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Fig. 1 Morphology of Ca(OH)nano-particles  Fig. 2 Typical particle size distribution of nano-
(IBZ-Freiberg) lime in comparison to traditionaimie
suspensions (IBZ-Freiberg)

The following CaloSiL types are available:

CaLoSil®-E: solvent: ethanol: Ca(Orgoncentration between 5 and 50 g/L
CaLoSilL®-IP: solvent iso-propanol: Ca(OHjoncentration between 5 and 25 g/L
CaLoSiL®-NP: solvent n-propanol: Ca(OHjoncentration between 5 and 25 g/L
CaLoSiL®-grey: solvent ethanol: Ca(OHjoncentration between 5 and 25 g/L.
CaLoSiL®-paste like: solvent ethanol: Ca(QHpncentration 300 g/L

Fig. 3 Different types of calcium hydroxide nano-sols4iBreiberg)
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Fig. 4, 5Density and viscosity of different types of CalLlbb%{(IBZ-Freiberg)

Fig. 6-8 Test kit to characterise the consolidation of éaggregates by capillary suction
(Strotmann & Partner)
'\q,

Fig. 9 Drop-wise application of CaLoSfLonto powdered
aggregates (Strotmann & Partner)
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Fig. 10, 11 Test kit to characterise the consolidation osmaggregates between intact stone /
mortar (Strotmann & Partner)
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Fig. 14 Drill holes in intact stone Fig. 15Cross sections of the samples after consolidation

after saturation with CaLoSFHL
(Restauro, Torun)

(Restauro, Torun)

Tab. 1 Consolidation Effects on Kutna Hora Lime stoneigérsity Pardubice)

Increase obending strength
(without treatment — 2,99 MPa)

Increase otampressive strength
(without treatment — 7,68 MPa)

CalLoSiL®IP25
after 5 impregnation cycles + 6%
after 10 impregnation cycles +13%

CalLoSiL®IP25
after 5 impregnation cycles + 23%
after 10 impregnation cycles + 389

S

CaLoSiL"E25
after 5 impregnation cycles + 23%
after 10 impregnation cycles + 49%

CaLoSiL"E25
after 5 impregnation cycles  + 229
after 10 impregnation cycles + 759
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Tab. 2 Consolidation effect on highly corroded lime moidniversity Pardubice)

Increase ircompressive
strength

Increase irbending strength
(without treatment: 0,07 Mpa)

Increase inensior strength
(without treatment: 0,07 MPa

(without treatment: 0,12 MPa

CaLoSiL®IP25
after 5 impregnation cycles

CaLoSiL’IP-25
after 5 impregnation cycles:

CalLoSiL®IP25
after 5 impregnation cycles

+1717% +507% +1270%
after 10 impregnation cycles| after 10 impregnation cycles| after 10 impregnation cycles
+ 3994% + 692% + 2782%
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Fig. 16 Characteristics of the samples used for the détation of the bending strength depending
on the penetration depth (ITAM AS CR, v.v.i, Prapu

Modulus of rupture of the Maastricht stone after treatment with
CaloSiL E 25
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Fig. 17 Bending strength of Maastrich limestone dependimghe penetration depth and the num
bers of applications of CaLoSIl(ITAM AS CR, v.v.i, Prague)
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Fig. 19 Depth distribution profile of calcium
hydroxide nano-particles after fast
evaporation of the solvent (University
of Applied Arts, Vienna)
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Fig. 20 Depth distribution profile of calcium hydroxide Fig. 21Samples for the digital image
nano-particles after slow evaporation of the saive analysis:
(University of Applied Arts, Vienna) left: fast evaporation;
right: slow evaporation



Fig. 22 Distribution of calcium hydroxide nano-particiesmortar samples indicated by the red col-
our of the indicator phenolphthalein (UniversityFohe Arts, Dresden)
Left: Immediately after saturation with CaLo@ﬂ.Right: after 24 hours.

