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ONLINE CHARACTERIZATION OF THE PARTICLE SIZE
IN SUBMICRON AND NANOMETER RANGE DURING THE DISPERSION
PROCESS

ONLINE CHARAKTERIZACE VELIKOSTI CASTIC V SUBMIKRONOVEM
A NANOMETROVEM ROZPETI BEHEM PROCESU DISPERZE

WOLFF-FABRIS F., NOGOWSKI A.

European Centre for Dispersion Technologies (EZD), SKZ — KFE gGmbH
Weissenbacher Str. 86, 95100 Selb, Germany
[fwolff-fabris@skz.de, www.ezd.eu

Introduction
Particle size distribution of pigments is one of the key aspects influencing the performance of the respe-
ctive dispersions, such as the rheological behavior, transparency, stability and color strength. In order
to reduce the agglomerate / particle size and therefore tailor the product's properties, dispersing and

grinding processes are employed. The dispersion quality and particle size can be monitored by a number
of characterization methods, which are usually available in a laboratory and therefore away from the pro-

cessing facilities, due to their temperature and vibration sensitivity, long measurement time and precise

sample preparation.

There is a growing need on directly employing such techniques in a processing environment, in order
to improve productivity, to implement autonomous process control and to enhance the quality control of
the product. Currently, online methods to characterize the particle size in the micrometer range, such
as optical analysis, are commercially available. However the on-line measurement of the particle size
distribution in the sub-micro and nanometer range is still a challenge.

In the frame of this study, a new developed in-situ measurement technique based on dynamic light scatte-
ring is addressed. A pigment suspension is processed in a beads mill and the particle size is characterized
during dispersion using this innovative in-situ method.

Key words
Pigment, Dispersion, on-line characterization, Particle size, De-agglomeration

Materials and Methods

Water based suspensions containing 0.5 wt.% yellow pigment Y155 3GP from Clariant and 0.25 wt.%
dispersing agent DISPERBYK 199 from BYK Chemie were employed. The suspensions were pre-disper-
sed using a dissolver ShearMaster from NETZSCH Feinmahltechnik and further dispersed in the beads mill
LabStar from NETZSCH Feinmahltechnik. Zirconia beads with a diameter 0.2—-0.3 mm were employed.
The off-line particle size distribution was investigated using the dynamic light scattering system NanoFlex
from the company Particle Metrix. For the in-situ characterization of the particle size distribution a new
probe head was developed, as described in the results and discussion.

Results and Discussion

Most of the particle size characterization techniques require off-line laboratory-based methods, which
cannot be easily incorporated in a production environment, due to the temperature variations and vibrations.
Furthermore, the samples have to be carefully prepared and/or diluted prior to characterization. Therefore
there is usually a large time delay between the sample collection and characterization. The goal for using
in-line and on-line methods is not to replace the final quality control of the material, but to assure processing
control. The combination of measurement techniques and processing is a requirement for the automation of
production steps and therefore for the establishment of autonomous controlled processes.

The investigation of the particle size distribution of pigments using dynamic light scattering (DLS)
during the dispersion / grinding process was carried out in the frame of a public funded project. One of the
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main challenges relates to the fact, that the Brownian molecular motion is the basic aspect required for the
DLS method. It is therefore required that the medium stays still. A stirred medium would result in false
results, as the particle motion due to the flow and not to the Brownian motion would be recorded. For this
reason, a new probe head for a 180° DLS measurement system was developed (Figure 1).

Fig. 1: Left: Principle of measurement of a 180° DLS system (Source: Particle Metrix). Right: New
probe head for the in-situ characterization of the particle size distribution (Source: Particle Metrix)

With the help of this new probe head, it is now possible to isolate small quantities of the suspension
from the complete medium. The DLS sensor is placed in the probe head, directly where the small quantity
of suspension in rest is located. Therefore, the medium outside the probe head can be in movement or stir-
red, without affecting the DLS results. This allows achieving a quasi in-situ DLS measurement of a stirred
medium. By employing this new probe it is therefore possible to measure the particle size distribution
during the dispersion process in a beads mill. The new probe head can for instance be placed in the stirred
product tank, as shown in Figure 2.

Fig. 2: The new probe head with DLS sensor can be incorporated to the dispersion process, in this
case to an agitated beads mill

The suitability of the new probe head was tested in a stirred medium (Figure 3). The particle size dis-
tribution was initially characterized in a resting medium without the new probe head, which corresponds to
a standard characterization using the DLS method (off-line modus). The measured particle size ranged
between 250 and 300 nm. The same material and configuration was used for the characterization in a stirred
medium, where a particle size around 50 nm was measured. This incorrect value is due to the fact that the
DLS sample in this case is actually calculating the particle size based on the particle velocity due to stirring

10
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and not uniquely due to the Brownian motion, as it is supposed to be. By using the new probe head, the
particle size was measured in a range between 220 and 300 nm, which in overall corresponds to the particle
size measured in an off-line modus. The stirring of the medium had only a minor influence, showing that
the probe head efficiently isolates the measured volume from the stirred medium.

Fig. 3: The new probe head with DLS sensor can be incorporated to the dispersion process, in this
case to an agitated beads mill

Subsequently, the DLS measuring system including the new probe head was incorporated in a beads
milling system, as previously shown in Figure 2. A yellow pigment suspension was used here for further
investigations. Grinding parameters (especially the velocity of the agitator beads mill, from 1000 up to
3000 rpm) were chosen in order to achieve a de-agglomeration of the pigment particles and the particle size
was measured during this process. The DLS results obtained with the new probe head are plotted against
the grinding time (up to 2.5 hours) in Figure 4. The respective specific energy input is also shown in this
figure. Each of the blue dots in this figure corresponds to one measurement point, which lasts approximately
1.5 minutes. Using this approach a continuous characterization of the particle size during processing could
be obtained. In a first phase, the de-agglomeration process occurs very fast. After approximately 30 minutes,
the de-agglomeration process becomes much slower, which is not surprising. The smaller the agglomerates,
the higher is the energy required for breaking down such pigment agglomerates.

Fig. 4: Investigation of the grinding process of a pigment suspension in an agitator bead mill using
the novel probe head and DLS-sensor

Conclusion

In this work, a novel in-situ particle size characterization method was presented. A new probe head for
the dynamic light scattering (DLS) method was developed and tested, in which a small sample volume for the
measurement is isolated from the stirred medium. This probe head and new measurement method was incor-
porated into a grinding process using an agitated beads mill. Therefore, an in-situ particle size characterization
insubmicron and nanorange during the grinding / dispersion process was possible. The results showed that this

11
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new method is well suited for following the de-agglomeration process in pigment suspensions. This method
can be employed for optimizing the grinding / dispersion process as well as for quality control assurance.
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USAGE OF NUVOLVE™ GLUCAN DISPERSION IN COATINGS
VYUZITI NUVOLVE™ GLUKANOVE DISPERSE V NATEROVYCH HMOTACH

VLASAKOVA J., MILIC R.

Synpo, akciova spolecnost, Pardubice

Summary
This work is focused on using of the engineered polysaccharide alpha-1, 3-glucan in combination with
coating formulations for commercially relevant coating systems. The unique microstructure of the

polysaccharide allows it to be easily formulated into various paint resins with excellent compatibility. Al-
pha-1, 3-glucan works as a multi-functional additive in these formulations, and when re-dispersed under

high shear the polysaccharide is able to increase the hardness of the paint and to reduce the overall dry

time.

Of special interest will be the ability to function as additive that imparts gloss reduction for matting appli-

cations in these paint systems. Additional work using this material in industry typical coating systems is

currently underway.

Key words
Matting agent, partial replacement of pigment, polysaccharide

Introduction

The first part of this work is focused on the combination of common commercially relevant coating
systems with selected engineered polysaccharide (Nuvolve™, glucan) dispersions. The second part of work
contains evaluation of acrylic water borne paint, where TiO, was partially replaced by the glucan dispersi-
on. Typical standard coating assessments was carried out to assess the performance. Evaluation of drying
times, hardness development, rheological performance and gloss was done at all paints with or without the
glucan additive in the dispersion.

Experimental part

Materials

Glucan (Nuvolve™) dispersions GL 67, GL 83, GL 84 and GL 91

— prepared from glucan (Nuvolve™ wetcake), solids 37.5 wt. %, DuPont, USA,
Amount of siloxane based surfactant = 5—15 %/glucan

Amount of glucan = 7 wt. %

WPE — Commercial product

Versatile one-component water-based paint prepared from an aqueous dispersion of acrylic copoly-
mers, pigments, fillers and special additives; glossy with excellent resistance to weathering.

SBWP1 — Commercial product

Formulation contains two types of long oil alkyd resins based on soybean oil, dispersing agent, ben-
tonite clay, titanium dioxide, polymeric W/O emulsifier for water incorporation in solvent borne coatings,
white spirit, anti-skinning agent and drier.

WB2 — SYNPO formulation

White water borne paint prepared from acrylic dispersion, anionic dispersing agent, synthetic amor-
phous silica, siloxane defoarmer, silicone surfactant, rutile titanium dioxide, water, versatile preservative
and rheology additive.

Preparation of glucan (Nuvolve™) dispersion

The dispersions of glucan in water were prepared using Dyno Mill KDL (WAB Switzerland) with
a 300 ml container in circulation mode. Ceramic beads 1 mm in diameter were employed in amount of

13
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80 vol. % of milling chamber. Various dispersing agents comprising salts of polyacrylic acid, modified fatty
acid derivatives, polymeric dispersants with pigment-affinic groups and common chemicals like polyalky-
leneglycols, polyalkyleneglycol amines, modified polysaccharides, polysiloxanes and also various fluoro-
surfactants were used for grinding of glucan in water. Measurement of Brookfield viscosity (small sample
adapter) and determination of particle size by dynamic light scattering method (Particle Size Analyzer 90+,
Brookhaven) were used for the selection of the best dispersing agent.

Methods
Solids ISO 3251
Viscosity ISO 2555

Coating drying test — Stage Dust Free  1SO 1517
Coating drying test — Stages Tack Free Procedure according to the cancelled technical standards

and Hard Dry CSN 67 3052
Pendulum Damping Test ISO 1522
Thickness of dry film ISO 2808
Water resistance ISO 2812-3
Gloss ISO 2813
Optical properties CSN 67 3067

Usage of glucan dispersions in combination with commercial products

» Water borne acrylic white paint WPE

Various dispersing agents were used for grinding of glucan in water. The best results were reached
with using of siloxane based surfactant. Amount of this dispersant was from 5 to 15 %/glucan. Addition of
glucan dispersion GL 67, GL 83, GL 91 and GL 84 on properties of white paint WPE was tested. They had
positive effect on hardness and matting. Amount of dispersant had significant effect on decreasing of the
gloss. Due to increasing amount of dispersant, reduction of gloss was lower. Optimal amount of dispersant
for modification of WPE is between 5 and 7.5 %/glucan — GL 67 and GL 83.

Addition of glucan dispersion GL67 with the lowest amount of dispersant had slightly negative effect
on appearance of film; glucan dispersion GL 83 was selected for further evaluation (Table 1).

Table 1: Effect of glucan dispersions on properties of white paint WPE

Addition of glucan 1 wt.%

Glucan dispersion 0 GL 67 GL 83 GL91 GL384
Dispersant [%/glucan] - 5 7.5 10 15
Gloss (60°) 83.4 38.4 47.9 49.9 52.8
Gloss (85°) 94.8 79.1 89.8 90.3 91.3
Dust Free 1 1 1 1 1
Dr[);::frtsi]m ¢ Tack Free 3 5 5 5 5
Hard Dry 724 724 7-24 724 7-24
1 46 75 58 57 52
Hardness after 7 85 99 97 100 59
days [s] 14 99 99 100 110 78
28 115 117 119 117 91
Viscosity [mPa.s] 28 1520 745 990 790 745
Appearance 28 OK OK* OK OK OK

14
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If higher amount of dispersant was used (10 wt. %/glucan), good compatibility with white paint
SBWP1 was reached. Addition of glucan dispersion GL 91 had positive effect on matting, hardness and
viscosity. Solids of paint decreased, but viscosity of paints increased (Table 2). It can be used as a rheology

additive.

Table 2: Effect of glucan dispersion on properties of white paint SBWP1

Addition of glucan 1 wt.%
Glucan dispersion 0 GL 91
Dispersant [%/glucan] - 10
Gloss (60°) 91.5 41.5
Gloss (85°) 98 48.1
Dust Free 2.5 2.5
Drying time Tack Free 4 3
[hours]
Hard Dry <24 <24
1 46 64
Hardness after days [s] ! 8 103
14 101 119
28 110 118
Viscosity [mPa.s] 28 865 1310
Solids [wt. %] 1 454 393
Appearance 28 OK OK

Partial replacement of pigment amount by glucan dispersion
Six white acrylic paints were prepared. Pigment amount was partially replaced by glucan dispersion
GL 83, which contains 7.5 wt. % of dispersant. Amount of pigment paste was gradually decreased from 100
to 67 wt. %. Amount of glucan was increased from 0.4 to 2.54 wt. %. Pigment volume concentration of all
prepared paints was 14 volume % (Table 3). Effect on optical properties, drying of film, hardness develop-
ment, water resistance, hiding power and viscosity (storage stability) was tested.

Table 3: Paint formulations

RAW MATERIAL [g] WB2 WB2/25 WB2/50 WB2/75 | WB2/100 | WB2/200
Acrylic dispersion 250.00 250.00 250.00 250.00 250.00 250.00
Water 15.00 15.00 15.00 15.00 15.00 15.00
Pigment paste PP2 100 94.33 88.65 83.89 79.87 66.94
Amount of TiO, in PP2 74.69 70.45 66.21 62.65 59.65 49.99
Rheology additivum 15.00 16.30 17.73 20.63 21.56 233
Viscosity [mPa.s] 264 230 244 238 242 278
GL 83 - 23.58 44.32 62.91 79.87 133.33
Amount of glucan [wt.%] 0.43 0.81 1.15 1.48 2.54
PVC [volume %] 14.0 14.0 14.0 14 14 14.0

15
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Gloss of all prepared paints was tested at 2 geometries 60 ° and 85°. It is clear from Graph 1 and 2 that
gloss gradually decreased with increasing amount of glucan. Effect of storage was minimal. Differences
between results measured immediately after preparation, further after 1 and 3 months were minimal.

Graph 1: Effect on gloss — geometry 60°

Graph 2: Effect on gloss — geometry 85°

Replacement of pigment paste containing titanium dioxide by glucan dispersion GL 83 did not have
significant effect on optical properties of white paint. Recommended amount of glucan is between 0.43 and
1.48%. In these cases DE* is lower than 0.7, it means that small differences between standard white paint
without glucan and white paint containing glucan instead of titanium dioxide were measured (Table 4).
Hiding power of these paints was also good. Using of the highest amount of glucan had negative effect on
appearance of film (Picture 1).

16
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Table 4: Effect on optical properties

WB2 + GL 83
Amount of glucan [wt.%] 0 0.43 0.81 1.15 1.48 2.54
Code SYNPO WB2 WB2/25 | WB2/50 | WB2/75 | WB2/100 | WB2/200
Whiteness 87.84 87.7 87.47 87.29 87.08 86.83
Yellowing 0.51 0.68 0.52 0.87 0.55 2.12
DE* = 0.18 0.08 0.42 0.28 1.28

Fig. 1: Hiding power

Viscosity and solids of all prepared paint was measured immediately after preparation, further after
3 months. It is clear from Table 5 that due to replacement of pigment paste containing titanium dioxide
by glucan dispersion GL 83 solids gradually decreased from 52.4 % to 37 %. Viscosity measured after 3
months storage increased with increasing amount of glucan dispersion GL 83.

Table 5: Effect on solids and viscosity

Code SYNPO WB2 | WB2/25 | WB2/50 | WB2/75 | WB2/100 | WB2/200
Amount of glucan [wt.%] 0 0.43 0.81 1.15 1.48 2.54
Solids [%] 1 day 524 46.8 443 424 40.8 37
Viscosity 1 day 264 182 150 130 134 165
[mPa.s]
Viscosity | 5 1 onths 515 770 670 685 725 -
[mPa.s]

Drying time and hardness development of all prepared paint was tested immediately after preparation,
further after 1 and 3 months. Replacement of titanium dioxide by glucan dispersion GL 83 had positive
effect on hardness of films. Hardness gradually increased with increasing amount of glucan. This develo-
pment was measured also after 1 and 3 month’s storage (Table 6). Due to replacement of pigment paste
containing titanium dioxide by glucan dispersion GL 83 drying time to the Tack Free stage was slightly
prolonged. Storage time has significant negative effect on drying time. The Tack Free stage after 3 month’s
storage was achieved after 2 days instead of 7 hours.
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Table 6: Effect on hardness

Code SYNPO WB2 WB2/25 | WB2/50 | WB2/75 | WB2/100
Amount of glucan [wt.%] 0 0.43 0.81 1.15 1.48
1 22 32 33 33 35
LEED 7 31 41 41 43 47
after days
Is] 14 38 43 43 47 50
28 37 44 46 48 51
Hardness 1 28 29 34 32 38
LG 7 4 44 47 46 55
Afise]r 1 14 43 45 50 49 53
month 28 45 46 48 49 55
Hardness 1 31 40 33 38 42
it GES 7 36 42 38 42 43
Afise]r 3 14 37 43 40 43 44
month 28 38 43 40 45 42
DFT [um] 28 40 40 40 40 40
Conclusion

The engineered polysaccharide (Nuvolve™) dispersion has been specially developed to the increasing
oflacquer-technical properties of environmentally friendly coatings. This product has several very important
advantages. It can be used as a matting agent, but due to addition in paint formulation also further properties
were positively affected, especially hardness of the film. Very important is also fact that solids of paint gra-
dually decreased, but viscosity of paints slowly increased. Mixing of glucan dispersion with paint is very
easy. It can be done only by the hand or using of simple stirrer.
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SYNTHESIS AND TESTING OF ACRYLATE DISPERSIONS
WITH INCORPORATED MeO NANOPARTICLES

SYNTEZA A TESTOVANI AKRYLATOVYCH DISPERZI S INKORPOROVANYMI
NANOCASTICEMI MeO

STEINEROVA D.!, KALENDOVA A.!, MACHOTOVA J.!, HOCHMANNOVA L.

1 Institute of chemistry and technology of macromolecular materials, Faculty of chemical technology,
University of Pardubice, Studentska 573, 532 10 Pardubice

2 SYNPO a.s.

Summary
Polymeric acrylate dispersions with incorporated MeO nanoparticles (Me = Ti, Cu, Al or some other
metal) present in concentrations between 0.5% and 1.5% were synthesized and examined. The acry-
late-based copolymeric dispersions were prepared by using the self-crosslinking system of diacetone
acrylamide with adipic dihydrazide. The incorporability of the nanoparticles into latex was assessed and
their properties were tested against those of the same dispersion free from the nanoparticles. The results
demonstrated that the protective physical, mechanical and chemical properties of the systems with the
nanoparticles are in many respects superior to those of the system free from the nanoparticles.

Keywords
Water-based paint, self-crosslinking acrylate latex, MeO nanoparticles, emulsion polymerization

Introduction

Requirements put on the coatings of materials are more and more stringent, particularly as regards their
sustainability, safety, environmental impacts, health aspects and costs, which have a high priority in the pa-
ints and coatings industry. This is why water-based binders providing coatings with properties matching tho-
se of the current solvent-based coatings are sought extensively. Such aqueous dispersion-based binders are
very popular now because they contain no volatile organic solvents (VOC) and hence, meet applicable US
(EPA - U.S. Environmental Protection Agency) and European (BPD — Biocidal Products Directive) regula-
tion limiting VOC concentrations to <350 g per litre water [1]. At the same time, if suitably formulated,
such binders provide perfect- looking films possessing excellent physico-mechanical properties [2].

Polymeric dispersions are two-component systems where water constitutes a continuous medium and
an insoluble polymer is the dispersed component. The dispersions are typically prepared by emulsion poly-
merisation using appropriate monomers in the presence of initiators and substances stabilising not only the
emulsion but also the resulting polymer. Polymers based on acrylate copolymers are distinguished by fast
drying and good physico-mechanical properties. The use properties of the paint film can be additionally
improved by increasing the crosslinking density. Two ways to achieve this exist: (i) polymer crosslinking
during the synthesis, and (ii) additional crosslinking induced during the formation of the polymeric product
[3].

Acrylate-based latexes have found wide application in modern coating technology because they are
inexpensive and possess a higher potential for reducing carbon footprint, VOC emissions and dependence
on petroleum products [4]. Currently, efforts are made to develop systems that cure at room temperature
and require no external crosslinking agent or mixing of different latexes produced at different stages; in-
stead, two functional groups of the polymeric chains are reacted, with subsequent crosslinking providing a
three-dimensional structure. Such a reaction may be initiated, e.g., by water evaporation or by pH decrease
during the paint film formation [5].

The present work was aimed at the synthesis of self-crosslinking acrylate dispersions and examination
of the efficiency of incorporation of MeO nanoparticles where the metals possess different valences and of
the effect of the nanoparticles on the industrial properties of the paint films compared to the same systems
free from the nanoparticles.
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Experimental

Materials for latex preparation

The following monomers were used in the preparation of the single-component reactoplastic polyme-
ric dispersion: methyl methacrylate (MMA), n-butyl acrylate (BA), methacrylic acid (MAA) and diaceto-
ne acrylamide (DAAM). Adipic dihydrazide (ADH) served as the crosslinking agent; Disponil FES 993,
as the emulsifier; ammonium peroxodisulfate, as the initiator; and nanostructural MeO (CuO, ZnO, Al,O,,
TiO, or MgAl,0,) at concentrations of 0.5% to 1.5% with respect to the monomer, as the active substance.
The aqueous dispersions were obtained by semicontinuous emulsion polymerisation. The self-crosslinking
aqueous dispersions were obtained by mixing with 10% aqueous ADH in amounts such that the DAAM/
ADH molar ratio was 2:1. The dispersions so obtained were alkalinized with 10% ammonia to pH 8.4-8.5
to ensure binder stability during storage.

Determination of the actual MeO nanoparticle content of the paint film

The true nanoparticle content of the paint film was determined by using inductively coupled plasma
optical emission spectrometry (ICP-OES) on a Thermo Scientific iCAP 7000 Series instrument (Thermo
Fisher Scientific, USA). Loose films were prepared for this by pouring the latex into silicone moulds, al-
lowing them to dry, and drying them additionally to constant weight in a vacuum dryer (Memmert VO 500,
Memmert, Germany). The samples were tested as aerosols at a flow rate of 1.5 ml/min, the Ar plasma input
power was 1000 W. The measurements were performed by MemBrain s.r.o. company, Straz pod Ralskem
(Czech Republic).

Description of the acrylate binder

The coagulate and coarse impurity contents were determined by sieve analysis as per CSN 64 9008;
the non-volatile (dry matter) content, as per CSN EN ISO 3251; pH, as per CSN ISO 976 by using a Mettler
Toledo FiveEasy FE20 pH-meter (Merck KGaA, Germany); non-Newtonian (apparent) viscosity, by using
a RotoVisco — RT10/94 viscometer (HAAKE, Germany) in the cone-plate (Searle) design at 21°C (mainta-
ined by using a Thermo Scientific Haake A 10 temperature controller [Thermo Fisher Scientific, USA]); and
the minimum film forming temperature, by using an MFFT-60 instrument (Rhopoint Instruments, UK) as
per ISO 2115. Each sample was measured in triplicate (except for the coagulate content) and the parameter
value was represented by the arithmetic mean.

Paint film preparation and testing

The films for testing the paint’s industrial properties were obtained by coating the latex on glass panels
200mm x 100mm x Smm. The parameters of interest included visual properties (haze, particulate matter,
bubbles, cracks and surface look); gloss (measured on a Micro TRI Gloss Meter [BYK Gardner, Germany|
at a 20° geometry as per ISO 2813); surface hardness by the Persoz test on an Automatic 500 instrument
(BYK Gardner, Germany) as per CSN EN ISO 1522; and resistance to methyl ethyl ketone as per ASTM-D
4850-10 by the rub test.

Resistance of the steel substrate to flash corrosion was assessed on coated steel panels [Q-Panel steel
Class 11 — ISO 3574] 102 mm x 5Imm x 0.8 mm in size. For this test, the steel panels were first washed/
degreased with chloroform and then coated with the paint by means of an applicator (“Bird” box-type paint
applicator-ruler, Zehntner GmbH, Germany) at 150 mm slot width. The paint films were allowed to dry in
an air-conditioned room at 21 °C (£ 2 °C), relative humidity 55% as per CSN EN 23270.

The panels with the paint film applied were allowed to dry for 2 hours and then placed in a refrigerator
at 5 °C for 16 hours. After taking out of the refrigerator, the panels were uniformly covered with filter paper
soaked in distilled water and pressed with a glass panel in order to attain perfect paint film contact with wa-
ter. This system was allowed to stand at room temperature for 2 hours. The filter paper was then removed,
the samples were dried by wiping and the corrosion effects were evaluated on the ASTM D 610-85 scale.
The iodine number on the iodometric scale was also determined.

Each measurement was made in triplicate and the result was represented by the arithmetic mean.
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Results and discussion

True MeO nanoparticle content of the paint film

The concentration of the MeO nanoparticles added for the semicontinuous emulsion polymerisation
was 0.5-1.5 % relative to the monomers. Incorporation of the nanoparticles into the system without the use
of additives is not a simple task because of the nanoparticles’ high surface energy. A fraction of the nanopar-
ticles is lost during the synthesis, both as coagulate, i.e. with system stability reduction during the synthesis,
and by agglomeration resulting in their sedimentation. The measurement results are listed in Table 1.

Table 1. The real content of nanoparticles in the coating film

S nan;::'t)iﬁzizzh tent Content Me Inco.rporation Real nz.moparticle
in film [%] [mg/kg] efficiency [%] | content in film* [%]
LO 0 <5 - 0
LCu0-0,5 0,5 2537 64 0,32
LZn0-0,5 0,5 3561 88 0,44
LZnO-1 1 7288 91 0,91
LZnO-1,5 1,5 9879 82 1,23
LALO,-0,5 0,5 106 8 0,04
LALO,-1 1 133 5 0,05
LALO.-1,5 1,5 161 4 0,06
LTiO,-0,5 0,5 25,5 <1 0,004
LTiO,-1 1 52,4 <1 0,009
LTiO,-1,5 1,5 4926 55 0,82
LMgAl,0,-0,5 0,5 97,5+ 182 18 0,02 +0,07
LMgALO,-1 1 215+ 351 17 0,04 +0,13
LMgALO,-1,5 1,5 619 + 105 10 0,11 +0,04
* calculated using the formula:
The real content of nanoparticles MgO [%] = (Sum Mg [mg/kg] . M (MgO) . 10)/M (Mg)

The results of the actual MeO nanoparticle content measurements in the paint films indicate that na-
noparticle incorporation was successful only with the ZnO nanoparticles at all of the concentrations used;
TiO, at the 1.5% concentration; and CuO at the 0.5% concentration. The fact that the latex with the CuO
nanoparticles could be synthesized only at 0.5% was due to the CuO reaction with ammonium peroxodisul-
phate giving copper sulphate, which had to be added at a concentration fourfold compared to the remaining
system synthesized. This implies that the synthesis at higher concentrations is too expensive. The low de-
gree of incorporation in the remaining systems is primarily due to agglomeration followed by nanoparticle
sedimentation, as described above.

Characterisation of the acrylate latexes

The latexes were described in terms of the coagulate content, dry matter content, pH, apparent vis-
cosity and minimum film forming temperature (MFFT). The characteristic properties of the latexes were
found to be affected by the nanoparticles — both the nanoparticle type and concentration in the latex. The
measurement results are listed in Table 2.

21



XIl. KONFERENCE PIGMENTY A POJIVA « 11.-12.11.2019

Dry matter determination confirmed the assumption that the dry matter content would decrease with
increasing coagulate content. The systems with ZnO are exceptions in that nanoparticle concentrations of
1% and 1.5% did not bring about dry matter content decrease compared to the latex with no nanoparticles
(LO) because of the presence of nanoparticles making up for the losses contained in the coagulate. The pH
values were higher in all the systems compared to LO due to the presence of the nanoparticles (both their
type and amount) and their interaction with the latex. For instance, the pH of LCuO-0.5 with a true nano-
particle content 0.32% was pH 2.72 due to the presence of copper sulphate (pH 3.5-4.5), and the pH of
LZnO-0.5 possessing a true nanoparticle content of 0.44% was pH 5.53 due to the presence of zinc oxide
(pH 6.5-7.5) and zinc sulphate (pH 4-6). Viscosity of all of the systems was also higher than that of the
latex LO, and the MFFT lay within the range of 5.1-11.1, which means that all the latexes form films at
room temperature.

Table 2: Characteristic properties of acrylate latexes.

Sumple | ontent 941 | coment 1% | PP | couty fmpa | MFFTIC
Lo <0,1 40,14 1,12 73 5.4
LCu0-0,5 1,05 39,21 2,72 15,3 6,3
LZn0O-0,5 0,98 39,65 5,53 20,1 5,1
LZnO-1 1,22 40,15 6,00 22,8 6,2
LZnO-1,5 1,50 40,45 6,03 25,6 7,0
LALO,-0,5 3,17 38,11 2,49 9,8 6,2
LALO,-1 3,39 37,63 3,11 8,1 7,0
LALO,-1,5 5,28 36,20 2,81 8,3 6,9
LTiO,-0,5 1,78 38,81 2,20 8.4 6,9
LTiO,-1 0,33 39,47 2,75 7,5 7.9
LTiO,-1,5 6,54 37,89 2,45 18,7 11,1
LMgAL0,-0,5 3,01 38,04 3,43 10,8 2,8
LMgALO,-1 3,82 38,67 3,85 11,9 6,0
LMgALO,-1,5 4,09 38,60 3,67 11,3 6,2

* pH values are reported to be 8,4-8,5 prior to alkalization

Paint film testing

The appearance properties, gloss, surface hardness, resistance to methyl ethyl ketone (MEK) and re-
sistance to flash corrosion of the steel substrate were assessed for paint films 50 = 10 mm thick. The results
are listed in Table 3.

The systems with efficient nanoparticle incorporation into the latex exhibited better appearance pro-
perties than the system free from the nanoparticles, specifically owing to the absence of bubbles. The film
gloss was similar for all of the paint films, in other words, the nanoparticles did not induce gloss reduction.
Paint film hardness lower than that of LO was observed only with the latex with ZnO nanoparticles, presu-
mably because of hydroplastification of the emulsion copolymers as a result of dissolution of a fraction of
ZnO in water (solubility 1.6 x 10 g/100 ml at 20 °C) giving rise to hydroxyl ions. Probably, the non-disso-
ciated carboxy groups (—-COOH) were transformed into dissociated carboxylate groups (-COO-) capable
of bonding an appreciable amount of water by the molecular mechanism [6]. The reduced surface hardness
of the latex films can be made up for by modifying the MMA-to- BA ratio during the synthesis. All of the
latexes exhibited a higher resistance to MEK than L0, presumably owing to a higher crosslinking density

22



XIl. CONFERENCE ON PIGMENTS AND BINDERS « 11-12/11/2019

due to the formation of ionomeric bonds between the metal cations and the carboxy groups fixed on the
polymeric chains. This is in line with the resistance to MEK and efficiency of nanoparticle incorporation in
the various latexes. Flash corrosion of the steel substrate was lowest for the latex with ZnO nanoparticles,
which decreased further with increasing concentration, probably due to the latex pH in accordance with
Paurbaix’ diagram for iron. By contrast, appreciable flash corrosion increase was found for LCuO-0.5,
presumably as a consequence of four times as high addition of ammonium peroxodisulphate.

Table 3: Properties of acrylic latex coating films.

Sample Appearance | Gloss Surface MEK Flash corrosion
(H/P/B/C/S)* [st.] | [GI] | hardness[%] | [s] | ASTM [%] | Iod. scale [st.]
LO 1/1/2/1/1 80,9 29,02 30 10 8
LCu0O-0,5 1/1/2/1/1 79,9 29,38 114 33 12
LZn0O-0,5 1/1/1/1/1 80,2 27,11 238 3 6
LZnO-1 1/1/1/1/1 80,6 26,31 >300 1 5
LZnO-1,5 1/1/1/1/1 80,3 25,04 >300 1 2
LALO,-0,5 1/1/72/1/1 80,7 30,19 58 3 8
LALO,-1 1/1/2/1/1 80,5 30,48 61 3 8
LALO,-1,5 1/1/72/1/1 80,6 30,95 63 1 8
LTiO,-0,5 1/1/2/1/1 80,2 29,39 29 10 10
LTiO,-1 1/1/2/1/1 80,0 29,54 31 10 11
LTiO,-1,5 1/1/1/1/1 80,3 34,72 223 3 8
LMgALO,-0,5 1/1/2/1/1 80,5 29,95 69 10 9
LMgALO,-1 1/1/72/1/1 80,1 31,72 95 3 8
LMgALO,-1,5 1/1/2/1/1 80,2 29,83 83 10 9

* H — haze, P — particulate matter, B — bubbles, C — cracks and S — surface look

Conclusion

Novel self-crosslinking acrylate dispersions with MeO nanoparticles added in concentrations of 0.5 to
1.5% were synthesized and the efficiency of nanoparticle incorporation into the latex was examined. Fur-
thermore, the basic properties of the latexes and their films were measured and compared to the reference
system with no nanoparticles. The nanoparticle incorporation was found efficient only in the latex with ZnO
nanoparticles irrespective of the concentration, and in the latexes to which TiO, and CuO had been added
in concentrations of 1.5% and 0.5%, respectively. The latexes with efficiently incorporated nanoparticles
exhibited appearance, physical and chemical properties and resistance to steel substrate flash corrosion
superior to those of the reference latex free from the nanoparticles.
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CORROSION INHIBITION PROPERTIES OF PERYLENE PIGMENTS
IN EPOXY-ESTER RESIN BASED ORGANIC COATINGS

KOROZNI INHIBICNI VLASTNOSTI PERYLENOVYCH PIGMENTU
V ORGANICKYCH POVLACICH NA BAZI EPOXIDOVYCH PRYSKYRIC

HRDINA R., KOHL M., KALENDOVA A., ALAFID F.,, BURGERT L.
Faculty of Chemical Technology, University of Pardubice

Abstract

Four pigment types (PDA-ASA, PDA-DMAPA, PDA-Mg, PDA-Zn) were synthesized and their anti-
corrosion properties were evaluated and compared with those of an industrial corrosion inhibitor. The pig-
ments were added to the epoxy-ester resin binder in concentrations 0of 0.10 wt.%, 0.25 wt.% and 0.50 wt.% and
the paints so obtained were applied onto steel panels for testing. The reference paints contained the commer-
cial pigment RED 179 at 1 wt.% and the inert pigment TiO, to maintain a constant solid content of the paint.
So, a blank and a reference system were obtained by using a paint with the commercial pigment and a paint
with the industrial corrosion inhibitor, respectively. The solvent-based epoxy-ester resin was selected as
the binder because it provides high-quality films suitable for corrosion protection of metallic substrates.

The polymeric films were applied onto standard steel panels by means of an application ruler, allowed
to dry and subjected to electrochemical measurements and to accelerated cyclic corrosion tests in simulated
atmospheres.

