))
less air voids (approx. 8 %) and also more aggregate, the
numerous (approx. 50 %) large pores in Al-4 (Fig. 6(b))
certainly contributed a faster degradation of the coating.

This assertion is also supported by the "open" shape of
air voids. Similar phenomenon was observed on the sam-
ples from the southwest corner avant-corps (A3-1 and 2,
Fig. 7(d)). Regarding the composition of the sacrificial lay-
ers, SEM-EDS analyses confirmed the type of binder and
aggregate materials described in the (unpublished) reports
by the conservators. Thus, sacrificial layers were prepared
by using lime putty with limestone sand (i.c., crushed bio-
calcarenite) as an aggregate. Nevertheless, significant dif-
ferences were observed in the grain-size distribution of
the aggregates; while sacrificial layers should mostly con-
tain aggregates >63 pum [14], many layers contained only
fine limestone filler with a grain size <50 um. In two sam-
ples (B-2, Fig. 3 and Fig. 6(c)) small amounts of anhydrous
cement phases (mainly C,S and C,S) were also detected
suggesting the use of white Portland cement as a hydraulic
additive. Although neither investigated nor published, it is
known from conservators' oral report that an acrylic addi-
tive (Primal SF 016, former Primal AC 33) was mixed into
the slurries to enhance workability and adhesion during the
application. High amounts of air voids observed in many
coatings may also be an indirect evidence for the use of an
acrylic additive and large amounts of water in the mixes.
SEM-EDS measurements could not prove any traces of sul-
fate corrosion (i.e., formation of gypsum) or the presence
of other damaging salts typical for polluted urban envi-
ronments [17]. Despite the above mentioned dust depos-
its, traces of microbiological alteration (i.e. algae colonies,
fungi, etc.) were not observed.

3.2 Sacrificial layers on the roof area elements
A large number of architectural elements on the roof area,
such as domes, sculptures and balustrades, have been
maintained and conserved by one company since 2003
(Table 1). Due to the differing stone materials and variable
expositions significant differences were observed in the
state of preservation of the coatings. Hence, depending on
the substrate and the exposure, some areas (i.e., R-1 and 5)
were intensively weathered, while others, such as the coat-
ings on the compact limestone sculptures and balustrades,
were less weathered and exhibited better state of preser-
vation. Furthermore, the amount of air voids in the sacri-
ficial layers was lesser compared to the samples from the
facade and a more intense self-cleaning effect on the sur-
faces were observed.

The hydrophobic behavior of the roof area elements also
exhibited differences compared to the samples from the
facade. On top of sample R-1 the water-repellent treatment
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Table 2 Microstructure and water-repellent properties of the samples

. o Contact angle of water drop Depth of penetration
Thickness / number of . Entrapped air voids .
Sample Jayers Adhesion to the substrate (eav) on the present  approx. 100 mm of the hydrophobic
surface below the surface treatment
Al-1
Al2 0.2-1 mm/ good, no detachment was in Al-2 and 4 many
predominantly applied observed; pore filling eavs, otherwise not 40-75° 90-105° 3 to 5 mm
Al3 in one layer contact significant
Al-4
B-1
B-2 0.2-1.5mm/ good, in B-2 moderate, no except of B-5, very
B-3 predominantly applied detachment was observed; little amount of air 50-70° 95-110° 3 to 4 mm
B-4 in more layers pore filling contact voids
B-5
A2-1
0.1-1.2 mm / good, no detachment was .
A2-2 > -
predominantly applied observed; pore filling except of A2. 4 11'ttle 30-70° 100-110° 3to4 mm
A2-3 in one layer contact amount of air voids
A2-4
C-1
c2 0.2-1 mm/ good, no detachment was in Al-2 and 4 many
predominantly applied observed; pore filling eavs, otherwise not 50-70° 90-105° 3 toSmm
c3 in more layers contact significant
C-4
A3-1 . good, no detachment was . .
0.1-0.5 mm / applied observed; pore filling in all layers many air 50-70° 95-110° 2 to 3 mm
A3 in one layer co,ntact voids
Rl vg;?t-}?errr;?' ;;t;ﬁzgli}; good (where existing); pore  no air voids; small 550 100° > mm
one iayer filling contact shrinkage cracks
RO 0.1—9.5 mm / applied g00d a few air voids 105° 115 ca. 0.2 mm (substr.ate
in one layer is not hydrophobic)
R-3 0.5;r11.t5hrrr;renl/a;£ rpsl fed good small air voids 100° 110° 5 mm
R-4 0'8;11'?}12?12552116(1 good a few, small air voids 70° 110° 3 mm
R-5 O—O.fNr:;ilh/e::('iongly moderate (Where existing) no air voids 55¢ 50° -
R-6 0-0.4 mm / applied in good (where existing) a few small air voids 110° 85° only surface

