POLIMIERY 2020, 65, nr5 371

Efficiency of selected biocide compounds in the protection
of building coatings against colonization by mold fungji,
cyanobacteria and algae
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Abstract: A series of biocidal compounds were evaluated as antifungal and antialgal additives for build-
ing coatings. The study comprised testing the susceptibility of coatings to colonization by Alternaria al-
ternata, Ulocladium atrum, Aspergillus niger and Penicillium purpurogenum fungi as well as Nostoc commune
cyanobacteria and Klebsormidium flaccidum green algae. White cabbage juice-based concentrate, dendri-
meric peptides, peptide hydrolyzates from milk thistle and chestnut seeds, as well as selected ionic
liquids, were used as additives to acrylic and silicone-based coatings. Also, some of biocidal additives
were previously intercalated in montmorillonite or hydrotalcite to increase their wash-out resistance.
The best results were obtained for the coatings modified with prolinate and sorbate ionic liquids added
in the amount of 2 wt %. They ensure protection against the algae and cyanobacteria also after aging
in water for 72 h, which indicates a possibility of their application in facade paints. Some antifungal
activity was observed for the coatings containing hydrotalcite intercalated with aminododecanoic acid,
while inhibition of algal growth was achieved using hydrolyzate from milk thistle seeds. However, in
both cases, the coatings lost the resistance to microbial colonization when aged in water.

Keywords: biological corrosion, biocides, antifungal activity, antialgal activity, building coatings.

Skutecznos¢ wybranych zwiazkéw biobojczych w ochronie powlok
budowlanych przed zasiedleniem przez grzyby plesniowe, sinice i glony

Streszczenie: Badano skuteczno$¢ szeregu zwiazkéw o wilasciwosciach biobdjczych, dodawanych do
powlok polimerowych stosowanych w budownictwie, w zabezpieczaniu przed porastaniem grzybami
i glonami. Wykorzystano mieszaning grzybow testowych Alternaria alternata, Ulocladium atrum, Asper-
gillus niger i Penicillium purpurogenum, a takze cyjanobakterie Nostoc commune oraz glony Klebsormidium
flaccidum. Jako biocydy dodawane do powlokowych kompozycji akrylowych i silikonowych zastosowano:
koncentrat na bazie soku z biatej kapusty, dendrymeryczne peptydy, hydrolizaty peptydowe z ostropestu
plamistego i nasion kasztanowca, a takze ciecze jonowe. Wybrane dodatki immobilizowano na drodze
interkalacji w montmorylonicie lub hydrotalkicie w celu zwigkszenia ich odpornosci na wymywanie. Naj-
lepsza odporno$¢ na porastanie glonami wykazywaty powloki modyfikowane dodatkiem 2% mas. cieczy
jonowych z anionami prolinianowym i sorbinianowym. Ochronne dzialanie cieczy jonowych zachowato
sie rowniez po teScie wymywania woda przez 72 h, co wskazuje na mozliwos¢ ich zastosowania w far-
bach elewacyjnych. Powloki zawierajace hydrotalkit interkalowany kwasem aminododekanowym wyka-
zywaty odpornos¢ na porastanie grzybami, a dodatek hydrolizatu nasion kasztanowca hamowat rozwdj
glonow, jednak w obydwu wypadkach dziatanie ochronne biocydu zanikato po tescie wymywania woda.

Stowa kluczowe: korozja biologiczna, biocydy, dzialanie przeciwgrzybicze, dzialanie przeciwglonowe,
powtoki budowlane.