The linear polarization method was selected as the electrochemical method. Polarization curves were
measured and used to obtain the corrosion current densities, spontaneous corrosion potentials and Tafel
slopes. The polarization resistance was calculated from the linear segment near the corrosion potential on
the polarization curves, and the corrosion rate was ultimately calculated from the data obtained. The acce-
lerated corrosion tests included 960-hour exposure of the painted steel panels to a salt fog spray, 1008-hour
exposure to an atmosphere with SO,, and a weather test with alternating exposure to UV radiation and to
the salt fog spray atmosphere.

The linear polarization tests showed that as regard the corrosion rate, the paints with any of the pig-
ments synthesized were superior to (exhibited lower corrosion rate than) the paint containing only the
commercial pigment (RED 179) and the inert pigment. Furthermore, the paints with PDA-ASA or PDA-
-DMAPA exhibited corrosion rates that were comparable to or slightly lower than that observed with the
paint containing the industrial corrosion inhibitor. Compared to that paint, the paints with PDA-Mg and
PDA-Zn exhibited corrosion rates one order of magnitude lower and hence, appear to be the most efficient
anticorrosion paints among all those tested. And in such systems, the corrosion rates obtained with the
pigment concentrations 0.25% and 0.50% were lower than as obtained with the systems containing the
pigment in the lower concentration (0.10%).

In the test consisting in painted panel exposure to the atmosphere with SO,, the paints with the pig-
ments studied were less prone to blistering than the paints containing only the commercial pigment (RED
179) and the inert pigment. Furthermore, the corrosion resistance of the paint with PDA-ASA was com-
parable to that of the paint with the industrial corrosion inhibitor. In comparison with the latter, the paints
with PDA-DMAPA, PDA-Mg a PDA-Zn exhibited a slightly higher corrosion resistance particularly if
containing the pigments at higher concentrations (0.5% w/w).

In the salt fog test the paints with the pigments studied were less prone to blistering than the paint
containing only the commercial pigment (RED 179) and the inert pigment. Furthermore, the paints with
PDA-ASA or PDA-Zn exhibited a corrosion resistance comparable to that with the industrial corrosion
inhibitor whereas the paints with PDA-DMAPA were inferior to the latter paint in this respect. The highest
corrosion resistance was obtained with the paint with PDA-Mg at the 0.25% pigment concentration.

To sum up the results of all the corrosion test, the highest corrosion resistance was obtained with the
organic coating containing the pigment PDA-Mg at concentrations of 0.25% and 0.50% (w/w). In this re-
spect this system was superior both to the system containing only the commercial pigment (RED 179) and
to the system containing the industrial corrosion inhibitor.
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Fig. 1. Surface of organic coatings and substrate of steel panels after exposure in cyclic corrosion/
weather test with alternating exposure to UV radiation and to the salt fog spray atmosphere, corro-
sion and blistering near the cut (left: organic coating containing only the pigment RED 179, right:
organic coating containing the pigment PDA-Mg (0,25 hm.%)).

Fig. 2. Tafel plots of selected organic coatings: a) organic coating containing only the pigment RED
179, b) organic coating containing the pigment PDA-Mg (0,25 hm.%.).

In conclusion, the tests gave evidence that the pigments studied, PDA-Mg in particular, are capable of
inhibiting corrosion effects in organic coatings to some extent, certainly more than many of the pigments
and inhibitors that are actually used for this purpose. The anticorrosion action of pigments of this type is
primarily based on the complexation properties of the compounds at the metal (Fe)—organic coating—cor-

rosion environment interface.
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ANEW TECHNOLOGY IN DECORATIVE PAINTS TO BOOST
THE OPACITY

NOVA TECHNOLOGIE PRO ZVYSENI KRYVOSTI DEKORATIVNICH BAREV

SCHRUL CH.
Omya AG

In general terms, opacity can be described as the ability of a substance or mixture to hide a substrate.
A typical example would be a coating film covering a given surface such as a wall.

This simple phenomenon is actually the result of a rather complex interplay of various components
and parameters. In industry, opacity is often referred to using other terms such as contrast ratio or hiding
power. Whatever term is used, the common functionality they describe is the ability of an applied optical
layer to hide what is underneath. Simply put, the opacity of a coating is high if the difference between
refractive index of the coating constituents is large.

In practice, this can be easily achieved by adding white pigment such as titanium dioxide to a coating
formulation. The required amount of white pigment for high opacity (sometimes referred to as coverage or
hiding efficiency) depends on the binder content, or more precisely on the so-called pigment volume con-
centration (PVC). However, the industry combines economic considerations with technical knowhow, the
way of formulating coating materials might change significantly. In fact, the addition of mineral fillers such
as calcium carbonate products can reduce formulation cost sharply, but typically have a negative impact
on optical performance such as opacity. ChameleoBoost™, the technology developed by Omya, allows for
the optimal adjustment of coating opacity while keeping formulation cost to a minimum through the use
of qualified functional mineral fillers and it offers a wide product portfolio for water- and solvent-based as
well as powder coatings.

The technology will either enhance coating performance (e.g. opacity) at equal formulation cost or
reduce formulation cost (e.g. partial substitution of titanium dioxide) while maintaining performance level
of the coating film. Any combination of the two is of course possible as well.

Key factors influencing opacity of a coating film are:

— Amount and type of titanium dioxide

— Volume and type of mineral filler varying in composition, particle size and shape

— Pigment volume concentration

— Spreading rate

— Film porosity

Each of these factors have a direct impact on light absorption and scattering. PVC level and film poro-
sity are particularly important when it comes to film opacity. On one hand, coatings formulated at low PVC
typically exhibit high durability providing good weather and wet scrub resistance, but high pigment levels
are required to achieve acceptable opacity performance. On the other hand, formulations with high PVC are
usually less durable, but require less pigment to reach good coverage due to increased film porosity. In fact,
entrapped air in the pores of the coating film has a different optical density (or refractive index) compared to
mineral fillers, pigments and binder, and thus increases the difference between refractive indices. Further-
more, ultrafine mineral particles support the even distribution and stabilization of single pigment particles
and provide an additional boost of opacity. The latter phenomenon is called pigment spacing which leads
to more efficient light scattering by increasing particle interface surface area compared to a situation where
pigment particles are agglomerated. ChameleoBoost™ by Omya allows for the optimal adjustment of coa-
ting opacity while keeping formulation cost to a minimum through the use of qualified functional mineral
offered by Omya. In many cases, ChameleoBoost™ is used in combination with high quality GCC fillers
such as Omyacarb® 2, 5,10 and 15 to balance additional coating properties such as wet scrub resistance,
solids, rheology and workability through optimized particle packing.

Resuming, with the use of this technology coatings and paints manufacturers can have a high bright-
ness of the formulation, spacing and stabilizing the pigment dispersion. It is possible the enhancing of the
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TiO, performance with a partial substitution of the Titanium Dioxide and manufacturers can also reduce the
carbon footprint of the coating.

Fig. 1: This technology offers functional mineral fillers combined with formulation expertise for
a large application field covering the entire PVC range of decorative paints for matt over semi-matt
and semi-gloss to glossy paint systems

Fig. 2: Development of dry and wet opacity of different CaCO,
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Fig. 3: This technology allows for the optimal adjustment of coating opacity while keeping
formulation cost to a minimum

Fig. 4: Cost impact onto dry and wet opacity in emulsion paint at PVC 65% at different TiO, levels
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INFORMATION ON DEVELOPMENT AND CURRENT STATE CLH TiO,
PROPOSAL -1I

INFORMACE O VYVOJI A STAVU NAVRHU NA CLH KLASIFIKACI Tio,-11

PIKALP.

Precheza a.s., Nabr. Dr.E.Benese 24, Prerov

Summary
European commission wants to finish with TiO, carcinogenity proposal started in May 2016. Classifi-
cation is based on some animal studies mostly performed more than 20 years ago with conditions which
would not be allowed in recent studies. It was concluded during RAC meeting in 2017 that although
similar features are found in any poorly soluble low toxic dust (PSLT) material, TiO, should be classified
as category 2 carcinogen. Due to TDMA and some other stakeholder s effort, suggestion is now limited to
only powder material containing TiO, and other materials (solids, liquids) should be exempted which is
criticised from both sides. In the meantime, TDMA started to fund extensive evaluation of TiO, materials
(both pigmentary and nano). The ongoing studies should back our statement that TiO, is harmless
compound which do not pose any risk for workers, consumers and general public if used in any
predictable application.

Key words
Carcinogenity, TiO,, Inhalation, ECHA

After France authorities proposed in 2016 to classify TiO, as inhalation carcinogen category 1B [1]
ECHA’s RAC committee in 2017 changed this proposal to category 2, despite of clear evidence against
classification from human epidemiology studies. RAC stated that carcinogenic potential is not limited to
TiO, but it could be applied to any poorly soluble low toxic material (PSLT). European Commission started
to prepare legal binding text but failed to get support from qualified majority in 4 meetings (September
2018, February 2019, March 2019, and April 2019).

Basically, there are 3 positions:

— proceed with suggested text and classification,

— remove exemptions for non-powders and classify together with TiO, itself also all materials conta-
ining TiO,,

— instead of classification set harmonised European wide occupational limits for dusts based on dust
properties.

Therefore, EC decided to continue in adoption of the classification without mutual agreement as dele-
gated act and present it to Council and European Parliament this year.

In meantime TiO, producers (TDMA) funded more than 15 mil EUR scientific program to address
some issues and data gaps presented by RAC. This programme already started in 2018 but should continue
in next few years.

Representative TiO, types were identified (Tab. 1), collected from chosen producers and stored by
independent facility for distribution to contracted analytical centres. Most pressing issue was food grade
anatase so this material was used for first toxicological tests, but other types continue.
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Tab. 1: Representative TiO, types

Type Particle Structure

Uncoated anatase nano Anatase

Uncoated anatase pigmentary Anatase
Uncoated mixed phase nano Mixed
Alumina and organic coated rutile nano Rutile
Silica coated rutile nano Rutile
Alumina coated rutile pigmentary Rutile
Aluminium phosphate coated rutile pigmentary Rutile
Silica/Alumina heavy coated rutile pigmentary Rutile
Uncoated rutile pigmentary Rutile
Zirconia/Alumina coted rutile pigmentary Rutile

First of all, physical and chemical testing was performed by SGS France, Intertek, University Dur-
ham, University Duisburg, PORT and Frauenhofer Institute. Almost all results are now available — com-
position, dusting, specific surface area, pH, IEP, zeta potential, solubility in gastric fluids, bioaccessibility,
particle sizing by various methods.

There are several toxicological studies ongoing or close to signing contract, Extended One-Generation
Toxicity Study (EOGRT) performed by LPT (http://www.Ipt-pharm-tox.de/) with anatase is one example
(Fig. 1). After more than 150 days no ACF (aberrant crypt foci) were detected in any animal and animal
groups did not differ in any feature.

Fig.: 1 — Example results from EOGRT study performed by LPT

Most other studies shall start in autumn 2019 including instillation and inhalation studies. The studies
will be performed in accordance to OECD rules for toxicity/carcinogenity to confirm our statements about
non-toxic and non-carcinogenic nature of TiO,. After completion we also hope to cover all perceived data
gaps both for pigmentary and nano TiO, and dispel all fears regarding TiO, in pigmentary and nano form.
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BAUDYS M!'2, VISLOCKA X.3, KRYSA J.2

1 Technopark Kralupy University of Chemistry and Technology Prague
2 Department of Inorganic Technology, University of Chemistry and Technology Prague
3 Institute of Inorganic Chemistry of the Czech Academy of Science

Summary
This work deals with the preparation and characterization of composite photocatalysts containing various
carbonaceous materials, active carbon, graphene or carbon nanodots. The motivation is to combine
either high adsorption capability of active carbon with photocatalytic activity of titanium dioxide
and/or to enhance electric conductivity of the photocatalysts to improve charge separation and decrease
recombination reactions. Photocatalytic activity was expressed as a conversion of toluene according to
1S0O 22197-3 methodology.

1t was found that the optimal amount of carbon dots is very small, e. g. in range 0.05-0.1 %. With incre-
asing content of carbon dots, the photoactive surface of TiO, is shielded thus the activity decreases. The
highest increase of photoactivity was observed for samples containing 0.1% of carbon nano dots after
hydrotermal reduction. This composite layer exhibits about 40% higher conversion of toluene compared
to pure TiO, layer. This increase can be explained by the formation of Ti-O-C bond allowing the transport
of photoexcite electrons from TiO, to carbon nanodots resulting in better quantum yield of toluene photo-
catalytic oxidation.

Introduction

Semiconductor photocatalysis on titanium dioxide is promising method for decomposition of volatile
organic compounds in gaseous phase such as hydrocarbons, toluene, benzene etc. This process is based
on absorption of UV light by catalytic materials (most often TiO, of anatase modification). It comes to
production of reactive species with high oxidation potential (holeé, hydroxyl radicals) which are able to
oxidatively decomposed pollutants to harmless products CO, and water.

The objective of this work was to prepared and to characterize composite catalysts based on various
types of carbonaceous materials. First type of composite photocatalyst was prepared by addition of active
carbon to photocatalyst. The motivation was combine high specific surface area of active carbon with pho-
tocatalytic activity of titanium dioxide. Active carbon due to its high adsorption capability may concentrate
chemical species near the semiconductors surface or it should also allow for desorption and transport of
species in the semiconductor. The second modification is based on carbon nanodots. Carbon nanodots is
0D material approximately spherical shape with a diameter lower than 10 nm. Based on the nature of core
we distinguish either graphene, graphite or amorphous nanodots. Crystalline core causes high conductivity,
high capability of electron storage, small size causes high specific surface area. The motivation was to
increase electric conductivity of the material and to lower recombination reactions. Prepared samples were
tested according to standard ISO 22197-3 (removal of toluene).

Experimental

Composite photocatalyst were prepared by addition of appropriate amount of active carbon (AC) to
suspension of TiO, photocatalyst to prepared samples containing various ratio AC/TiO, 0,01 and 0,07. It
can be assumed that higher ratio of active carbon, causes shielding of photoactive surface thus the attention
will be payed to prepared composite with lower ratio of AC/TiO,. Two samples of AC were used with dif-
fers with the way of production and their texture properties. First sample of active carbon ACO is produced
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by pyrolysis of coconut shells, exhibits BET surface area about 1700 m?/g. From the ratio of micorpores
obtained from t- plot to total pore volume was calculated the ratio of micropores which was about 21%.
The second sample marked AC20 is produced by activation of coke, exhibit lower BET surface area about
890 m*g but contains higher ratio of micropores about 55%. As a photocatalysts was used well known TiO,
material with commercial name AEROXIDE P25, consisting of 70% of anatase, 30% of rutile with BET
surface area about 50 m*/g.

Carbon nanodots were prepared using electrochemical preparation. Graphite electrodes were used as
an anode and cathode which was polarized using potential of 40 V. As a electrolyte was used distilled water.

Hydrotermal reduction of commercial graphene oxide or electrochemical synthetized nanodots was
realized by procedure described in literature [1-2]. UV assist reduction was realized using UV irradiation
of ethanolic suspension of CD or GO under argon inert atmosphere. The intensity of UV light was 3 mW/
cm?. The experiment were realized for 6 hours after it comes to color change of suspension.

Results and discussion

In Fig. la There are illustrated results of toluene removal experiments for composite photocatalysts
containing ratio AC/TiO, 0,07. Photocatalytic activity was expressed as conversion of toluene. On Fig. 1b
there is illustrated same dependence for composite photocatalysts with lower ratio AC/TiO,. In both cases
also influence of milling (using glass balls) on photocatalytic activity was determined. We can see that
unmilled composite containing ratio of AC 0,01 exhibit similar photocatalytic activity as reference material
TiO, P25 with a conversion of toluene about 50%. In case of AC20 it comes to decrease of photocatalytic
activity in both unmilled and milled composites. This decrease of photocatalytic activity is probably caused
by impurities in AC such as 1% of Si, 0,6 % Al, 0,8 % Fe, as was proved using XRF analysis. Such impu-
rities can serves as recombination centers. On the other hand ACO is more purer and contains only 0,2% of
Si. In samples with lower content of active carbon (AC/TiO,) 0,01 it comes to steeper decrease of photoca-
talytic activity in samples contaning ACO. Photocatalytic activity decreases with increasing time of milling.
Similarly to results in Fig.la samples containing AC20 show lower photocatalytic activity than P25 except
samples which was milled for 18 hours which exhibit slightly higher conversion of toluene about 59%.

Fig. 1a: Conversion of toluene in samples contaning ratio AC/TiO2 0,07
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Fig. 1b: Conversion of toluene in samples contaning ratio AC/TiO2 0,01

In following Figure 2 they are shown results of photocatalytic efficiency of toluene removal for sam-
ples containing various ratio of carbon nanodots (CD). We can see slightly increase of toluene conversion
for samples containing lower ratio of CD/TiO, (lower than 0,1). In samples containing higher ratio of CD/
TiO, photocatalytic activity decreases. This is probably due to the shielding of photoactive surface by par-
ticles of carbon nanodots resulting in decrease of photocatalytic activity. Based on above mentioned results
attention will be payed to preparation to preparation of composite containing ratio of carbon nanodots CD/
TiO, 0,01. Prepared sample composites were reduced by either UV assist reduction in the presence of etha-
nol (UVR) or by hydrothermal reduction (HydR). Reduction for also performed for composite containing
commercial graphene oxide GO as a reference material.

Fig 2: Conversion of toluene depending on ratio of carbon nanodots in composite photocatalyst

Summarized results of photocatalytic activity expressed as toluene conversion in samples containing
carbon nanodots (CD), commercial graphene oxide (GO) before and after UV assist reduction (UVR) or by
hydrothermal (HydR) reduction are shown in Fig. 3
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Fig 3: Summarized results of photocatalytic activity expressed as toluene conversion in samples
containing carbon nanodots (CD), commercial graphene oxide (GO) before and after UV assist
reduction (UVR) or by hydrothermal (HydR) reduction

From results shown in Fig. 3 it can be concluded that UV assist, reduction of prepared composite in
ethanol has no positive effect on photocatalytic activity. In case of composite containing ratio CD/TiO, 0,01
(sample marked TiO,/CD S17_UVR) we can see similar conversion degree as for reference TiO, P25.In
case of UV reduction of composite containing commercial graphene oxide photocatalytic active is lower.
On the other hand opposite effect was observed for hydrothermal reduction. In both cases (carbon nanodost
(CD) and graphene oxide (GO), hydrothermal reduction leads to increase of toluene conversion. This incre-
ase of photocatalytic activity can explained by formation of Ti-O-C bond [1,2,4] which allows transfer of
electrons from TiO, on carbon nanodots which limits the recombination reaction thus the conversion degree
of toluene is higher compared pure TiO, P25.

Conclusions

Composite photocatalysts based on various carbonaceous materials active carbon and carbon nanodo-
ts or commercial graphite oxide. No significant effect on photocatalytic activity was observed for samples
containing active carbon either for milled or unmilled samples. Significant improvement of photocatalytic
activity was found in samples containing ratio of carbon nanodots (CD) 0,01 or commercial graphene oxide
(GO) after hydrothermal reduction. Improvement of photocatalytic activity is in literature explained by
formation of Ti-O-C bound which leads to better charge separation using electron transfer from TiO, to CD
which lowers the recombination reactions.
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Summary
Organic photo-active compounds based on phthalocyanine derivatives are used in the long term in the
area of photodynamic therapy of malign cancerous illnesses and microbial infection treatments. The

ability of some phthalocyanine derivatives to generate reactive oxygen forms, especially in singlet state,
can be used also in industrial applications. Photo-active phthalocyanines immobilized on polymer carrier
or in polymer matrices are capable upon interaction with visible light of suitable wavelength to catalyse
singlet oxygen production. Singlet oxygen is very reactive and in contact with microorganisms or organic

pollutants owing to oxidative processes causes their degradation.

In this study, a process of incorporation of phthalocyanine derivative into polymer substrates and usage
of these systems for prevention of microbial pollution is disclosed. Polyvinyl chloride (PVC) floorings
were surface modified with phthalocyanines. Phthalocyanine derivatives were incorporated into biaxially
oriented poly-ethyleneterephthalate (BO PET) foils and its usage as packaging material was suggested.

Key words
Phthalocyanine; photoactivity; polymeric systems; BO PET foils; PVC floor covering

Introduction

Phthalocyanine derivatives (PC), especially with zinc and aluminium central atom, are highly effe-
ctive photosensitising materials under visible light with wavelength 600—700 nm. Reactive oxygen species
such as singlet oxygen are produced upon interaction of PC in excited state with molecular oxygen. Singlet
oxygen is highly reactive and during its relatively short lifetime is able to destroy microorganisms as well
as some organic pollutants. These properties were studied for several applications, for example in photody-
namic therapy against tumours.

Initially, PC were studied in solutions in water or organic solvents similarly to other photosensitizers.
However, its usage in water solutions has some drawbacks, for example PC dimerization which reduces
singlet oxygen production considerably. The second negative effect is migration or elution of PC into
surroundings.

New approach is to incorporate PC into/onto a polymeric matrix. Reactively bound PC derivatives
into textile matrix enable to prepare highly stable photoactive textiles with efficient self-cleaning and anti-
microbial effect [3]. PC-modified textile material is possible to use mostly for medical applications. Simi-
larly, incorporation of PC in nano textile brings highly efficient nano-filtering systems [1].

The aim of our work has been to prepare a long-term photoactive system based on polymer matrix.
From our previous studies we know that it is advantageous to ensure that all three components (photosensi-
tizer, oxygen, pollutant or microorganism) are in close contact. There are several challenges which should
be fulfilled i) stability of PC in the matrix and during processing, ii) PC should be part of the polymer chain
or in the form of solid solution, iii) contact surface of PC in polymeric matrix is lower than in the standard
applications and there is necessary to find solution of best application conditions.

Experimental

We prepared two photoactive modifications of two polymer materials — PVC flooring and BO PET
foils.
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Results and discussion

Modification of final surface was adopted for PVC flooring. The PC derivative in compatible form
was added to UV curable varnish by patented procedure [4]. After UV irradiation, the PC became chemi-
cally bound part of abrasion resistant surface. The surface emits reactive oxygen species which degrade
organic pollutants and destroy microorganisms. The self-cleaning effect is demonstrated on Fig. 1 with mo-
del pollutant — fluorescent diketopyrrolopyrrole (DPP) derivative. The system was irradiated with visible
light using red light tube (7 W/m?).

Fig. 1 Decomposition of fluorescent DPP derivative by modified PVC floor covering

Similarly, this system was tested against Enterococcus faecalis and moulds. The results of tests perfor-
med according to the ISO 22196:2007 and ISO 846 are summarised in Tables 1 and 2.

Table 1: Antimicrobial activity of floor covering modified by varnishes with PC

E. faecalis CCM 3956
Sample CFU/cm? R*

Floor covering — reference (blank) 2,8.10* -
Floor covering modified by PC, varnish layer 11 g/m? 6,7.10! 33
Floor covering modified by PC, varnish layer 19 g/m?> 4,1.10° 4,5

* R = logarithmic decrease of microorganism number

Table 2: Antifungal activity of floor covering modified by varnishes with PC

Sample ISO 846, method A ISO 846, method B

Moulds visible under micro- Moulds visible by eye, more
scope than 25 % of surface is covered

Reference without PC

Floor covering modified by PC, .. Moulds visible only under
. No moulds are visible .
varnish layer 11 g/m? microscope

Floor covering modified by PC, . Moulds visible only under
. 5 No moulds are visible .
varnish layer 19 g/m microscope

The application of PC in the BO PET foils required modification of particle size of aluminum PC
pigment under 1 mm. This sub-micron material was used for PC concentrate preparation. This concentrate
was mixed with standard PET pellets and used for foils extrusion.

The system was tested against Enterococcus faecalis according to the ISO 22196:2007, the results are
summarised in Table 3.

Table 3: Antimicrobial activity of PET modified with PC

E. faecalis CCM 3956
Sample
[CFU/em’] R*
PET with light 3,5.10*
PET + 1 % AIPC with light 3,1.10° 1,2
PET + 1 % AIPC in the dark 4,3.10 0,07
* R = logarithmic decrease of microorganism number
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Conclusions

Self-cleaning properties were also demonstrated using degradation tests with Orange 1. More than
50 % of Orange I was decomposed during 200 hours with PC modified PET foil. On the other hand, almost
no decomposition was found for PET foil without PC.

The results proved that both prepared polymer-based foils are suitable for considered industrial ap-
plications.
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POUZITI ZELEZITYCH PIGMENTU V NATEROVYCH SYSTEMECH
FE,0, USAGE IN PAINTS

PINKOVA B., JEHLAROVA E., KOSTIKOVA Z.

Precheza a.s., Prerov

Summary
Iron oxide pigment, produced by the company Precheza a.s., can be used in a number of applications
(construction, paints and coatings, plastics, etc.). In this project were tested different grades of Fe,O,
in various types of paint. The optical parameters were monitored and the dispergation properties were
measured.

Key words
Fepren, iron oxide, paint

Uvod

Precheza a.s. je vyznamnym evropskym vyrobcem titanové béloby Pretiox a také zelezitych pigmenti
Fepren. Vyroba zelezitych pigmenti byla v Precheza zahajena v roce 1969 a tak je to v leto$nim roce presné
50 let od zahajeni vyroby. Diky této vyrobé se podatilo zpracovavat piebytky zelené skalice, jez vznika jako
vedlejsi produkt pii vyrobé titanové béloby.

Zelezité pigmenty jsou znamy od pradavnych Gasti. S jejich pouzitim se setkdvame uZ na jeskynnich
malbach z doby pied 40000 lety. Paleta barev se pohybovala od zluté (goethit a-FeOOH), pies ¢ervenou
(hematit Fe,O,, obr. 1) a hnédou (maghemit y-Fe,0,) aZ po ¢ernou (Fe,0,). V tomto piipad¢ Slo samoziej-
mé o pigmenty ptirodni, které se i v soucasné dob& pouzivaji zejména pii tvorbé uméleckych dél. V 18.
a 19. stoleti byly objeveny postupy vyroby syntetickych zelezitych pigmenti a od té doby se nestale zvysuje
jejich spotieba a rozsituji se aplikacni oblasti.

Obr. 1: Snimky z elektronového mikroskopu (Fepren TP200 a Fepren TP303)

V Precheze a.s. se pti vyrobé zelezitych pigmentl pouziva kalcinacni postup. Pii tomto postupu je
nejdiive zelena skalice vysuSena a nasledné pak i zkalcinovana. Diky tomu dojde k uvolnéni sirani a ke
vzniku Fe,0,.

FeSO, . 7H,0 — FeSO, . H,0+6 H,0

2 (FeSO, . H,0) = Fe,0, + SO, + SO, + 2 H,0

Vznikly Fe,O, je suspendovéan ve vodé, nasledné pii filtraci jsou oddéleny rozpustné sirany (siran
Zelezity, siran Zeleznaty). VysuSeny Fe,O, je poté mlet na potfebnou velikost pomoci mlyna nebo mikro-
nizéru.
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Cca 82 % produkce ¢ervenych pigmentti Fepren je urcena pro stavebnictvi. Jedna se zejména o rizné
probarvené aplikace, jako jsou stiesni tasky, dlazby atd. Taktéz je mozno vyrobky pouzit k probarveni
asfaltovych betont. Vhodnym zvyraznénim mist na vozovce lze piispét ke zvySeni bezpecnosti dopravy.

Pigmenty Fepren se pouzivaji i pfi vyrobé barevnych plastovych koncentrati (pro vyrobu konstruke-
nich plastll) a v neposledni fad¢ i pro vyrobu natérovych hmot.

V ramci predlozeného prispévku je zaméfena pozornost na zpracovatelské vlastnosti mletych
a mikronizovanych ¢erveni Fepren v natérovych systémech.

Experimentalni ¢ast

Testy byly provedeny v rozpoustédlovém (alkydovém systému) a byly sledovany optické a zpra-
covatelské vlastnosti jak v plném, tak v fedéném tonu (obr. 2). Objemova koncentrace pigmentu (OKP)
v jednotlivych natazich byla 10 % [1].

OKP = (100 * V) / (Vy5 + Vi)
kde V,,, = objem pigmentu, V,,, = objem pojiva

PIG

Obr. 2: Priklady natahi plného a Fedéného tonu Zelezitych ¢erveni

Pii ptipraveé nataht byla pouzita dveé rozdilna zatizeni (obr. 3):
—roztiraci talif = RT (2 cykly po 25 otackach);
— tiepaci zafizeni Chameleon = CH (doba tfepani 5, 15, 30 a 45 minut).

Byly hodnoceny zpracovatelské vlastnosti (dispergovatelnost=jemnost tfeni) pomoci grindometru
a pomoci piistroje TIDAS. Taktéz byly sledovany optické parametry pomoci pfistroje Hunterlab VIS.
V tomto piipadé¢ byl vyuzit barevny prostor CIELab [2].
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Obr. 3: Zatizeni pro piipravu natérovych systému

Roztiraci talii Chameleon

V pribéhu hodnoceni bylo prokazano, ze mikronizovany material se vyznacuje velmi snadnou disper-
govatelnosti (obr. 4 a obr. 5).

Obr. 4: Porovnani dispergac¢nich vlastnosti, série 200, plny tén

Obr. 5: Porovnani dispergacnich vlastnosti, série 200, Fedény tén

V piipadé mikronizovaného materialu Fepren TP200M je dosahovano velmi nizkych hodnot jemnosti
tfeni jiz po velmi kratkém case dispergace. Po 5ti minutach tfepani byla jak u plného, tak u fedéného tonu
zaznamenana Uroven jemnosti tfeni 40 pm. Pro zakaznika to znamena nizs§i naklady pti vyuziti mikroni-
zovaného materialu Fepren TP200M (snizuje se ¢as nutny k dispergaci, je mozné vyuzit mén¢ energeticky
naroc¢né dispergacni zatizeni).

U ptipravenych natahti byly prométeny i optické parametry. Ptiklad takového vyhodnoceni je uveden
na obrazku 6. Ve stfedu barevného Color Plotu je vzorek Fepren TP200M. Z obr. 6 je ziejmé, ze v ptipadé
natahi pfipravenych v plném ténu je mlety material Fepren TP200 posunut oproti mikronizovanému typu
Fepren TP200M do zluté oblasti.
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Obr. 6: Porovnani opt. parametri, série 200, plny ton, dispergace 30 min

Na nasledujicich obrazcich jsou uvedeny distribu¢ni kiivky velikosti ¢astic mletého vyrobku Fepren
TP200 (obr. 7) a mikronizovaného materialu Fepren TP200M (obr. 8), které byly stanoveny na pfistroji
Malvern 2000 (vzorek pted analyzou nebyl dispergovan pomoci ultrazvukové jehly).

Obr. 7: Distribu¢ni kfivka materialu Fepren TP200

Obr. 8: Distribuéni kiivka materialu Fepren TP200M

V piipadé mikronizovaného materialu Fepren TP200M dochazi k vymizeni pfitomnosti ¢astic nad
10 um. Diky tomu pak dosahujeme vyrazné lepsich zpracovatelskych vlastnosti v oblasti natérovych hmot.

Zavér
Precheza a.s. nabizi v soucasné dobé 6 jemné mletych typt a 2 mikronizované typy zelezitych pig-

mentl Fepren. Konkrétné se jedna o svétlejsi typ Fepren TP200M a o tmavsi typ Fepren TP303M. Mik-
ronizované typy se vyznacuji velmi dobrymi zpracovatelskymi vlastnostmi. Jsou snadno zapracovatelné
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s nizkou naro¢nosti na intenzitu ¢i dobu dispergacniho procesu, a to nejen v oblasti natérovych hmot, ale
i v oblasti plastikarskych aplikaci. Oba dva typy mikronizovanych vyrobkl Fepren maji vysokou vybarvo-
vaci schopnost a vykazuji dobrou povétrnostni odolnost.
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UFI-KOD NAPRiIC EVROPOU; NOVINKY U HARMONIZOVANYCH
KLASIFIKACI A SOUVISLOSTI V UVADENI NEKTERYCH INFORMACIH
V BEZPECNOSTNICH LISTECH

UFI CODE ACROSS EUROPE; NEWS ON HARMONISED CLASSIFICATIONS
AND THE CONTEXT IN WHICH CERTAIN INFORMATION ARE PROVIDED
IN SAFETY DATA SHEETS

STUCHLIK J.
SBLCore s.r.o.

UFI-kéd nap¥i¢ Evropou

UFI-kdd je jedine¢ny identifikator slozeni smési podle piilohy VIII nafizeni CLP. Spole¢né s nim
vstupuje v platnost novy systém nahlasovani, ktery zahrnuje mj. informace o smési, jeji nebezpecnosti,
véetné obsazenych slozek, a dale informace o predkladateli, véetné telefonniho ¢isla a emailové adresy.
Vygenerovany UFI-kdd je nutné uvadét do bezpec¢nostniho listu a na etiketé smési. Povinnost generovani
UFI-kédu se tyka pouze dovozcl a naslednych uzivateld, kteti uvadéji na trh smési, pfic¢emz pro urcita
pouziti jsou stanoveny rizné, avsak zavazné, terminy.

Novinky u harmonizovanych klasifikaci

Zmény v souvislosti s Nafizenim Komise (EU) ¢. 2018/1480 tykajici se latek uvadénych v Tabulce
3 prilohy VI nafizeni CLP — specifické koncentra¢ni limity, zadvazné hodnoty ATE, organy u specifickych
toxicit atd.

Souvislosti v uvadéni nékterych informaci v bezpecnostnich listech

Nejcastgjsi chyby, kterych se tviirci bezpeénostnich listi dopoustéji pii uvadéni obsazenych latek do
oddilu 3, v souvislosti s informacemi uvadénymi v oddilech 8, 11 a 12 bezpe¢nostniho listu.

ADVANTAGES OF WACKER BINDER TECHNOLOGIES USED
IN COATING APPLICATIONS

KOTSCHI U.