three layers; weathered

S ——

Fig. 6 Characteristic micrographs (upper line: OM, lower line: SEM-BSD) of sacrificial layers (double arrows) from the facade; a) A1-3, b) Al1-4, ¢) B-2, d) B-4
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was absent, whereas underneath the coating (i.e. after
removing it) up to a depth of approx. 2 mm the hydro-
phobic activity was clearly present. Large contact angles
obtained on the surfaces of R-2 (Fig. 4(c) and Fig. 8),
3 and 4 (Fig. 4(d)) indicate hydrophobic properties that can
be traced up to a depth of 5 mm (Table 2). In R-5 no hydro-
phobic properties were identified, and sample R-6 exhib-
ited hydrophobicity only on its surface. Similarly to the
in situ observations, laboratory investigations and tests
were also characterized by larger differences compared
to the rather consistent properties of the facade samples.
Observations and measurements by optical and scanning
electron microscopy (Fig. 9(a)—(d)) indicated variable coat-
ing thicknesses (Table 2), as well as variable composition of
the layers. While only the samples R-1, 2 and 5 (Figs. 9(a)—
(c)) can be characterized as lime-based sacrificial layers

with fine-grained limestone aggregate, the surface of the
sample R-3 was covered by two layers of Portland hydrau-
lic lime (lime putty with white Portland cement) and off-
white paint pigmented with titanium white. The later coat
also showed higher amounts of silicon in the EDS spectrum
confirming the use of a silicate-acrylic or silicone-based
paint system. Furthermore, R-4 was also covered with
a 0.5 to 1 mm thick coating made up of a Portland slag
cement-air lime mix with crushed limestone as aggregate.
In this case the surface was covered with a thin layer of
lime-based paint pigmented with yellow ochre. It can be
presumed, that all applied layers have acrylic additives.
Finally, sample R-6 contained a thin layer (50—100 um) of
lime-based sacrificial layer covered by two layers of lime-

based paints pigmented with yellow ochre giving the sur-
face a yellowish hue (Fig. 9(d)).

Fig. 7 Characteristic micrographs (upper line: OM, lower line: SEM-BSD) of sacrificial layers (double arrows) from the facade; a) A2-1, b) A2-4,
c) C-3,d) A3-2

Fig. 8 Changes of contact angle (hydrophobic activity) by removing the sacrificial layer (R-2); a) surface (hydrophobic), b) approx. 50 um below the

surface (slightly hydrophobic), ¢) on the surface of the substrate (non-hydrophobic)



Pintér and Fuchs | 737
Period. Polytech. Civ. Eng., 65(3), pp. 730-740, 2021

Fig. 9 Characteristic micrographs (upper line: OM, lower line: SEM-BSD) of sacrificial layers (double arrows) from the roof area; a) R-1, b) R-2,
¢)R-5,d) R-6

4 Discussion

The in situ observations and laboratory investigations of
twenty-five building stone samples covered with sacri-
ficial layers from the northwest facade and the roof area
of the NHM in Vienna enabled detailed insights into the
composition, structure and behavior of sacrificial layers
on historic monuments situated in urban environment.

Nevertheless, when interpreting the results care must be
taken, especially in the case of the facade, because the lim-
ited amounts of sample provided only selective information
on a large surface. Although a complete vertical section at
the northwest facade was maintained by the same company
using and applying the same products, we can only assume
that the interpretation of results based on the observations
and measurements taken on the lower zones of the facade
are comparable to that of the higher levels. Therefore, the
interpretation of the results on the northwest facade corre-
sponds only to vertical surfaces (i.e., stone ashlars made
of Zogelsdorf biocalcarenite) up to a height of approx. five
metres and do not consider other stone substrates or facade
elements (e.g., sculptures, outstanding cornices, etc.) which
could not be sampled due to their position and thus have an
unknown state of preservation.

Based on the first impressions the whole northwest facade
showed a fairly uniform appearance. Only the right part of
the northwest side (company C) exhibited clear visual dif-
ferences due to the excessive use of ochre pigments in the
mixes giving that part of the facade a yellowish-beige hue.