Fig. 23 Distribution of calcium hydroxide nano-particlesmortar samples after 24 hours indicated
by the red colour of the indicator phenolphthalginiversity of Fine Arts, Dresden)
Left: Modification of the solvent Right: Usé a bimodal dispersion containing
and after-treatment Call§E-45 and CalLoSiPmicro
use of CaLoSfINP12,5/40% acetone
after-treatment with HPC-gel in(ethiino



. ) consolidated
Zerkowice sandstone (treatment: CaLoSiL E45) aggregates

* layer of CaLoSiL on surface
{partly lost in sample)

= very good connection between
binder and CaloSiL

* higher amount of CaLoSIiL
in upper parts

* accumulation of fine aggregates
and CalLoSilL on hoarder

* no CalLoS8iL in natural stone

natural stone

Fig. 24 SEM-BSE characterisation of the distribution oL6SiL® within aggregates of Zerkowice sandstone
(Restauro, Torun, University of Applied Arts, Vier)n

CaloSiL CaLoSil Mikro
variation: EELESS = 3 [
- concentration combination
- solvent of different components

- water free / water content

cellulose ether

variation:
- concentration
- water free / water content

(ssoregse] | [pioment |

combination with
structural strengthening

variation: variation:

- material (eg. chalk, - material (quartz,
gypsum, glass spheres) marble)

- grain size - grain size

Hochschule fiir Bildende Kiinste Dresden

Fig. 25 The concept of a modular system for consolidaatet on CaLoS{t (University of Fine
Arts, Dresden)



Fig. 26 Loose sand particles consolidated by combineatrtrent with CaLoSif E-25 and Funcosil
300 (producer: Remmers, Germany), (IBZ-Freiberg)

Table 3 Mechanical properties of mortar prisms after treattrwith nano-lime sols and esters of si-
licic acid (all data are the mean values of 3 ddfe samples); IBZ-Freiberg.

E-modulus E-Modulus Compressive strength [N/mm?2]  Bending strength [NAnm

Test- 1. treatment 2. treatment untreated [KN/mm?] [kN/mm?]

No.

0 reference sample 7,98 - 4,3+0,3 1,3+0,1

1 CaloSiL IP 12,5 CaloSiLIP 12,5 7,13 8,54 3,630 14+01

2 CaloSiL IP 12,5 Wacker 6,66 11,88 8,2+0,15 19+0,1

BS OH 100

3 CaloSiL IP 12,5 Funcosil 300 7,17 12,47 6,7+0,4 2,7+0,15

4 CaloSiL CalosSiL 7,52 8,26 43+04 12+0,1
E 25 E 25

5 CaloSiL Wacker BS OH 100 7,61 11,81 8,8+0,15 29+0,3
E 25

6 CaloSiL Funcosil 300 7,48 11,11 8,4+0,3 2,7+0.1
E 25

7 Funcosil 300 Funcosil 300 7,83 13,51 10,6 + 0,15 2,6+0,2

Table 4 Materials and tests performed to characterisednebination silicic acid ester (KSE = Fun-
cosil 300); (Restauro, Torun)

Materials Aggregate| Binder Consolidation treatments

CaLoSil® E45,

Zerkowice sandstone quartz siliceous| CaLoSHLE45| KSE 300 KSE 300

clay + car- . ® CaLoSil® E45,
Gotland sandstone quartz bonate CalLoSiL" E45| KSE 300 KSE 300
S ®
Pinczow limestone calcite carbonate CalLoSIlE45| KSE 300 Calosil E45,

KSE 300
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Fig. 28 Drillhole resistance measurements (ITAM AS CR,ivPrague)
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Zerkowice sandstone

= pore space

* layer on surface: CaloSiL

* consolidant in stone: only KSE

« accumulation of fine
aggregates: every sample;
most with KSE

« distribution of consolidant:
KSE very bad
CaloSiL good
COMBINATION very good

Fig. 29 SEM Analysis of the consolidant distribution ierKowice sandstone (Restauro, University
of Applied Arts, Vienna)

Gotland sandstone hoame . oy <<~ SR -
= pore space ; : ) - ) v

* layer on surface: CalLoSiL

« consolidant in stone: only KSE

< accumulation of fine z .
aggregates: every sample;
most with KSE

« distribution of consolidant:
KSE very bad
CalLoSiL very good
COMBINATION very good

Fig. 30 SEM Analysis of the consolidant distribution in @oid sandstone (Restauro, University of
Applied Arts, Vienna)
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Pinczow limestone

= pore space

« layer on surface: CalLoSiL

« consolidant in stone: none

« accumulation of fine
aggregates: every sample;

not that much

« distribution of consolidant:
KSE good
CaloSiL very good
COMBINATION very good

Fig. 31 SEM Analysis of the consolidant distribution im&ow limestone (Restauro, University of
Applied Arts, Vienna)

Table 5: Summary of the microscopic investigatidsiversity of Applied Arts, Vienna), KSE =
silicic acid ester, Funcosil 300, producer: REMMER&

consolidant if layer on| accumulation of fing| distribution of| general as-
stone surface | aggregates on boarder consolidant | sessment