Abstract

Vinyl acetate-ethylene (VAE) dispersions are produced by the emulsion polymerization of the hard,
polar monomer vinyl acetate together with the soft, hydrophobic monomer ethylene. Additionally, the poly-
mer can be modified with various functional monomers (e.g. VEOVA 10, vinyl silanes ...) to improve spe-
cific properties of the final dispersion. Ethylene functions as an optimal softener for the VAE polymer and
therefore reduces the Minimum Film Forming Temperature (MFFT) of the binder while keeping the Glass
Transition Temperature (Tg) at a relatively high level. As a result, the usage of plasticizers or additional sol-
vents can be avoided when creating high quality coatings for interior applications, such as wall paints which
can be formulated to have a very low volatile organic compound (VOC) content and conform to major eco-
labels. Additionally, VAE-based polymer binders exhibit low calorific values, minimal water uptake, good
water vapor permeability and excellent color stability over long time periods. Therefore, VAE dispersions
are an attractive alternative to conventional acrylic and styrene acrylic binders for exterior applications,
such as plasters and paints. Finally, WACKER continuously works on new solutions. The company recently
introduced VAE technologies for zero-biocide wall paints and binders based on renewable raw materials.
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QUALITY SPECIFICATION OF INORGANIC ZINC PRIMERS FOR
OPTIMAL ANTICORROSION PROTECTION OF STEEL STRUCTURES

ZNAKY JAKOSTI ANORGANICKYCH ZINKOVYCH NATERU PRO OPTIMALNI
PROTIKOROZNI OCHRANU OCELOVYCH KONSTRUKCI

DENK K.
Pragochema spol.s r.o., Pratelstvi 550, Praha 10 — Uhiinéves

Summary
Zinc silicate primers/inorganic zinc primers (IZP) for anticorrosion protection of steel structures in
severe atmospheres or other environments of neutral pH value (pH 5,5—10) constitute a specific group of
primers with silicate binder of distinctive features often different from the organic coatings. In the paper
presented, formation of zincsilicate primers by sol-gel technology as well as mechanism of anticorrosion
protection are briefly mentioned. Influence of extremely porous structure of silica gel binders on their
properties is further elucidated as a base to specify qualities of solvent-borne zincethylsilicate primers,
by available technical standards, such as preparation of steel surface under them, nominal dry film
thickness/upper limit of local thickness, adhesion to the substrate, corrosion tests and degrese of their
curing under topcoats. Especially the methods of adhesion tests, commonly used for organic coatings, are
critically reviewed owing to the intrinsic gel structure of IZP and suggestion for a better evaluation of the
test results submitted.

Key words
Inorganic zinc primers, silica gel structure, porosity, test methods, adhesion, cracking of gel

Uvod

Zinksilikatové natéry (ZSN), jinak téz ¢asto uvadéné jako anorganické zinkové natéry, patii do sku-
piny natért ¢i povlaki s anorganickym pojivem na bazi gelu kyseliny kiemicité, soucasné se vsak fadi
i mezi natéry s vysokym obsahem kovového zinku v netékavé slozce (obvykle 80-95 % hm.) spolecné se
zinkovymi natéry s vyluéné organickym pojivem, nejcastéji na bazi epoxidi, epoxyestert, ¢i jednoslozko-
vych polyuretanti vytvrzovanych vlhkosti. Ve svych uzitnych vlastnostech, narocich na aplikaéni zafizeni
i pozadavcich na pfipravu povrchu pod natér vykazuji urcita specifika mnohdy zna¢né odlisna od natért
s organickym pojivem. Podobné jako organické zinkové natéry jsou urceny k dlouhodobé protikorozni
ochrané ocelovych konstrukei v agresivnich atmosférach i jinych prostiedich o hodnoté pH 5,5-10 v nomi-
nalnich tloustkach obvykle 60-80 mm, at’ uz jako samostatné ochranné vrstvy, nebo Castéji jako zakladni
vrstvy (primery) v kombinaci s vrchnimi organickymi natéry s nezmydelnitelnym pojivem (epoxidy, PU,
akrylaty, silikony, epoxydehty, hybridni polysiloxany, chlorkaucuk).

Dalsi jejich vyuziti jsou jako tzv. zakladni dilenské natéry (v anglictiné uvadéné jako ,,shop primer*
nebo ,,preconstruction primer aplikované v relativné tenkych vrstvach 10-20 mm na Cerstvé otryskanych
ocelové profily a plechy k jejich docasné ochran¢ (zpravidla do 1 roku) v prib&éhu dopravy, skladovani
amontaze. V uvedenych tloustkach umoznuji svafovani a fezani ocelovych dilti plamenem bez podstatné-
ho snizeni jakosti svart i vyrazného ohrozeni hygieny pracovniho prostiedi.

U vsech typtt ZSN funguje jako pojivo gel kyseliny kiemicité, jehoz zdrojem jsou podle toho, zda se
jedna o vodoufeditelné ¢i rozpoustédlové natér. hmoty, alkalicka vodni skla sodnd, draselna ¢i lithna, nebo
alkylester kyseliny kiemicité (nejcastéji tetracthoxysilan, TEOS) a jako antikorozni pigment zinkovy prach.

Jde principieln€ o sol-gel technologii piechodu kapalného solu oxidu kfemicitého na pevny gel kyse-
liny kfemicité. Celkovy proces vytvrzovani ZSN vsak kromé zasychani, tj. odpareni organickych rozpous-
tédel ¢i vody, nasledné zahrnuje cely komplex chemickych reakci s atmosférickou vlhkosti (zejména v pri-
pad¢ alkylsilikatti) a/nebo s kyselymi slozkami atmosféry (zejména u alkalickych vodnich skel) za vzniku
nerozpustného gelu kyseliny kiemicité a v neposledni fadé i reakce mezi kovovym zinkem a kfemicitym
gelem za vzniku nerozpustnych polysilikati zine¢natych. Pii vytvareni bariérové ochranné funkce ZSN se
dale priznivé uplatiuji objemné korozni produkty zinku, které postupné utésni piivodné znacné porézni
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strukturu gelu kyseliny kiemicité. Vytvrzovani ZSN mize v zavislosti na vlhkosti a teploté trvat nékolik
hodin az tydnu a je vzdy urychlovano teplotou.

Tento piispévek bude zaméfen pouze na rozpoustédlové ZSN, kde vychozim pojivem je tetraetho-
xysilan Si(OC,H,), (TEOS), ktery v acidobazicky katalyzovaném procesu t¢inkem atmosférické vihkosti
pfechazi nejprve na kyselinu kfemicitou Si(OH), a nasledné polykondenzaci silanolovych vazeb ~OH na
vazby siloxanové —O-Si—O- za vzniku polysiloxanového (kifemicitého) gelu (obr. 1), viz nasledna zna¢né
zjednodusena sumarni reakce:

; )

kde x je stupen hydrolyzy ethylsilikatu (0-1), H" pfedstavuje kysele a OH" zasadit¢ katalyzovany
proces.

Ridicim d&jem procesu vytvrzovani je chemické reakce s atmosférickou vlhkosti & vodou za sou¢asné
priznivého pusobeni zvysené teploty a l1ze je znacné urychlit (fddove na hodiny) zvySenim aktivity vody na
povrchu natéru, tj. stitkanim zaschlého ZSN vodou nebo ponorem do vody. Vedlej§im produktem reakce
je ethanol, ktery z natéru vyteéka a na povrchu neziistavaji zadné rozpustné latky, které by mohly zptisobit
osmotické puchyfe v nasledném organickém natéru.

Skuteény prubéh vytvrzovani, v podstaté pfeména vodnich skel ¢i esterti kyseliny kiemiéité na kom-

vzniklém gelu, ve kterych se kromé teploty, atmosférické vlhkosti a oxidu uhli¢itého dale ptiznivé uplatni

znedisténi atmosféry dalsimi kyselymi slozkami i aerosoly chloridl v pfimoti [1] Dale se ptedpoklada, ze
se do gelu kyseliny kiemicité chemicky vaze i zna¢na ¢ast kovového zinku a v adhezni mezivrstvé ZSN/
ocelovy podklad i Zelezo za vzniku zine¢natosilikatovych, popf. i Zeleznatosilikatovych struktur, kde Me
ptedstavuje Zn a/nebo Fe (obr. 1).

Obr. 1: PFedpokladana zjednodus$ena zesit'ovana struktura dokonale vytvrzeného pojivového gelu
v ZSN

Po plném vytvrzeni musi byt ZSN zcela odolné proti pisobeni vody, organickych rozpoustédel a mit
vyhovujici mechanické vlastnosti, tj. odolnost proti uderu, abrazi a pfilnavost k podkladu.

Pokud jde o vlastni ochranny mechanismus ZSN, v prvni fazi, podobn¢ jako kovové zinkové povlaky,
vykazuji elektrochemicky (katodicky) mechanismus ochrany zalozeny na tom, ze v piislusném koroznim
prostiedi je elektrodovy potencial kovového zinku o cca 0,4 V negativnéjsi nez potencial chranéného pod-
kladu — Zeleza, napt. v moiské vodé je elektrodovy potencial zinku —1,05 V a zeleza cca —0,65 V/SCE.
Neexponované ZSN i organické zinkové natéry vykazuji potencial mezi —0,9 V a —1,1 V/SCE [2] podle
typu pojiva, obsahu kovového Zn v natéru a jeho tloustce. Tato funkce je podminéna elektrickym kon-
taktem zinkovych ¢astic ZSN s chranénym podkladem (oceli) a soucasné i s elektrolytem (atmosférické
srazky ¢i kondenzat) s rozpusténym kyslikem, ktery také musi byt v kontaktu s oceli [3]. I kdyZz bylo expe-
rimentaln¢ ovéfeno [2], ze u ZSN se katodicky ochranny mechanismus uplatiiuje po vyrazné delsi dobu nez
u organickych zinkovych natérd, jde v kazdém ptipade o relativné kratkou dobu v porovnani s jejich pozado-
vanou ochrannou funkei (roky az desetileti). Po této dobé se zacinaji uplatiovat bariérovy a filtracné-desti-
mulaéni mechanismus ochrany, které probihaji prakticky soucasné, a které se stavaji dominantnim po cely
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zbytek technického zivota ZSN. Bariérovy mechanismus spo¢iva v postupném utésnéni porézni struktury
ZSN nerozpustnymi koroznimi produkty zinku, které podle typu a korozni agresivity atmosféry, ve které
jsou exponovany, mohou byt oxid zine¢naty, hydroxid zine¢naty, zasadité uhli¢itany zine¢naté, oxychloridy
a zasadité chloridy zine¢naté a zasadité sirany zine¢naté. Principem filtraéné-destimula¢niho mechanismu
je inaktivace koroznich stimulatorti (voda, kyslik, SO,, CI"") reakci s kovovym zinkem obsazenym v ZSN
za vzniku vys$e uvedenych nerozpustnych koroznich produkti zinku. [3].

Cilem tohoto pfispévku je vymezeni znaki jakosti této velmi specifické skupiny povlaki pii jejich
aplikaci i kontrole kvality pro dosazeni jejich optimalni ochranné funkce. Pro pochopeni nékdy odlisného
chovani ZSN oproti organickym povlakiim je vSak nejprve zapotiebi struéné charakterizovat specifickou
strukturu i vlastnosti pojivovych kfemicitych geli v ZSN.

Charakteristika ki‘emi¢itych pojivovych geli v ZSN

Gelje definovan jako spojita vazané disperzni koloidni soustava typu s/l skladajici se z min. 2 latek (napf.
systém oxid kiemicity — voda, tj. silikagel), kde dispergovana latka i disperzni prostredi vytvaii prostorovou
sit’ souvisle v celém objemu a vykazuje vlastnosti charakterizované pro pevné latky, naproti tomu sol (pies-
n&ji lyosol) je volné disperzni soustava rovnéz typu s/l, ve které jsou vsak jednotlivé tuhé ¢astice izolované
[4]. Odstranénim kapilarné vazané vody, popt. organického rozpoustédla, tj. vysusenim, pfechazi primarné
vznikly gel, ptesnéji lyogel, vratné na tzv. xerogel. Jak jiz bylo vyse uvedeno, pojivovou slozkou v ZSN je
xerogel kyseliny kiemicité. Mechanické i fyzikalni vlastnosti pojivovych siloxanovych gell jsou ovlivnény
mnoha faktory, z nichz zasadni vliv v reakéni smési maji latkovy pomér TEOS/voda, koncentrace TEOS,
volba rozpoustédla a jeho mnozstvi, volba katalyzatoru hydrolyzy a kondenzace a hodnota pH. Obecné
plati, ze xerogely vznikajici v kyselém prostiedi do max. pH 5 kolem isoelektrického bodu vychoziho solu
(pH 2—4) vykazuji vyssi pevnost, vétsi mérny povrch stanoveny metodou BET (600-900 m*/g), ponékud men-
§i gelové pory o praméru 2-3 nm a uz§i distribuci jejich velikosti a celkové nizsi porozitu cca 0,3-0,4 cm®/g
(vyjadienou jako objem poru vztazeny na 1 g gelu) nez je tomu pii alkalické katalyze pii pH > 6 (mérny
povrch 200-500 m?/g, velikost pori nad 4 nm, porozita 0,6-0,8 cm?®/g) [5,6]. Pii zasychani mokrého gelu
tak dochazi k vyssi kontrakci objemu (smrsténi) a tim 1 vyssi tendenci k praskani u gelt vzniklych z alka-
lického nez z kyselého prostiedi [6].

Voda (v pfipadé vodou feditelnych ZSN) ¢i organické rozpoustédlo (v ptipadé hydrolyzovaného po-
jiva TEOS) je v gelovych porech poutana kapilarnimi silami, resp. kapilarnim tlakem Pc dle Young- La-
placeho rovnice

P, = —2vy,cosO/r (1),

. kde v, , je povrchové napéti kapaliny (N.m™), 0 (°) sméaceci tihel a r polomér valcové kapilary (poru).
Cim lépe smaci kapalina sténu kapilary (6 — 0), ¢im vyssi je povrchové napéti kapaliny a ¢im uzsi pory,
tim vy$$im tlakem je kapalina poutdna v kapilafe, resp. tim vys$si podtlak je nad hladinou kapaliny v poru).
Za predpokladu, ze voda i organické rozpoustédlo dokonale smaci povrch kapilary, pak kapalina je v porech
o rozmérech fadové jednotek nm poutdna znacnym kapilarnim tlakem v fadu 10-100 MPa. V pii-
padé zasychani gelu (vznik xerogelu z mokrého primarné vzniklého gelu) se kapalina z port uvoliu-
je, v porech vznika podtlak a pokud kapilarni tlak Pc piekroci pevnost gelu, dochézi k jeho kontrakei
objemu az na desetinu ptvodni hodnoty a zborceni struktury spojené se vznikem nezadoucich trhlin
patrnych Casto i pouhym okem, tzv. bahenniho praskani. SpiSe vSak nez absolutni hodnota kapilarniho
tlaku negativné ovliviiuje destrukci gelu projevujici se vznikem trhlin gradient tohoto tlaku v poérech o
proménlivém praméru, ktery vSak narlstd i s objemem monolitu gelové hmoty — bylo napf. zjisté-
no, ze u téhoz gelu ziskaného a vysuseného za jinak stejnych podminek krychle o velikosti 5 cm vy-
kazuje vys$i miru smrsténi a tim i vys$si tendenci ke vzniku trhlin nez v piipadé gelu rozdrobeného na
mensi kousky [6]. V piipadé gelovych povlakll vytvofenych na tuhém podkladu je pak urcujici roz-
mér gelové hmoty tloustka této vrstvy, a proto tendence ke smrstovani a praskani pii zasychani roste
s tloustkou gelové vrstvy [7,8]. T pii zasychani primarné vzniklého gelu vSak dale dochazi k polykon-
denzaci silanolovych skupin uvnitf gelovych poéra, snizovani porozity a miry smr$tovani objemu
a zlepSeni mechanickych vlastnosti xerogelu, tj. naristu pevnosti i modulu pevnosti. Vznik dalSich trh-
lin v gelu se zastavi, pokud naristajici pevnost gelu se vyrovna kapilarnimu tlaku generovanému v jeho
porech. Modul pruznosti ve smyku gelt vznikajicich z TEOS a zasychajicich samovolné na vzduchu uvnitt
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mistnosti pii teplotach kolisajicich v rozmezi 20-30 °C po dobu 1 roku dosahne hodnoty cca 1 MPa, tj.
pouze Snasobny narust oproti pivodni hodnoté, a namahani, kdy jiz dojde k lomu zkuSebniho télesa gelu
je pouhych 0,1 MPa pfi jeho relativné malém linearnim smrsténi do cca 10 %, kdy jesté nedoslo ke vzniku
trhlin. Pokud v8ak zasychani gelu je vyrazn&ji urychleno pii zvysenych teplotach a dojde k linearnimu
smrsténi gelovych téles nad 30 %, objevi se trhliny a modul pruznosti pfi namahani smykem vzroste az o 3
fady na hodnoty cca 3000 MPa [7,8].

Smeési pro odlévaci formy o slozeni 85-97 % pisku a zbytek alkalicka vodni skla vykazuji pevnost
v tlaku fadové v jednotkach MPa a v tahu v desetinach MPa [9].To jsou velmi nizké hodnoty pevnosti
v porovnani s neporéznimi materialy, napf. nelaminované epoxidové pryskyfice vykazuji pevnost v tahu az
60 MPa a laminované sklenénymi vlakny ¢i vlockami dokonce az 300 MPa.

Podobné¢ jako polysiloxanové gely se chovaji i hydraty kalcium silikatove, popt. i hlinitanové faze
cementu (C-S-H, popi. i C-A-H), které obsahuji rovnéz 30 % obj. gelovych pori o velikosti 2—4 nm a navic
140 % kapilarnich port o velikosti 1-10 pm [10]. I u cementu plati, ze pfi jeho tuhnuti a tvrdnuti se uvnitt
gelovych poru generuje kapilarni tlak (viz rovnice 1) v fadu desitek MPa, dochazi ke snizovani celkové
porozity cementu a smr$tovani objemu, pficemz modul pevnosti ve smyku nartsta az o 3—4 fady (z desetin
MPa na 100 az 1000 MPa) az do stavu, kdy pevnost gelové sité uz je natolik dostatecna, aby odolala dalsi-
mu destruktivnimu t¢inku kapilarniho tlaku [11]. Prakticky stanovena pevnost v tahu vytvrzeného betonu
(po min. 28 dnech) je az 25x niz$i nez pevnost v tlaku a nabyva rovnéz relativné nizkych hodnot 0,6-2,5
MPa [12]. Pro soudrzny beton vhodny pod stérkové natéry je doporucovana pevnost v tahu min. 1,5 MPa
a tlaku min. 25 MPa.

Pokud jde o ZSN s vysokym obsahem zinkového prachu (min. 80% véh. v susiné natéru), obsahuji
kromé gelovych port o priuméru pod 10 nm navic i mikrometrické pory. Metodou rtutové porozimetrie byl
stanoven objem port o priameéru 1,5-5 pm v dokonale vytvrzeném ZSN bez jakychkoli organickych piisad
36-39% obj. [13]. Pro srovnani: zarove stiikané povlaky Al a Zn (met Al a Zn) vykazuji porozitu o velikosti
port v fadu mikrometri 5-15% obj., resp. 5% obj. [14] a fosfatové konverzni povlaky Zn a Mn dokonce
pouze 1,5% obj. [15], v obou ptipadech bez gelovych porti v fadu nanometrti.

Vysoka porozita ZSN muize zpusobit vady (vzduchové bublinky a kraterky) v nasledném organickém
natéru, proto je doporucovan nejprve penetracni natér o nizké susing a viskozité (,.tie coat”) bez zapocita-
telné tloustky, ktery snaze zapenetruje do portd, vytésni z nich vzduch a utésni je a teprve poté je mozné
aplikovat organicky natér o zapocitatelné tloust'ce.

Znaky jakosti pro hodnoceni kvality ZSN a jejich kombinaci s organickymi natéry

Navzdory vyse zminénym specifickym vlastnostem pojivovych silikatovych gelti nejsou v technické
praxi az na jednu vyjimku (hodnoceni stupné vytvrzeni) pro ZSN zavedeny zvlastni standardy ¢i piedpisy,
které by blize urcovaly jejich kvalitu a vymezovaly znaky jakosti. Obecné se vychazi ze standardu, které
specifikuji pozadavky na jakost organickych natért pro ochranu ocel. konstrukei (soubor norem CSN EN
ISO 12944) a kter¢ do urcité miry zahrnuji i pozadavky na rozpoustédlové ZSN na bézi organicky nemo-
difikovaného TEOS/ethylsilikatu s obsahem min. 80% vah. zinkového prachu v netékavé slozce natéru.
Sledované znaky jakosti ZSN jsou kvalita povrchu oceli pfed zhotovenim natéru a pozadovana drsnost,
nominalni tloustka suché vrstvy a maximalni mistni tloustky s ohledem na mozny vyskyt nezadouciho ,,ba-
henniho praskani®, pfilnavost k podkladu a stupen vytvrzeni v pfipadé preryti vrichnimi organickymi natéry.
Tyto znaky jakosti pro prostiedi atmosféry s odkazem na piislusny piedpis/standard jsou shrnuty v tab. 1.
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Tab.1: PoZadované znaky jakosti rozpoustédlovych nemodifikovanych ZSN (pojivova baze
ethylsilikat) pro atmosféricka prostiedi

Pozadovany znak jakosti

Hodnota

Technicka norma/predpis

Ptiprava povrchu pod ZSN

tryskani na stupen ¢istoty min.
Sa2,5

CSN ISO 8501-1[16]

Drsnost povrchu pod ZSN

drsnost stiedni (60-100 um),
G-komparator, pouzit
ostrohranné abrazivo typu G

SN EN ISO 8503-1[17]

Nominalni tloustka suché

(CSN EN ISO 16276-2[21])

= 1 e -
vrstvy (NDTF) 40-80 um CSN EN ISO 12944-5[18]
Horni toleran¢ni mez mistni . specifikuji pouze technické listy
tloustky 125-150 pm jednotlivych vyrobct
Prilnavost miizkovy fez %
(CSN EN SO 2409[19]) max. st. 2 CSN EN ISO 12944-6[20]
Prilnavost X - fez max. st. 1 (?) neni specifikovano

Ptilnavost kolmy odtrh
(CSN EN ISO 4624[22])

odtrhova pevnost min. 2,5 MPa,
nesmi byt adhezni lom typu A/B?

CSN EN ISO 12944-6 [20]

Stupen vytvrzeni pod organické
natéry

min. st. 4

ASTM D-4752[23] (MEK test)

Korozni odolnost ve zkousce
neutralni solna mlha (CSN EN
ISO 9227[24]) pii pozadavku
vysoké zivotnosti® (min. 15
rok)

pro stupen korozni agresivity
atmosféry C5-I a C5-M* (CSN
EN ISO 12944-2[25]) 1440 hod
bez koroze a puchyit v plose a
koroze do max. vzdalenosti 1 mm
od zkusebniho fezu k podkladu

CSN EN ISO 12944-6[20]

Korozni odolnost ve zkousce
kondenzace vody (CSN EN
ISO 6270-1[26]) pti pozadavku
vysoké zivotnosti® (min. 15
rokit)

pro stupen korozni agresivity
atmosféry C5-14 a C5-M> (CSN
EN ISO 12944-2[25]) 720 hod

bez koroze a puchyit v plose

C'SN EN ISO 12944-6 [20]

Korozni odolnost ve zkousce
kondenzace vody s oxidem sifi-
gitym (CSN EN ISO 3231[27])
pfi pozadavku vysoké zivotnos-

ti¥ (min. 15 roku)

pro stupen korozni agresivity C5-
19 (CSN EN ISO 12944-2[25)
30 cykli bez koroze a puchyii
v plose

CSN EN ISO 12944-6 [20]

pouze i 4050 pm,

tj. 1% plochy,

2) adhezni lom mezi prvni vrstvou natérového systému a podkladem,
3) dle [18] je zivotnost natéru definovana do mezniho plosného stupné prorezavéni Ri 3 dle [28],

1) obvykle specifikovany nominalni tloustky 60-80 pm, pod tlustsi vrstvy organickych natért nékdy

4) korozni agresivita atmosféry velmi vysoka — primyslova (dominantni zne¢isténi oxidem sifi¢itym),
5)korozni agresivita atmosféry velmi vysoka — pfimotska (dominantni zne¢isténi aerosoly chlorid).
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Tloustka ZSN

Jak bylo jiz vysvétleno vyse, s rostouci tloustkou ZSN se zvysuje tendence k tvorbé trhlin—,,bahennimu
praskani®, pficemz trhliny nesmi byt patrné pfi 10nasobném zvétseni. U béznych jakkoli nemodifikovanych
ZSN byva horni toleranéni mez tloustky kolem 130 um, coz v§ak muze byt pfi jejich aplikaci na nékterych
mistech konstrukce obtizné dodrzet (vnitini povrchy pravouhlych profild, koutové svary atd.). Modifikaci,
tj. ptidavkem bud’ specialnich mineralnich vlaken s vysokym aspektnim pomérem pfipravenych z vulka-
nickych hornin o délce max. 200 um a primeéru 5 pm [28,29] nebo organickych pryskyfic [30] lze prak-
ticky dosahnout zvyseni horni toleranéni meze mistnich tlousték az na 250 pm bez vyskytu trhlin. Vznik
“bahenniho praskani” ZSN pii nadmérnych tloustkach, ktery mize zpusobit i samovolné odlupovani od
podkladu, je patrny z obr. 2.

Obr. 2: Trhliny patrné pouhym okem v nemodifikovaném ZSN p¥i nadmérnych tloust’kach
nad 150 pm

Priprava povrchu a drsnost povrchu pod ZSN

Bézné organicky nemodifikované ZSN vyzaduji tzv. kotvici profil povrchu pod natér, tj. kromé po-
zadované Cistoty dané stupném Sa 2,5 i min. drsnost povrchu po ottryskani ostrohrannym abrazivem typu
G charakterizovanou min. jako stfedni dle [17]. Modifikaci ZSN organickymi prykyficemi [30] 1ze kromé
vyrazné zvysené horni toleran¢ni meze tloustky dosahnout i vyssi tolerance pii piipravé povrchu pod nater,
tj. neni nutné zajisténi kotviciho profilu a tryskani lze provadét i zakulacenym abrazivem typu S Castéji
pouzivanym v pruchozich tryskacich strojich pro tryskéani ocelovych profili.

3.3. Prilnavost ZSN

Ukazuje se, ze nejbéznéjsi v praxi pouzivana zkouska pfilnavosti miizkovym fezem [19] vyhovuje
u samotnych ZSN (viz obr. 3 a 4). U kombinaci s vrchnimi organickymi natéry a to zejména o vysoké
pevnosti a houzevnatosti (EP, PU), kde se tloustka natér. systému vyraznéji navysi na 150-250 pum, se jiz
projevi smykové (bo¢ni) namahani pti fezu klinovitym feznym nastrojem. Jak jiz bylo vysvétleno v kap.
,.Charakteristika kfemicitych pojivovych geli v ZSN*, pevnost pojivového gelu v ZSN pii smykovém i
tahovém namahani je relativné nizka v fadu desetin az jednotek MPa v porovnani s organickymi povlaky,
takze dochazi k lomu ve vrstvé ZSN a odlupovani celych ¢tvereckl v miizce. I kdyz mtizkova zkouska
pfilnavosti se pfipousti do max. tloustky natéru/natér. systému 250 pm, v piipadé kombinace ZSN/organic-
ky natér poskytuje vyrazné horsi vysledky nez zkouska X-fezem [21] (ktera neni omezena pozadavkem na
max. tloustky testovanych natéri), a to jiz pfi tloustkach nad 150-200 um, viz obr. 3.

51



XIl. KONFERENCE PIGMENTY A POJIVA « 11.-12.11.2019

Obr.3: Porovnani adheze natér. systému ZSN/EP/PU na otryskané oceli v zavislosti na rostouci
tloust’ce, stanovené miizkovym Fezem a X-Fezem

Zde pro 3-vrstvy natér. systém organicky modifikovany Sedivy ZSN/zeleny EP zaklad/Sedivy leskly PU
email je patrné vyrazné zhorSeni hodnoticiho stupné u miizkové zkousky ze stupné 1 (samotny ZSN, tloustka
160 um) pres stupenn 4 (ZSN + EP zaklad, celkova tloustka 212 pm) na stupenn 5 (ZSN + EP + PU, celkova
tloustka 246 pum), pficemz k lomu dochazi vzdy ve vrstvé ZSN. Vedle miizky je proveden i X-fez, kde pfi-
Inavost vzdy zlistava na stupni 1.

Pokud jde o odtrhovou zkousku piilnavosti ZSN, pak prakticky vzdy dochazi ke koheznimu lomu ve
vrstvé ZSN, ale hodnoty odtrhové pevnosti jsou relativné nizké v rozmezi 1,5-3 MPa, coz je ¢asto na samé
hranici 2,5 MPa a ¢asto i pod ni vyzadované dle [20], viz obr. 4. Stanoveni bylo provedeno ve SVUOM Praha
hydraulickym odtrhomérem P.A.T. GM 01, tloustka podkladu (otryskany ocel. plech na stupen cistoty Sa
2,5) byla 3 mm.

Obr. 4: Odtrhy organicky modifikovaného ZSN na otryskané oceli po zkousce 120 hod kondenzace
vlhkosti dle [26]

Nizké hodnoty odtrhové pevnosti jsou opét zptisobeny hor§imi mechanickymi vlastnostmi gelového
pojiva ZSN (viz kap.2) v porovnani s organickymi pojivy pfi namahani tahem a podobné jako u cementu/
betonu jsou pevnosti v tahu az fadové nizsi nez pevnosti v tlaku. Nizké hodnoty odtrhové pevnosti vSak
u ZSN nemaji piimy vztah k jejich ochranné funkci (samoziejmée do urcité meze), ale spise dilezity je vlastni
charakter lomu pfi odtrhu, ktery je u ZSN na otryskaném povrchu ve vétsing piipadi kohezni, tj. vr vrstvé (viz
obr. 4). V praxi k tahovému namahani natéri vétsinou nedochazi.
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Stupern vytvrzeni ZSN

Pozadavek na dostate¢ny stupen vytvrzeni je vétSinou pouze v piipad¢ piekryti vrchnimi natéry. Uve-
deny americky standard [23] je zaloZen na otéru povrchu ZSN tzv. ,,syrafskym platnem” nasycenym v me-
thylethylketonu (MEK). Provadi se prsty 50 otérovych dvojtahtl pfi stfednim pritlaku a hodnoti se stupen
vytvrzeni v ¢iselné stupnici 0 — 5, pficemz stupen 0 znamena nejniz$i miru vytvrzeni (po 50 dvojtazich
probrouseni natéru az k podkladu) a stupen 5 nejvice vytvrzeny ZSN (bez jakéhokoli patrného vlivu na
ZSN). Pred aplikaci vrchnich natért je pozadovan stupenn min. 4, kdy otérova plocha je vylesténa, avsak
stale zlistava nepatrné mnozstvi Sedivého zinku (nepatrné ,,$pini*) na svétlém platné, ale nesmi byt naruseni
natéru do hloubky! Definice stupné 4 vnasi ¢asto mezi aplikatory ZSN ur¢ité nejasnosti, protoze mnohdy
pozaduji, aby otérové platno zistalo po 50 dvojtazich zcela ¢isté, coz vsak je spise uz stupen 5. Dosazeni
vytvrzeni na stupen 5 vSak trva vyrazné delsi dobu nez na stupen 4, takze pak se technologicka prodleva
mezi aplikaci ZSN a organickymi natéry neopodstatnéné prodluzuje.

Je zfejmé, ze otérovy MEK test vnasi na dosazeny vysledek zna¢nou miru subjektivity. Poznatek ze
zkuSenosti: syrai'ské platno lze nahradit obvazovou gazou.

Zavér
Na zakladé¢ dosud ziskanych praktickych zkusenosti pfi testovani kvality rozpoustédlovych ZSN (po-
jivova baze TEOS) Ize formulovat nasledujici zavéry.

Pti sledovani pfilnavosti ZSN je miizkova metoda méné vhodna nez metoda X-fezem, coz plati ze-
jména pro kombinace ZSN + organické natéry o vyssi pevnosti a huzevnatosti (EP, PU) a celkové tloust'ce
nad 150 pm. U mfizkové zkousky dochazi k vyraznému poklesu adheze s rostouci tloustkou, zatimco u
metody X-fezu je zavislost na tloust’ce podstatné nizsi.

Vzhledem k mechanickym vlastnostem poréznich geli dochazi pti namahani tahem, tedy pii zkousce
kolmym odtrhem, ke koheznimu lomu ve vrstvé ZSN, ktery vykazuje vyrazné nizsi pevnost v tahu oproti
organickym natérim.

Relativné nizké odtrhové pevnosti ZSN v rozmezi 1,5-3 MPa neovlivni negativné korozni odolnost
a ochrannou funkci téchto natéra, veétsi vyzam zde ma charakter lomu, ktery na otryskaném povrchu by mél
byt vzdy kohezni ve vrstvé ZSN. Pozadavek standardu [20] na min. hodnotu odtrhové pevnosti 2,5 MPa
se jevi jako nadmeérny a je spiSe adekvatni pro organické natéry, pro ZSN by prahovéa hodnota odtrhové
pevnosti méla byt snizena na 1,5-2 MPa.

Pro vytvrzeni ZSN uc¢inkem atmosférické vlhkosti/vody pod organické natéry je pozadovan stupen 4
pfi stanoveni otérovym MEK testem [23] (pouze vylesténi natéru bez jeho naruseni, ale na otérovém platné
mozné jesteé nepatrné zbytky zinkového pigmentu).

ZSN modifikované bud’ ptidavkem mineralnich mikrovlaken a/nebo organickych pryskytic umoznuji
zvysit horni toleranéni mez tloustky ze 130 azna 250 pm a v piipadé organické modifikace i pon¢kud snizit
pozadavky na Upravu povrchu pod natér (ptipustné i zakulacené abrazivo typu S, snizena drsnost).
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STUDY OF CORROSION RESISTANCE OF ZINC PIGMENTED
COATINGS CONTAINING MAGNESIUM

STUDIUM KOROZNI ODOLNOSTI ZINKEM PIGMENTOVANYCH POVLAKU
S OBSAHEM HORCIKU

KOHL M., KALENDOVA A.

Faculty of Chemical Technology, Institute of Chemistry and Technology of Macromolecular Materials,
University of Pardubice, Studentska 95, 53210 Pardubice, Czech Republic.

Summary
Zinc-pigmented organic coatings containing magnesium were prepared at different magnesium volume
concentrations and their corrosion resistance was examined. Both spherical and lamellar zinc was used
and the magnesium volume concentrations were 1%, 3%, 5%, 10% and 15 %. Organic coatings pig-
mented with spherical or lamellar zinc solely served as the reference systems. Corrosion resistance was
examined through an accelerated corrosion test in a salt spray atmosphere, to which the coatings were
exposed for 720 hours. The polarization curves were used to obtain the polarization resistance, and the
corrosion rate was calculated from the data.

Key words
Zinc, magnesium, coating, corrosion

Introduction

The protective effect of organic coatings pigmented with zinc is based on a cathodic protection
mechanism, owing to the position of zinc in the electrochemical metal series or the difference between
the potentials of zinc and the protected metal, i.e. steel. Zinc is a common metal with a negative standard
electrode potential—more negative than that of iron. The cathodic mechanism can play a protective role
only if the zinc particle content of the coating is adequately high, i.e. so high that the zinc particles are in
mutual contact and in contact with the steel substrate [1-3]. This condition, however, is met only during
the first stage of contact with the corrosive medium. As the protective mechanism is acting, the pores in
the coating get sealed with the zinc corrosion products, such as zinc oxides, zinc hydroxide, and basic
zinc carbonates. The zinc metal particles soon get wrapped in the zinc corrosion products, where the
electric conductivity of the paint film decreases and the cathodic protection mechanism is hindered (the
cathodic protection mechanism is transformed to the barrier protection mechanism). The neutralisation
and filtration mechanisms are involved as well [3—6].

Efforts are made in the coating and coating industry to use magnesium, for instance to replace zinc
power, owing to its favourable electrochemical properties, Magnesium particle as small as about 20 micro-
metres in size are currently available and pastes with magnesium particles still smaller are being developed.
Limited information on the use of magnesium coatings on metallic substrates existed until recently but
now magnesium starts attracting considerable interest. Quite a number of publications describe the use of
primers with high magnesium contents to protect metallic surfaces, aluminium in particular [7, 8].