While company A usually coated the surfaces in one
layer, companies B and C frequently used multiple layers;
therefore, the average thickness of their sacrificial layers

were larger than those of company A. This could particu-
larly be observed by naked eye in the section restored by
company C, where many surface details have been blurred
due to the thick coatings. Although these features indicate
a less accurate way of application, they do not necessar-
ily have a negative impact on the appearance of the sur-
face. An important feature was the presence of entrapped
air voids in the sacrificial layers. In all sections, parts of
the layers contained many air voids, but especially those
applied by company A seemed to contain more of these
macropores. The formation of air voids is not only con-
nected to the mixing and preparation of sacrificial layers,
but also to the amount of water and acrylate additive in the
binder as could be confirmed by the authors' experiences.
The fact that the oldest and thinnest coatings contained the
largest amounts of air voids supports the assumption that
too many entrapped air voids weaken the binder of the sac-
rificial layer and such surfaces are more affected by weath-
ering. Also, the larger air voids contained more fine dust
that had been captured due to the increased specific surface.

Apart from that, each sample taken from the facade
was in a good state of preservation even after almost
twenty years of exposure. Neither in situ observations, nor
microscopic analyses indicated traces of detachment, salt-
affected deterioration or weathering of biogenic origin
even not in the case of the thinnest and thus most weath-
ered sacrificial layers at the southwest corner avant-corps
applied in 2000.

The most significant and uniformly observed prop-
erty at the northwest facade was the deep penetration of
the water-repellent treatment that was used to extend the
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lifespan of the sacrificial layers [14]. In general, the treat-
ment should only affect the sacrificial layer and not the
(original) substrate [14]. The samples from the facade indi-
cated, however, a very deep (i.e., up to 5 mm) penetra-
tion depth measured from the present surface indicating
that the upper few millimeters of the stone elements were
also affected by the treatment. Even if the hydrophobicity
was decomposed by weathering in the uppermost tenths of
microns allowing a rather slow, but continuous weathering
of the sacrificial layer, the water-repellent property in the
deeper, protected zones of the original substrate will cer-
tainly remain for much longer time.

The complete absence of gypsum crusts and/or traces
of sulfation horizons are a consequence of the continuous
decrease of SO, in the air due to strict environmental regu-
lations in the EU since the 1990s [18]. Furthermore, the use
of extensive water-repellent treatments could also hinder
or inhibit the formation of sulfate products. Nevertheless,
the lack of gypsum at the surface can certainly be inter-
preted as a consequence of the improving air quality in the
last decades.

Unlike those from the facade, the samples taken from
the roof area showed more variability in their proper-
ties. This was not only due to the different types of stone
(i.e., mostly dense karst limestone and conglomerate)
used at the exposed top of the building, but also of the
more variable coatings. Both the exposition and type of
coating influenced the state of preservation of the sur-
faces. Thus, dense limestone surfaces were either covered
with acrylate-tempered lime slurry containing fine car-
bonate sand (R-2), or the surface/layer was additionally
coated with a silicone-based paint (R-3). In samples R-4
and 6 no sacrificial layer was applied. The thick lime-ce-
ment coating in R-4 was most probably used as a putty to
level the slightly damaged stone surface. High amounts of
ochre pigments in the paint layers of R-6 were deliberately
added to imitate the brownish-yellow hue of the stone.
Only the samples R-1 and 5 were coated with classical, in
both cases pigmented, lime-based slurries.

Regarding the hydrophobic properties of the samples,
significant differences were also detected. The depth of
the water-repellent property changed between 2 and 5 mm
in R-1, 3 and 4, in the case of R-2 and 6 only the surface
revealed hydrophobicity. In R-5 no traces of hydropho-
bic property were detected. In the case of the latter sam-
ple in particular, it was clearly visible that the sacrificial
layer has only been preserved in the micro depressions and
pores of the stone surface. The strong weathering of the

sacrificial layer on this roof segment is not just a conse-
quence of exposition, but probably also because of the less
penetration by the water-repellent treatment (i.e., only the
surface of the sacrificial layer was impregnated).

The oldest sacrificial layers were applied almost two
decades ago, but their state of preservation is comparable
to that of later applications. Generally, it can be concluded
that after ten to twenty years of exposure no damage due
to the materials used and application methods can be
observed. Each company has different application meth-
ods, therefore macro- and microscopic differences (color,
structure, surface, etc.) between the applications are visi-
ble, and in some cases (e.g., company C) they can be inter-
preted as "characteristic fingerprints" of the executors.
Since the functionality and aesthetic value of sacrificial
layers and/or water-repellent coatings depend on the appli-
cation, the most important factor determining the final
quality depends mainly on the artisans and the external
conditions (i.e., temperature, air humidity, solar radiation,
etc.) while application. Nevertheless, despite these macro-
and microscopic differences one can assert that the sacri-
ficial layers fulfil their function on the northwest facade
by covering and protecting the substrate underneath and
giving the surface a reasonably homogenous appearance.