Biological corrosion is a complex process of the destruc- new buildings [1-3]. The major factor determining the
tion of materials by living organisms: mold fungi, algae = microbial growth is an excessive and long-lasting air
and lichens, being an essential problem both in old and  humidity surrounding the building materials. It may

D LUKASIEWICZ Research Network — Industrial Chemistry Research Institute, Rydygiera 8, 01-793 Warsaw, Poland.
2 Building Research Institute, Filtrowa 1, 00-611 Warsaw, Poland.
* Author for correspondence: michal . kedzierski@ichp.pl



372

POLIMERY 2020, 65, nr 5

result from the errors at the design of construction,
improper selection of the materials and finishes as well
as incorrect maintenance of the building [4-6]. It is esti-
mated that the symptoms of excessive humidity can be
observed in near 15% housing units in Poland [7].

Many microorganisms produce acidic metabolites,
which can negatively affect the properties of inorganic
building materials [8, 9]. Sturm and coworkers studied
the crystallization of calcium oxalate hydrates by inter-
action of calcite marble with fungus Aspergillus niger.
They demonstrated that the formation of oxalic patina
is associated with acid production by fungi and results
in destruction of carbonate rocks [10]. The effect of some
biogenic corrosive substances produced by the microor-
ganisms on concrete was analyzed by Cwalina, who dis-
cussed biochemical processes essential for the mineral
materials deterioration [11].

Fungi are capable of producing a variety of volatile
metabolic products, including mycotoxins that may
contribute to serious human health problems [12, 13],
often described by the term “Sick Building Syndrome”
[14]. Among the most harmful pathogens are fungi
of the genera Alternaria, Aspergillus, Cladosporium,
Penicillium, Fusarium, Rhizopus and Stachybotrys [7, 15].
They produce mycotoxins including trichothecenes
(Stachybotrys), sterigmatocystin (Aspergillus versicolor),
ochratoxin A (Penicillium and Aspergillus niger) and afla-
toxin (Aspergillus flavus) [16]. Biological corrosion has also
been observed in new buildings, for example, eighteen
species of mold fungi were identified in acrylic coatings
applied to interior walls and exterior facades [17]. In some
cases, the strains resistant to commonly used antifungal
agents may develop, e.g. by producing additional struc-
tural barriers limiting the interaction of the biocide with
the fungal cell walls. This might be caused by improperly
selected or used in an insufficient amount biocidal agent
[18]. On the other hand, using high amounts of biocides or
more toxic ones create environmental and human health
risk. Therefore, to ensure the effective microbiological
protection, an occasional change of used biocides may
be necessary [19]. Because of the emergence of the strains
resistant to existing antifungal agents, there is a need for
seeking new biocidal substances, especially those non-
toxic to humans and less harmful to the environment.

Most biocides combine bactericidal and fungicidal
properties, few of them show also activity against algae,
however, the mechanisms underlying the variation in the
response of different microorganisms to the particular
substances are still not well understood [20]. One of the
most important factors influencing the susceptibility of
microorganisms to the action of biocides is the chemical
structure and composition of outer cellular layers. It is
complex and may vary between similar types of organ-
isms. In general, fungal cell walls contain chitin and glu-
can as the major components, while most algae have cell
walls composed of microfibrillar cellulose, xylans and
mannans [21, 22]. The changes in the cell structure and

composition may arise under different conditions of the
microbial growth resulting in a different response to
antimicrobial agents. Many other factors affect the bio-
cide activity, including its concentration, adsorption and
uptake into cells, accessibility of target sites, temperature
and pH conditions [23].

A series of biocides used in our earlier studies showed
high activity against bacteria and some types of fungi,
however, they were not investigated for effectiveness
against mold fungi and algae found in buildings. The
purpose of this work was to evaluate these compounds
as additives for building coatings. Among the examined
substances were natural products, namely white cabbage
juice-based concentrate (EC) and protein hydrolyzates
from the seeds of milk thistle (HPM) and chestnut (HPC)
as well as synthetic ones such as ionic liquids and den-
drimeric peptides. The work included the assessment of
antifungal and anti-algae effects according to the require-
ments for interior and exterior applications. We extended
the study to examine the selected biocides previously
intercalated in montmorillonite (MMT) or hydrotalcite
(HT). The immobilization of biocidal compounds in such
layered materials enables, in some cases, to increase their
resistance to wash-out of the coating [24, 25]. The main
goal of the work was to assess the applicability of the
investigated compounds as environmentally friendly
substitutes for currently used biocides in building paints.