The mechanism through which magnesium protects metallic substrates is the same as with zinc, i.e.
through cathodic protection where magnesium behaves as the sacrificed anode. In order to provide protection,
the magnesium particles must be in electric contact both with the metallic surface and with one another [9].
The protective action consists of a 2-stage mechanism: the first stage is cathodic protection, whereas the
second stage includes a barrier effect. Defects on the coating surface, causing exposure of the substrate,
form cathodic regions. Due to hydrogen reduction, the pH can be fully alkaline in the cathodic spots of the
organic coating. When magnesium ions reach a cathodic region, they precipitate as Mg(OH), and MgO. A
porous layer is thereby formed on the surface, acting by the barrier protection mechanism [10].
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Magnesium hydroxide solubility is very low in alkaline systems and hence, magnesium is corrosion
resistant in such environments. Also, magnesium hydroxide can transform to magnesium carbonate in high-
-humidity conditions, whereby the anticorrosion efficiency is still enhanced [11].

Experimental part

Specification of the pigments

The critical pigment volume concentration (CPVC) of the spherical zinc, lamellar zinc and magne-
sium was calculated from the density determined using Gas Pycnometer AccuPyc II 1340 and from oil
absorption determined according to the Czech State Standard (CSN) 67 0531 using the ,,pestle — mortar
method.

Specification of the Binder for Coatings

A solvent-based epoxy—ester resin was used as the binder. The following is a description of the binder:
a 60% solution of a medium high molecular weight epoxy resin esterified with a mixture of fatty acids of
dehydrated ricin oil and soy oil, trade name WorléeDur D 46, acid number 4, viscosity of 2.5-5.0 Pa s, flow
time (DIN 53211-4 200) of 250 s.

Formulation and preparation of organic coatings

In the present study, two series of organic coatings was prepared by using magnesium at volume
concentrations 1%, 3%, 5%, 10% and 15% and with spherical zinc Q = 0.67 (series 1) or with lamellar zinc
Q = 0.37 (series 2). To compare the results obtained with magnesium an organic coating containing only
spherical zinc (at Q = 0.67) and lamellar zinc (at Q = 0.37) was prepared. Organic coatings were dispersed
using a Dissolver-type equipment at 4000 rpm for 30 minutes. Once prepared, the paints were applied to
steel panels (standard S-36 low-carbon steel panels, Q-Lab Corporation) and the dry film thickness (DFT)
was measured with a magnetic gauge as per ISO 2808. An artificial vertical cut was made through the paint
films for the accelerated corrosion tests. The vertical test cut in the organic coating was 80 mm long and
0.5 mm deep and was made in accordance with CSN EN ISO 12944-6 by using a cutting tool complying
with ISO 2409 (tool for single cuts).

Corrosion test procedure

The organic coatings were applied to steel panels and subjected to an accelerated cyclic corrosion
test in a neutral salt spray atmosphere (ISO 9227). The exposure of the samples in a testing chamber was
performed in 12-h cycles. The samples were evaluated after 720 h of exposure. The corrosion effects after
completion of the test were evaluated ISO standards.

Methods of corrosion tests evaluation

The corrosion effects after completion of the tests were evaluated as specified in the ISO standards.
Blistering on the paint film surface and in the test cut was assessed by comparing with the photographs of
standards included in the ASTM D 1654-92 standards. Corrosion on the metal plane was evaluated (after
stripping the paint film down) by comparison with the photographs of standards included in the ASTM D
610-85 standard. Corrosion in the test cut was evaluated by measuring the distance to which corrosion
propagated from the cut to its sides

Selected samples were also examined by electron microanalysis. Electron microanalysis for ascerta-
ining the elemental composition of the paint films was performed on a TESCAN VEGA 5130SB scanning
electron microscope and a Bruker Quantax 200 energy dispersive X-ray spectrometer. Electron microana-
lysis allows information on the concentrations of the elements to be obtained based on comparison of their
spectral lines in the X-ray region with those of the standards.

Electrochemical test procedure

Furthermore, the organic coatings were subjected to the electrochemical test of linear polarisation by
using a VSP-300 multichannel potentiostat/galvanostat (Bio-Logic, France). In the three-electrode setting,
1 cm? of the sample was submerged in a 3.5 wt.% NaCl solution and polarized across the range from —10
mV EOC™ to +10 mV EOC™ at and rate of 0.166 mVs™'.
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Results and discussion

Pigment specification

The pigments were specified and their densities and oil numbers were determined. The parameters so
obtained were used to calculate the critical pigment volume concentrations (CPVC), the values of which
are required for appropriate formulation of the coatings. The mean magnesium particle size was 4.4 um.
The mean spherical zinc particle size was slightly higher, 5.9 pm, while the mean lamellar zinc particle
size attained 12.5 pm.

Table 1. Characteristics of the pigments

Pigment Densigy Oil absorption CP;VC Particle size
[g/em™] [g/100g] (%] [pm]
spherical zinc 7,14 6,4 67 5,9+0,1
lamellar zinc 6,52 23,8 37 12,5+0,1
magnesium 1,78 40,61 56 44+0,1

Accelerated corrosion tests in a salt mist atmosphere

The results of the accelerated cyclic corrosion test in NaCl spray atmosphere are listed in Table 2 and
Table 3 for organic coatings containing spherical zinc and lamellar zinc, respectively.

Blistering of the coating with spherical zinc attained the 6MD level both on the film surface and in
an artificial cut made through the film. Where magnesium at the volume concentration (PVC,,) 1% and
3% was present in addition, both the blister size on the surface and the blister frequency in the cut were
lower (8MD and 6M, respectively) than in the preceding case. Also, corrosion in the cut was 10% in the
absence of magnesium (only spherical zinc was present), whereas it was mere 1% and 3% if magnesium
was present in addition at PVC,, =1% and 3%, respectively. Corrosion in the cut was invariably 0.1 mm.
The coating with spherical zinc and magnesium at PVC,, = 5% was commensurable with that observed
with the coating containing spherical zinc solely. The coatings with spherical zinc and magnesium at PVC,,
=10% and 15% exhibited an appreciable decrease in the corrosion resistance, which increased slowly with
increasing PVC,,.

If lamellar zinc was used, blistering both on the film surface and in the cut attained the 6M level. If
magnesium was added at PVC,, = 1% and 3 %, the blisters on the surface were smaller in size (8M) and
the blister frequency in the cut was lower or comparable (6F — 6M) against the coating containing lamellar
zinc solely. Corrosion in the cut for the coating with lamellar zinc was 3% in the absence of magnesium and
1% and 3% in the presence magnesium at PVC,, = 1% and 3%, respectively. Corrosion in the cut was in-
variably 0.1 mm. The coatings with lamellar zinc and magnesium at PVC,, = 5%, 10% and 15% exhibited
gradual decrease in the corrosion resistance, which increased slowly with increasing PVCMg.

To sum up, the coatings pigmented with lamellar zinc exhibited a higher corrosion resistance than the
coatings pigmented with spherical zinc. This can be explained in terms of the ability of lamellar zinc to
create a more efficient physical barrier separating the metallic substrate from the corrosive environment.
The optimum magnesium volume concentrations are 1% and 3% irrespective of the zinc particle shape
(spherical or lamellar). Such organic coatings attained higher corrosion resistance levels than the reference
coatings used.
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Table 2. Corrosion test results for organic coatings containing magnesium and spherical zinc
(DFT =100 + 10pm)

Blistering Corrosion
PVC,, [%]
Metal base [dg] In a cut [dg] Metal base [%] In a cut [mm]
0 6MD 6MD 10 0,1
1 8MD 6M 1 0,1
3 8MD 6M 3 0,1
5 6MD 6MD 10 0,1
10 8D 6MD 10 0,7
15 8D 2MD 16 1,4

Table 3: Corrosion test results for organic coatings containing magnesium and lamellar zinc
(DFT =100 + 10pm)

PVCMg Blistering Corrosion
[%] Metal base [dg] In a cut [dg] Metal base [%] In a cut [mm|
0 6M 6M 3 0,1
1 SM 6F 1 0,1
3 SM 6M 3 0,1
5 6M 6MD 10 0,3
10 4MD 6MD 10 0,5
15 4MD 4MD 10 0,8

Characterising the organic coating composition

The composition of the coatings after 240-hour exposure to the salt spray atmosphere was examined
by scanning electron microscopy and energy dispersive spectroscopy. The methods were applied to spots
both distant from the test cut and spots close to the test cut. Energy dispersive spectroscopy showed that,
due to the cathodic protection mechanism, pores in the coating films had been sealed with the zinc corrosion
products (ZnO). No steel corrosion products were observed on the surface or in a close vicinity of the test
cuts after the 240-hour exposure, giving evidence of a high corrosion protection capacity of the organic
coatings. This, however, was not true of the coatings with spherical/lamellar zinc and with magnesium
at PVCMg = 10% and 15%, where steel corrosion products were detected because of inadequate cathodic
protection.
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Fig. 1: Scanning Electron Micrographs and Energy Dispersive Spectroscop results of the standard
organic coating containing spherical zinc (left: in area far from the test cut, right: in a close vicinity
to the test cut)

Results of the electrochemical method of linear polarisation

The results of the electrochemical method of linear polarization are listed in Tables 4 and 5 for the
coatings pigmented with spherical zinc and lamellar zinc, respectively.

For the coatings with spherical zinc, the polarization resistance was 4x10° Q and corrosion rate was
8x107° mm/year. If magnesium was added at PVC,, = 1% and 3%, the polarization resistance increased to
2x107 Q and 1x107 Q, respectively, and the corrosion rate decreased roughly by one order of magnitude to
8x107° and 9x10°° mm/year, respectively. Hence, the corrosion resistance of such organic coatings is higher
than that of the reference coating containing spherical zinc. Where magnesium was present at PVC,, = 5%,
the polarization resistance was similar (4x10° Q) to and the corrosion rate very slightly higher (9x107° mm/
year) than as observed with the reference coating with spherical zinc. If the magnesium content was increa-
sedto PVC,, =10% and 15 %, the polarization resistance levels were lower and corrosion rates higher than
as found with the reference coating with spherical zinc.

For the coatings with lamellar zinc, the polarization resistance was 5x107 Q and corrosion rate was
8x10°° mm/year. The polarization resistance increased to 6x10% Q and 4x10% Q and the corrosion rates de-
creased by roughly one order of magnitude (to 4x1077 and 6x10~7 mm/year) on the addition of magnesium
at PVCMg = 1% and 3%, respectively. In other words, the addition of magnesium was beneficial to the cor-
rosion resistance of the organic coating. However, if the magnesium content was increased to PVC = 5%,
the polarization resistance was slightly lower (3x107 Q) and the corrosion rate was slightly higher (9x10°¢
mm/year) than in the absence of magnesium. The polarization resistance was still lower and corrosion rate
higher at PVCMg =10% and 15% compared to the coatings with lamellar zinc solely.

Table 4: Results of the electronic measurement of linear polarization of the prepared coatings
containing magnesium and spherical zinc in 3.5 wt. % NaCl, DFT =75 £ 10 mm

PVCMg [%] E,,. [mV] B, [(mV] B, [mV] Rp [Q] v, .. [mm/year]
0 —985 20 23 4x10° 8x107°
1 -979 31 29 2x107 8x10°°
3 -981 29 28 1x107 9x107°¢
5 —980 30 31 4x10° 9x107°
10 975 31 33 1x10° 5x107*
15 972 28 29 8x10° 3x107*
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Table 5: Results of the electronic measurement of linear polarization of the prepared coatings
containing PANI - H,PO, and lamellar zinc in 3.5 wt. % NaCl, DFT = 75 + 10 mm

PVC“_4g [%] E_ . [mV] B, [mV] B, [mV] R (2] v, [mm/year]
0 -925 28 31 5x107 8x107°¢
1 -924 30 32 6x10° 4x1077
3 -922 31 33 4x108 6x1077
5 -918 33 35 3x107 9x107°
10 -916 32 34 1x107 2x10°°
15 -916 33 34 8x10° 3x107°
Conclusion

In summary, corrosion resistance of the coatings pigmented with spherical or lamellar zinc in the

absence or presence of magnesium particles was examined by an accelerated cyclic corrosion test and by
the electrochemical linear polarization method. The results give evidence that addition of magnesium at
volume concentrations PVC,, = 1% or 3% to the system with spherical or lamellar zinc is beneficial to the
corrosion resistance of the coating. This can be explained in terms of enhancement of the electrochemical
mechanism owing to which the coating is protected particularly at the early stage of the corrosive action.
This electrochemical protection mechanism transforms into the barrier protection mechanism at a later sta-

ge.

Lamellar zinc appeared to be superior to spherical zinc in this respect. This is explained in terms of the

more favourable shape of the lamellar zinc particles, forming a more efficient physical barrier separating
the metallic substrate from the corrosive environment.
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SILICONE CHEMISTRY FOR ENERGY-SAVING FACADE COATINGS

KOWALSKAE.!, DE SOUSA L.

1 Wacker-Chemia Polska Sp. z o.0., Poland
2 Wacker Chemie AG, Germany

In the construction sector, it is a well-known fact that materials should have a certain resistance to
water, especially if used in exterior applications, i.e. facade coatings. Otherwise, damage occurs. One
well-known result is visual damage, such as efflorescence, mold, algae, blistering, peeling and cracking.
What is often forgotten, though, is the impact of rainwater on the thermal insulation capacity of facade
coatings. According to research done by the European Commission, a major part of the energy consumed
in the housing sector is used for heating and cooling buildings. A suitable facade insulation can achieve
energy savings of up to 30% by, for example, minimizing the retention of humidity and moisture. A variety
of silicone-based materials protect facades. The optimum choice depends on the substrate, application
and requirements.

INNOVATIVE SILICONE TECHNOLOGY FOR ANTI-GRAFFITI
PROTECTIVE COATINGS

KOWALSKAE.!, DE SOUSA L.

1 Wacker-Chemia Polska Sp. z o.0., Poland
2 Wacker Chemie AG, Germany

According to a current internal study, the global market for stain-resistant coatings is worth US$2.3
billion. Graffiti vandalism, especially on monuments and public buildings, is helping demand growth in
this area. To protect public infrastructure and, at the same time, reduce maintenance costs, a new silicone
elastomer system has been developed. Free of organotin compounds and oximes, it forms a permanent,
transparent and water-vapor-permeable film. Coatings based on this system offer anti-graffiti properties,
with glossy, matt and even pigmented finishes. Gralffiti, stickers and posters are easy to remove with water,
without any additives or solvents.
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A PAINT THICKNESS ESTIMATION WITH FLASH PULSE
THERMOGRAPHY

ODHAD TLOUSTKY BARVY POMOCI FLASH PULZNI TERMOGRAFIE

MUZIKA L., HONNER M.

Zapadoceska univerzita v Plzni

Summary
The contribution describes a fast paint thickness measurement with infrared nondestructive testing
(IRNDT). IRNDT is a fast contactless nondestructive inspection method which can be used for detection
of various defect for example corrosion under surface, delaminations, cracks. Capabilities of IRNDT are
demonstrated on detection of non-uniform paint thickness. IRNDT technique flash pulse thermography
was used for paint thickness estimation on spray-painted samples which were excited with a flash lamp
and temperature responses were recorded with an infrared camera. Temperature responses were post-pro-
cessed with Fast Fourier Transform to receive phase angles. Thickness estimation was then obtained from
calibration curve thickness-phase. Results of paint thickness estimation were compared to measurement
by a standard thickness meter. The results showed good match between measurements with a thickness
meter and with the IRNDT technique. The biggest advantage of flash pulse thermography is speed of
measurement. Thickness of sample 10 x 5 cm was estimated with satisfactory results (max relative error
was 10 % compared to standard thickness meter) with 4 s measurement. In comparison a standard
thickness meter can approximately take one reading per second. Other advantages, disadvantages and
limitations of described method are discussed in this contribution.

Key words
Flash pulse thermography, active thermography, IRNDT, paint thickness
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NOVINKY V MOLEKULOVE MIKROSPEKTROSKOPII PIGMENTU
A POJIV: OD NANOMETRU PO MAKRO VZORKY

NEWS IN MOLECULAR MICROSPECTROSCOPY OF PIGMENTS
AND BINDERS: FROM NANOMETERS TO MACRO SAMPLES

SECK.
Nicolet CZ s.r.o.

Metody tzv. vibracni (molekuldrni) spektroskopie (zejména Ramanova a infracervena spektroskopie) jsou
nedestruktivni metody analyzy, které vyuzivaji neelastického rozptylu zdreni (Ramanova spektroskopie) a
absorpci infracerveného zareni (infracervend spektroskopie: FT-IR).
Tyto dvé nejcastéji vyuzivané metody jsou vzajemné komplementdrni. Ziskand vibracni spektra jsou
unikatni nejen pro kazdou chemickou ldatku, reaguji i na drobné zmeény v okoli molekul a je pomoci nich
mozné rozlisit i jednotlivé polymorfy latky. Svou nezastupitelnou roli ma vibracni spektroskopie a mik-
roskopie mimo jiné také v oblasti analyzy pigmentit a pojiv, kde se hojné vyuziva celé rada jejich vyhod.
Nekteré v primyslu hojné vyuzivané latky maji tendenci v prirodé i ve vyrobé zaujimat vice krystalovych
struktur; tzv. polymorfii. Ty maji rozdilné optické viastnosti, coz je pro nékteré primyslové aplikace zdsad-
ni (napr. oxid titanicity, uhlicitan vapenaty atd.). Dalsim castym aplikacnim prikladem z oblasti pigmentii
a pojiv je detekce zakdazanych aditiv (napr. kadmiové zluti), analyza automobilovych lakii, restaurdtorstvi
a archeologie a v dalsich odvétvich. Vibracni spektrum mad samozrejmé i kvantitativni aspekt a proto Ize
tyto metody s vyhodou vyuzit i pro kvantitativni stanoveni pigmentii, pojiv a dalsich aditiv ve vyrobcich, ¢i
rychlou kontrolu kvality. Prispévek se zaobird zejména nékterymi novinkami v molekulové mikrospektro-
skopii pigmentii a pojiv.

Methods of vibrational molecular spectroscopy (mainly Raman and infrared spectroscopy) are not
destructive methods of sample analysis, which using un-elastic diffraction of light on sample (Raman) or

absorption of infrared light via sample (infrared spectroscopy: FTIR).

These two most common methods are in complementary in principle. Measured vibrational spectra are
unique not just for every chemical substance, they are also changing with subtle changes in molecules
surroundings and it is possible to use them for analysis of different polymorphs. Raman and FT-IR
spectroscopy (and microscopy) are playing major role in analysis of pigments and binders, where we can
use their advantages. Some of heavily used industrial substances incline to have many different crystal
structures in nature and also in manufacturing — polymorphs. These polymorphs have different optical
properties, which is dangerous to many industrial usages, f.e. titanium dioxide, calcium carbonate etc.
Other examples from this area of research are detection of dangerous pigments like cadmium yellow, car
paints, cultural heritage research and more. Vibrational spectra have also quantitative information, so
it is possible to use them for analysis of amount of different additives in samples, or fast quality control.
Presentation deals mainly with molecular microspectroscopy news if pigments and binders.

63



XIl. KONFERENCE PIGMENTY A POJIVA « 11.-12.11.2019

NEW TECHNOLOGIES IN THE FIELD OF FTIR MICROSCOPY WITH
A FOCUS ON THE CHEMICAL IMAGING OF PIGMENTS AND BINDERS

NOVE TECHNOLOGIE V OBLASTI FTIR MIKROSKOPIE SE ZAMERENIM
NA CHEMICKY IMAGING PIGMENTU A POJIV

MATOUSEK D., NEUMAN J.
Optik Instruments s.r.o. (Bruker Optics)

Summary
FTIR microscopy is analytical technique, which is widely used in the field of pigments and binders
analysis — e.g. for failure inspection, reverse engineering, quality control in micro-dimensional scale etc.
FTIR microscopy is well suitable technique for chemical imaging and checking the spatial distribution of
chemical composition.

This work focuses on new technologies and brand-new instrumentation in the field of FTIR chemical
imaging and shows several application examples, where can be such an instrumentation well used for
chemical analysis of pigments and binders.

Key words
FTIR, FTIR-ATR, infrared, spectroscopy, microscopy, microanalysis, layers, coatings, FPA detector, focal
plane array, imaging
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ANTIMICROBIAL PROPERTIES OF WOOD BASED MATERIALS
FINISHED SURFACES ESPECIALLY WOODEN FLOORS

ANTIBAKTERIALNI VLASTNOSTI POVRCHOVYCH UPRAV NA MATERIALECH
NA BAZI DREVA ZEJMENA DREVENYCH PODLAH

TESAROVA D.!, POLASKOVA H.2, HLAVATY J.!, KRONTORAD K.}, JERABKOVA E.!

1. Ustav ndbytku designu a bydleni, Mendelova univerzita v Brné
2. Textilni zkuSebni iistav Brno
3. Ustav drevarskych technologii, Mendelova univerzita v Brné

Summary
This contribution deals with the microbiological of wood-based materials. The research is focused on re-
sistance of wooden based coating to fungal bacterial growth. The standard EN 14119, method A2 (without
agar medium) and method B1 (with agar medium) and were used as testing methods. And Antibacterial
activity — JIS Z 2801 (2012) Antibacterial activity — agar diffusion method Tests were performed with
Aspergillus niger (CCM 8155), Chaetomium globosum (CCM 8156), Penicillium funiculosum
(CCM F-161), Gliocladium virens (CCM 8042) and Paecilomyces variotii (CCM F566).

Key words
Epoxy, alkydpolyurethane coating materials, wood-based materials, fungi, antifungal activity, bacteria

Introduction

Health and safe conditions in which people live have become a modern trend. Still more and more
people are interested in quality of indoor air because of many various illnesses associated with environ-
mental conditions. Microorganisms in the interior are one of the most possible reasons of that illnesses.
Although humans are constantly exposed to bacteria and fungi, usually without suffering harm to health, in
some instances inhalation of sufficient numbers of fungal spores can trigger symptoms of asthma, rhinitis
or bronchitis. (Crook, 2010)

Molds are usually not a problem indoors, unless mold spores land on a wet or damp spot and begin
growing. Molds have the potential to cause health problems. Molds produce allergens (substances that can
cause allergic reactions), irritants, and in some cases, potentially toxic substances (mycotoxins). (EPA,
September 2012)

Bacteria and fungal spores are carried on dust particles. People breathe them with air and that is the
way how microorganisms get into human bodies. Concentration of fungal spore in the interior could be
very high in the case of an inappropriate human behavior. (Buttner, 2002) (Gorny & Dutkiewicz, 1999)
(Schleibinger, 2004) (Stetzenbach, 2004)

In this article there is introduced the investigation results of the microorganisms surviving, on the
different finished surfaces and coating films.

Used materials

Massive wood: pine tree (massive) (BO), larch (massive) (MD), spruce (massive) (SM), oak veneer
(DB).

Coating films: epoxy water borne coating, solvent alkydurethane coating film.

Tested fungal strains, germs and bacteria were used: Aspergillus niger (CCM 8155), Chaetomium
globosum (CCM 8156), Penicillium funiculosum (CCM F-161), Gliocladium virens (CCM 8042) and
Paecilomyces variotii (CCM F566). Staphylococcus aureus (CCH 2022), Bacteria Grampozitiv bacteria
Escherichia coli (CCH 4517). Gramnegati bacteria.

Media for cultivation and dilution of microorganisms Malt agar (MA) (obtained from HiMedia Labo-
ratories Pvt. Ltd., Mumbai, India) for fungal cultivation and solution of mineral salts (prepared according
to EN 14119) for fungal dilution were used.
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Test Standards

Qualitative standard Testing of textiles - Evaluation of the action of microfungi (EN 14119, 2004)
methods A2 and Blwere used for the determination of the resistance to fungal growth.

EN 14119, method A2

Test specimens were placed into sterile Petri dishes. The tested fungal spore suspension in solution of
mineral salts was adjusted to a concentration of 10° spores/mL by Biirker counting chamber. Petri dishes
were placed into wet chamber (minimal relative humidity 95 %) and incubated at (29 + 2) °C for 28 days.
After this time, the growth of fungi on the sample was evaluated. Three parallels were tested for each sam-
ple; average value is expressed in results. Samples were evaluated by naked eye and by microscope with
the magnification 40x.

EN 14119, method Bl

Malt agar (MA) was poured into sterile Petri dishes to provide agar layer 5 mm in depth, in next stop
t specimens were placed on the surface of the agar. Fungal spore suspension used for method A2 was ho-
mogenously spread onto specimens and agar. Petri dishes were incubated at (29 + 2) °C for 28 days. After
this time, the growth of fungi on the sample and around the sample was evaluated in the same way as for
method A2.

JIS Z 2801 (2012) Antibacterial activity — agar diffusion method

5 mL of agar contaminated with various tested bacteria were spread evenly over the sterile agar surfa-
ce. Afterwards, the samples were placed on the contaminated agar, and the Petri dishes were cultivated for
24 h. After that, the growth of bacteria under and around the sample was evaluated

Results and discusion

Evaluation of the antifungal activity according to the test method: EN 14119, method A2

The table 1 expresses result of the antifungal activity of samples. The best results were in the case of
impregnated pine tree (BO), spruce (SM), oak veneer (DB). The reasons are impregnation against fungal
growth (BO), content of resin (SM) and tannin (DB) or used glue which is able to kill microbes. and larch
(MD) have also very good results.

Table 1: Results of the Resistance to Fungal Grow (EN 14119 method A2)

Sample Fungal growth on the sample surface [%]
BO 0 % no grow visible under microscope
MD <5 % very slight grow visible by naked eye
SM I 0 % no grow visible under microscope

SM 11 0 % no grow visible under microscope
DB 0 % no grow visible under microscope
* magnification of the microscope 40x

Evaluation of the antifungal activity according to the test method: EN 14119, method B1 In the table
2 we can see expressed results of the antifungal activity of samples placed into Petri dishes with agar me-
dium. Results showed that the rests of tested samples were completely covered by fungi after 28 days of
cultivation.
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Table 2: Results of the Resistance to Fungal Grow (EN 14119 method B1)

Sample Fungal growth on the sample surface [%]
BO 50 % moderate grow visible by naked eye
MD 100 % heavy grow visible by naked eye

smL 100 % heavy grow visible by naked eye
SM1I 100 % moderate grow visible by naked eye
DB 100 % heavy grow visible by naked eye
* magnification of the microscope 40x

Fig. 1: Results of fungal growth of particleboard (DTD) tested according to EN 14119, method A2

Fig. 2: Results of fungal growth of particleboard (DTD) tested according to EN 14119, method B1

In the table 3 and 4 there are published the results of antibacterial activities of different coating film
determinate for finishing wood based materials according — JIS Z 2801 (2012) Antibacterial activity — agar
diffusion method
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Table 3: Number of bacterial colonies of Staphylococcus aureus corresponding to the reference and

modified samples depending on their dilution

Reference Epoxy coating Alkydurethane coating
dilution
1 11 L II, IIX L II, IIX
10° NM* NM Not found not found
10! NM - —/- —/-
102 1440 264 —/- —/-
10 186 - —/- —/-
10+ 16 31 —/- —/-
10°* 3 19 —/- —/-
* NM — uncountable amount

Table 4: Number of bacterial colonies of Escherichia coli corresponding to the reference and modi-

fied samples depending on their dilution

Reference Epoxy coating Alkydurethan coating
dilution
I I I, I1, TIT I, II, 1T
10° NM* NM Not found Not found
10! NM - -/ - —/-
102 NM NM —/- -1/ -
10° 1604 - —/= —/=
10+ 229 181 -/ - — /-
107 27 17 —/= —/=
* NM — * NM — uncountable amount

The results of the testing antibacterial activities (according JIS Z 2801) of epoxy and alkydurethane
films and finished surfaces according are represented on the figure 3, 4, (reference blanc samples without
application coating materials), on the pictures 5,6,7,8, (samples with coating materials) and on the pictures
9, 10, 11 a 12 (the samples with bacteria and oak with finished surfaces).

Fig. 3: Colonies of bacteria Staphylococcus aureus, reference samples
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Fig. 4: Colonies bacteria Escherichia coli, reference samples

The Petri dishes with the number colonies of bacteria less than 300 were used for calculation the
amount of viable bacteria (N, CFU ¢cm™) according the standard (JIS Z 2801, 2010).

Fig. 5: Colonies of bacteria Staphylococcus aureus after incubation on epoxy coating

Fig. 6: Colonies of bacteria Escherichia coli after incubation on epoxy coating

Fig. 7: Colonies of bacteria Staphylococcus aureus after incubation on alkydurethane coating
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Fig. 8: Colonies of bacteria Escherichia coli after incubation on alkydurethane coating

Because no colony of bacteria was found in samples with coating materials bacteria colony for the
calculation of the viable bacteria (N, CFU cm™?) N, = 0,63 CFU cm* that shows the antibacterial activity
R of these samples is very high. The results of calculation are seen in the table 5.

Table 5: Calculated results of antibacterial tests according (JIS Z 2801, 2010)

Bakterie N, U, N, A, R
S. aureus 2,6.10° 5,4 0,63 -0,2 >5,6
E. coli 1,3.10° 6,1 0,63 -0,2 >6,3

Fig. 9: Resistance of the epoxy finished surfaces of oak against the bacterium Staphylococcus aureus

Fig. 10: Resistance of the alkyduretane finished surfaces of oak against the bacterium Staphylococ-
cus aureus
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Fig. 11: Resistance of the epoxy finished surfaces of oak against bacterium Escherichia coli

Fig. 12: Resistance of the alkyduretane finished surfaces of oak against Escherichia coli

Table 6: Results of antibacterial activities tests according CSN EN ISO 20645

Bacterial strain Finished surfaces Inhib[il:i;)‘?] zone Grow* afgﬂ?ﬁ;g?;g&i ¢
S. aureus Epoxy 0 Isn't Good efficiency
Alkydurethane Isn't
E. coli Epoxy 0 Isn’t
Alkydurethane 0 Isn't
* Grow of bacteria under tested surface

Conclution

The absence of inhibition zones in the test of E. coli most likely is caused by higher resistance of the
bacterial strain of S. aureus compared with what is probably bound with a different structure of the cell
membrane. In the test of the S. aureus, the formation of relatively large zone of inhibition indicates that the
solvent of the paint drying time after desiccation to release large amounts of volatile substances which have
antibacterial properties. The process is also supported by the elevated temperature of 37 °C. In the case
of water-dilatable lacquer, despite the presence-based paints water and nutrient organic materials present
posted manufacturer biocide inhibits the development of bacterial cells inside the prepared film, and on its
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surface or surfaces located therewith into intimate contact, which is probably treated with slow release bio-
cides, which may also be supported by a high temperature (37 °C) and the influence of water bound in the
used agar. The investigation for the bacterial strain Escherichia coli also showed good antibacterial activity
of oak massive wood samples treated with the epoxy and alkydurethane coating materials. In both cases
the sample there were not did not found any bacterial colonies visible to the eye, but the zones of inhibition
around the samples were not formed too.

From the point of reached results in this experiments we can say the both of tested coating materials
are suitable for finishing the wooden floor from the view of antibacterial properties.
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EXPLANATION OF REASONS OF THE ADHESION LOSS OF ADHESIVE
JOIN BETWEEN THE FACADE PANEL AND ALUMINIUM SUPPORT
GRID

OBJASNENI PRICIN ZTRATY ADHEZE LEPENEHO SPOJE MEZI FASADNI
DESKOU A NOSNYM AL ROSTEM

MINDOS L.
SVUOM s.r.o.

Summary
The study explains the causation between premature failure of adhesive join and human factor. The
omission of only one and simple technological step results into string of events finally leads to replace of
fagade panels. Total laboriousness and financial difficulty outnumber the value specified technological
step by several orders.

Key words

FaCade panel, adhesive joints, primer, surface pre-treatment, delamination, loss of adhesion.

Introduction

Installation of external, respectively, visual building fagades are increasingly oriented towards the
use of large-format planar materials made up of multi-layer composites, with the exposed side exposed to
direct atmospheric effects often made of acrylic polyurethane polymers that exhibit long-term resistance
to moisture and sunlight.

These planar building materials, referred to as facade panels, are made of high-pressure laminate and
are characterized by many desirable properties such as the aforementioned high weather resistance, high
scratch resistance, resistance to organic solvents and hence the ability to remove graffiti contamination,
very good machinability by cutting or milling and finally allow easy and quick assembly, as the basis
weight per 1 m? is relatively low.

The methods of anchoring the fagade panels to buildings are constantly being improved and, while
several years ago, the so-called admitted fastening by screw or riveted joints prevailed, in the newer history
the anchoring of the materials by the so-called unadjusted bonding.

While for the implementation of screw, respectively, rivet joints, the sizes of holes for screws and
rivets are mainly prescribed and recommendations for tightening bolts or rivet pressing and this essen-
tially ends; the number of instructions for adhesive joints in much larger. There are given separately the
instruction for preparation of the board and especially for the preparation of the grid, most often made of
aluminum profiles. In both series of instructions, it is necessary to mention the preparation of the surface
before bonding by sanding, cleaning and always making a primer layer. Only then is it allowed to perform
the adhesive joint under acceptable weather conditions. Compared to mechanical anchoring by screws or
rivets, adhesion is an activity that requires a higher dose of work, care, expertise, including consideration
of weather conditions.

Description of experimental methods

To explain the study, an external investigation was carried out on site and also a laboratory examinati-
on of 1 piece of the board, which had a marked failure of the adhesive joint (Fig. 1).

On Fig. 2 there is shown the reverse side of the fagade with a black primer layer and a cured adhesive
bead. The exposed bead surface originally adhered to the surface of the Al grate and thus formed an adhesi-
ve joint. A light swab with a cellulose tissue left black soiling from the surface of the adhesive bead (Fig. 3).
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Fig. 1: Delamination of fagade panels — see black arrows

Fig. 2: The reverse side of the facade panel
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Fig. 3: Soiling of adhesive joint surface

The electric resistance of layers of PUR adhesive and primer were measured and the results show
very great differentiation: ca 3.3 kQ/cm for adhesive layer and > 2 GQ/cm for primer layer. On the expo-
sed surface of the adhesive bead, which was originally in close contact with the Al grid surface, no layers
of high electrical resistance were found, thereby proving that the Al surface of the support grid was not a
pretreatment layer of primer.

Results and discussion

The primer was only applied on the reverse side of the fagade panel. The primer binder base detected
was an epoxy resin.

The adhesive used to make the adhesive bond was based on a 1-component polyurethane polymer
highly filled with carbon black. In the cured state, the adhesive used had a low electrical resistance in the
order of units/cm, in other words, a high electrical conductivity.

On the exposed surface of the adhesive bead, which was originally in close contact with the Al grid
surface, was found a number of impurities (dust and salt particles, including residua of ceramic fibers from
thermal insulation) commonly found in the building site (Fig. 4 and 5). This showed that the Al surface of
the grid before adhesion was not sufficiently cleaned of residues of dust, fiber and salt particles. Contami-
nation of the Al grid surface also had a negative effect on premature failure of the adhesive bond.