Unlike the differences observed in the sacrificial lay-
ers, all companies applied the water-repellent treatment
uniformly on the facade. The very deep level of penetra-
tion suggests that the silane/siloxane-based products were
applied excessively. This is contrary to the idea of creat-
ing a thin hydrophobic impregnation in order to extend
the durability of sacrificial layers and protract the main-
tenance cycles [14]. Therefore, the hydrophobic agents
penetrating the porosity of the stones deeply cannot be
interpreted as an optimal treatment. Due to the three-
year warranty period in Austria, it can be assumed that,
companies applied too much water-repellent material for
economic reasons in order to ensure a well-maintained
appearance, even if problems or damage would occur
underneath. This strategy may have been employed to
avoid the need for future treatments [19].

Although the intense hydrophobic impregnation can be
seen as positive, since it providing a longer service life
for coatings, the penetration in the sub-surface zones of
the substrate may cause difficulties in the future. Poorly
applied water-repellent treatment combined with certain
conditions, such as salt-laden structures and/or infiltration
of water from behind the treated surface, frequently cause
severe damages in the masonry [20].



However, in the case of the northwest facade of the
NHM, the main problem lies elsewhere. Since the above
mentioned failures were not observed even after almost
twenty years of service life of some of the coatings, the dif-
ficulties related to the very deep penetration of the hydro-
phobic treatment are connected to the future maintenance
of the stone facade. When discussing the current situa-
tion at the object, several questions rise especially about
the re-treatability of these surfaces. Is a consecutive treat-
ment with the same materials possible or would it be nec-
essary to find a different product? The facade still appears
well-maintained, but future problems cannot be determined
at the present. Different degradation levels of the stone are
observed throughout the facade, while no homogeneous
degradation of the water-repellent treatment can be found
(i.e. facade vs. roof area). Since the hydrophobicity can-
not be removed from the stone even after the theoretical
complete degradation of the sacrificial layer, the next con-
servation campaign has to face the problem of a water-re-
pellent stone and/or coating surface. Consequently, a treat-
ment with (pure) lime slurry cannot be executed. Thus, the
next coating system has to possess hydrophobic properties
or a very high amount of acrylic additives, otherwise the
required adhesion and compatibility with the substrate can-
not be guaranteed. The only materials currently available
for replacing the sacrificial layers that would be capable of
adhering to the hydrophobic stone are silicone resin-based.
Finally, due to the above considerations the "predestina-
tion" of future treatments and maintenance may cause
unexpected and unforeseeable degradation processes.

Due to the different degrees of degradation of the roof
area samples and the slightly different coatings to cover
the dense limestone sculptures, only a limited comparison
is possible. Only two samples (R-1 and 5) had the same
Zogelsdorf calacarenite substrate and lime-based coat-
ings, but with completely different hydrophobic proper-
ties. Neither a deep penetration, nor a good state of preser-
vation of the sacrificial layers could be observed. In regard
to the durability this might be a negative effect, but, in
accordance with the technical recommendations [14], the
current state allows consecutive measures and a long-term
maintenance of the surfaces in the future.

Finally, the results of this study point out the necessity
of further investigations in order to find the best appli-
cation methods for lime sacrificial layers with or with-
out the addition of inorganic and organic additives and
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hydrophobic treatments. The application method of the
water-repellent should be revised in order to avoid unnec-
essary deep penetration of the hydrophobic agent.

5 Conclusions

In the present study the performance of modified lime-
based sacrificial layers with additional water-repellent
treatment applied on porous and dense limestone types at
the northwest facade and roof area of the Natural History
Museum Vienna were evaluated. Based on the results of
the in situ observations completed with laboratory tests and
microscopic analyses following conclusions can be made:

+ in terms of thickness, color and general appearance
sacrificial layers at the facade revealed more homog-
enous appearance compared to of the roof area;

* in the case of all samples good adhesion between the
substrate and coatings, the lack of sulfate corrosion
(i.e., formation of gypsum) and no secondary dam-
ages, e.g., due to freeze-thaw cycles or similar pro-
cesses were observed;

* the differing, sometimes large amounts of entrapped
air voids are a consequence of the acrylic additives to
the lime slurry and the type of application;

 sacrificial layers containing more air voids may be
exposed to faster degradation due to the high macro-
porosity of their surface;

+ except for two examples in the roof area, all samples
exhibited hydrophobic properties up to a depth of
5 mm, indicating the intensive use of water-repellent
agents during the previous conservation work;

+ although impregnated surfaces may suggest an ideal
surface treatment, in the case of a present object it
may cause a problem during future conservation
campaigns, because there is no (non-destructive)
method which could remove the hydrophobicity from
a porous medium;

* therefore, the possible use of coating/binder systems
will be very limited in the future and the degradation
potential of the surfaces remains hard to predict.
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