Zerkowice sandsta-  yegii no Yes!! very bad -
ne KSE
Zerkowice sandsto-
es Yes Good ++
ne CaLoSil® none y
ne CalLoSil®+ ksg|  "ON€ Y v 9
Gotland sandstone no Yes very bad -
KSE yes y
Gotland sandstone es Middle Good +
CalLoSil® nhone y
Gotland sandstone es Middle Good +
CalLoSil®+ KSE none Y
Pinczow limestone none no Middle Good +
KSE
CaloSil® none y Y9

CaLoSil®+ KSE
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Fig. 34 Algal Biofilm Growth in Fissures in Limestone shiogy EPS
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Fig. 36 Annotation System View

Fig. 37 Peeling test’- Experimental procedure (ITAM AS GRv. i, Prague)
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Fig. 38 The developed micro tube testing device (ITAM @R, v. v. i, Prague)

Tiefenprofile von Bohrlochmessungen an Sandstein vo  r und nach einer Behandlung mit CALOSIL E25. Tiefen ~ raster 1; 1,5; bis 4 cm
5.00.2009
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Fig. 39 Ultrasonic drill hole measurement  Fig. 40 Ultrasonic depth profile before (red) and aftexegr)
device (GEOTRON) the treatment of sandstonk @dloSiL (GEOTRON)

Fig. 41 Developed drilling resistance device

(GEOTRON)
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Fig. 42 Positioner to operate the GPR system
(Geoservice, TU Delft)
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Fig. 43Different response from the same target (backedeatent) between the profile 391 (before
CaLoSiL® consolidation) and the profile 416 (after CaLo%ilonsolidation). The difference is obvi-
ous at the left part of the scan where the inclifmadture shows much less thickness in comparison
to the initial size (see upper part). Depth of pextn was 20 cm into the stone (GEOSERVICE;

TU-Delft).
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Fig. 44 Restoration of the sculpture of St Martin on Vhgitationist Church in Warsaw, Poland
(before, during and after restoration), (Restaliayun)

Fig.46 Masonry, axis | and axis |l before conservation
(Strotmann&Partner)
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Fig 48,49Flaking surfaces on wall paintings in the ,Saldiexo” before (left) and after the
application of CaLoSiL (right). Picture: UFAD

Fig. 50 Evaluation of the results by the HCP researchgiowMay 2011



Organization:

The Company
GEOSERVICE
(Gealogical &
Geophysical
Consuliants)

GEOSERVICE|

The Greek
Ministry of
Culture and
Tourism
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RESTORATION
AND ASSESSMENT
OF MONUMENTS
AND OBJECTS
OF ART

The latest research results and
developments in Nanomaterials
and related technologies in
reference with the Monuments
and Cultural Objects Conservation

29 March 2011,
at10.30 pm

at the Danish
Institute at
Athens

14A Herefondos
Platia Aghias.
Aikaterinis,
Plaka, Athens

With the kind
support of the
following
Organizations:

Danish Institute
at Athens.

Archeological
Institute
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Fig. 55 Announcement of the 2011 public meeting in Athens

Recent progress in the consolidadon of
cal eareuss malesials
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iyl Corrvh Kapuliis

Book of Abstracts

Fig. 56 Cover of the Book of Abstracts

i

Fig. 57 Peterborough meeting (UK)
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Fig. 59, 60Workshop in Mauerbach (Austria)
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Fig. 63The STONECORE presentation at AR&PRig 64 At the DENKMAL 2010, Leipzig
Innovation event

methods for the assessment of the
level of deterioration of structures
as well as the consolidation effects
on particulate materials, mainly
stones and mortars, of the novel
treatments. Mainly geo-radar and
ultrasonic measurements are at the
centre of interest.

‘The project wil progress from
investigations in the laboratory and
small scale applications on trial
areas, to the use of the materials
that have been developed on
selected objects in the field.
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Project STONECORE deals with the

development and application of

nano-materials for the conservation of

natural and artiicial stone.

Materials wil be developed that are com-

patible with components originally used

during the construction of buildings and

monuments.

Asecond main objective of project

STONECORE is the advancement of

non-destructive assessment methods for
one.

These will be used 10 assess the

performance of the novel materials.