Fig. 4: Contamination of adhesive layer (left 100 x, DF)

Figure 4 shows the bright areas belonging to the contamination (dust, salt crystals) which was fixed
to the surface of 1K-PUR adhesive, the impurities before adhesion were originally on the surface of the
supporting Al grid. Other type of contamination is shown on Figure 5.
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Fig. 5: Thermal insulation fibre imprinted with 1K-PUR adhesive surface (left 100 x, DF)

Conclusions

1. For structural adhesion, a 1K PUR adhesive was used, highly filled with fine carbon black, which
provides good strength characteristics to the adhesive, for example to prevent the applied bead from col-
lapsing, respectively, to keep the shape even on vertical walls to ensure maximum contact between the
adhesive and the substrates to be bonded (Al grid + panel).

2. However, a high soot filling of the adhesive means that the used adhesive in the cured state exhibits
a very high electrical conductivity and also, as has been proven, an increased wettability for water and/or
water, it no longer has sufficient hydrophobic characteristics.

3. The high electrical conductivity of the adhesive used is highly undesirable due to the high risk of
galvanic corrosion of the less noble aluminum metal when the electroconductive adhesive is applied direct-
ly to the surface of the Al grid without primer layer. In this assembly, the electroconductive adhesive is a
cathode and untreated aluminum is an anode that will easily corrode if moisture gets into the adhesive joint.
Although the adhesive joint was protected against direct rain, it was nevertheless exposed to an outdoor
humid atmosphere, so the probability of wetting adhesive joint was real.

4. The surface of the aluminum grid was not sufficiently cleaned and was not treated according to the
recommended procedure, on the aluminum surface there were no layers, which according to the manufactu-
rer provided increased adhesion, but essential, there were no layers that create electrically non-conductive
layers on the aluminum surface. If the surface of the Al grid was treated with non-conductive layers, the
risk of galvanic corrosion of aluminum would be greatly reduced even with the application of an electrically
conductive adhesive, and thus the risk of adhesion loss of the adhesive joint would be significantly reduced.
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NEW DRIERS FOR SOLVENT-BORNE ALKYD RESINS
NOVE SIKATIVY PRO ROZPOUSTEDLOVE ALKYDOVE PRYSKYRICE

HONZICEK J.!, CHARAMZOVA 1.!, VINKLAREK J 2

1 Ustav chemie a technologie makromolekularnich latek, Fakulta chemicko-technologicka, Univerzita
Pardubice
2 Katedra obecné a anorganické chemie, Fakulta chemicko-technologicka, Univerzita Pardubice

Summary
The work summarizes recent developments in field of primary driers suitable for air-drying paints. It

deals with synthesis and characterization of new vanadium based driers and their application in solvent-
-borne alkyd formulations. The initial screening on commercial solvent-borne alkyd resins of medium and

long oil-length revealed a promising drying activity for several vanadium compounds. The autoxidation
process includes many reactions proceeding simultaneously, so its mechanism is usually studied on model
systems, but obtained data are inaccurate for paint industry. For this reason, detailed investigation of the
drying process was performed by time-resolved infrared spectroscopy on a thin alkyd layer, to avoid non-

-homogeneous cross-linking of real alkyd system.

Key words
Air-drying paints; vanadium; primary drier
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NEW PRODUCTS IN SPOLCHEMIE ALKYD RESINS PORTFOLIO
NOVINKY V PORTFOLIU ALKYDOVYCH PRYSKYRIC SPOLCHEMIE
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2 SYNPO, akciova spolecnost

Summary
SPOLCHEMIE, as the largest producer of alkyd resins in the Czech Republic, keeps up with current
environmental trends and is constantly developing new products. Several new alkyd resins have been
developed over the past year to meet demanding environmental requirements. The new products include
a high solids resin CHS-ALKYD S 475 X 70, its aromatic version CHS-ALKYD S 475 NN 50 and
water-based products from the CHS-HYDROSPOL series. Further development in the area of new
products was focused on short alkyds, the products CHS-ALKYD F 261 X 60 and
CHS-ALKYD AKS 261 X 60 were developed.

Key words
Alkyd resin, environmentally friendly coatings, high solid, waterborne

Uvod

Pfiblizné ¢tvrtina z celkového mnozstvi vyrabénych natérovych hmot je zalozena na alkydovych
pryskyficich. Alkydové pryskyfice jsou pryskyfice na bazi olejii ¢i mastnych kyselin, tedy na bazi surovin
z levnych obnovitelnych zdroji, coz stabilné udrzuje jejich cenu velmi nizko. Vyvojové trendy v oblasti
pojiv pro natérové hmoty jsou hnany predevsim legislativou, ale také snahou o vyvoj produkti s novymi
¢i lepSimi uzitnymi vlastnostmi. Spolchemie se neustalym vyvojem novych produktl snazi reagovat jak na
poptavku trhu, tak i legislativni pozadavky a soustiedi se na vyvoj ekologicky pfiznivych produkti s niz-
kym VOC a vyssim obsahem bio surovin.

Také v prubéhu lonského roku byl sortiment alkydovych pryskyfic Spolchemie rozsifen o nékolik
novych produktt. Prvni dva vychazeji ze stavajici stfedni alkydové pryskyiice CHS-ALKYD S 471 X 60.

Jedna se o CHS-ALKYD S 475 X 70, na vzduchu zasychajici vysokosusinovou, nizkoviskézni
alkydovou pryskyfici stfedni olejové délky na bazi sdjového oleje. Tato pryskyfice je vhodna zejména pro
ptipravu antikoroznich primerti s nizkym VOC a jednovrstvych natérti odolnych na povétrnosti.

Druhym typem je bezaromatova pryskytice CHS-ALKYD S 475 NN 50 s bodem vzplanuti vy$§im
nez 60 °C. I tato pryskyfice je urcena pro piipravu antikoroznich primeri a jednovrstvych natért odolnych
na povétrnosti. Vzhledem k tomu, Ze alkydové pryskyrice podobné olejové délky se v bezaromatovych
rozpoustédlech béZné nevyskytuji, je tento produkt unikatni.

Zékladni parametry alkydovych pryskyfic spolu se zakladnimi lakafskymi vlastnostmi jsou uvedeny
v tabulce 1.
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Tab. 1: Specifikace alkydovych pryskyric CHS-ALKYD S 471 X 60, S 475 X 70 a S 475 NN 50

Alkydova pryskyfice S 471 X 60 S475X 70 | S475 NN 50
CHS-ALKYD NOVY TYP | NOVY TYP
Susina [%] 58-62 68-72 48-52
Viskozita 23 °C [mPa.s] 800-1700 2000-5500 1500-4000
Zasychani/DFT 35 £ 5 pym
st. 1 3h 3h 4.5h
st. 2 6h 8h 15h
st. 3 16 h 20 h 1d
st. 4 2d 2d 2d
Tvrdost kyvadlem Persoz [%] DFT 40 + 5 um
3d 10 10 13
10d 15 20 23
30d 29 31 29
Adheze k oceli [st.] 0 0 0
Odolnost uderu [cm] rub/lic <5/50 50/80 40/100
Odolnost ohybu [mm] <3 <3 <3
Odolnost hloubeni [mm] Erichsen test >8 >8 >8

Dalsimi novinkami v portfoliu alkydovych pryskyfic uvedenymi v poslednim roce na trh jsou alkydo-
vé pryskyfice kratké olejové délky CHS-ALKYD F 261 X 60 a CHS-ALKYD AKS 261 X 60.

CHS-ALKYD F 261 X 60 je alkydova pryskyfice na bazi sojového oleje, rychle zasychajici, a to
i pii nizkych teplotach, s vynikajici antikorozni ucinnosti, uréena zejména pro formulace primerti a jedno-
vrstvych natéra.

CHS-ALKYD AKS 261 X 60 je akrylovany typ alkydové pryskyfice, se super rychlym zasychanim,
a to i pii nizkych teplotach, s vynikajici antikorozni ti€innosti, uréena zejména pro formulace vysoce odol-
nych primert a jednovrstvych natért.

Blizsi specifikaci obou produkti, véetné vysledku lakarského hodnoceni, uvadi tabulka 2.

Na obrazku 1 je znazornéna vysoka antikorozni uc¢innost novych typu kratkych a stfednich alkydo-
vych pryskyfic.

Obr. 1: Antikorozni i¢innost primeri na bazi kratkych a stfednich alkydovych pryskyfic
CHS-ALKYD po 28 dnech expozice v neutralni solné mlze (DFT 85 + 5 pm)
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Tab. 2: Specifikace kratkych alkydovych pryskyric CHS-ALKYD F 261 X 60 a AKS 261 X 60

Alkydova pryskyfice CHS-ALKYD F 261 X 60 AKS 261 X 60
Susina [%] 59-61 58-62
Viskozita 23 °C [mPa.s] 2000-3000 1000-3000
Zasychani/ DFT 35+ 5 pm
st. 1 30 min. 15 min.
st. 2 6.5h 2.5h
st. 3 11.0h 3.0h
st. 4 1.0d 6.5h
Tvrdost kyvadlem Persoz [%]
DFT 40+ 5 pm
3d 12 12
10d 16 22
30d 28 35
Adheze k oceli [st.] 12 1
Odolnost uderu [cm] rub/lic <5/20 <5/10
Odolnost ohybu [mm] <3 >16
Odolnost hloubeni [mm] Erichsen test >8 >8

V letosnim roce také doslo ke zméné nomenklatury vodou feditelnych alkydovych pryskyftic, v sou-
Casné dobé¢ je mozné vSechny vodou feditelné typy alkydt ze sortimentu Spolchemie najit pod jednotnym
komerénim oznaenim CHS-HYDROSPOL. Rada HYDROSPOL zahrnuje celkem ¢tyfi alkydové prys-
kyfice:

— CHS-HYDROSPOL D 270 (dfive v sortimentu pod oznacenim CHS-HYDROSPOL D 01),

— CHS-HYDROSPOL D 271 (dfive v sortimentu pod oznacenim CHS-HYDROSPOL D 101),

— CHS-HYDROSPOL D 870 (dfive v sortimentu pod oznacenim CHS-ALKYD TI 870 V 50),

— CHS-HYDROSPOL D 920 (novy typ alkydové pryskyftice).

CHS-HYDROSPOL D 270 je TDI urethanizovany typ alkydové disperze kratké olejové délky, rych-
le zasychajici, vysoce odolny na povétrnosti.

CHS-HYDROSPOL D 271 je dalsi typ kratké alkydové pryskyfice urethanizované cykloalifatickym
isokyanatem, vynikajici rychlym zasychanim a vysokou odolnosti na povétrnosti, zejména velmi nizkym
sklonem ke Zloutnuti.

Obé¢ pryskytice jsou vhodné pro formulace natérovych hmot pro vnitini i venkovni pouziti, antiko-
roznich primert i emaild.

CHS-HYDROSPOL D 870 je vodou feditelna alkydova pryskyftice dlouhé olejové délky, UV stabil-
ni, uréena pro aplikace na dievo.

Novym typem je vodou feditelna alkydova pryskyfice CHS-HYDROSPOL D 920 dlouhé¢ olejové
delky s vysokym obsahem bio slozky, vynikajici UV odolnosti, vhodna pro aplikace na dfevo.

Specifikace produktt z fady HYDROSPOL je uvedena v tabulce 3.
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Tab. 3: Specifikace vodou Feditelnych alkydovych pryskyric fady CHS-HYDROSPOL

. o D 920
Alkydova pryskytice CHS-HYDROSPOL D 270 D 271 D 870 NOVY TYP
Olejova délka [%)] 27 27 87 92
Susina [%] 42-46 44-46 49-53 49-53
Viskozita 23 °C [mPa.s] 20-160 20-160 10-100 10-100
Zasychani/DFT 30 + 5 um
st. 1 1h 1h 35h 2.5h
st. 2 5h 5h 4h 2.5h
st. 3 <24 h <24 h 5h 2.5h
st. 4 2d <24 h 5h 3h
Tvrdost kyvadlem Persoz [%]
DFT 30+ 5 pum
3d 15 22 6 6
10d 18 32 7 7
30d 34 38 7 7
Adheze k oceli [st.] 1 1 2
Odolnost uderu [cm] rub/lic <5/20 <5/20 100/100 100/100
Odolnost ohybu [mm] <3 <3 <3 <3
Odolnost hloubeni [mm] Erichsen test >8 >8 >8 >8

Zavér

Spolchemie své, jiz tradi¢né vyrabéné, Siroké portfolio alkydovych pryskyiic neustale rozsifuje
o nové typy produktii. Pti jejich vyvoji se snazi respektovat aktualni trendy i legislativni pozadavky, sou-
stiedi se tedy zejména na vyvoj v oblasti vysokosusinovych ¢i vodou feditelnych pryskyfic. Sortiment al-
kydovych pryskyftic tak byl v poslednim roce rozsiien o vysokosusinovy produkt CHS-ALKYD S 475 X 70
¢i vodou feditelny CHS-HYDROSPOL D 920. Unikatnim typem je bezaromatovy stiedni alkyd s vysokym
bodem vzplanuti CHS-ALKYD S 475 NN 50.

Jako odpovéd’ na poptavku zakaznikl po kratkych, rychle zasychajicich, antikorozné u¢innych typech
alkydovych pryskyfic byly vyvinuty produkty CHS-ALKYD F 261 X 60 a CHS-ALKYD AKS 261 X 60.
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MULTIFUKCNI FOTOKATALYTICKE NATERY PRO CISTA MESTA
MULTIFUNCTIONAL PHOTO CATALYTIC COATINGS FOR CLEAN CITIES

PROCHAZKA J., SEFL P.
Advanced Materials-JT.J

Summary
The latest studies confirm that one square meter of photocatalytic coating (FN NANO®) on a facade can
decontaminate over 3 million cubic meters of air per year and purify enough air in one day as a person
needs to breathe for entire year.
Fifteen square-meters of such treated photocatalytic facade offsets emissions from the operations of one
diesel-powered passenger car. In addition, the highly oxidative semiconductor effect on
FN coating-painted facade creates a maintenance-free, self-cleaning surface, extending life of the facade
and saving money on its maintenance.

Key words

FN NANO® photocatalytic coatings, air purification, protective coatings, self-cleaning coatings, deconta-
mination, depollution, environmental applications

Zateplené fasady ETICS

Nové technologie ve stavebnictvi umoziuji vyrazné tispory energie, ale na druhou stranu, navratnost
nakladii na pofizeni zateplenych systému je hrané ekonomické rentability. K této kalkulaci je nutné ptidat
naklady na udrzbu zateplenych fasad (ETICS), které mnohdy pfedstavuji naklady, rovnajici se pofizeni
zateplenych systémil.

Kvalita akrylatovych barev se sice vyrazné zlepsila, ale chemické prostiedky béhem par let vyprchaji
a fasada se nasledn¢ stava zivnou ptidou pro mikroorganismy, predevsim fasy a plisné.

Na obr. 1 vlevo je otisk kontaminované vnéjsi stény na agar po kultivaci mikroorganismi a typické
zastoupeni plisni rodt Alternaria a Cladosporium, sterilniho mycelium a bakterii.

Obr. 1: Otisk agaru na vnéjsi sténé po kultivaci mikroorganismi

Cernozelené povlaky mikroorganismii na fasadach jsou vétsing z nis velmi dobfe zndmé (obr. 2a
vlevo) a pfi revitalizaci kontaminované fasady neexistuje jednoduché feseni, které by zarucilo jeji dlouho-

dobou ochranu.

82



XIl. CONFERENCE ON PIGMENTS AND BINDERS « 11-12/11/2019

Obr. 2a: Kontaminovana zateplena sténa, s levou polovinou porostlou plisnémi a pravou polovinou
chranénou svrchnim fotokatalytickym natérem, 2b detail omyté fasady

a) b)

Jak ukazuje zvétSeny obrazek fasady po omyti tlakovou vodou, jeji povrch se otevie a je jesté pristup-
néjsi pro mikroorganismy nez pied umytim (obr. 2b).

Revitalizace zateplené fasady a jeji ochrana pomoci chemickych ptipravkli ma bohuzel pouze krat-
kodoby efekt, ale v posledni dobé se naskyta nechemické feSeni jak uchovat fasadu dlouhodobé Cistou
— funkéni fotokatalytické nano natéry (FN NANO®). Kontrast pfi jejich pouziti oproti bézné fasadeé je
ziejmy z obrazku 2a, ktery ukazuje rozdil oSetiené a neoSetiené fasady po 7 letech (natér byl nandsen na jiz
zna¢n¢ kontaminovanou fasadu).

Advanced Materials-JTJ béhem poslednich dvanacti let let uspésné demonstrovali dlouhodobou
funkei fotokatalytickych Funkénich natért (FN NANO®) pro velmi G¢innou ochranu povrcht proti $piné
a mikroorganismim a pro efektivni ekologické ¢isténi vzduchu od exhalati z pramyslu a dopravy.

Ochrana proti UV zifeni

Velmi atraktivni je ochranna vlastnost fotokatalytické vrstvy proti UV zafeni a degradaci fasadni
barvy jeho vlivem. Fotokatalyticka vrstva natért FN NANO® absorbuje kratké vinové délky a snizuje tak
degradaci podkladové barvy UV zafenim az 10000x (Obr 3). Natér zaroven vyuziva tuto absorbovanou
energii UV zafeni ke své aktivaci a zprostiedkovani mnoha dalsich ochrannych a ekologickych funkci.

Obr. 3: Adsorpce FN natéru v UV oblasti

Samodistici vlastnosti

Naprosto zasadni vlastnost fotokatalytickych natéri FN NANO® je jejich velmi silna samocistici
schopnost, ktera vyuziva polovodicovych vlastnosti oxidu titani¢itého a elektronového deficitu na jeho
povrchu. Prakticky vSechny organické necistoty, které se dotknou povrchu natéru vlivem fotokatalytického
efektu se rychle oxiduji a zmineralizuji.
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Fotokatalyza TiO, je polovodi¢ovy jev, kdy po absorpci fotonli o ur€ité energii se na povrchu tohoto
polovodice n-typu vytvoii oxidaéné redukéni potencial o energii 3,2 eV. Jinymi slovy, povrch oxidu tita-
ni¢itého, ktery je aktivovan absorbovanou energii UV spektra s maximem 365 nm vlnové délky, vykazuje
elektronovy deficit o energii 3,2V (rovnice 1).

UV +TiO, — TiO, (h+¢) 3,2eV (€))

Vlivem této nerovnovahy dojde pfi kontaktu s organickymi latkami k vytrzeni elektronu z jejich va-
zeb a na misto rozbité vazby se v molekule okamzité vaze vzdusny kyslik, ¢imz se organické latky rychle
mineralizuji aZ na molekuly H,0 a CO,,.

Kromé ptimého pteskoku elektronu a rozbiti vazby, ktery je dominantni, existuji v pfitomnosti vody
paralelni jevy, prostfedkované OH* radikaly.

Oxidacni reakce: 2)

h*+H,0 — H'+ +OH

2h*+2H,0—-2H"+H0,

H,0,— 2 «OH

Redukeni reakee na povrchu TiO,: 3)

e +0,—>°0,

*0, +HO2 +H' - H,0,+ 0,

HOOH — HO- + «OH

Jev fotokatalyzy se podoba horké nano plotynce, kde nezavisle na teplot¢ okoli, pfi kontaktu s jejim
povrchem probiha proces oxidace organickych latek pohanény svétlem. Tento polovodicovy efekt je na
rozdil od uc¢inkt chemickych oxidancnich latek zcela nevycerpatelny.

Cisténi vzduchu od exhalaci a kompenzace civiliza¢nich dopadi

Velmi podstatnou funkci fotokatalytického povrchu je jeho schopnost &istit vzduch od exhalaci
a snizovat tak znecisténi vytizeného prostiedi.

Podle udajti ministerstva zivotniho prostfedi zije na uzemi se zhorSenou kvalitou ovzdusi 51% oby-
vatelstva CR a toto teritorium predstavuje 22% rozlohy CR. V poslednich 5 letech byly uzakon&ny nové
imisni limity, zdvazné v celé EU a fotokatalyza je jedinou levnou technologii, ktera pomtize tyto limity také
plnit. International Agency for Research on Cancer (IARC), soucast World Health Organization (WHO),
klasifikovala v kvétnu 2012 spaliny z dieslovych motort jako karcinogeni pro ¢loveéka (Group 1). Direktiva
EU 1999/30/ES zaroven pozaduje vyrazné snizeni emisi oxidl dusiku a to jiz od ledna 2010 ve vSech ¢len-
skych zemich EU a nedavné snizeni povolenych koncentraci benz(A)pyrénu pod Ing/m3 reaguje na jeho
vysokou nebezpecnost. Benz(A)pyrén se dnes vyskytuje nejenom v ovzdusi, ale bohuzel také ve spodnich
vodach.

Fotokatalyza je jedina technologie, ktera dokéaze vycistit milion kubickych metrit vzduchu za méné

nez 20 korun a zaroven se investice na pofizeni fotokatalytickych ploch mnohonéasobné vrati tsporami
nakladi za jejich udrzbu.

Ekologické budovy-zarizeni pro dekontaminaci vzduchu

Budova natiena fotokatalytickym natérem FN NANO® nejenom prodluzuji Zivotnost fasady a chrani
ji pred zaspinénim, ale zaroven u¢inné plni ekologickou funkci pro dekontaminaci ovzdusi.
Pied péti lety Advanced Materials-JTJ oSetfila zvukové bariéry u frekventovaného silni¢éniho mést-

ského okruhu v Praze na Barrandové , kde vlivy pocasi a exhalati z dopravy degraduji a $pini bézné po-
vrchy, zatimco, fotokatalytické plochy zlstavaji stale Cisté.

Po dvou letech ov&foval UFCH J. Heyrovského AVCR tinnost téchto ploch pro dekontaminaci vzdu-
chu s vysledkem, ze je prakticky nezménéna oproti piivodnimu stavu a snizovani imisi NOx ve vzduchu pfi
kontaktu s aktivni plochou v praktickych koncentracich dosahuje pfes 50 % (obr 4).
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Obr. 4: Méreni ubytku NOx na fotokatalytickych plochach zvukovych bariér na Barrandové po
dvou letech vystaveni vlivu pocasi a dopravy

Vysledky této prace Dr. Radka Zouzelky a ing. Jifiho Rathouského byly publikovany v prestiznim
odborném ¢Easopise Applied Catalysis B: Environmental 217 (2017) 466476 pod nazvem ,,Photocatalytic
abatement of NOx pollutants in the air using commercial functional coating with porous morphology* [1].
Prace byla vysoko cenéna i proto, ze autofi poskytuji i modelové kalkulace uréené pro projektany a archi-
tekty, které jim umoziuji zapracovat fotokatalytické plochy do environmentalnich bilanci pii konkrétnich
urbanistickych projektech.

Prace ma zasadni charakter i z diivodi, ze se nedrzi striktné pouze ISO 22197-1 metody laminarniho
poudéni NO a jeho konverze na NO,, ale popisuje i srovnani podle navrzené normy CEN v turbulentnich
podminkach. Tato prace vyjasiiuje celkovou bilanci NOx (rovnice 4) kdy uvadi, ze vSechny molekuly oxidu
dusnatého béhem relativné kratké doby piejdou ve vzduchu na oxid dusicity. Dale je tato prace vyjimecna,
protoze se poprvé vénuje chovini NO, na Cistych TiO, vrstvich a fotokatalytickém povrchu natér FN
NANO®.

NO (hv,TiO,)— (NO,)ads. + H,0 — HNO, or NO,” (4)

Byl u¢inén naprosto zésadni objev, Ze NO, se adsorbuje na fotokatalytické vrstvé ve stejné mite jako
NO. Z toho plyne feseni pro odstranovani oxida dusiku z ovzdusi, konkrétné je co nejrychleji zoxidovat
a adsorbovat na natéru. V druhém kroku se vlhkost se postara o udrzeni stale vysoké ucinnosti fotokataly-
tickych natért.

Tento prakticky pokus ukazuje na vynikajici pouzitelnost fotokatalytickych natéri FN NANO® pro
dekontaminaci vzduchu v praxi a je nutné zduraznit, ze na globalnim trhu, kde existuje n€kolik fotokata-
lytickych typt produkti nema v t¢innosti srovnani. Pro dekontaminaci vzduchu, stejné jako pro ochranu
povrch hraje G¢innost natéra kritickou roli. Vyrobky s u¢innosti likvidace zplodin pod deset procent se
nekvalifikuji pro zlepseni kvality ovzdusi z jednoduchého divodu — ve méstech a urbanistickych celcich
neexistuje dostatek ploch k natfeni. K dosazeni stejného u¢inku jaku u natértt FN® potiebuji ostatni systémy
dvacetkrat az padesatkrat vyssi plochu (obr. 5).
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Obr. 5: Porovnani ucinnosti fotokatalytickych systému pro odbouravani VOC a NOx exhalati na
dnes$nim trhu

Ochrana povrcht a zivotniho prostiedi pomoci multifunkénich natéra pfinasi nové kvality a moznosti,
které pomahaji zlepsit kvalitu naSeho zivota, stejné jako zmirnit civiliza¢ni dopady na zivotni prostiedi.
Technologie FN NANO® nano natért representuje $picku v oboru, se kterou si Ize snadno predstavit in-
dividualni kompenzaci exhalaci, které vytvari nase automobily a nase ¢innost. Staci vzit stétec do ruky.
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Summary
The aim of the present paper is to study the possibilities to synthesize willemite ceramic pigments with
respect to their possible use as pigments in the silicate industry. The preparation of high temperature
ceramic pigments using colorless stable crystal carcasses turns out to be quite a suitable method in order
to its colored by introducing different chromophores. This paper reports experiments carried out on the
synthesis of willemite pigments with the participation of following chromophore ions: Co’" and Ni**,
which give blue, resp. green and blue — green coloration using the technology of solid phase sintering.
X-ray phase analysis, electron spin resonance spectroscopy, electron microscopy and hot stage microsco-
py were used mainly in order to investigate the structure, phase composition, chromophore ions valency
state, etc. The results obtained indicated that it'’s depend mainly on the sintering temperature and type of
chromophore ion. The best pigments obtained were added to white faience glaze.

Keywords
Willemite pigments, chromophore ion, ESR spectroscopy, X -ray phase analysis

Introduction

The ceramic pigments are inorganic colored finely dispersed powders which, adding to certain me-
dium, impart specific color and change some properties [1—4]. Besides their coloring ability, the ceramic
pigments are resistant to atmospheric and chemical influences, high temperature, decomposing effect of si-
licate melts and light. These colored inorganic substances have high coefficient of refraction, they are inso-
luble in water and binding materials but can be dispersed within them, thus imparting certain color to them.

Willemite, Zn,SiO, (trigonal singony) with phenakite (beryllium orthosilicate, Be,SiO,) structure is
an orthosilicate with all atoms in general position and composed by a framework of tetrahedra accommo-
dating zinc and silicon in three different fourfold crystallographic sites: two slightly different zinc sites Zn1
(1.950 A) and Zn, (1.961 A), and Si (1.635 A), so resulting in thombohedral symmetry with lattice parame-
tersa=b~13.9484, and ¢ ~9.315 A [5-9].

If zinc oxide is substituted with nickel oxide, blue pigments can be obtained which successfully com-
pete with the more expensive cobalt pigments. The introduction of FeO results in yellow and brown pig-
ments and MnO — pink, purple and grey [10]. Attempts were made to substitute not only ZnO but also SiO,
with other acidic oxides like SnO,, TiO,, ZrO, [10]. In our previous works we have successfully proved the
effect of CoO as an oxide giving a saturated blue color during the synthesis of pigments [11,12].

Materials and methods

Materials

The determination of composition recipes for the production of willemite ceramic pigments is based
on the main mineral willemite.

The chemical materials used in the synthesis are: CoO, NiO, ZnO, SiO,.nH,0 and NaF (as a mine-
ralizer diminishing the temperature of synthesis and accelerating the processes of new phase formation).
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The raw material used for introduction of SiO, in the system SiO,.nH,O is significantly more reactive
than the ordinary quartz sand. Its degree of dispersity of the particles is in the range of 2—7 pm. After anne-
aling in a platinum crucible the initial SiO, and H,O content in the SiO,.nH,0 compound was determined.
This is namely: SiO, - 76,3% and H,0 —23,7%.

Methods

The resulting ceramic pigments were examinated mainly using X-ray analyses, electron microscopy,
Hot stage microscopy. The color was determined spectrophotometrically using Lovibont Tintometer RT
100 Colour.

Phase composition of the synthesized ceramic pigments was determined using X-ray diffraction
(XRD) with a Bruker D8 diffractometer operating at 40 kV and 40 mA with CuKa radiation.

An electron spin resonance spectroscopy (ESRS) study was performed on a spectrometer type B-ER-
420 of Bruker-Physic, working in the X-range at a frequency of 9.8 GHz at room temperature.

The color of pigments is determined by tintometer (Lovibont Tintometer RT 100 Colour) and presen-
ted in the CIELab color space as defined by the International Commission on Illumination (CIE).

The sintering behavior of the ceramic pigments under investigation was studied by means of optical
hot stage microscopy (HSM) with an ESS HSM-1400 MISURA (Italy). This instrument allows measure-
ments up to 1400 °C of the sample volume alterations.

All samples were measured non-isothermally by using a programmed constant linear thermal scan
with a rate of 10 °C min" up to °1400 C.

Experimental procedures

The following willemite pigment compositions have been prepared:

— Cobalt-willemite pigments: xC00.(2-x)Zn0O.Si0O,,

— Cobalt-willemite pigments with dopants: 0,1NiO, 0,IMnO and 0,1F¢,0,,
— Nickel-willemite pigments: xNiO.(2-x).ZnO.SiO,,

where x = 0.125, 0.250, 0.375, 0.50, 0.625, 0,75, 0.875 u 1,00.

The quantities of the materials in the recipe for a 100 g batch were weighted with the help of balances
with a resolution of 0.1 g. Then the samples were mixed together and homogenized with a planetary mill
FRITSCH Pulverisette—6 (Germany) in a dry environment.

The firing was carried out in a laboratory tube furnace with a heating rate of 300-400 °C h™' in air
environment and using porcelain crucibles. The firing regime consisted of an isothermal soaking at the final

temperature with a holding time of 2 hours. All pigments were heat treated at temperatures of 900, 1000
and 1100 °C.

Results and discussions

Co —doped willemite pigments

Co — doped willemite pigments have been investigated mainly by the methods of X-ray analyses,
colour measurement and electron spin resonance spectroscopy (ESRS).

X-ray analyses

In figure 1 are presented X-ray spectra of pigments with different CoO concentration treated thermally
at 1000 °C. The calculated crystal lattice constants vary slightly around 80—1000 nm. The lattice parame-
ters do not reveal significant differences due to the substitution of Zn with Co caused by ion radiuses of the
nearby ion in the tetrahedral coordination (Zn> —0.74 A, Co** —0.65 A). A solid solution, wilemite-cobaltin
is obtained due to isovalent substitution of the two ions — Zn *" and Co*".
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Fig. 1: XRD spectra of willemite — cobaltin pigments with composition xC00.(2-x)Zn0.SiO,,
synthesized at a temperature of 1000 °C

Electron spin resonance spectroscopy (EARS) study
In Figure 2 is presented the ESR spectrum of a pigment in the system 0.5C00.1.5Zn0.Si0,,.

The ESR spectraofsample 0.5C00.1.5Zn0.Si0,. were measured in the temperature range of 120-295 K.
At room temperature is observed an anti-symmetric broad signal with an effective g-factor around 2.75 and
a linewidth around 218 mT. The signal becomes wider with a decrease of the temperature and at low tem-
peratures the signal described above becomes overlapped with relatively broad signals beyond the existing
resolution.

Fig. 2: ESR spectrum of the sample 0.5C00.1.5Zn0.SiO, at 295 K (black curve), 210 K (blue curve)
and 120 K (red curve).

The single anti-symmetric signal determined at 295 K is typically contributed to high-spin exchange
bonded Co?" in a field with an octahedral distortion [13].

The spectrum recorded at 120 K reveals the appearance of lines caused by the ultra-fine structure of
the Co* ions (I="7/2) overlapped with the broad signal contributed as already mentioned above to exchange
bonded Co* ions. The ultra-fine structure becomes visible at low temperatures because of the significant
broadening of the dominating at 295 K signal.

Measurement of  the colour

The results of colour characteristics study are given in Table 1. Summarizing the results one could
clearly state that in the system C00.Zn0.SiO, blue pigments have been successfully obtained.
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Table 1. Color characteristics of the synthesized Co-willemite pigments at temperatures of 900 °C

and 1000 °C

Pigments R G B L* a* b*
C00.Zn0.8i0, (900 °C) 23.4 70.0 116.3 28.7 2.1 -31.4
C00.Zn0.8i0, (1000 °C) 16.1 922 168.6 38.5 8.4 —47.2
C00.Zn0.Si0,.0,1MnO (900 °C) 58.1 80.3 96.2 32.8 4.0 -12.0
C00.Zn0.8i0,.0,IMnO (1000 °C) 40.6 85.1 126.7 353 -0.3 -28.6
C00.Zn0.8i0,.0,1Fe,0, (900 °C) 435 56.7 65.1 235 -32 -72
C00.Zn0.8i0,.0,1Fe,0, (1000 °C) 40.2 73.4 108.4 29.6 —0.1 -24.4
C00.Zn0.8i0,.0,INiO (900 °C) 43.4 70.2 104.4 29.3 1.3 -22.6
C00.Zn0.8i0,.0,INiO (1000 °C) 51.2 100.4 161.6 41.6 3.9 -37.5

With an increase of the firing temperature the values of the parameter L* are accordingly increasing
as well (the color of the pigments becomes lighter) and the quantity of the blue color decreases. The best
blue color (-b* = —47,2 ) has been obtained with the pigment sample CoO.ZnO.SiO, thermally treated at
1000 °C. As a whole the introduction of additives of 0,1% NiO, MnO, Fe,O, in the system C00.Zn0.SiO,
leads to diminishing of the blue color.

Ni —doped willemite pigments

Ni —doped willemite pigments were studied mainly by means of X-ray analyses, colour measurement
and by hot stage microscopy.

X-ray analyses

The X-ray spectra of synthesized Ni-willemite ceramic pigments in the system 0,375NiO.1,625ZnO.
SiO, at the different temperatures of synthesis (900, 1000 and 1100 °C) are presented in Figure 3.

Fig. 3 X-ray spectra of synthesized Ni-willemite pigments in the system 0,375Ni0O.1,625Zn0.SiO,:
main phases - solid solution between willemite and NiO, ¢ - NiO (PDF 652901)
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The performed analysis reveals that even at 900 °C are present peaks of the main phases- willemite,
solid solution between willemite and residual NiO.

The diffraction pattern shows well defined peaks with positions corresponding to the standard model
JSPDS PDF 46-1316 possessing a willemite structure. At all firing temperatures have been registered weak
peaks of NiO where a trend of their increase together with the concentration increase of NiO has been de-
termined. According to the XRD experiment the optimal synthesis temperature of these pigments has been
found to amount to 1000 °C.

The results of colour characteristics study are given in Table 2.