EXPERIMENTAL PART
Biocides

The biocides used in the study were prepared accord-
ing to the procedures referenced in the Table 1.

Immobilization of biocidal additives

The compound of montmorillonite and white cabbage
juice extract (M-EC) was obtained by suspending 8 g
Cloisite 30B (Southern Clay Products) in 50 cm® metha-
nolic solution of EC (3.8 wt %), mixing and equilibration
for 18 h, then separation the product using a centrifuge.
The milk thistle protein hydrolyzate with a protein con-
tent of 78-80 wt % and the average number of amino acid
residues in the peptide molecule n = 5.5-6.0, was used.
The chestnut protein hydrolyzate contained 28-30 wt %
protein with the average number of amino acid residues
in the peptide molecule n =2.8-3.0

Preparation of biocide-modified coating compositions

Two coating systems were used in the study, i.e. Osakryl
OSA 520, an aqueous dispersion of styrene-acrylic copo-
lymer supplied by Synthos S.A. and Sarsil BS, silicone
resin solution in organic solvent provided by Chemical
Plant “Silikony Polskie” Ltd. Both binders were supplied
without an additive of “in can” preservatives. The coat-
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Table 1. Biocides used in the study

Designation Compound Reference
SBA Benzalkonium sorbate [26]
(s)PBA Benzalkonium s-prolinate [26]
PDDM Didecyldimethylammonium s-prolinate [26]
EC Extract from white cabbage juice [27]
DP119 Peptide dendrimer [28]
ADA Aminododecanoic acid see Experimental Part
M-DP119 Montmorillonite/DP119 intercalation compound [29]
M-EC Montmorillonite C30B/EC intercalation compound see Experimental Part
HPM Hydrolyzate peptide from milk thistle seed waste [30]
HPC Hydrolyzate peptide from chestnut seeds [30]
M-ADA Montmorillonite/ADA intercalation compound [31]
HT-ADA (Zn, Al) hydrotalcite/ADA intercalation compound [32]

ing compositions were prepared by mixing acrylic or
silicone binder with a predetermined amount of biocide
using a homogenizer. Tables 2 and 3 show the composi-
tions of coating specimens based respectively on aqueous
styrene acrylic dispersion and silicone organic solution.

Methods of testing

Testing of susceptibility of the coatings to the growth of
fungi

The effect of added biocide on fungal growth on the
coating surface was measured according to PN-EN
15457:2014 standard (Paints and varnishes — Laboratory
method for testing the efficacy of film preservatives in
a coating against fungi). Test samples were prepared
by coating a strip of filter paper without biocidal effect
with the coating material to be tested. A second coating
layer was applied after the first one had dried. The sam-
ples were then dried for 7 days and the specimens with
size 50 mm x 50 mm were cut off from them. Half of the
specimens were subjected to aging by placing them in
water (70 cm?® for each specimen) for 72 hours. Water was
changed once daily.

All the specimens were sterilized using UV radiation for
24 hours, and then each of them was placed on a solidified
malt-agar (3%—1.5%) culture medium, previously sterilized
in the autoclave and poured into sterile Petri dish under
aseptic conditions. The specimens were uniformly inocu-
lated with 0.2 cm® each of the mixed spore suspension,
previously prepared according to the procedure specified
in sub-clauses 8.2 and 8.3 of PN-EN 15457 standard. The
spore suspension used for the test contained two fungi
more likely to grow in an exterior environment: Alfernaria
alternata (DSM 62010) and Ulocladium atrum (DSM 63068),
and two fungi more likely to grow in an interior environ-
ment: Aspergillus niger (DSM 12634) and Penicillium purpuro-
genum (DSM 62866). Pure cultures of fungi were obtained
from the Deutsche Sammlung von Mikroorganismen und
Zellkulturen (DSM). The specimens were then placed in