In detal, project STONECORE combines

the following principle subjects:

+ Development of methods for the syn-
thesis of nano-materials that are compa-
tible with natural and artificial stone

+ Development and evaluation of techno-
logies suitable for the application of nano-
materials for strengthening stone and
mortar and the removal of

microbiological growth

+ Development of new, non-destructive
assessment methods for stone based on
ultrasonic as well as geophysical
measurer

« Treatment of different stones with the
materials developed and the
characterisation of any effects obtained

Six SMES, four universities, one public
research organisation and one govern-
mental organisation from seven
‘countries have joined together in order
to find a new approach for the
refurbishment of natural and artificial
stone. The idea of the project is to
combine applied research, performed by
the participating SMES, with fundamen-
tal investigative work at the universities.
The following applications are in the
centre of interest:

+ Consolidation of limestone, marble
and related materials due to the
formation of calcium carbonate from.
caleium hydroxide sols

+ Consolidation of different types of
mortar, plaster and sandstone by newly
developed nano-sols

+ Destruction of mildew and algal
growth by colloidal suspensions
combined with consolidation of the
treated area due to mineralisation

+ Solidification and conservation of
stucco

+ Stabilisation of wall paintings

Project STONECORE aims also to
develop innovative, non-destructive or
low invasive, minor destructive
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Fig. 65, 66The STONECORE flyer

European Construction Technology Platform Nano-materials for restoration and conservation
4™ Conference, Brussels, November 24 - 25, 2009 of the cultural heritage
Stone Conservation for Gerald Ziegenbalg. [BZ Freiberg, 09599 Frelberg, Halsbruecker Strasse 34
Refurbishment of v ibz-freiberg.de; gerald iberg.de
Buildings -

Challenge:

- Ce of limestone, marble, stucco,
concrete, mortar and plaster with materials
compatible to those used during construction

- Stabllisation of wall paintings

- Safe removal of fugal and algal growth

uanl: with the and

of
D of natural
o ariicial stone. Collodal c-(on)z and related materials are
in the centre of interest. They are used both for strengthening

of stone and the removal of fungal and algal growth. The CaLoSiL® - Nano-lime:
1BZ-Freiberg material development is accompanied by research to devel A B R R | -
new for stone Six dispersed in different alcohols, Covmmss et
SME's and six public research organisations from seven

- Available in concentrations up to 80 g/L

Partners countries have jointed together to find new approaches for the
conservation of the European cultural heritage.
IR Geoservice L =

F2 stcotmann Stone consolidation and strengthening by colloidal

calcium hydroxide
u Restauro

Geotron
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Advantage:

- Deep penetration into damaged ZONeS omemcassismz1zm e s

- Strengthening by formation of minerals e e e en
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 Stabilsation o wal paintings

University of
Applied Arts
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Fig. 67, 68, 6FExamples of STONECORE posters
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« = Futuristic nanotechnology helps preserve history

European-backed_research_project is
developing _revolutionary _technology to
dentify cracks and repair damage in
istoric stone buidings across Europe.

View printable page  View related result

Back

Europe Is proud of its recent history and
ritage, something that is  clear)
witnessed in old stone buldings scattered
around  ciies  from the _castern

Solutions to keep them s beautful as they

The EU-funded 'Stone conservation for the

renovating stone, mortar and plaster used
n the construction of historic monuments
and buidings. It is developing and testing
nano-materiais that are compatible with

the stone and mortar used i these
structures, as well as novel safe methods
or the assessment of stone.

studied, before investigating different fungal and algal growth on different stones,
mortars and plasters.

Stonecore is developing sols (Iquid-like suspensions) with calcium hydroxide particles at
the nano-scale that could increase the strength of treated mortar and stone. These sols
are white o white-opal and have a stabilly of several months. The dispersion medium
‘and concentration of the calcium hydroxide nano-sol have also been carefully selected.

the same time, diferent species of mould and algae were isolated and indentified in
trials on buidings, to be neutralised with new nano-lime dispersions.

Novel non-destructive ways were also developed to assess and diagnose stone. Thes

ground-penetrating radar (GPR) technology and _innovative

The system can detect even very thin fractures and

renovation with nano-sols. Initial field resuls have shown

that modern, high-frequency pulse radars are also capable of detecting thin fractures
and fracture networks i stone structore:

In addition, an ultrasonic_measurement tool has been developed to deter
stffness of the stone material and identity loose surfaces. With this revolutionar
technclogythe character nd char o Eropean ulkings wil b preservd, and 5o wil
i important part of our history and heria

Country: GERMANY
Information Source: Result from the EU funded FP7-NMP programme

ct Details
ZIEGENBALG, Gerald (0r.)