Measurement of the colour

Table 2: Colour of pigments

No Composition L* a* b*
1 0.125Ni0.1.875Zn0.Si0O, 67.1 -9.,84 21,18
2 0.250Ni0.1.750Zn0.SiO, 60.8 -10.5 —22.47
3 0.375Ni0.1.625Zn0.SiO, 58.2 -12.4 -17.54
4 0.500Ni0.1.500Zn0.SiO, 53.5 —-12.5 -13.78
5 0.625Ni0.1.375Zn0.Si0O, 52.0 -12.65 -8.49
6 0.750Ni0.1.250Zn0.SiO, 50.9 —12.45 —6.75
7 0.875Ni0.1.125Zn0.SiO, 49.8 -10.45 -5.17
8 1.000.Ni0.1.000Zn0O.Si0, 47.2 -9.01 —-1.94

Figures 4 and 5 show results from hot stage microscopy (HSM). Figure 4. shows sintering curves of
willemite pigment 0,25Ni0.1,75Zn0.Si0, by hot stage microscopy (HSM) at 10 °C/min.

Fig. 4: Sintering curves of willemite pigment 0,25.Ni0.1,75Zn0.SiO, by optical hot stage microsco-
py (HSM)
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Fig. 5: Images at 1150, 1250 and 1375 °C of willemite pigment 0,25.NiO.1,75Zn0.SiO, by HSM run

The used in this experiment powders were obtained by synthesizes at 900 °C. The studied pigment de-
monstrates very high temperature resistance. Up to 1 150 °C no volume changes are observed, whileat 1250 °C
the sintering shrinkage is only at about 4%. At 1375 °C the shrinkage, due to the densification, reaches at
about 25%, but the sample don’t show any deformation. This behavior indicates that the sintering process
carries out without formation of liquid phase and is controlled by solid state reactions.

Conclusions

The synthesis of willemite ceramic pigments with added two chromophore ions: Co*" and Ni** was stu-
died. Ceramic pigments were prepared using solid phase sintering technology. Adding Co* ion a solid solu-
tion, wilemite-cobaltin is obtained due to isovalent substitution of the two ions —Zn** and Co?". It was proved
that as main crystalline phase, willemite is formed at temperatures as low as 900 °C. The optimal parameters
of the synthesis process have been determined. Best results are obtained with the pigment synthesized at
a firing temperature of 1000 °C. In-depth studies with electron spin resonance spectroscopy (ESRS) have
been performed. It was established that the pigments synthesized could successfully be used in glazes for
wall tiles.
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Summary
This work focuses on the syntheses of colored willemite ceramic pigments. The pigments were prepared by
solid phase sintering technology. The paper reports experiments carried out on the synthesis of willemite
pigments doped with ions of transition elements as well as iron, manganese and vanadium. The sintering
temperatures were between 900 and 1200 °C. Mainly methods of electron spin resonance spectroscopy,
electron microscopy, X-ray analyses, hot stage microscopy, etc. were used to investigate the synthesized
pigments. Hot stage microscope analysis of Mn, Fe and V —doped willemite pigments carry out show that
all pigments are thermally stable up to 1000 °C.

Keywords
Ceramic pigments, transition elements, ESR spectroscopy, Hot stage microscopy

Introduction

The research interest of ceramic pigments is based on the growing importance of ceramic materials,
powders and pigments, as well as the diverse possibilities for obtaining them from both traditional and was-
te materials. They have potentially wide practical use in ceramic and glass industries, e.g. coloring of cera-
mic tiles and other articles, mosaic tiles, coloring of glass to obtain various types of colored glasses, etc. [1].

In recent years, researchers from many countries work on the synthesis, characterization and proper-
ties of various kinds of willemite ceramic pigments. Willemite is a mineral, zinc silicate with composition
27Zn0.Si0,. It was discovered in the form of small brown crystals and it was named in 1830 after the
King of Holland Willem I (Willem Frederik). The color palette of willemite pigments today is quite large
[2]. Willemite can be green, yellow, brown, red-brown, orange, blue colored. It can be found in nature as
prismatic translucent and small needle crystals. It is one of the not many silicates with orthogonal syngony
which is more characteristic for the carbonates. The ceramic pigments with structures of willemite 2Zn0O.
SiO, and phenakite 2Be0.SiO, crystalizeinthe trigonal syngony.

Researchers from different countries have long been working on the synthesis and characterization of

the structure of willemite ceramic pigments and on the partial substitution of ZnO with CoO [3-5] with NiO
[2], with FeO [6] and with MnO [7] as well.

Materials and methods

Materials

The determination of composition recipes for the production of willemite ceramic pigments is based
on the main mineral willemite (2Zn0.Si0O,).

The chemical materials used in the synthesis are: MnO,, Fe,0,, V,0,,ZnO, SiO,.nH,0 and NaF (as
a mineralizer diminishing the temperature of synthesis and accelerating the processes of new phase for-

mation).

The raw material used for introduction of SiO, in the system SiO,.nH,O is significantly more reactive
than the ordinary quartz sand. Its degree of dispersity of the particles is in the range of 2—7 °m. After anne-
aling in a platinum crucible the initial SiO, and H,O content in the SiO,.nH,0 compound was determined.
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This is namely: SiO, — 76,3% and H,0 — 23,7%.
Methods

The resulting ceramic pigments were examinated mainly using X-ray analyses, electron microscopy,
Hot stage microscopy. The color was determined spectrophotometrically using Lovibont Tintometer RT
100 Colour.

Phase composition of the synthesized ceramic pigments was determined using X-ray diffraction
(XRD) with a Bruker D8 diffractometer operating at 40 kV and 40 mA with CuKa radiation.

An electron spin resonance spectroscopy (ESRS) study was performed on a spectrometer type B-ER-
420 of Bruker-Physic, working in the X-range at a frequency of 9.8 GHz at room temperature.

The color of pigments is determined by tintometer (Lovibont Tintometer RT 100 Colour) and presen-
ted in the CIELab color spaceas defined by the International Commissionon Illumination (CIE).

The sintering behavior of the ceramic pigments under investigation was studied by means of optical
hot stage microscopy (HSM) with an ESS HSM-1400 MISURA (Italy). This instrument allows measure-
ments up to 1400 °C of the sample volume alterations.

All samples were measured non-isothermally by using a programmed constant linear thermal scan
with a rate of 1 0 °C min™' up to 1400 °C.

Experimental procedures

The following willemite pigment compositions have been prepared:
— Manganese-willemite pigments:x MnO. (2-x).ZnO.SiO,,

— Iron-willemite pigments: x FeO. (2-x).Zn0O.Si0,,

— Vanadium-willemite pigments:xV,0. (2-x).Zn0.Si0O,,

where x = 0.125, 0.250, 0.375, 0.50, 0.625, 0,75, 0.875 and 1,00.

The quantities of the materials in the recipe for a 100 g batch were weighted with the help of balances
with a resolution of 0.1 g. Then the samples were mixed together and homogenized with a planetary mill
FRITSCH Pulverisette—6 (Germany) in a dry environment.

The firing was carried out in a laboratory tube furnace with a heating rate of 300400 °C h™' in air
environment and using porcelain crucibles. The firing regime consisted of an isothermal thermal scan at
the final temperature with a holding time of 2 hours. All pigments were heat treated at temperatures of 800,
900, 1000, 1100 and 1200 °C.

Results and discussions

Mn — doped willemite pigments

Mn —doped willemite pigments were mainly studied by the methods of X-ray diffraction analysis,
colour measurement, electron spin resonance spectroscopy (ESRS) and Hot stage microscopy.

Measurement of the colour

Table 1 shows the results of measurements of color characteristics made with Lovibont Tintometer
RT 100 Color.
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Table 1: Color characteristics of the synthesized Mn-willemite pigments

Composition L* a* b*
0.125Ni0.1.875Zn0.Si0, 77.8 4.85 12.70
0.25Ni0.1.750Zn0.SiO, 64.94 8.60 20.39
0.375Ni0.1.625Zn0.Si0, 51.49 11.60 22.89
0.500Ni0.1.500Zn0.SiO, 54.74 10.71 17.05
0.625Ni0.1.375Zn0.Si0, 49.65 10.10 16.78
0.750Ni0.1.250Zn0.SiO, 42.42 9.87 15.82
0.875Ni0.1.125Zn0.Si0, 38.19 9.77 15.66
1.000NiO.1.000ZnO.SiO, 35.72 9.02 15.17

It can be seen from Table 1 that the colorof all synthesized pigments is brown. With increasing of MnO
concentration, a parameter of light (L *) decreased. In the same time with increasing of MnO concentration
the amount of red color (+ a *) initially increases and then decreases, being the highest in pigment with

a composition of 0.375Mn0.1.625Zn0.Si0,.

X-ray diffraction analysis

Fig. 1 shows the results carry out of the X-ray analysis for a composition 0.375 MnO.1.625Zn0.SiO,
synthesized at 900, 1000, 1100 and 1200 °C. The main phases that occur are willemite and hetaerolite as
well as a minor peak of a-SiO,. It is a Zn—Mn oxide mineral with composition corresponding to the formula
ZnMn,0,. Hetaerolite has a tetragonal spinel-type structure.

The major phases — willemite and ZnMn,O, (hetaerolites) were observed as early as 900 °C. a-SiO,

reflexes were also observed.

Fig. 1: X - ray patterns of pigments 0,375Mn0.1,625Zn0.SiO, after treatmentat 900, 1000, 1100

and 1200 °C: e-willemite Zn,SiO,,0 - hetaerolite ZnMn
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Electron spin resonance spectroscopy (ESRS)

The sample containing Mn?" ions was measured in the temperature range 120-295 K. A symmetrical
signal with a Lorenz shape is being observed within the whole measurement range. The bandwidth slightly
increases with decreasing temperature — from 43.4mT up to 46.6mT. The G-factor remains almost unchan-
ged — from 2.02583 at 295K up to 2.02691 at 120K.

This signal is characteristic for the Mn?* ions bonded via magnetic exchange interactions.

In Figure 2 is presented the ESR spectrum of a pigment in the system 0.5Mn0.1.5Zn0.SiO,

Fig. 2: ESR spectrum of sample 0.5MnO.1.5Zn0.SiO,at 295K (black curve), 210K (blue curve)and
120K (red curve)

Fe — doped willemite pigments

Fe —doped willemite pigments were mainly studied by the methods ofX-ray diffraction analysis, co-
lour measurement, electron spin resonance spectroscopy (ESRS) and hot stage microscopy.

Table 2 shows the results of measurements of color characteristics made with Lovibont Tintometer
RT 100 Color.

Color characteristics of Fe-willemite pigments

Table 2: Color characteristics of the synthesized Fe-willemite pigments

Composition L* a* b*

0.25F¢0.1.75Zn0.Si0, (-900 °C) 50.58 24.83 39.72

0.25Fe0.1.75Zn0.8i0, (1000 °C) 48.29 25.68 34.73

0.25Fe0.1.75Zn0.Si0, (-1100 °C) 46.08 28.76 31.38

0.25Fe0.1.75Zn0.Si0, (1200 °C) 43.49 13.92 21.89

0.50Ni0.1.50Zn0.Si0, (=900 °C) 48.76 20.36 35.27

0.50Ni0.1.50Zn0.Si0, (-1000 °C) 45.35 22.67 29.65

0.50Ni0.1.50Zn0.Si0, (-1100 °C) 42.78 24.73 25.05

0.50Ni0.1.50Zn0.Si0, (1200 °C) 41.16 16.39 21.11
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It can be seen from the data presented in table 2 that the color of the synthesized pigments is red-brown.
With increasing the heating temperature, a decreasing of parameter of light (L *) is observed. The amount
of red color (+ a *) with increasing of FeO concentration decreases, being highest with the pigment having
a composition of 0.25Fe0.1,75Zn0.Si0, at 1100 °C.

Electron spin resonance spectroscopy (ESRS) results

In Figure 3 is presented the ESR spectrum of a pigment in the system 0.5Fe0.1.5Zn0.Si0O, which is
relatively complicated and can be rather separated into three signals with the following EPR parameters:
1) g=2.6; AHpp=30mT; 2) g=2.14; AHpp=30mT;, 3) g=2.00; AHpp=12mT.

The analysis of the temperature dependence of the signals reveals the following features: signals 1
and 2 are being shifted toward a weaker magnetic field and become wider with decreasing temperature as
well, while signal 3 is being most clearly distinguished at 450 K. Its intensity is decreasing with decreasing
temperature and at 120 K it cannot be measured any further. The shape of the first two signals (1 and 2) and
their temperature dependence represent a proof for the presence of super-magnetic interactions.

Fig. 3: ESR spectrum of sample 0.5Fe0.1.5Zn0.SiO, recorded at 120, 200, 230, 295 and 450K
(the specified g-factors describe the observed signals of the EPR spectrum measured at 295K)

With the temperature increase is being initiated a destruction of the super-magnetic interactions. Latter
has been proved by the appearance of a paramagnetic signal at 200 K with g~2.00 (signal 3) and by the
increasing of its intensity in the temperature range 200—450K.

The analysis of the spectrum of this pigment reveals the presence of nano-sized areas built with
clusters containing Fe-O particles. Among them are being realized effective exchange interactions which
are getting weaker with a temperature increase from 120 K up to 450 K but still dominating over the ESR
spectrum. The appearance of a signal with g~2.00 characterized by an increasing intensity in the range
200—450K can be contributed to the paramagnetic Fe*" ions.

X-ray diffraction analysis

Figures 4 and 5 show the results of the X-ray diffraction analysis of composition 0.25Fe0.1.75ZnO.
SiO, and composition 0.50 FeO.1.50Zn0.Si0,, both synthesizedat 900, 1000, 1100 and 1200 °C.
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Fig. 4: X-ray patterns of pigments 0,25Fe0.1,75Zn0.SiO, after treatment at different temperature:
® —7Zn,SiO,, 0 ~ZnFe0,

The diffraction patterns shown the presence of a main crystalline phases of willemite and zinc ferrite.
The formation of the wilemite phase is almost completeat 900 °C (fig. 4).

Fig. 5: X-ray patterns of pigments 0,50Fe0.1,50Zn0.SiO, after treatment at different temperature:
® —7Zn,SiO,, 0 ~ZnFe0,

V-doped willemite pigments

V-doped willemite pigments were studied mainly by the methods of X-ray analyses and electron spin
resonance spectroscopy (ESRS) and Hot stage microscopy.

X-ray diffraction analysis
The X-ray diffraction spectra of the synthesized V-doped willemite pigmentsare presented in Figure 6.
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Fig. 6: X-ray spectra of the synthesized V-willemite pigments in the system 0,375V,0..1,625ZnO.
SiO,: main phase, willemite — Zn SiO,, ¢ - Zn,VO, (PDF 291396)

In the presented results it is obvious that even at 1000 °C peaks of the main phase willemite, Zn,SiO,,
are already observed. The diffraction pattern reveals well defined peaks with peak positions corresponding
to the standard model JSPDS PDF 46-1316 with a willemite structure. At all sintering temperatures are
being observed insignificant peaks of Zn,VO, where the tendency of the decrease of the peak intensity with
increasing temperature is present. According to XRD data the optimal synthesis temperature of these pig-
ments is 1100 °C.

Electron spin resonance spectroscopy (ESRS) results
In Figure 7 is presented the EPR spectrum of a pigment in the system 0.5V,0,.1.5Zn0.Si0,.

Fig. 7: ESR spectrum of sample 0.5V,0..1.5Zn0.SiO, at 295K (black curve), 210K (blue curve) and
120K (red curve)

The analysis of the sample has been carried out in the temperature range of 120-295K. The EPR
spectrum consists of an anti-symmetrical signal with an axial symmetry. Clearly distinguished are a per-
pendicular and a parallel component of the EPR spectrum with the following respective g-factors: gl~1.97
and gl~1.93. The intensity of the signal increases with decreasing temperature according to the Currie law.

The observed signal is related to V** ions (most probably an oxovanadium (IV) cation — VO*) [8],
being found in an octahedral symmetry together with a tetragonal distortion due to the Jahn—Teller effect.

Hot stage analysis of Mn, Fe and V —doped willemite pigments
Figures 8 and 9 show sintering curves of willemite pigments obtained by hot stage microscopy (HSM).
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Fig. 8: Sintering curves of willemite pigments 0,5.Mn0.1,5Zn0.Si0,, 0,25F¢,0,.1,75Zn0.SiO, and
0,375V,0,1,625Zn0.Si0, by hot stage microscopy (HSM) at 10 °C/min.

Fig. 9: Images at 1250 °C by HSM of willemite pigments 0,5.Mn0.1,5Zn0.SiO,, 0,25F¢,0,.1,75Zn0O.
SiO, and 0,375V,0,.1,625Zn0.SiO,

All pigments are thermally stable up to 1000 °C. At higher temperatures however the samples reveal
different behavior of densification and melting in terms of rate of change and respective characteristic
temperature.

The pigment with Fe,O, sinters in the interval 12001350 °C and then rapidly melt. At the same time
the densification for compositions with MnO takes place in the interval 1 100—-1250 °C and at 1350 °C it is
totally melted. Finally, the pigment 0,375V,0,.1,625Zn0.SiO, show unusual behavior, because yet at 800
°C are observed some volume variations. The sintering interval is very large (between 900 and 1200 °C)
but the melting completes bellow 1300 °C.

The comparison of the images at 1250 °C elucidates the begging of the densification in
0,25Fe,0,.1,75Zn0.8i0,, an completed sintering in 0,5.Mn0.1,5Zn0.SiO, and partial melting in
0,375V,0,.1,625Zn0.Si0,.

It can be concluded that only the pigment, based on iron oxides, is appropriated for high temperature
application, while when V,0; is used the glazing temperature can be significantly lower.

Cconclusions

The synthesis of willemite ceramic pigments with added three chromophore elements: Mn, Fe and
V was studied. Ceramic pigments were prepared using solid phase sintering technology. Amorphous SiO,
was used as the source of SiO,.nH,0. The determination of composition recipes for the production of wil-
lemite ceramic pigments is based on the main mineral willemite. The optimal parameters of the synthesis
process have been established. In-depth studies with Electron spin resonance spectroscopy (ESRS) have
been performed. From the Hot Stage analysis date can be concluded that only pigment based on iron oxi-
des is suitable for high temperature application, while when V,0, is used the glazing temperature can be
significantly lower.
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THE SURFACE QUALITY AFTER ABRASIVE BLASTING AND HER
INFLUENCE ON COATING SYSTEM PROPERTIES

KVALITA POVRCHU PO OTRYSKANI A JEJ VPLYV NA VLASTNOSTI
NATEROVEHO SYSTEMU

DRAGANOVSKA D., MORO R.

Department of Technology and Materials, Faculty of Mechanical Engineering,
Technical University of KoSice

Summary

The article deals with the study of effects of mechanical surface preparation on the adhesion of coating
with high content of zinc dust. Five kinds of mechanically blasted surfaces were studied and the surfaces

topography was quantified by a roughness profilometer. The shape and size of the incurred inequalities
on the modified surfaces were studied using 3D microscope images of the surface. The prepared surfaces
were coated with zinc-filled coating. The adhesion of the coating to the substrate was evaluated by a pull-
-off test after curing the coating (as sprayed), as well as afier exposure to severe corrosive environments.

The best adhesion of the coating was found for the coating applied to the substrate which had been pre-

-treated with brown corundum and steel grit.

Key words
Surface preparation, abrasive blasting, zinc-filled coating, adhesion, roughness

Introduction

The aim of surface pretreatment is to qualitatively prepare the surface so the following treatment
achieves required properties and is able to perform its function. The presence of a few monolayers of con-
taminants on the surface leads to a reduction in the joint strength when under load and breach in adhesion
is caused. [1].

Anderson et al. [2] and other researchers [3—5] examined the sensitivity of various bonded-joints and
coatings to contamination of the adherents‘ surface, by simulating surface contamination using a specified
amount of silicone. The existing methods are based on laboratory procedures that are not performed in real
time, cannot be automated, and usually are restricted to a small portion of the sample. On the surface are
often present products of chemical reactions between material and environment (corrosion products, scale),
foreign impurities, coming from the production history of the substrate material (metal forming lubricants)
or water, dust, ash, gas that are bonded to the surface by adsorption, when atoms, ions, or molecules from
a gas, liquid, or dissolved solid are adhered to a surface by adhesion forces (preserving agents — wax, oil,
silicone, paints). Impurities coming from the surface layer (oxide substrate material particles, dust, old
paint), as well as from the cleaning process itself (broken abrasive particles) are present on mechanically
prepared surfaces.

Materials and methods of experimets

The substrate for mechanical pre-treatment and the coating application was made of steel S235JRG2
(EN 10025A1), the chemical composition of the steel substrate is shown in Table 1.

Table 1: Chemical composition of the steel substrate (in wt. %)

C Mn Al S P N Fe

max ‘max min max max min

0.17 1.400 0.020 0.045 0.045 0.009 balance

The substrate was pre-treated by:

— air blast cleaning using the following four types of blasting abrasives: steel shot (SS), steel grit (SG),
brown corundum (ZB) and zirblast (ZB). The parameters of the air blasting was used: pressure 0,4 MPa,
blasting nozzle diameter: 9 mm, stand-off distance 200 mm, blasting time 15s.
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— MBX Blaster technology (MBX). MBX Blaster technology involves the use of specially-shaped
rotating wire bristles that are anchored into the rotating hub of an electrically or pneumatically-driven tool
(Fig. 1). The bristle blasting process (MBX) removes corrosion and generates an anchor profile by using
a specially designed rotary bristle tool. This tool consists of ground wire bristle tips that are bent forward
and dynamically tuned to a hand-held power tool which operates at approximately 2,500 rpm. Bristle tips
are designed to strike the corroded surface with kinetic energy that is equivalent to standard processes that
use grit blast media. Immediately after the bristle tips strike the corroded steel surface, they retract from the
surface, which results in both corrosion removal and a micro-indentation that exposes a fresh surface. Con-
sequently, surfaces that have been treated by the bristle blasting tool have a texture and visual cleanliness
that mimics those obtained by traditional grit blasting processes.

Fig. 1: Scheme of MBX Blaaster technology

The purity was evaluation ISO 8502-3, the surface roughness ISO 4287.

The pre-treated surface was coated with Zinga by pneumatic spray. The dry film thickness was 65+ 5 pm
as measured by digital coating gauge. Zinga contains electrolytic zinc with a purity of 99.995 %, as well as
being free of lead and cadmium. The zinc content in the resin binder base is so high, that when cured, the
coating consists of 96% pure zinc. In the corrosive environment are formed zinc salts on the surface of the
paint layer, which produce a barrier to further corrosion, together with specific resin binder. The properties
of the Zinga coating allow to design this exceptional paint to the most aggressive corrosive atmospheres
(C4, C5-1, C5-M).

Adhesion of all paints were tested by pull-off test, EN 24624, using a tensile button-to-plate confi-
guration. Tensile adhesion strength and locus of failure was investigated. The coating was evaluated also
using the cross-cut test, ISO 2409. The pull-off test and the cross-cut test were performed on the coating
(as-sprayed), as well as on the coatings that had been exposed to different exposure atmospheres. Table 2
provides the types of exposure atmospheres and exposure modes.

The exposure of particular pre-treatments was: pre-treatment by shot — exposure 1, grit — 1, brown
corundum — 1, 2, 3, 4, 5, Zirblast — 1 and MBX blaster — 1, 4, 5.
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Table 2: Exposure conditions of the coatings

Mode Exposure environment Conditions of exposure Time of exposure
Humid atrposphere containing 100% RH, 40 + 2 °C:;
1 sulphur dioxide — accelerated . 21 days
. SO, contamination
corrosion test 2
o . 0, + 0,
Wet perslood. IO(zA’ RHt’.40_ 2°C, Wet period: 4 days
Sulphur dioxide accelerated , contamination,
corrosion test with condensation Dry period: room temperature, .
2 of water vapour (wet period) UV radiation, wave length 340 nm Dry period: 3 days
/ UV radiation test (dry period) Total duration of
exposure: 28 days
Dry low temperature: —8 °C 12h
3 Indoor environment / environ- Room temperature 12h

ment with low temperature Total duration of
exposure: 28 days

4 Organic spreading material Immersion in a 5% solution of 21 davs

Solmag S Solmag S in distilled water Y
. Immersion in a solution of 5%
5 Solution of road salt NaCl in distilled water 21 days

Results and discussion

With the application of the selected pre-treatment methods, three types of surfaces arose. The first type
consists of many intersecting spherical canopies as a result of the blasting process and abrasives (steel shot
and zirblast). The second type of surface is made up of randomly spaced notches as a result of sharp angular
abrasive blasting (by steel grit and corundum).

The third type of surface preparation technology was the MBX Blaster. It has a specific type of ine-
quality, i.e. spade-like notches.

Roughness of the individual surfaces found by profilometer are listed in Table 4 as an arithmetic mean
from 10 measurements, Table 3.

Table 3: Roughness of the prepared surfaces

Surface preparation Ra [pm] Rz [pm]
Steel shot 8.68 +£0.48 50.75+4.23
Steel grit 9.1+£0.54 55.69 + 6.58
Brown Corundum 6.18 +£0.41 40.31 £4.52
Zirblast 8.17+0.63 52.49 +£5.25
MBX Blaster 3.35+£0.87 21.64 £+ 8.40

The results of pull-off tests are summarised in Table 4 and Fig. 2. The adhesion of the coating ap-
plied on substrates pretreated by round blasting abrasives (SS and ZB) was relatively low. Adhesion of the
coating on substrates pre-treated by angular blasting abrasives (SG and BC) was higher than with round
abrasives. In most cases cohesive failure in coating or between coating/adhesive occured, this showed good
mechanical anchoring of the coating. The coating applied to a substrate treated by MBX Blaster technology
had relatively good adhesion (as sprayed), but prevailed adhesive failure of the substrate/paint.
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Table 4: Result of the pull-test

Surface preparation Mode of exposure Adhesion [MPa]
As sprayed 0.39
Steel shot Py

1 0.16

) As sprayed 0.67

Steel grit

1 0.17

As sprayed 0.74

1 0.44

2 0.29

Corundum

3 0.62

4 0.33

5 0.34

As sprayed 0.23

7B pray

1 0.13

As sprayed 0.42

1 0.24

MBX Blaster

4 0.31

5 0.37

Fig. 2 Clasifications of cross-cuts test
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Table 5 summarises results of individual preparation technology according to results obtained by
particular criteria. Each surface pretreatments were evaluated by score from 1 to 5. Value 1 was assigned to
the pretreatment technology, which gave the best results, the worst result has been assigned with the value
5. Appropriate pretreatment technology is the technology, which achieves the lowest overall score (pretrea-
tment using steel grit and brown corrundum).

Table 5: Result of preparation technology according to particular criteria

Attribute
Abrasives . Cross-cut . Type of failure
Ra Cleanliness test Adhesion it | Score
Steel grit 1 2 1 2 2 14
Steel shot 4 4 1 4 4 24
Brown
Corundum 2 3 1 1 1 12
Zirblast 3 1 5 5 5 25
MBX Blaster 5 5 4 3 3 27
Conclusion

Experimental results point out that the highest roughening effect of all evaluated blasting abrasives
showed steel grit. Surface blasting with steel grit showed good purity without secondary pollution and
subsequently applied coating reached satisfactory adhesion indicated by cross-cut test and pull-off test.
Among evaluated non-metallic blasting abrasives, brown corrundum confirmed its ability to create highly
irregular surfaces.

The impact of the exposure environment can be evaluated, that all the environments in which the coa-
ting came into contact with high humidity showed corrosion of the zinc contained in the coating. The zinc
corrosion led to change in volume of zinc particles in the coating. It induced change in the stress conditions
in the coating. This resulted in a reduction of the proportion of adhesive failure of the coating, compared to
the as sprayed state in all methods of preparation.

Coating applied on surface, pretreated by brown corundum was studied at the environment with low
temperatures. It led to expansion changes at the interface of the substrate — coating, but did not result in
reduced the coating adhesion. The coating showed excellent ductility and adaptation to these changes. In
all used exposure atmospheres no corrosion of the substrate occurred; the zinc contained in the coating had
completely protected the steel by a cathodic protection mechanism.

The coating Zinga applied on surface blasted using brown corundum is therefore suitable for all
structures exposed to the outside atmosphere.
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EFFECT OF ABRASIVE PROPERTIES ON SURFACE CLEANLINESS
AFTER ABRASIVE CLEANING

VPLYV VLASTNOSTI ABRAZIVA NA CISTOTU POVRCHOV PO ABRAZIVNOM
CISTENI

GUZANOVA A., JANOSKO E.

Department of Technology and Materials, Faculty of Mechanical Engineering,
Technical University of Kosice

Summary
The article deals with the dangers of secondary pollution of surfaces in abrasive blasting process.
Secondary surface pollution comes from the particles removed from surface, which can be entrained by
the abrasive stream and wedged back into the surface to be cleaned. The second source of secondary
pollution is an abrasive itself, when reused, is subjected to wear, fragments and contaminates the surface.
The paper also presents methods of determining the durability of abrasives.

Key words
Steel surface, cleanliness, abrasive blasting, durability of abrasives

Introduction

The cleanliness, morphology and activity of steel surfaces determine the quality of subsequent surface
treatment [1-5]. Between surface cleanliness and adhesion of subsequently applied coatings or strength of
adhesive joints is a direct connection [2]. Therefore, the engineers pay due attention to surface preparation
for further processing [3,4]. Surface cleanliness can be defined as the absence of any contaminants that en-
ter the surface as a result of its manufacturing history or during transport or storage. Absolutely clean — che-
mically clean surface — is very difficult to achieve in practice. Therefore, we are talking about an achievable
level of surface cleanliness that can be achieved in an economically viable manner to ensure a satisfactory
level of coating adhesion. There are different types of contaminants on the surface, Fig. 1:

Intrinsic — Contaminants chemically bonded to the surface (chemisorption)

Extrinsic — contaminants bonded to the surface by adhesion and adsorption forces

Fig. 1: Contaminants on the surface of a real metal part [5]
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Each of these contaminants requires a different method of cleaning:

In the manufacture of various types of steel structures, the most common surface preparation process
for coating deposition includes two basic operations: degreasing and abrasive leaning — blasting.

The biggest problem of blasting workplaces is their dustiness. Although some manufacturers claim
that their equipment is ,,dust-free®, it is a myth. In fact, ,,dust-free” blasting does not exist. All blasting equi-
pment operating under normal conditions generates dust. The most efficient blasting machines can collect
a maximum of 92% of the dust coming from dry blast cleaning.

Where do the dust particles come from?

At the same time, two opposing phenomena take place simultaneously during the blasting process
— surface cleaning and contamination, so-called secondary pollution. The debris or corrosion products
released from the surface to be cleaned can be entrained by the abrasive stream back to the surface and
mechanically pushed into it. At the same time, the abrasive grains are deformed or crumbled, which can
remain stuck in the surface.

Thus, if we do not take into account the environment in which the blasting is carried out, the cleaned
material itself and the abrasive particles can be considered source of the dust, Fig. 2.

Fig. 2: Dust coming from surface (corrosion products, millscale...) and from abrasive (fragments of
abrasive)

Blasted material as a source of secondary pollution

The impurities on the blasted surface may come from the surface layers that are removed by blasting.
Since dust, grease and soluble impurities are removed from the surface by degreasing before abrasive clea-
ning, mill scales and corrosion products are removed by abrasive blasting. In order to achieve the required
surface preparation grade, it is important to know the initial state of the material to be cleaned, which is
defined in standard ISO 8501-1 by four grades:

A Steel surface largely covered with adhering mill scale but little, if any, rust.
B Steel surface which has begun to rust and from which the mill scale has begun to flake.
C Steel surface on which the mill scale has rusted away or from which it can be scraped, but with

slight pitting visible under normal vision.

D Steel surface on which the mill scale has rusted away and on which general pitting is visible
under normal vision.
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The effect of the initial surface state (rust grade) is also reflected in the achieved cleanliness of the
blasted surface (preparation grade), Fig. 3.

Fig. 3: Rust grades and preparation grades for abrasive blasting

The individual degrees of purity achievable by blast cleaning are defined as follows:

- Sa 1 light blast-cleaning — oil, grease, dirt, rust scale, loose mill scale, loose rust and loose
paint or coatings must not be observed on the surface when viewed with the naked eye.

- Sa 2 thorough blast-cleaning — oil, grease, dirt must not be observed on the surface with the
naked eye. All residual pollutants must be firmly adhered.

- Sa 2 Y4 very thorough blast-cleaning — oil, grease, dirt and scaling, rust, paint coatings and
foreign matter must not be observed on the surface with the naked eye, except for very light
shadows, very slight streaks or slight discolorations caused by rust stain, mill scale oxides or
slight, tight residues of paint or coating.

- Sa 3 blast-cleaning to visually clean steel — oil, grease, dirt and scaling, rust, paint coatings
and foreign matter must not be observed on the surface, leaving the metal uniformly white or
gray in appearance.

The lower preparation grades may still contain unscaled areas or corrosion products, Fig. 4.
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Fig. 4: Partially removed scales on the surface of low carbon steel [1]

These residual impurities may have reduced adhesion to the substrate as a result of blasting, and may
reduce the adhesion of the subsequently applied paint. Insufficient surface preparation can be solved by
increasing the blasting time. This solution results in higher costs and increased material processing time. If the
optimum blasting time or the optimal amount of abrasive applied per unit area is exceeded, material
overblasting can occur. Since abrasive blasting results in repeated plastic deformation of the material by
repeated impact of the abrasive particles, excessive blasting may result in depletion of the material plasti-
city followed by delamination, Fig. 5. It is not possible to ensure sufficient adhesion of the coating on such
a damaged material.

Fig. 5: Delamination of material due to overblasting [5]

Abrasive as a source of secondary pollution

When the non-metallic abrasive particle hits the surface, it breaks down into smaller particles. The
smallest particle fragments do not have enough mass to drop to the ground in the air turbulence accom-
panying the blasting process. In the case of wet blasting, each abrasive particle is to some extent covered
with water. On impact, the particle also disintegrates, but the mass of the abrasive fragments produced is
enhanced by the mass of water present on it and, despite air turbulence, falls to the ground.

However, some fragments are so small that even though they are covered with water, they do not have
enough mass to resist air turbulence and remain in the atmosphere. In addition, not all fragments are coated
with a water jacket. The fragments that have broken off from inside the original abrasive particle are not wet
at all. That‘s why even wet blasting is not dust-free. In addition to the fragments remaining in the air, some
of them can adhere to the surface to be cleaned and form secondary surface pollution, Fig. 6. The particles
are either stuck in the surface or adhered to the surface in the form of dust particles, Fig. 7.
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Fig. 6: Sodium bicarbonate: a — before blasting, b — after one blasting cycle and bicarbonate frag-
ments stuck to aluminium substrate [5]

When the surface is blown with compressed air after abrasive cleaning, the weakly adhered particles
are removed, but mechanically stuck remain on the surface. For this reason, it is necessary to use abrasive
material identical to the material of substrate or to use inert — non-metallic abrasive (soda, mineral mate-
rial). Otherwise we risk the initiation of galvanic corrosion directly under the coating, Fig. 7 (copper slag
in steel surface).