Table 2. Coating compositions based on aqueous acrylic dis-

persion
Additive
Sample designation Additive amount
gperl00g
OSA 520 (reference sample) - -
OSA 520/SBA-2 SBA 2
OSA S20/(s)PBA-2 (s)PBA 2
OSA S20/PDDM-2 PDDM 2
OSA S20/EC-1 EC 1
OSA S20/M-DP119-2 M-DP119 2

Table 3. Coating compositions based on silicone resin orga-
nic solution

Additive
Sample designation Additive amount
gperl00g

Sarsil BS (reference sample) - -
BS-DP119-1 DP119 1
BS/M-EC-5 M-EC 5
BS/HPM-3 HPM 3
BS/HPC-2 HPC 2
BS/M-ADA-5 M-ADA 5
BS/HT-ADA-5 HT-ADA 5

a breeding chamber and incubated for 21 days at 24 + 2°C.
The assessment of fungal growth was carried out visually
at 7 days, 14 days and 21 days after the inoculation, using
the assessment scale (EN 16492:2014):

0 —no fungal growth on the surface of the specimen;

1 —up to 10% growth on the surface of the specimen;

2 — more than 10% up to 30% growth on the surface of
the specimen;

3 —more than 30% up to 50% growth on the surface of
the specimen;

4 — more than 50% up to 100% growth on the surface
of the specimen.

The results were taken as the average value of six sam-
ples.
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Table 4. Testing of susceptibility of acrylic coatings to colonization by fungi

Assessment of fungal growth on the specimen surface

S . . After 14 days After 21 days After 28 days
ample designation

Non-aged Water-aged Non-aged Water-aged Non-aged Water-aged

samples samples samples samples samples samples

Control sample
(filter paper)p 4 - 4 - 4 -
OSA 520 4 4 4 4 4 4
OSA S20/SBA-2 0 4 2 4 2 4
OSA 520/(s)PBA-2 0 2 2 37 4 3.7
OSA S20/PDDM-2 3 4 37 4 3.7 4
OSA S20/EC-1 4 4 4 4 4 4
OSA S20 /M-DP119-2 3.7 4 4 4 4 4

Table 5. Testing of susceptibility of silicone coatings to colonization by fungi

Assessment of fungal growth on the specimen surface

S . . After 14 days After 21 days After 28 days
ample designation

Non-aged Water-aged Non-aged Water-aged Non-aged Water-aged

samples samples samples samples samples samples

Control sample
(filter paperf 4 4 4 4 4 4
Sarsil BS 4 4 4 4 4 4
BS-DP119-1 3 4 4 4 4 4
BS/M-EC-5 4 4 4 4 4 4
BS/HPM-3 4 4 4 4 4 4
BS/HPC-2 4 4 4 4 4 4
BS/M-ADA-5 4 4 4 4 4 4
BS/HT-ADA-5 2 3 2.3 4 2.3 4

Table 6. Testing of susceptibility of acrylic coatings to colonization by cyanobacteria and algae

Sample designation

Assessment of algal growth on the specimen surface

After 14 days

After 21 days

After 28 days

Non-aged
samples

Water-aged
samples

Non-aged
samples

Water-aged
samples

Non-aged
samples

Water-aged
samples

Control sample
(Filter paper)

OSA 520

OSA S20/SBA-2
OSA S20/(s)PBA-2
OSA S20/PDDM-2
OSA S20/EC-1

OSA S20/M-DP119-2

NN O OO DN N
NN O O OoON

NN O OO N N
NN O O O N

NN O O o NN N
NN O O OoON

Table 7. Testing of susceptibility of silicone coatings to colonization by cyanobacteria and algae