182-Salzchemie GmbH & Co.
Former Ingeniarirs O Ziegenbolg GBR

hitp:/cordis.curopa.cu/fetch? ACTION=D&SESSION=&DOC=1&TBL=EN_OF

&... 31032011

hitp://cordis.europa.eu/fetch? ACTION=D&SE

ION=&DOC=1&TBL=EN_OFFR&... 31.03.2011



IBZSalzchemle
GmbH & Co.KG

Technical Leaflet

Sample box . Fresco*
Content

100 mL CaloSit® E5 fime content 5g/L)

100 mL CaloSiL#IP5 (ime confent Sg/L)

100 mL Calosit® £25 -grey (ime content 25a/1)
20 mL CalosiL® paste-ike

Use

The sample box contains selected fypes of CaloSiewhich are suitable especialy for
the consolidation of powdering surfaces. wall painting and frescos.

CaloSil® E5, CaloSil® IP5

Calosil® ESis used especiall for fhe consolidation of powdeiing surfaces. Loose par-
ficles os well as pigments are glued together or on the surface.

CaloSil® IPS needs longer fime for the evaporation of the solvent. Deeper penetra-
fion and higher sirengthening is possible. This depends. however. in many cases akso
©on fhe structure of the materal fo be freated.

CaloSil® E25, CaloSil E-25% -grey

Both products contain relatively high calcium hydroxide concentrations of 25 wL
They are used for dsep structural as well os for the

surfaces. Due foits low viscosity and thin consistency CaloSil® £25 grey is Eslx:cn\'v
suitable for applications on surfaces. The tendency to form white hazes is extremely
low in comparison 1o other products.

CaloSil® “paste-like”

Calosil® pasfefike is a high concentrated nano-ime product. The solvent is ethanol
as in all products of the CaloSLe E - series. Itis used fo fil small cracks, joints sripen
ings. I can ko be used fo lue loose particles fogether of fo stabilize

ith filers such as marble or imestone powder offers the possibilty fo prepﬂre
jiection grouts or repair mortars

Storage

All CaloSil® types have fo be stored between + 5 °C and +30 °C. In unopened,
original containers, storage for at least hree monihs is possible. Seftied parficies can
be re-dispersed by shaking the closed boftie or by ultrasonic freatment. The proper-
fies remain unaffected.

IBZ-Salzchemie GmbH & Co KG

Gemerbepark Schmarze Kiefem™ 200158+
e 2 by - o« ot Fobo 2o

Fig. 71, 72Examples of technical leaflets
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Fig. 70Web-site of CORDIS Technology marketplace

IBZ-Salzchemle
GmbH 8 Co.KG

Technical Leaflet

Test-Kit

Content

100 miL CaLoSiL® £25 {ime content 25a/1)
100 mi Etharol

21ings of Plexiglas

2 diifferent droppers

1 e dish

10 ml Phenciphthalein in spray flask

Use

The Test-Kit is composed for first fests fo characterze the action of CaloSIL® E-25 on
different materials. The resulfs will give an overview about:

- penetrafion depth

- strengthening of the material

- white haze formation

- rafe of carbonation
The Plexigias fings are fo fill with lcose, original material. Then, saturafion of the mate-
rial with CalLoSil® can be realized by dropping it on the surface unfl safuration i
achieved. Repeated appications are possible after evaporation of the ethanol The
carbonafion process can be followed by using the phenclphthalein solution. For that,
phenalphthalsin has to be sprayed on the surface that shall be characierized. A red
colorwill be Visible when unreacted calcium hydroxide i present. The sample is then
sfilistrongly alkaline (pH > 10) and further carbonafion is possible.
An opfion is also the affer freatment with silicic acid esters. That should be realized
within one week after the freafment with CaloSi®:
If needed. CaloSil® £25 can be diluted with ethanel. Dilufion with water. however. is
possibie only in imited extent. The addition of increasing amounts of water resulf in
the of gel fike solutions folowed by the flacculation of the calcium hydroxide parfi-
cles.
Eihanol or Ethanak-water mixtures can be used aiso for prwetting of the materials fo
be consolidated.

Safety

CaloSil® is flammable/combusible. Keep away from oxidizers, heal. sparks and
flames. Avoid spiling, skin and eye contact. Ventilate well, avoid breathing vapours.
CallosiL® reacts strongly alkaline. Do not breathe vapour of mist. DG not smoke. Kesp
container closed. Use with adequate venfiation. Wash thoroughly after handiing.
Keep away from sources of ignifion. Please store in @ cool, dry place andin a fightly
closed container.

IBZ Salzohemie GmbH & Co.KG

Gewerbepark Schwarze Kaefem”™ (03731 200158«
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Fig. 73 Start website of the STONECORE-project

Fig. 74 Project-Logo