Fig. 7: Pollution of carbon steel after a blasting process a) a particle of copper slag stuck in the
cleaned surface, b) the surface of a steel contamined by fragments of copper slag [1]

Momber [1] presents a simplified model of disintegration of an irregular particle impact on a surface,
Fig. 8. Two fracture zones are shown in the figure: the primary fracture zone is the result of the high-speed
stress waves generated during the impact. During the way through the particle, the waves decelerated and
reflected on the rear side of the particle. The reflected waves reach hit the fracture front. When the reflected
waves partially stopped the fracture front, coarser fragments formed on the rear side of the particles, which
is defined as the secondary fracture zone.
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Fig. 8: Fracture zones of a particle subjected to impact (d_— particle diameter, v, - impact rate,
¢ — impact angle) [1].

In the case of blasting using metal abrasives, they undergo deformation and fatigue, which, however,
after a certain number of cycles also results in particle disintegration, Fig. 9.

The processes of impacting the particles on the surface can be considered as non-elastic shock pro-
cesses in which part of the energy is transformed into base material deformation and part of energy into
abrasive deformation. The intensity of the deformation work is influenced by the size and shape of the
particle, the material of the abrasive and the base material, but particularly by their mutual hardness ratio.
Characteristic abrasive wear include abrasion and fragmentation.

For each type of metallic abrasives certain specifics in wear processes are noted, Fig. 9:

* cut wire
— consolidation and slow abrasion,
— intense exfoliation of material parts from abrasive and disintegration of particle,
— slow wear until the formation of dust particles,

« steel shot

— disintegration of double hollow biconcave particles formed in production,
— steady wear until the complete disintegration,
* cast iron grit

— fragmentation of particles is intense from the beginning of using.

Fig. 9: Fragmentation of abrasive particles (a — cut wire, b — steel shot, ¢ — cast iron grit) [5]

a) b) c)
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These changes in metal particles occur only after many blasting cycles, Fig. 10.

Fig. 10: Appearance of selected blasting abrasives in fresh and worn state and surfaces prepared

using them [5]

cast iron grit 0.9 mm after 5 blasting cycles

cast iron grit 0.9 mm after 200 blasting cycles

cut wire 1.0 mm fresh

cut wire 1.0 mm after 4000 blasting cycles

steel shot 0.9 mm fresh

Steel shot 0.9 mm after 200 blasting cycles
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As can be seen from Fig. 10, after a certain number of abrasive cycles, the particles disintegrate and
the fragments formed contaminates the surface. At the same time the particle changes its nominal size and
this changes is reflected in a different surface morphology compared to fresh abrasive.

This phenomenon is associated with the term durability of blasting abrasives. In order to ensure the
required morphology and roughness of the surfaces, it is necessary to determine the number of cycles after
which the abrasive must be replaced with fresh abrasive.

To determine the service life of blasting abrasives, there are several methods in which we observe
certain characteristics of the abrasive or blasted surface:

- the nominal size of the particles is monitored — the service life is then the number of cycles
after which the nominal size of particle, determined by sieve analysis, is reduced by 50%,

- the number of grains in the abrasive mass unit is monitored — the service life is then the num-
ber of cycles after which the number of particles in the mass unit increases twice, it is a time
consuming laboratory method, not applicable under operating conditions,

- the change in surface roughness achieved by blasting is monitored — the service life is then the
number of cycles after which the surface roughness achievable is reduced by 15% compared
to that obtained with fresh abrasives,

- the increasing portion of dust particles in the abrasive is monitored — the service life is then
the number of cycles after which the entire volume of the abrasive is crushed off into dust
particles with defined size.

The last method is suitable for monitoring the formation of dust particles during blasting. This is a
time-consuming method because abrasive is exposed until total degradation.
The course of dust particles formation for three particle sizes of brown corundum (BC) and almandite

garnet (AG) monitored in the range of 20 blasting cycles is shown in Fig. 11. Particles smaller than 0.09
mm were considered as dust fractions.

Fig. 11: Increase in dust particles of almandite garnet (AG) and brown corundum (BC) depending
on the number of cycles [5]

It is clear from Fig. 11 that the increase of dust fragments is more intense in blasting using almandite
garnet than brown corundum. Up to 25% of the almandite garnet and up to 5% of brown corundum were
converted to dust particles (fragments smaller than 0.09 mm) within 20 blasting cycles.

Fig. 12 shows an increase of dust particles portion and at the same time a nominal particle size decre-
ase for two particle sizes and abrasives (AG and BC).
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Fig. 12: Nominal particle size decrease (dotted line) and dust particles portion increase (solid line)
for a) AG 0.56mm, b) AG 0.18mm c¢) BC 0.56mm, d) BC 0.18mm [5]

a) b)

¢) d)

It is evident from Fig. 12 that larger particle size of mineral abrasives disintegrate more intensively
than smaller fractions.

Surface cleanliness evaluation

For rapid testing of the particle fragments presence, an adhesive tape test is performed. An approxima-
tely 100 mm long piece of tape is adhered to the surface to be evaluated and no air bubbles can be placed
underneath it. The tape is pressed evenly and left on the surface for approximately 10 seconds. The tape
is peeled off from the surface and adhered to clean office paper and compared to a cleanness scale, Fig.
13. To more accurately determine the cleanliness of the surface, the reflectance of the tape adhered to the
prescribed white paper is measured. The machine must be calibrated on a clean tape of the same type, stuck
on clean paper. After applying the calibrated sample instrument (tape) stuck to the paper, the reflectance
value is determined.

Fig. 13: Appearance of surfaces prepared by different abrasives and adhesion tape with particle
fragments

a) clean reference adhesive tape b) base material S235, unprepared
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¢) MBX Blaster

d) steel shot

e) cast iron grit

f) brown corundum
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d) zirblast
If the contrast between the base material and the impurities is optically distinguishable, the areal
content of the impurities can also be determined by means of a microscope and appropriate image analysis

software, Fig. 14.

Fig. 14: Areal content of zirblast on steel determined using QuickPHOTO MICRO

Tab. 1 shows achieved roughness and cleanliness of the surfaces determined by measuring the refle-
ctivity of the adhesive tape removed from the surfaces.

Table 1: Roughness and cleanliness of the surfaces prepared using different abrasives

Surface preparation Ra [pm] Rz [pm] Reflectivity [%]
Steel shot 8.68 + 0.48 50.75+4.23 93.1-93.9
Steel grit 9.1 +0.54 55.69 +6.58 96.5-97.8
Corundum 6.18 £0.41 40.31 +4.52 94.8 -96.5
Zirblast 8.17+0.63 5249 £5.25 97.8-99.2
MBX Blaster 3.35+0.87 21.64 +8.40 58.9-70.9

Relatively high purity can be achieved with conventional abrasives, if condition of repeatedly used
abrasives is closely monitored. The MBX Blaster mechanical cleaning device for local cleaning and
coating repairs achieves significantly lower surface cleanliness. Tab. 2 summarizes the effect of surface
cleanliness on the adhesion of the organic coating determined by the cross-cut test.
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Table 2: Effect of surface preparation on the adhesion of the coating Zinga determined
by the cross-cut test

Conclusion

Abrasive blasting is a very effective surface cleaning technology that combines the removal of scales,
corrosion products, old coatings and the creation of a suitable coating morphology for subsequent coatings
in one operation. By suitable blasting parameters, the desired roughness and surface preparation grade can
be achieved, required for the coatings. However, it is necessary to continuously monitor the condition of
the abrasive and regenerate it to prevent secondary surface pollution. Secondary surface pollution can have
a negative effect on the adhesion of coatings. The aim of abrasive care is to maintain the mean particle size
in the batch, which changes during use of the abrasive, and thus changes the resulting surface morphology.
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VODOU REDITELNE SAMOSITUJICI POLYMERNI POJIVO
S ODOLNOSTI PROTI BLESKOVE KOROZI

WATERBORNE SELF-CROSSLINKING POLYMERIC BINDER
WITH FLASH RUST RESISTANCE
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Summary
The present work deals with a facile fabrication of a self-crosslinking acrylic latex coating binder compri-
sing embedded nanoparticles originated from MgO in the role of flash rust inhibitor. The incorporation of
nanostructured MgO was performed during the latex synthesis carried out by a semi-continuous emulsion
polymerization technique. For the covalent self-crosslinking, diacetone acrylamide was copolymerized
into the polymer to provide sites for the subsequent reaction with adipic acid dihydrazide. The latex
storage stability and coating performance were compared with respect to the concentration of incorpo-
rated nanoparticles (0.5-2 wt.% based on monomers). It was found that all coating binder compositions
containing inorganic nanoparticles exhibited a long-term shelf-life stability and provided crosslinked
smooth transparent coating films of high gloss. The binder compositions synthesized using 1-2 wt.%
of nanostructured MgO (related to monomers) provided coatings with enhanced solvent resistance and
inhibited flash rust pronouncedly.

Keywords
Emulsion polymerization, keto-hydrazide crosslinking, magnesium oxide, nanoparticle, flash rust

Uvod

Rostouci zajem o vyuzivani vodou feditelnych natérovych hmot je zpisoben zvySujicim se tlakem na
ochranu zivotniho prostfedi, zejména z pohledu omezeni emisi tékavych organickych latek do atmosféry.
Z tohoto divodu se dostavaji do popiedi zajmu natérové hmoty a pojiva na bazi latext, coz jsou vodné
koloidni polymerni disperze pfipravené technikou emulzni polymerace. Vaznym nedostatkem latexovych
natérovych hmot oproti rozpoustédlovym typuim je vsak bleskova koroze, coz je rychly vznik rzi po na-
neseni a béhem zasychani natéru na kovovy povrch (zvlasté ocel) [1]. Projevy bleskové koroze jsou v ko-
mer¢nich, vodou feditelnych natérovych hmotach G¢inné potlacovany pouzitim inhibitorti bleskové koroze
[2,3], nicméné mnohé piipravky proti bleskové korozi (napf. na bazi dusitanu sodného) jsou povazovany
za zdravi Skodlivé.

Jednim z kli¢ovych faktort, ktery rozhoduje o velikosti korozniho potencialu kovu a charakteru ko-
roze, je koncentrace vodikovych ionti ve vodném prostiedi (pH elektrolytu). Casto se proto k piedvidani
koroznich poméru, které mohou nastat pfi rizném pH vodného prostiedi, pouzivaji Pourbaixovy diagramy
[4,5], v nichz jsou vyznadeny charakteristické oblasti korozniho chovani ptislusného kovu véetné téch
oblasti pH, kde koroze neprobiha (oblast imunity) nebo je kov v pasivnim stavu (vznik ochranné vrstvy
oxidu nebo hydroxidu). V piipadé vodou feditelnych natérovych hmot urc¢enych pro ochranu ocelovych
materiall 1ze dle Pourbaixova diagramu pro Zelezo oc¢ekavat pii pH vodného prostiedi vyssim nez 8,5 vy-
skyt kovu zpravidla pouze v oblasti imunity, protoze bézné pouzivané alkalické latky nezptisobuji oxidaci
zeleza. Pokud je tento pfistup zajistovan pomoci konvenc¢nich bazickych ¢inidel (amoniak nebo aminome-
thylpropanol), rizikem je moznost pfed¢asného vytékani téchto latek béhem zasychani natérového povlaku,
spojena se vznikem bleskové koroze.

Nad¢jné se jako vhodné aditivum jevi nanostrukturni oxid hofecnaty (MgO), ktery je toxikologicky
nezavadny a neni klasifikovan jako latka zdravi a zivotnimu prostiedi nebezpecna [6-8]. I pies nizkou
rozpustnost MgO ve vodé (0,0086 g/100 ml pii 30 °C) obsahuje vodny roztok disociované hydroxylové
a hofecnaté ionty a vykazuje v nasyceném stavu pH piiblizné 10,4, takze lze zavedenim této latky do vodou
feditelné natérové hmoty posunout pH do oblasti, kde bleskova koroze ocelového podkladu jiz neprobiha.
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Disociované dvojmocné hotecnaté ionty rovnéz zajisti v ptipadé kopolymerovanych karboxy-funcionalizo-
vanych monomeru zesiténi vzniklého polymerniho filmu pomoci iontovych vazeb.

Dalsim nedostatkem latexovych natérovych hmot ve srovnani s rozpoustédlovymi produkty je
obvykle nizsi kvalita natérovych povlaku z hlediska chemické odolnosti a mechanickych vlastnosti. Ve
snaze zlepsit tyto lakafské vlastnosti jsou jiz delsi dobu vyvijeny latexy vyuzivajici sitovani pii vzniku
natérového filmu, mezi néz patii tzv. keto-hydrazidové sit'ovani [9,10]. Mechanismus tohoto sitovani je
nejcastéji zalozen na reakei karbonylové skupiny, ktera je soucasti polymernich latexovych ¢astic, a dia-
minu, rozpu$téného ve vodné fazi latexu. Jako monomer nesouci karbonylovou funkéni skupinu je nejvice
pouzivan diacetonakrylamid, zatimco diaminem je nejcastéji dihydrazid kyseliny adipové. Vyznamnou
ptednosti keto-hydrazidového sitovani je schopnost probihat velmi rychle pfi béznych teplotach. Jelikoz
se jedna o dehydratac¢ni reakci, jejiz rovnovaha je posunovana smérem k vyslednym produktim vlivem
ztraty vody, je mozné pfipravit stabilni jednoslozkovy natérovy systém, kdy sit'ovani za¢ina probihat az po
aplikaci natérového filmu po odpafeni velké ¢asti vody [11].

Cilem této prace byl vyvoj pro zivotni prostiedi nezavadného a dlouhodobé stabilniho vodou fe-
ditelného pojiva natérovych hmot na bazi samositujiciho latexu a nanostrukturniho MgO, které vynika
odolnosti proti bleskové korozi a umozni univerzalni ochranu rtiznych podkladii véetné oceli. Zaclenéni
anorganickych nanocastic do pojiva probihalo ve fazi syntézy latexu provadéné technikou semi-kontinualni
emulzni polymerace. Byl sledovan vliv obsahu anorganickych nanocastic v polymernim pojivu na stabilitu
latexu pfi skladovani a pfedev§im na odolnost vii¢i bleskové korozi ocelového podkladu.

Popis experimentalnich metod

Materialy

K syntéze vodou feditelnych pojiv byly pouzity tyto monomery: methyl-methakrylat (MMA), n-bu-
tyl-akrylat (BA), kyselina methakrylova (KMA) a diacetonakrylamid (N-(1,1-dimethyl-3-oxobutyl)akryla-
mid, DAAM). Monomery byly zakoupeny od Sigma-Aldrich (CR) stejné jako situjici &inidlo — dihydrazid
kyseliny adipové (ADH). Jako emulgator byl pouzit anionaktivni tenzid na bazi alkylpolyethylenglykole-
thersiranu  sodného pod obchodnim nazvem Disponil FES 993 (BASF, CR), jako iniciator slouzil pero-
xodisiran amonny (Lachner, CR). Nanostrukturni MgO pod obchodnim nézvem JR-NMg30 (Xuancheng
Jingrui New Materials Co., Cina) vykazoval primérnou velikost priméarnich &astic cca 100 nm.

Syntéza a charakterizace samositujicich polymernich pojiv

Pomoci techniky semi-kontinualni emulzni polymerace byly pfipraveny polyakrylatové latexy lisici
se vychozim obsahem nanostrukturniho MgO. Pro umoznéni samosit'ujici reakce s ADH byly do polymerni
struktury latexovych ¢astic zavedeny karbonylové skupiny pomoci kopolymerace s DAAM. Zastoupeni
monomert bylo zvoleno tak, aby se teplota skelného pfechodu vysledného kopolymeru pohybovala okolo
10 °C.

Latexy byly pfipravovany pfi teploté¢ 85 °C ve sklenéné ctyrhrdlé reakéni nadobé opatiené micha-
dlem, ptivodem inertniho plynu a chladi¢em. Nejprve bylo do reakéni nadoby piedlozeno 35 g destilované
vody, 0,25 g emulgatoru a 0,2 g peroxodisiranu amonného. Poté byla pfipravena emulze monomert pro
syntézu jadra latexovych Castic tak, ze do emulgacéni baniky opatiené michadlem bylo ptedlozeno 37 g
destilované vody, 3,7 g emulgatoru, 0,2 g peroxodisiranu amonného a nasada monomerQ sestavajici z 21
g MMA, 26,5 g BAa2,5 g KMA. Po zamichani byla vytvofena mlécné bila emulze, ktera byla po vyhrati
obsahu reakéni nadoby na teplotu 85 °C za neustalého michani ptikapavana do reaktoru po dobu 90 min.
Dale byla pfipravena emulze monomerti pro syntézu obalu latexovych ¢astic obsahujici nanostrukturni
MgO. Postup ptipravy této emulze monomera byl nasledujici. Nejprve byla ptipravena suspenze nanocastic
MgO ve smési monomert predlozenim patiiéného mnozstvi nanostrukturniho MgO (0,5; 1; 1,5 a 2 g) do
nasady monomert sestavajici z 20,5 g MMA, 26 g BA a | g KMA. Homogenizaci pomoci dispergatoru
SilentCrusher M (Heidolph, Némecko) pii 15 000 rpm po dobu min 20 min byla pfipravena monomerni
suspenze nanostrukturniho MgO, pficemz po celou dobu dispergace byla suspenze chlazena v ledové lazni.
V dalsi fazi piipravy emulze monomert bylo do emulga¢ni banky opatfené michadlem piedlozeno 63 g
destilované vody, 0,2 g peroxodisiranu amonného, 3,5 g emulgatoru a 2,5 g DAAM. Nasledné byla k obsa-
hu emulgacni banky pfilita monomerni suspenze MgO. Michanim byla vytvofena mlécné bila emulze obsa-
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hujici anorganické nanocastice, které byly pomoci michani udrzovany ve vznosu. Po dokonéeni davkovani
emulze monomerd tvoficich jadro latexovych ¢astic reakéni smés polymerovat polymerovala dalsich 15
min a poté bylo do reakéni nadoby spusténo davkovani emulze monomerti uréenych pro syntézu obalu
latexovych ¢astic. Doba piikapavani této emulze monomeri byla 75 min. Poté reakéni smés polymerovala
jesté 2 hodiny. Po celou dobu trvani reakce byla udrzovana konstantni rychlost michani a teplota 85 °C.
Vznikly latex byl za neustalého michani ochlazen v reakéni nadobé pod inertni atmosférou na pokojovou
teplotu, prefiltrovan pies nylonovou tkaninu a zvazen, pfi¢emz koagulat byl vysusen do konstantni hmot-
nosti pii teploté 105 °C.

Latex v této podobg byl charakterizovan z hlediska pH, obsahu susiny dle normy CSN EN ISO 3215
a obsahu koagulatu, k jejichz vypoctu byly vyuzity nasledujici vzorce:

M
@

kde M, je hmotnost vzorku pfed vysuSenim, M, je hmotnost vzorku po vysuSeni, M, je hmotnost
koagulatu a M, je hmotnost piefiltrovaného latexu.

K latexu bylo nasledné pfidano 1,5 g ADH ve formé¢ vodného roztoku o koncentraci 10 hm.%. Takto
pripravené vodou feditelné samosit'ujici pojivo bylo charakterizovano z hlediska zdanlivé viskozity méte-
né pomoci viskozimetru Brookfield LVDV-E (Brookfield Engineering Laboratories, Anglie) a minimalni
filmotvorné teploty (MFT) méfené piistrojem MFFT-60 (Rhopoint Instruments, Anglie). Koloidni stabilita
pojiva byla hodnocena sledovanim ptipadného vzniku koagulatu nebo narastu viskozity béhem vystaveni
pojiva pusobeni teploty 50 °C po dobu 60 dni.

Priprava a hodnoceni ndatérovych filmii

Vodou feditelna samosit'ujici pojiva byla aplikovana na sklenéné a ocelové panely (tloustka mokrého
filmu 120 um). Natéry na ocelovych panelech (nizkouhlikova ocel) vysychaly v klimatizované mistnosti
pfi teploté 23 + 1 °C a relativni vlhkosti vzduchu 45 + 5 % po dobu 4 hod a poté byly vizualné hodnoceny
projevy bleskové koroze. Natérové filmy na sklenénych panelech vysychaly v klimatizované mistnosti pti
stejnych podminkach po dobu 7 dni. Poté byly testovany z hlediska tvrdosti dle Persoze na kyvadlovém
piistroji Automatic 500 (BYK-Gardner, Némecko) v souladu s normou CSN EN ISO 1522, odolnosti vii¢i
pusobeni methylethylketonu (MEK) dle ASTM D 4752 a lesku pomoci leskoméru Micro TRI Gloss (BYK
Gardner, Némecko) pfi geometrii 60 ° v souladu s normou ISO 2813. Rovnéz byl sledovan realny obsah
anorganickych nanocastic v natérovych filmech na zakladé stanoveni obsahu Mg pomoci metody emisni
spektrometrie s indukéné vazanym plazmatem (ICP-OES) na pfistroji Thermo Scientific iCAP 7000 Series
(Thermo Fisher Scientific, Némecko), struktura natérového filmu na plose lomu pomoci skenovaci elektro-
nové mikroskopie (SEM) na pfistroji LYRA 3 (Tescan, Ceska republika) a teplota skelného piechodu (Tg)
s vyuzitim metody diferencni skenovaci kalorimetrie (DSC) na pfistroji Pyris 1 (Perkin-Elmer, USA) pii
rychlosti ohfevu 10 °C.min"' v rozmezi teplot —80 az 120 °C. Z vysledk ICP-OES byla také vypocitana
efektivita inkorporace nanostrukturniho MgO dle nize uvedeného vzorce:

)

kde Core je obsah Mg ziskany z ICP-OES, Mm jsou relativni molekulové hmotnosti odpovidajicich
slou¢enin a wMgO je nasada MgO vzhledem k monomertim.

Vysledky a diskuze

Vlastnosti samositujicich polymernich pojiv

Charakteristické vlastnosti piipravenych vodou feditelnych pojiv v souvislosti s vychozi nasadou
nanostrukturniho MgO jsou uvedeny v tab. 1. Ukazalo se, ze pokud byly nanocastice MgO pouzity jako
soucast polymeracniho systému, dochazelo s jejich rostoucim obsahem ke zvySovani obsahu koagulatu, coz
vypovida o snizeni koloidni stability latexti béhem syntézy. Zaroven bylo u pfipravenych latext s rostouci
nasadou nanostrukturniho MgO pozorovano vyrazné zvyseni pH, mirné zvyseni viskozity a vyznamny
pokles MFT. Tyto jevy ziejmé souviseji s hydrataci nanocastic MgO za vzniku ve vodé nerozpustnych na-
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nocastic Mg(OH),, popt. nanocastic MgO pokrytych vrstvou Mg(OH),, a disociovanych iontii Mg** a OH".
V této souvislosti je nutné poznamenat, ze kyselé prostiedi polymeraéniho systému, zptisobené piitomnosti
emulgatoru a zejména iniciatoru, s vysokou pravdépodobnosti vyznamné podpofilo rozpousténi hofe¢na-
tych nanoc¢astic. Hydroxylové ionty, jejichz koncentrace vzristala s nasadou nanostrukturniho MgO, byly
zodpovédné za posun pH z kyselé az do alkalické oblasti. Karboxylové skupiny jako soucast polymernich
fetézel presly vlivem pritomnych Mg?" iontii do ionizované formy, coz zptsobilo hydroplastifikaci (zmé&k-
¢eni vodou) latexového kopolymeru a s ni souvisejici snizeni MFT a Tg. lonizace karboxylovych skupin
zaroven vedla ke zbotnani latexovych ¢astic vodou, jehoz nasledkem bylo zvyseni viskozity.

U pfipravenych vodou feditelnych pojiv byla rovnéz testovana dlouhodoba stabilita a skladovatelnost.
Navzdory poklesu koloidni stability s rostouci nasadou nanostrukturniho MgO, zaznamenanému b&hem
syntézy latexu, nebylo béhem skladovani pii teploté 50 °C po dobu 60 dni u zadného z pojiv zaznamenano
zvyseni viskozity prevysujici 5 rel.%, ani nedoslo ke vzniku koagulatu, tudiz lze vSechna pfipravena pojiva
povazovat za dlouhodobé stabilni.

Tab. 1: Charakteristické vlastnosti vodou Feditelnych samosit'ujicich pojiv pfipravenych s riiznou
nasadou anorganickych nanoéastic (zkratky viz text)

Vzorek Nasada MgO | Obsah koagulatu pH Viskozita MFT Tg
[hm.%]* [hm.%] [mPa.s] [°C] [°C]
VR 0 0,0 0,36 1,91 10,9 7,2 13,8
VR 0,5 0,5 1,01 7,15 10,8 6,5 11,7
VR 1 1,0 3,42 8,34 15,8 4,8 83
VR 1,5 1,5 5,97 9,76 18,0 2,6 5,6
VR 2 2,0 9,05 10,15 19,1 1,8 4,0
* Vztazeno na celkovou nasadu akrylatovych monomeri.

Hodnoceni projevii bleskové koroze

Ptipravend pojiva byla hodnocena z také na zakladé projevt bleskové koroze po aplikaci na ocelovy
substrat. Vysledky testu jsou na obr. 1, kde je patrné, ze pfi ndsadé MgO 1 hm.% a vyssi (vztazeno na cel-
kovou nasadu monomert) jiz bleskova koroze na makroskopické Grovni nevznikala. Lze tedy konstatovat,
ze zaclenéni hofecnatych nanocéstic do latext plnilo funkci inhibitoru bleskové koroze, ktery ucinkoval
pravdépodobné zejména na principu alkalického plisobeni. Vysvétleni tohoto ptsobeni spociva v tom, ze
od pH elektrolytu cca 8,5 vyse se zelezo dle Pourbaixova diagramu vyskytuje pouze v oblastech pasivity
nebo imunity. JelikoZ vSak v bazickém prostiedi latexového pojiva, daném rozpusSténym Mg(OH),, nelze
zelezo oxidovat, nachazi se tedy pouze v oblasti imunity, kdy ke korozi nedochazi.
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Obr. 1: Projevy bleskové koroze na ocelovych panelech po aplikaci natéru v zavislosti na hodnoté
pH vodou Feditelnych samosit'ujicich pojiv

Hodnoceni natérovych filmii

Soucasti hodnoceni ptipravenych vodou feditelnych samosit'ujicich pojiv bylo také testovani vysuse-
nych natérovych filmi z hlediska obsahu hoi¢iku (Mg), jehoz vysledky jsou shrnuty v tab. 2. Bylo zjisténo,
ze se zvySujici se nasadou nanostrukturniho MgO, zavedenou do polymeracniho systému, rostl v natéro-
vych filmech az do nasady MgO 1,5 hm.% (vztazeno na celkovou nasadu monomerti) obsah hotecnatych
slou¢enin, majicich pravdépodobné prevazné charakter Mg(OH),, zatimco pfi nasadé nanocastic MgO
2 hm.% jiz byl zaznamenan mirny pokles obsahu Mg v natérovych filmech. Tento jev dokresluji i hodnoty
efektivity inkorporace vychozich nanocastic MgO, které dokladaji, ze s rostouci nasadou nanostrukturniho
MgO klesal podil hote¢natych nanocastic koloidné zaclenénych do disperzniho prostiedi pfipravenych
latext1 a naopak rostl podil nanocastic zachycenych ve formé koagulatu.

Pomoci SEM byla rovnéz ovétovana pfitomnost a rozmisténi hofecnatych nanocastic v piiprave-
nych natérovych filmech. Snimek povrchu lomu natérového filmu vychézejiciho z pojiva VR 1,5 potizeny
v rezimu sekundarnich a zpétn¢ odrazenych elektroni je pfedstaven na obr. 2. Zaznam ziskany pomoci
sekundarnich elektront (vlevo), charakterizujici pfedevsim topografii sledovaného vzorku, ale také zaznam
zpétné odrazenych elektroni (vpravo), vyjadfujici elementarni kontrast (resp. materialové slozeni vzor-
ku), vypovidaji o tom, ze v natéru byly pravidelné rozmistény izolované kulovité nanocastice o velikosti
v fadu desitek nanometrtl, coz je predpokladem pro zachovani transparentniho charakteru natérovych filmt
a zaroven dokazuje, ze béhem syntézy doslo k efektivnimu rozruseni aglomeratii nanostrukturniho MgO.

Dale byly hodnoceny lesk, tvrdost a chemicka odolnost natérovych filmu, které jsou zaznamenany
v tab. 2. VSechna pfipravena vodou feditelna pojiva poskytovala transparentni a hladké natérové filmy
prosté povrchovych vad a defektd, coz dokladaji i vysoké hodnoty lesku nezavislé na redlném obsahu
hofec¢natych nanoc¢astic. Obsah pfitomnych nanocastic v§ak mél vyznamny vliv na tvrdost a chemickou
odolnost natértl. Zatimco vyrazné zvyseni chemické odolnosti 1ze pricist zvyseni sitové hustoty, které bylo
zpusobeno tvorbou iontovych vazeb mezi Mg?* kationty a karboxylovymi skupinami vazanymi na poly-
mernich fetézcich, pokles tvrdosti s rostoucim obsahem hofe¢natych nanocastic pravdépodobné souvisi
s hydroplastifikaci latexového polymeru a poklesem Tg, jak jiz bylo popsano vyse. Na tomto misté je
vhodné poznamenat, ze nizka tvrdost natérovych filmt mize byt pro fadu aplikaci nezadouci, avsak zlep-
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Seni této uzitné vlastnosti Ize snadno docilit zménou zastoupeni vychozich monomert v zakladni receptuie
(vice MMA oproti BA) nebo zavedenim vhodnych pigmentt a plniv v piipadé vyuziti latext jako pojiv
pigmentovanych natérovych hmot.

Tab. 2: Charakteristické vlastnosti natérovych filmi

Vzorek Obsah Mg Efektivita inkorporace Lesk Tvrdost | MEK odolnost
[mg/kg] MgO [hm.%]* [C]) [rel.%] [s]
VR0 0 - 82,3+0,2 | 26,8+0,3 28
VR 0,5 2760 91,6 83,0£0,3 | 22,0+0,4 214
VR 1 4925 81,7 82,5+0,1 | 14,1+0,2 >300
VR 1,5 6570 72,7 81,8+0,1 13,6+0,1 >300
VR 2 6440 53,4 82,1+0,2 | 13,4+0,3 >300
* Efektivita inkorporace MgO napt. 81,7 hm.% vyjadiuje, ze 0,817 g z 1 g nasady nanocastic MgO
bylo stabiln¢ ptitomno v pfipraveném latexu (ve formé zejména Mg(OH),, v malé mite i MgO a MgSO,,
v disociovaném i nedisociovaném stavu) a 0,183 g bylo zachyceno v koagulatu.

Obr. 2: SEM snimek povrchu lomu natérového filmu vzorku VR 1,5 pofizeny v sekundarnich
(vlevo) a zpétné odraZenych elektronech (vpravo)

Zavér

Predmétem prace byl vyvoj ekologického vodou feditelného pojiva s odolnosti viici bleskové korozi
ocelového podkladu. Pojiva na bazi samosit'ujiciho latexu lisici se vychozi nasadou nanostrukturniho MgO
(0,5-2 hm.% vzhledem k celkové nasadé¢ akrylatovych monomert) byla pfipravena technikou semi-konti-
nudlni emulzni polymerace, pficemz zaclenéni hote¢natych nanocastic do pojiva probihalo ve fazi syntézy
latexu. Bylo zji§téno, ze vSechna pojiva vykazovala dlouhodobou skladovatelnost, poskytovala transpa-
rentni a vysoce lesklé natérové filmy, které pfi vychozi nasadé MgO 1-2 hm. % (vzhledem k akrylatovym
monomeriim) vynikaly vysokou chemickou odolnosti a inhibici bleskové koroze. V souvislosti se zvySenou
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tendenci ke tvorbé koagulatu pii syntéze se zvySujici se nasadou nanostrukturniho MgO se jako optimalni
jevi latex syntetizovany s nasadou nanostrukturniho MgO 1,5 hm.%, ktery mtize nalézt vyuziti jako pojivo
pigmentovanych natérovych hmot nebo transparentni lak pro univerzalni ochranu riiznych podkladi véetné

oceli.
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Summary
The main topic of this paper is effect of ceramic powders addition to electrolytes based on myristic acid, po-
Iyvinylidene fluoride and fluorinated polyhedral oligomeric silsesquioxane for hydrophobic surface depositi-
on. Alumina and tungsten carbide were introduced to decrease surface roughness and porosity of deposits.

Complementary diagnostics using confocal microscopy, scanning electron microscopy with energy dis-
persive spectroscopy, X-ray computed tomography, infrared spectroscopy, contact angle and surface free
energy calculation provided complex methodology for hybrid superhydrophobic deposit observation and

optimization od electrolytic process.

As a result, superhydrophobic electrodeposits with water contact angle up to 164°, surface free energy
under 20 mJ/m’ were prepared. Addition of ceramic powders, especially tungsten carbide, had positive
effect on surface roughness decrease.

Key words
Electrolysis, superhydrophobic, polyvinylidene fluoride, silsesquioxane, alumina, tungsten carbide

Introduction

With respect to the type of material, hydrophobization of surfaces can be realized via numerous met-
hods [1-3]. Effective modification of metal substrates can be managed by electrolysis. Depending on de-
manding wettability, tribological or chemical properties, three main approaches are usually used. The first
one is based on fabrication of suitable surface roughness, followed by chemical modification to reach
non-wettability. Secondly, direct electrodeposition of liquid repellent product combines two subsequent
steps of the first approach. Lastly, production of composite deposits can be used as one-step method for
modulation of numerous desired properties like wettability, chemical or mechanical resistance [4].

In our work, we present experimental deposition of superhydrophobic surfaces on stainless steel using
electrolytes based on myristic acid with nickel chloride. To emphasize the non-wettability, polyvinylidene
fluoride and polyhedral oligomeric silsesquioxane acted as hydrophobization additives enabling the repel-
lency for liquids with lower surface tension than water, due to fluorine content. Furthermore, ceramic pow-
ders were added to observe possible differences in layer roughness, homogeneity, wettability and possible
reinforcement. For this purpose, alumina and tungsten carbide were tested. Surface free energy and contact
angle calculation, surface structure imaging and roughness measurement (scanning electron microscopy,
confocal microscopy), chemical analysis (energy dispersive X-ray spectroscopy, infrared spectroscopy)
and computed tomography observation provided complex way for evaluation of deposits. Combination of
polyvinylidene fluoride and tungsten carbide addition showed promising results by producing layers with
reduced surface roughness, increased homogeneity and water contact angle over 160°.

Experimental

Sample preparation

Stainless steel plates were used as substrates for electrodeposition. Firstly, steel was cleaned using
detergent and washed in distilled water followed by mechanical wiping using isopropyl alcohol. Specimens
were dried at ambient air, taped to have a constant area of 0.1 dm? for electrodeposition and weighed.
Secondly, DC deposition of hydrophobic layer took place in centrifuge tube with continual agitating
using small magnetic stirrer (400 rpm) with 1 cm distance between electrodes. Electrolytes contained
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agents for hydrophobization (myristic acid (MA; 98 %; Alfa Aesar); polyvinylidene fluoride (PVDF; Alfa
Aesar); polyhedral oligomeric silsesquioxane (POSS; cage mixture; Hybrid Plastics)), conductivity
(nickel(IDchloride hexahydrate (NiCl,.6H,0; Penta)) and ceramic material (alumina (A1,0,; 110 nm; Tai-
mei Chemicals Japan,), tungsten carbide (WC; 50 nm; Nanografi Nanotechnology Co. Ltd.,) dispersed or
dissolved in ethanol. List of electrolytes and deposition details for selected samples are in Tab. 1. Lastly,
samples were immersed in ethanol, remained to dry at ambient air and weighed before tape removal.