Assessment of algal growth on the specimen surface

S . . After 14 days After 21 days After 28 days
ample designation

Non-aged Water-aged Non-aged Water-aged Non-aged Water-aged

samples samples samples samples samples samples

Control sample
(Filter paperf 2 - 2 - 2 N
Sarsil BS 2 2 2 2 2 2
BS-DP119-1 2 2 2 2 2 2
BS/M-EC-5 2 2 2 2 2 2
BS/HPM-3 0 2 0 2 0 2
BS/HPC-2 2 2 2 2 2 2
BS/M-ADA-5 2 2 2 2 2 2
BS/HT-ADA-5 2 2 2 2 2 2
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Testing of susceptibility of the coatings to the growth
of cyanobacteria and algae

The effect of added biocide on the growth of algae on
the coating surface was measured according to PN-EN
15458:2014 standard (Paints and varnishes — Laboratory
method for testing the efficacy of film preservatives in
a coating against algae). Six test samples were prepared
using the same procedure as the coatings tested for resis-
tance to fungi.

All the specimens were sterilized using UV radia-
tion for 24 hours, and then each of them was placed on
a solidified Bold culture medium, prepared according
to the procedure specified in sub-clauses 8.1 and 8.2
of PN-EN 15458 standard. The samples were flooded
with a suspension of algae until completely immersed.
The mixture of Nostoc commune (cyanobacteria) and
Klebsormidium flaccidum (green algae) was prepared
according to the sub-clauses 8.4 and 8.5 of PN-EN 15458
standard. Pure cultures of algae and cyanobacteria
were obtained from the Culture Collection of Algae at
the University of Gottingen (SAG). The specimens were
then placed in a breeding chamber, incubated for 35 days
at 23 + 2°C and irradiated with 1000 + 200 Ix light inten-
sity in a cycle of 16-hour light-period followed by 8-hour
dark-period. The evaluation of algal growth was carried
out visually at 14, 21 and 28 days after the inoculation,
using the assessment scale:

0 — no growth of algae on the surface of the specimen
and Petri dish;

1 — lower algal growth on the surface of the specimen
containing biocide compared to the reference without
biocide;

2 — similar or higher algal growth on the surface of the
specimen containing biocide compared to the reference
sample.

RESULTS AND DISCUSSION

For an initial screening to evaluate the potential of
biocidal substances as additives for protection of build-
ing coatings against biological corrosion, an assessment
method was developed [33]. It is based on EN 15457 and
EN 15458 standards dealing with microbiological growth
of building materials, supplemented with water aging
test. The method involves the use of the selected strains
of fungi likely to grow in an interior (Aspergillus niger
and Penicillium purpurogenum) and exterior (Alternaria
alternata and Ulocladium atrum) environment as well as
Nostoc commune cyanobacteria and Klebsormidium flac-
cidum green algae frequently found on exterior building
walls.

Two coating systems, water reducible and solvent-
based, were used in the study. Some of the investigated
biocides, due to acidic character, caused destabilization
of the aqueous dispersion, thus they were tested only
as additives to the organic solvent — based system. The

results of the assessment of fungal and algal growth,
divided based on the coating type, are shown in the
Tables 4-7.

Representative images illustrating the growth of fungi
and algae (or its inhibition) on the coating specimens are
depicted in Figs. 1 and 2.

Ionic liquids (ILs) became a subject of interest as sub-
stances with antimicrobial properties that are non-
toxic for homeothermic organisms [34]. ILs used in this
study contained quaternary ammonium cations, mainly
responsible for biocidal properties and “environmen-
tally-friendly” anions of L-proline amino acid or sorbic
acid [Formulas (I)—(IV)]. Earlier studies showed that pro-
linate and sorbate ILs exhibit higher activity against some
fungi than alkylammonium chlorides commonly used as
antimicrobial agents [26, 35].

The surfaces of coatings modified with ionic liquids
[SBA, (s)PBA and PDDM] used in a concentration of
2 wt % (based on the weight of the base coating) dem-
onstrated a lack of algal development. This also con-
cerned the samples subjected to immersion in water for
72 hours. In the case of fungal growth tests, the coating
performance depended on the type of ionic liquid used.
The best results (the growth of mold limited to 10-30% of
the sample area) were obtained for coatings with added
SBA and PBA, both containing benzalkonium (alkyldi-
methylbenzylammonium) cations. However, after aging
in water, they lost antifungal resistance. Only very slight
inhibition of fungal growth was observed in the case of
coating with added IL containing didecyldimethylam-
monium cation (PDDM).

Another examined compound, extract from white
cabbage juice (EC) contained the products of enzymatic
hydrolysis of glucosinolates (GLS), mainly composed
of isothiocyanates, nitriles and indoles. Earlier studies
demonstrated the biocidal action of EC against Candida
albicans and Aspergillus niger [27]. The antifungal activ-
ity of GLS degradation products was also reported by
other authors [36]. In the work of Rytwo et al. [37] organi-
cally modified montmorillonite was used for adsorp-
tion of allyl isothiocyanate, the main product of GLS
hydrolysis, to increase its stability and prolong its bio-
cidal action. However, in our study, no inhibition of the
microbial growth was observed for the coatings with EC
extract added in the amount of 5 wt %. This may be due to
instability of EC bioactive ingredients or too low biocide
concentration, however, further addition of EC would be
impracticable due to high solvent content. Also, the nega-
tive results were obtained using EC adsorbed on organi-
cally modified montmorillonite (M-EC).

The next investigated biocide was dendrimeric pep-
tide (DP), branched oligopeptide with structure shown
in Formula (IV), successfully applied against Candida albi-
cans yeast and various bacteria [28, 38]. We used it alone
and as a product of DP intercalation in montmorillonite
[29]. In both cases, the coatings modified with DP did not
show any resistance to the tested fungi and algae.
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Non-aged coatings

Filter paper

Osakryl S20-reference

0OSAS20/SBA-2

Water-aged coatings

Non-aged coatings

Osakryl S20-reference

Z

BS /HPC-2

OSAS20/SBA-2

Water-aged coatings

-

OSAS20/(s)PBA-2

BS /M-ADA-5

BS /HPC-2

OSA 520/PDDM-2 OSA S520/PDDM-2 BS /M-ADA-5 BS /M-ADA-5

Fig. 1. Exemplary images of Alternaria alternata, Ulocladium atrum, Aspergillus niger and Penicillium purpurogenum fungi growth
on reference and biocide-containing coatings

Non-aged coatings Water-aged coatings Non-aged coatings Water-aged coatings

Filter paper

Osakryl S20-reference

Sarsil BS- reference

OSA S20/PDDM-2

BS-HPM 3

OSA 520/(s)PBA-2

OSA S20/(s)PBA-2

BS-HPC-2 BS-HPC-2

Fig. 2. Exemplary images of Nostoc commune cyanobacteria and Klebsormidium flaccidum green algae growth on reference and
biocide-containing coatings
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Other investigated peptide compounds were the prod-
ucts of enzymatic hydrolysis of proteins from the seeds of
milk thistle and chestnut, waste materials from the herbal
industry. As reported in the work of Baranowska et al.
[30], the resulting hydrolyzates demonstrate the activity
against most bacteria as well as fungi from the Candida
family. In our experiments, only the peptide product
isolated from milk thistle seeds (HPM) gave a positive
result in inhibiting the growth of algae on the silicone
coating, however, it showed no resistance for wash-out
with water.

Layered minerals including aluminosilicates and dou-
ble hydroxides (hydrotalcites) attract considerable inter-
est as carriers for biologically active compounds, enabling
their controlled release and prolonged activity [39, 40]. For
example, montmorillonite clays intercalated with cationic
surfactants (octadecyltrimethylammonium and hexadecy-

ltrimethylammonium) showed antifungal activity against
Cladosporium herbarum [41]. The study of Suslin et al. [42]
showed that epoxy matrices containing montmorillonites
modified by various quaternary alkylammonium ions had
enhanced resistance to the biological activity of several
strains of fungi, however, no fungistatic effect was observed.
In our study, we used montmorillonite and zinc-alumi-
num hydrotalcite intercalated respectively with cationic
and anionic forms of aminododecanoic acid (ADA) [31, 32].
As indicated by our unpublished data and reported in lit-
erature [43], ADA exhibits some antimicrobial properties.
Additionally, due to long alkyl chain and functional end
groups of ADA, its intercalation compounds with MMT and
HT show good compatibility with various polymer matrices,
enabling the formation of nanocomposite structures.

The silicone coating containing hydrotalcite interca-
lated with ADA showed a limitation of the fungal growth
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to 10-30% of the sample area. When immersed in water
for 72 hours, the coating lost antifungal resistance prob-
ably due to the deintercalation of amino acid. No antifun-
gal effect was detected for the coating contained the same
amino acid intercalated in montmorillonite (M-ADA). It
seems that the primary ammonium form of ADA (pres-
ent in MMT) is less active than the anionic carboxylate
form (intercalated in HT). The latter may act similarly as
the salts of fatty acids, which display antifungal activ-
ity, especially those containing 8-12 carbon atoms in the
chain [44].

CONCLUSIONS

This preliminary study showed that only a few tested
substances were effective in the protection of coatings
against microorganisms according to EN 15457:2014 and
EN 15458:2014 standards. Additional aging tests, by water
immersion for 72 h (not included in these standards) gave
satisfactory results only for SBA, PBA and PDDM ionic
liquids and only regarding the efficiency of preservatives
in a coating against cyanobacteria and algae.

In contrary to peptide biocides, ILs were compat-
ible with aqueous dispersions, not causing the emul-
sion breakdown. ILs with alkyldimethylbenzylammo-
nium cations provided only temporary inhibition to the
growth of fungi and lost the antifungal efficiency when
the coatings containing them were subjected to water
ageing. This indicates that lower concentrations of ILs are
sufficient to provide biocidal action against algae than in
the case of fungi.

The extract from white cabbage juice and dendrimeric
peptides did not inhibit fungal and algal growth on the
coating surface. Peptide hydrolyzate from milk thistle
seeds and hydrotalcite intercalated with aminododeca-
noic acid imparted respectively antialgal and antifungal
properties to the silicone coatings, however, they were
not maintained after water-aging. Prolinate and sorbate
ionic liquids seem to be promising as coating additives
for antialgal protection, however further work is needed
to analyze the leaching characteristics and long term
durability of the coatings containing IL preservatives.
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Sie¢ Badawcza Lukasiewicz —
— Instytut Chemii Przemystowej im. Prof. I. Moscickiego
w Warszawie
opracowat ogdlnokrajowa
BAZE APARATURY DO OKRESLANIA CHARAKTERYSTYKI I PRZETWORSTWA POLIMEROW

bedacej w posiadaniu uczelni, instytutow PAN i instytutéw badawczych.

Baza jest wyposazona w funkcje umozliwiajace wyszukiwanie wg zadanych parametréw: nazwy, typu
lub modelu aparatu, roku produkcji, producenta, charakterystyki parametréw technicznych, zastosowania
do badan, lokalizacji, stéw kluczowych, sposobu wykonywania badan, numeréw norm,
wg ktorych prowadzi sig¢ badania, oraz adresu i kontaktu z osoba odpowiedzialna za dany aparat.
Baza jest ciagle uaktualniana.

Dostep do danych i wyszukiwanie informacji w bazie jest bezptatne.

Instytucje i firmy zainteresowane zamieszczeniem w bazie informacji o posiadanej aparaturze prosimy
o przestanie danych na adres polimery@ichp.pl

aparaturapolimery.ichp.pl