Methods

Surface wettability measurement was realized by AdvexInstruments SEE System device and software
providing contact angle (CA) measurement and surface free energy (SFE) evaluation using 2 pl droplets
and 6-liquid Owens-Wendt regression model for calculation (deionized water, glycerol, ethylene glycol,
formamide, a-bromonaphthalene, dilodomethane).

Confocal microscope Olympus LEXT OLS4000 3D Laser Measuring Microscope (CLM) was used
to obtain information about surface macroscopic topography and roughness. Snapshots were created via
multilayer image composition using magnification 20x while roughness was measured with magnification
50x for 1 mm length at three different locations on each specimen. Rq was calculated by LEXT software
and averaged.

For detailed insight to presence of surface structures and formations, scanning electron microscope
(SEM) Tescan Mira3 equipped with energy dispersive spectroscopy (EDX) provided images in high mag-
nification and elemental composition of deposits. Prior to SEM imaging, samples were covered by 30 nm
of metal using sputtering of Au/Pd target to prevent charging.

To observe presence of defects and porosity of deposits, X-ray computed tomography (CT) RIGAKU
Nano 3DX device was used. This method is complementary to surface analysis, providing valuable infor-
mation about the bulk material.

Furthermore, attenuated total reflectance Fourier transformation infrared spectroscope (ATR-FTIR)
Bruker VERTEX 80v revealed the presence and qualitative representation of functional groups in deposit.
Measurement was specified by spectral range from 600 to 4000 cm™, resolution 4 cm™, averaging from
50 scans on three locations for each sample.

Results and discussion

For demonstration, three groups of samples using the same electrolyte base (PVDF, MA, NiCl,) with
variation of ceramic powder addition and deposition working conditions are described and depicted Tab. 1:
Specification of electrolyte composition, deposition conditions, surface free energy and fluorine content for
selected samples below. Details concerning deposition, presence of ceramic additives, calculated surface
free energy values and fluorine content are summarized in Tab. 1. Starting with SFE, in majority of experi-
ments, addition of ceramic powders led to enhancement of complex liquid repellency. Furthermore, signifi-
cant increase of CA for water > 160° occurred mainly for specimens produced from electrolytes combining
PVDF and WC with highest calculated value 164 + 3° for sample T38. Graph on Fig. 1 plots the develo-
pment of water CA and Rq for selected samples. Roughness increase with applied current density/voltage
during the deposition. WC addition contributes to surface smoothening when compared to samples prepa-
red without the ceramic powder or with alumina. The lower roughness is unexpected, as WC containing
electrolytes usually had higher conductivity and therefore the slightly higher current density within sample
groups. The surface structure from macro and microscopic point of view in Fig. 2 supports the roughness
evolution. In case of reference samples, layers are extensively cracked. Although the addition of alumina
did not completely inhibit the crackling, providing in many cases roughness increase, aggregates formed
denser structures composed of nanoparticles analogous to [5]. Decidedly, WC presence in electrolyte led to
denser and more homogeneous layer production with positive effect on the liquid repellency. The shape of
formations comparable in [6] and W content up to 16 at % confirm the successful WC particles embedment.
EDX revealed the presence of fluorine on all samples, however due to high accelerating voltage used for
proper detection of elements like tungsten, values are informative. Presence of hydrophobization agents is
confirmed by detection of functional groups by ATR-FTIR.
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Tab. 1: Specification of electrolyte composition, deposition conditions, surface free energy and

fluorine content for selected samples

Sample T18 T19 T20 T24 T25 T26 T36 T37 T38
1gPVDF | 1gPVDF | 1gPVDF | 1gPVDF | 1 gPVDF | 1gPVDF | 1gPVDF | 1gPVDF | 1gPVDF
Electro- | +02gMA | +02gMA | +02gMA | +02gMA | +02gMA | +02gMA | +02gMA | +02g MA | +0.2g MA
lyte + + + + + + + + +
0.5g NiCl, | 0.5gNiCl, | 0.5gNiCl, | 0.5g NiCl, | 0.5g NiCl, | 0.5gNiCl, | 0.5gNiCl, | 0.5g NiCl, | 0.5g NiCl,
100 ml 100 ml 100 ml 100 ml 100 ml 100 ml 100 ml 100 ml 100 ml
EtOH EtOH EtOH EtOH EtOH EtOH EtOH EtOH EtOH
1gALO, | 1gWwC 1gALO, | 1gWC 1gALO, | 1gWwC
Diﬁ)‘fl_ t=8 min t=8 min t=8 min t=8 min t=8 min t=_8 min t=8 min t=_8 min t=8 min
u=10Vv Uu=10Vv u=10Vv u=s5sVv U=s5Vv Uu=s5sVv uUu=75V U=75V Uu=75V
I1=04A/ J=04A/ J=05A/ J=0.1A/ J=0.1A/ [ J=015A/ [ J=025A/ | J=025A/| J=03A/
dm? dm? dm? dm? dm? dm? dm? dm? dm?
SFE
[mJ/m?] 23 18 21 29 24 19 21 20 18
F
content 1.6 1.7 2.0 2.7 13 0.8 10.1 12 25
[at %]

Fig. 1: Average WCA and Rq roughness for selected samples
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Fig. 2: SEM micrograph (mag. kx), CLM snapshot (mag. 20x) and roughness profile for selected
samples T18 (upper left); T19; T20; T24; T25; T26; T36; T37 and T38 (bottom right)

Conclusion

Electrodeposition of thick layers on stainless steel substrate using electrolytes containing hydropho-
bization agents (myristic acid, polyvinylidene fluoride, polyhedral oligomeric silsesquioxane) and ceramic
powders (alumina, tungsten carbide) provided promising outputs. As a result of tungsten carbide addition,
majority of specimens showed significant increase of water contact angle and all specimen exhibited surfa-
ce roughness decrease. In particular, electrolyte composed of myristic acid, nickel chloride, polyvinylidene
fluoride and tungsten carbide using both current densities 0.15 and 0.3 A/dm? for 8 min deposition resulted
in deposits with average water contact angle 163 and 164°, surface free energy 19 and 18 mJ/m? and RMS
roughness decrease of more than 60 % to 2.56 and 3.72 pm, respectively. Furthermore, ceramic introduc-
tion could have positive effect on mechanical properties and therefore hardness and wear measurements
would be next phase to validate this hypothesis.
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BULK COATING HIGH STRENGTH SCREWS BY CATAPHORETIC

PROCESS
KATAFORETICKE LAKOVANI VYSOKO-PEVNOSTNICH SROUBU
HROMADNYM ZPUSOBEM

HYLAK K.', KREIBICH V.!, KUDLACEK J.!, MATUSKA Z.2, PAZDEROVA M.}

1 Ustav strojirenské technologie, Obor povrchovy iiprav, CVUT v Praze
2 MEGA-TEC s.r.o.
3 Vyzkumny a zkusebni letecky ustav, Praha

Summary
The research deals with the anti-corrosion protection of the cataphoresis painting of small parts without
non hanging system and comparasion three various pretreatment. The aim of the research was to find
optimal pretreatment before the cataphoretic coating of high-strength screws. The evaluation of the
experiment is oriented to corrosion resistance and adhesion of coating. This search continues in bulk
cataphoresis process for coating small parts.

Keywords
Bulk cataphoresis, mass cataphoretic, coated screws, corossive protection

Uvod

Kataforéza pracuje na principu fizeného iontového rozpousténi organické pryskyiice v deminerali-
zované vodé na povrchu upravovaného materialu. Na rozdil od zavésné technologie dochazi ke zménam
hlavné ve zpisobu, jakym je elektricky proud pfenasen na lakovanou soucastku. Pfenos proudu je zajis-
tén elektrodami, které jsou v ndhodném kontaktu se Srouby ¢i drobnymi dily. Katody jsou dale chranény
hydrofobnim posttikem proti koagulaci natérové hmoty. Hydrofobni ochrana katod eliminuje tvorbu KTL
povlaku a udrzuje jejich funkénost bez nutnosti ¢isténi. Proces hromadného kataforetického lakovani elimi-
nuje potfebu ru¢niho zavéseni dila a otevira moznosti pro lakovani sypkého materialu, jako jsou napiiklad
testované Srouby.[1,3,5]

Lakovani vysoko-pevnostnich Sroubii kataforeticky zpiisobem

Experiment byl proveden v laboratornim zatizeni CVUT, které se sklada z KTL bubnu pro hromadné
lakovani, el. kabelll a zdroje stejnosmérného proudu THAOXIN KXN-5005D. Kataforetickd lazen je na
zakladu epoxy-polyuretanové pryskyfice s cernym pigmentem. Lazen byla michana ¢erpadlem a zahtivana
na provozni teplotu 30 °C. Skupiny vzorki tvofily vysoko-pevnostni zuslechténé Srouby M12 s kulatou
hlavou a vnitinim $estihranem vyrobené z oceli 30 CrNiMo8. Srouby byly dodané vyrobcem pouze s do-
Casnou protikorozni ochranu pomoci konzervacnich olejii. V prvni fazi experimentu byla vytvofena na
viech §roubech preduprava rozdilného charakteru, viz tabulka 1. Srouby po predapravach pokracovaly déle
do kataforetického procesu. Po vlozeni Sroubll do bubnu zacal kyvavy pohyb mezi 120 ° s naslednym se-
pnutim proudové a napétové smycky (2A, 400V). Doba lakovéni se pohybovala v rozmezi 50-60 sekund,
dokud proud neklesl na hodnotu 0,1 A. Ustaleny proud signalizoval zvySeni elektrického odporu vlivem
tvorby povlaku a celkové zastaveni kataforetického procesu. V posledni fazi kataforetického uzlu nasledo-
val oplach Sroubi v ultrafiltratu a polymerizacni proces pii 175 © C po dobu 15 minut v horkovzdusné peci.
Vysledky experimentu jsou uvedeny v tabulce 2 a 3 nize, véetné metalografickych fezt. Kazda testovana
skupina byla slozena ze 4 Sroubi, kde jeden zastupce hodnotil tloustku vylouceného povlaku destruktivni
metodou, zbyvajici 3 vzorky hodnotily korozni odolnost celkové povrchové upravy. [1,2,3,5]
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Obr. 1: Kataforeticky buben s vnitinim uspoiadanim katod, anody jsou umistény na sténach kata-
foretické vany [4]

Tab. 1: Vzorky, piediprava a finalni povrchova uprava

Skupmoa Piediprava Parametry katz}fo'retlckeho Polymerizace povlaku
vzorku lakovani
1.0 tryskéni, lameldrni zinek 2A, 400V, 60s 175°C 15 min
13 pm, odmasténi
1.1  OdmaStén, tryskani, 2A, 400V, 60s 175 °C 15 min
aktivace, Zn fosfat, pasivace
12 odmasténi, aktivace, 2A, 400V, 60s 175 °C 15 min
Zn fosfat, pasivace

Vyhodnoceni experimentu

Experiment byl zaméten na dve Casti. Prvni ¢ast méla ukazat i¢innost jednotlivych prediprav povrchu
a schopnost kataforetického procesu povlakovat Srouby rovnomérnym zpisobem bezzaveésnou technologii.
Druha ¢ast ukazuje chovani povrchové upravy ve zrychlenych koroznich zkouskach pomoci neutralni solné
mihy dle CSN EN ISO 9227 — Korozni zkousky v umélych atmosférach — Zkousky solnou mlhou.

Optické hodnoceni povlaku ukazalo drobné vady v kontaktnich mistech po polymeriza¢nim procesu.
Tloustka povlaku byla méfena destruktivni metodou pomoci metalografie, hodnoty jsou uvedené v tabulce
¢. 2. Méfteni probihalo na konfokalnim mikroskopu na 6 riznych mistech a to sice v oblasti zavitu a hlavy.
Nejrovnomérnéjsi tloustku povlaku vykazovala skupina vzorku €. 1.1 s pfedapravou odmasténi, tryskani
a fosfat. [4]

Tab. 2: Méfeni tloust’)ky povlaku [4]

Tloust’ka kataforetického povlaku v zavitové ¢asti a na hlavé Sroubu [pm]
Skupina 1. méfeni 2. méfeni 3. méfeni Priumérna hodnota
vzorku zavit hlava zavit hlava zavit hlava zavit hlava
1.0 51 32 44 39 26 34 40 35
1.1 33 30 39 27 21 31 35 29
1.2 41 19 13 19 36 20 31 19
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Obr. 2: Vzorek 1.2, méieni tloust'’ky povlaku v zavitové ¢asti vlevo, vpravo hlava Sroubu [4]

Drobné vady se vyskytly pouze v kontaktnich mistech mezi $rouby a katodou. Dalsi vady se mohou
vyskytnout béhem procesu polymerace pii kontaktu mezi Sroubem a vypalovacim rostem pece. Na obraz-
cich v tabulce 3 jsou tyto mista oznac¢ena kruhy.

Druha cast experimentu byla zamétena na odolnost povrchové tpravy ve zrychlenych koroznich
zkouskéach (NSS) dle CSN EN ISO 7253. Piedbézna doba expozice byla stanovena na 240 hodin. Srouby
byly pribézné kontrolovany po 24 hodinach. Drobné korozni produkty se zaCaly objevovat mezi 240 a 280
hodinami. Korozni testy byly ukonceny pti 320 hodinach, kde vyskyt koroznich produkti nebyl vétsi nez
v ptipadé expozice 240 hodin. Nejlepsi vysledky, pokud jde o odolnost proti korozi, méla skupina vzorka
¢. 1.0, ktera nejevila zadné korozni vady vlivem pfitomnosti zinkovych lamel. Vzorky s pfedupravou fos-

fata ¢. 1.1 a €. 1.2 také vykazovaly vyhovujici odolnost proti korozi s minimalnim napadenim.
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Tab. 3: Vysledky vzorki po lakovani a koroznich zkouskach [4]

Skupina

N Pied NSS Po NSS - expozice 320 hodin
vzorki

1.0

1.1

1.2

Zavér

Skupina Sroubt ¢. 1.0 vykazovala mala defektni mista, ktera byla zptisobena nahodilym kontaktem
mezi Sroubem a katodou béhem kataforetického procesu. Adheze zinkovych lamel ke kataforetickému po-
vlaku se ukazala nizsi, nez v ptipadé fosfatu u skupin 1.1 a 1.2, av§ak korozni odolnost byla u této sku-
piny nejvyssi. Skupina ¢. 1.1 a 1.2 nevykazovala viditelné vady a lze piedpokladat vyssi adhezi vlivem
pritomnosti Zn- fosfatu. Tloustka vylou¢eného povlaku s napétim 400V byla u vSech skupin podobna

hodnotou 13 um.

Korozni testy skupin 1.1 a 1.2 prokazaly vyhovujici korozni odolnost a lze pfedpokladat obdobnou
zivotnost protikorozniho systému, jako v pfipadé pouziti zinkovych lamel (delta MKS), které se v dnesni
dob¢ pouzivaji ptednostné na vysoko-pevnostnich Sroubech tfid 10.9 a 11.9. Skupina Sroubu &islo 1.1
méla v technologickém postupu pfedipravy zafazeny proces tryskani, které se z optickych ani koroznich
zkousek nijak efektivné neprojevilo. Lze tedy konstatovat, ze pteduprava slozena z efektivniho odmasténi
a aplikace Zn fosfatu je pro vysoko-pevnostni Srouby vyhovujici. VSechny Srouby byly testovany pro svoji
funkénost zavitu v matici s bezproblémovym vysledkem. Experiment dale prokazal funkéni katody uvnitt
bubnu a jejich mozné dalsi pouziti bez nutnosti vymeény. Aplikace hydrofobni ochrany na zminéné katody
pfinasi bezesporu znacné vyhody v jejich zivotnosti a zamezeni koagulace natérové hmoty béhem katafo-
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retického procesu. Zavérem lze fici, ze hromadny kataforeticky proces bez zavésenti je perspektivni a podle
dosazenych vysledkd vhodny pro sypky material, jako jsou napfiklad testované vysoko-pevnostni Srouby.
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Summary
The most frequently used preservatives are those based on CIT / MIT substances (a methylchloroisothia-
zolinone/methylisothiazolinone mixture), which are used in the production of dispersion paints, adhesives,
writing fluids, detergents, fuels, and other industrial processes. These preservatives are effective over
a wide pH range, are cost-effective and do not affect properties of the final products.

The problem, however, is the ever-tightening legislation, which significantly limits the permitted amount
of these substances in the products. In order to meet the legislative framework, for example in the case of

inks, the concentration of CIT / MIT would have to be less than 1 ppm. Such an amount of a biocide can
no longer guarantee effective preservation and protection against bacteria and fungi, which may damage

the product.
For this reason, new approaches to CIT / MIT based preservative enhancement were sought:
a) Formulation approach, employing substances that are approved for cosmetics.

b) Synthetic approach, in which specific polymers were developed. These functional polymers were prepa-

red with the aim to improve application properties of the final products but also to enhance the preservati-
ve effect of the preservatives based on CIT / MIT.

Methodologies used for testing of antimicrobial efficacy were (a) Sterility testing — testing the microbial
quality of the sample — and b) Challenge testing — testing of the preservative properties of the sample for
Staphylococcus aureus CCM 3953 (SA) and Escherichia coli CCM 3954 (EC).

The minimum inhibitory concentration of the samples was confirmed to be between 0.5% and 0.001%
depending on the antimicrobial used.
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MECHANICKE VLASTNOSTI NATERU ALKYDOVYCH PRYSKYRIC
VYTVRZOVANYCH SIKATIVY NA BAZI VANADU

MECHANICAL PROPERTIES OF ALKYD COATINGS TREATED WITH
VANADIUM-BASED DRIERS
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2 Ustav chemie a technologie makromolekularnich latek, Fakulta chemicko-technologicka,
Univerzita Pardubice

Souhrn

Tato prdce se zabyva vyuzitim sloucenin vanadu v na vzduchu zasychajicich natérovych hmotdach na bazi
alkydovych pryskyric. Tyto pryskyrice patri do skupiny pojiv, kterd jsou zesitovana oxopolymeracné, kdy

dochazi ke spojent Fetézcii mastnych kyselin predevsim vazbami obsahujicimi kyslik. Nové pripravené

slouceniny vanadu s dithiokarbamatovymi ligandy totiz mohou slouzit jako uicinna ndhrada doposud

pouzivanych primarnich sikativii na bazi karboxylatii kobaltu, které jsou béznymi aditivy pridavanymi do

alkydovych pryskyric k urychleni procesu polymerace. Ucinnost studovanych sloucenin a zdroveri flexi-
bilita jejich pouziti byla studovana na riznych typech alkydovych pryskyric. Jednalo se o rozpoustédlové
alkydové pryskyrice s obsahem sojového oleje 40-62 % a vysokosusinové alkydové pryskyrice, které jsou
prijatelné pro zivotni prostiedi. Piisobeni dithiokarbamadtovych komplexii v priitbéhu vytvrzovani alkydo-
vych pojiv bylo sledovano pomoci standardnich mechanickych testii, jako jsou stanoveni doby zasychani
pristrojem vyuzivajicim hrotu jehly, stanoveni relativni tvrdosti kyvadlovym pristrojem, prilnavosti mriz-

kovou metodou a chemické odolnosti vytvrzenych natéri viici methylethylketonu.

Klicova slova
Oxopolymeraéné zasychajici natérové hmoty; vanad; primarni sikativ
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ANALYTICKA TECHNIKA C><)
PRO POJIVA A PIGMENTY (>

DLOUHAZIVOTNOST | SPICKOVY VYKON | SIROKA NABIDKA PRISLUSENSTVi | JEDNODUCHE OVLADANI

Prenosné FTIR i Ramanovy spektrometry

pro rychlou kontrolu kvality a identifikaci latek

* Nedestruktivni techniky Pfenosny FTIR

spektrometr ALPHA Il

* Rychla analyza minimalini
Uprava vzorku

* Kvalitativni i kvantitativni
analyza

* Dostupné knihovny pigmentd,
lakd, pojiv aj.

» Kontrola chemického slozeni

jednim klikem BRAVO
ruéni Raman

FTIR a Ramanovy mikroskopy pro chemické mapovani

priénych Fezu, vrstev, mikroéastic aj.

 Sledovani distribuce latek Automatizovany FTIR
a homogenity mikroskop LUMOS

* Analyza defektd, inkluzi,
vrstevnatych material( atd.

* Prostorové rozliseni az 500 nm

* Snadné analyza necistot
v praskovych materidlech

. . . REINETY
* Automatizované mapovani R&D mikroskop
vétsich ploch (napf. vybrusa) SENTERRA Il
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NETZSCH machine and process technology for pigment pastes
to improve quality and performance

NETZSCH Agitator Bead Mill Arpra®

= New modular machine platform for three
grinding systems
= Ergonomic design for best user comfort

= Setting new standards in terms of flexibility,
user friendliness and efficiency

NETZSCH-Feinmahltechnik GmbH
SedanstraB8e 70
95100 Selb | Germany

Tel.: +499287797-0
E-Mail: info.nft@netzsch.com

www.netzsch.com



LABIMEX CZ

www.labimexcz.cz
info@labimex.cz

TESTOVACI KOMORY

PRO ENVIRONMENTALNI ZKOUSKY V LABORATORICH

< korozni solné a

kondenzacni komory
truhlové a skfrinové komory
objemy 300,400, 1000, 2000 litrd
jednoucelové i kombinované
testy lakovanych povrchi

komory pro slunec¢ni =

simulace xenonovym

svétlem
s pevnou zkusebni plochou
nebo otoénym karuselem,
regulace osvitu, teploty a
relativni vihkosti
INDOOR a OUTDOOR zkousky

<= UV testery

ultrafialovym zarenim
testy natérovych hmot, plastu, textilu

< klimatické a teplotni komory, susarny
rozsahy -40 resp.-70°C az +180°C, 10-98% Rh,
komory bez chlazeni az 300°C,
objemy 53 - 720 litr

ZKUSEBNI PANELY

Ocelové, valcované, brousené
Hlinikové (slitinové)
Fosfatované/chromatované
Pro testy na otér Taber

Pro zkousky korozivity

LABIMEX CZ s.r.o.

CR: Ing. Milan Prazak SR: Ing. Jozef Maco
Poradenstvi, dodavky, instalace, Poéernicka 96 Rakol uby 697
zaSkoleni, servis zaruéni a pozarucni, 108 00 Praha 10 916 31 Kocovce
kalibrace zajist'uje: prazak@labimex.cz ingjozefmaco @gmail.com
00420 241 740 120 00421 327 798 346

00420 602 366 407 00421 910 970 699




Applied Chemicals International Group

Technical Service is our Success

For aqueous and solvent-based systems

Defoamers, anti-shrinking agents, wetting and dispersing agents
Acrylic and polyurethane based products

Special types for every pigment and filler type

Inorganic and organic fillers, pigments and pigment preparations
Aluminiumtrihydrate based products

Organic soil improvement additives

chem| } |tech



“ SAFIC ALCAN

Spolecneé to ostatnim natreme!

Safic-Alcan - distributor
specidlnich chemikalii
a materiall pro vyrobu

natérovych hmot, zpracovani Kontakt:

o v 0O Michal Dusek
plastu a p_ryze' PUR_ sys,temu, e-mail: michal.dusek@safic-alcan.cz
formulaci kosmetickych tel.: +420 733 379 023

a farmaceutickych pFipravkd. [ Www.safic-alcan.cz




WASPOLCHEMIE .. ©EPD

Spolek pro chemickou a hutni vyrobu, akciova spole¢nost

Spolchemie patri mezi predni evropské
vyrobce syntetickych pryskyric.

V nasSich vyzkumnych centrech

pracujeme s maximalnim usilim na vyvoiji
novych a inovaci stavajicich produktu.

www.spolchemie.cz




\_j > high performance pigments

Synthesia, a.s., SBU Pigments & Dyes, Czech Republic @ i
Phone: +420 466 823 741, Fax: +420 466 823 608, e-mail: pigments@synthesia.eu synthes'a
www.synthesia.eu Chemistry for the future



3P-CHEM s.r.o.

Areal Sprava a udrzba komunikaci
P.O. BOX 31

267 01 Kralav Dvar - Popovice

tel.: +420 311 638 028 - 029
fax: +420311 637 132
e-mail: 3p-chem@3p-chem.cz

Vas spolehlivy partner v oblasti dodavek chemickych
specialit pro vyrobu natérovych hmot, vyrobu tmelq,
lepidel a plastikarsky pramysl.

Vse dllezité najdete na:

www.3p-chem.cz

Firma 3P-CHEM s.r.o. byla zaloZzena v roce 2004. Od zacatku existence se firma zaméruje
na prodej a distribuci surovin pro zpracovatelsky priimysl. Nedilnou soucasti nasi firmy
je nabidka technickych oballi (kovové, plastové a sklenéné obaly). Hlavnimi obchodnimi
partnery a dodavateli surovin jsou predni evropsti vyrobci z Némecka, Francie, Spanélska,
Belgie, Rakouska, Italie, Chorvatska, Madarska a dalSich evropskych zemi .

Nase nabidka surovin se zaméruje hlavné na vyrobce natérovych hmot a lepidel, vyrobce
stavebni chemie a plastikarsky pramysl.

Struktura sortimentu nabizenych surovin:

Pojiva - rozpoustédlové, vodoureditelné — kompletni sortiment: alkydy, akrylaty, disperze,
emulze, epoxidy a specidlni pojiva « Pigmenty - praskové, metalitické pigmenty
« Plniva - vapence, talky, baryty, slidy, bridlice, mica - Additiva - dispergacni prostredky,
odpénovace, rozlivova ¢inidla, inhibitory koroze, akrylatové zahustky
- Susidla - do rozpoustédlovych a vodoureditelnych systémi - Matovaci a zahusStovaci
prostredky prostiedky na bazi oxidu kiemicitého - Vosky — praskové typy, voskové emulze
a disperze - Vzorkovnice — RAL systémy

Struktura sortimentu technickych obalii:

Kovové obaly - lakovky, kovové ldhve, kanystry, védra, hoboky a sudy - Plastové obaly
— kanystry, soudky, dézy - Sklenéné obaly — Iékovky, lahve pro potravinarsky prdmysl

Pro vice informaci prosim piste na:
bruna@3p-chem.cz, torma@3p-chem.cz, sidlo@3p-chem.cz

Vice na nasich internetovych strankach WWW.3P-CHEM.CZ



Omya Construction
omya.com

enhanced
by Omya

Boosting Opacity

Have you transformed
your formulation yet?

The use of ChameleoBoost™ * Technology

offers a series of benefits:

- Opacity boosting

+High brightness

- Enhanced TiO, performance through spacing
effect & pigment stabilization

- Formulation cost optimization (e.g. partial
substitution of TiO,)

« Gloss control

- Reduced carbon footprint of coating formulation

* Trademarks: Omyacarb® Extra, Calcigloss®, Omyacoat®, Omyaflow®,
Omyawhite®, Omyabrite® 1300 X

For more information, send an email to:
construction@omya.com

AA THINKING OF TOMORROW




Distributorsky segment

Natérové hmoty

Allnex
Akrylatové pryskyfice SETALUX, MACRYNAL
Alkydy SETAL, RESYDROL
Aminové pryskyfice SETAMINE
Hydrofobni polyoly SETATHANE
Pryskyfice modifikujici rheologii SETAL, SETALUX, SETAQUA
Nenasycené polyesterové pryskyfice ROSKYDAL
Vodou feditelné polyoly a akrylatové disperze SETAQUA, UCECRYL
Aditiva pro dispergaci, rozliv, odpénéni, susidla ADDITOL, MODAFLOW
Epoxidové pryskyfice a tvrdidia BECKOPOX, BECKOCURE
Epoxy estery DUROXYN
Vodou feditelné polyurethanové disperze DAOTAN
a dalsi
Vencorex Samoemulsifikované polyisokyanaty EASAQUA
Alifatické isokyanaty (biuretové, trimery, nizkoviskozni) TOLONATE
reaktivni rozpoustédio TOLONATE X FLO 100
Huntsman Epoxidové pryskyfice (na bazi bis A, F, AIF) kapalné, pevné, v roztoku ARALDITE
Epoxy fenol novolaky ARALDITE EPN
Epoxidova reaktivni rozpoustédia ARALDITE DY
Tvrdidla pro epoxidové pryskyfice ARADUR
Trdidla pro epoxidové pryskyfice pro nizké teploty ARACOOL
West&Senior LTD Tonovaci pigmentové pasty (epoxy, polyurethan, polyester, PVC) FASTINT
Monopigmentové preparace; RAL odstiny
Vliegenthart Oleje
Rostlinné (ricinové, Inéné, fepkové, sojove, tungové apod.)
Hotové vyrobky k prebaleni (odstrafiovace barev, PUR Gistice apod.)
Organometal Sikativa/Susidla ORGANO
Zn, Ca, Co, Zn, Sr, Mn, Susidlové smési ORGANO MIX
MEKO ANTISKIN
Odpéfiovade (na bézi mineralnich olejtr) ANTIFOAM
Dispergatory DISPORGAN
‘Organicka reologicka Ginidla pro rozpoustediové a bezrozpousiedio systemy
Lehmann&Voss (derivaty ricinového oleje, polyamidy a jejich smési, polyolefiny) LUVOTIX
icka 4 Ginidla pro Stédiové a vodné systémy LUVOGEL
Pasty (aditiva pro praskové barvy) LUVOTIX
Lehgena piniva (silikéty, aluminium silikaty apod.) OMEGA-SPHERES, TRI-SPHERES, OMEGA-SIL
Dynea Rozlivova Ginidla, smacedia DYNOADD
Odpéfiovace DYNOADD
Texturovaci aditiva DYNOADD P-série
FP Pigments
pigment céstecné nahrazujict titanovou bélobu
S+A Blackwell DELAPHOS
Antikorozni pigment (zinkfosfat)
Shamrock Mikronizované prasky, vosky (PE, PTFE SST, FluoroSLIP
Cisté, smési, v oleji, ve voda FluoroSPERSE, AquaFLON, HydroCER
Textury, matovadla Cera SPERSE, EverGLIDE, Texture, TexMATTE
Sovitec S.A. Sklenéné kulicky (odraz, protiskluz, odolnost k poskrabani)

Sklenéné kulicky 20 a 40 um
Sklenéné kulicky 3 a 5 um

MICROPERL
OMICRON

a mnoho dalSich ...

Udolni 212/1 Praha4 147 00

Ravago Chemicals Czech Republic s.r.o.

Tel:724 265 874, e-mail:milan.dvorak@ravagochemicals.com




DISTRIBUCE PRO CESKOU A SLOVENSKOU REPUBLIKU

@ Polyuretany pro formulace natérovych hmot, lepidel
@ Pojiva alkydova, polyesterova

@ Epoxidové systémy

@ Susidla, akceleratory, katalyzatory

@ Aditiva, vosky

@ Plniva, antikordzni pigmenty

@ Silikony

@ Pigmentové preparace

DISTRIBUCE POUZE PRO SLOVENSKOU REPUBLIKU

covestro

SAPICI

NOWVA

resine

d? BB RESINS
o

EEE

v:echno
ORKAST=e
E=GFC
CHIMICA

@ Anorganické a organické pigmenty, pigmentové preparace

@ Disperze akrylatové, styrenakrylatové, vinylacetatové
@ Specialni syntetické pryskyfice
@ Titanova béloba

@ Biocidy

Technicka podpora CZ/SK Obchodni zastupce pro SK
Ing. Josef Patrovsky Ing. Jarmila Gubova

Mob. +420 603222344 Mob. +421 917606100
patrovsky@kora.sk gubova@kora.sk

LANXESS

Energizing Chemistry

TRONOX
LANXESS

Obchodni zastupce pro CZ
Bohdan Jelinek

Mob. +420 720075401
jelinek@kora.sk



Spolecnost byla zalozena v roce 1992 jako Silcom s.r.o. V roce 2002 se pfipojila k
mezinarodni spole€nosti Biesterfeld Spezial Chemie GmbH (soucast koncernu Biesterfeld
AG) a byla pfejmenovana na Biesterfeld Silcom s.r.o. Pfipojenim k nadnarodni skupiné se
vyrazné rozsifilo portfolio dodavatell a tim i sortiment produkttd dodavanych na Cesky a
slovensky trh prostfednictvim spole¢nosti Biesterfeld Silcom. Na Slovensku pusobi dcefina
firma, Biesterfeld Silcom Slovakia s.r.o.

Spolecnost se od svého zalozeni zabyva dovozem chemickych surovin a specialnich
chemikalii. Kromé vlastnich dodavek chemikalii zajiStujeme také technické poradenstvi.
Disponujeme sklady v Cechach i na Slovensku a diky tomu jsme schopni zajistit optimalni
logisticky servis.

Na Ceském a slovenském trhu zastupujeme vice nez 60 vyznamnych svétovych
vyrobcl a dodavame suroviny do fady pramyslovych odvétvi (vyroba polymeru, stavebnich a
natérovych hmot, chemikalie pro textiini, kozedélnya papirensky pramysl, vyroba
kosmetickych, disticich, dentalnich a farmaceutickych pripravkl, pro gumarenstvi, vyrobu
polyuretanovych pén a pro fadu dalSich aplikaci). Dodavame taktéz hotové chemické
pfipravky - produkty uréené pro pfimé uziti v Siroké Skale odvétvi (elektronika a
elektrotechnika, energetika, strojirenstvi, nastrojarstvi a prototypova vyroba, automobilni
primysl a vyroba ostatnich dopravnich prostfedkd v€. letadel, vyroba kompozitd,
stavebnictvi).

Kompletni informace o portfoliu nasi spolecnosti naleznete na webovych strankach

https://lwww.biesterfeld.com/cs/cz/ceska-republika/



Vas dodavatel surovin pro natérové hmoty.

POJIVA

= Epoxidové pryskyfice a tvrdidla

= Vodou reditelné alkydové emulze

= Melamin-formaldehydové pryskyfice

= Blokové kopolymery styrenu, isoprenu a butadienu
=  Fenolické pryskyfice

PIGMENTY

= Antikorozni pigmenty

= Anorganické pigmenty a pasty
= Hlinikové pigmenty a pasty

= Perletové pigmenty

ADITIVA

= Dispergac¢ni aditiva a smacedla
= Tixotropni aditiva

= Odpénovace

= Koalescenty

= Molekulova sita

= Sikativa

= Organické inhibitory koroze

=  Promotéry adheze

= Vodiva uhlikova vlakna

Nordmann, Rassmann Czech Republic s.r.o.
Tel: 724 076 165, e-mail: mp@nrc-czech.cz




Vice nez 20 let uspésny dodavatel

T h 0 rS 0 n chemickych produktt, téonovacich systémt a

Chemical strojti pro pramysl natérovych hmot

Seznam zastoupeni pro Ceskou republiku a Slovensko:

AFCONA ADDITIVES - aditiva pro natérové hmoty

NATURALYNE — karboxymethylceluléza NOVE !!

L >

o £

'g § PO.INT.ER — aminova tvrdidla pro epoxidové systémy

S = INTERCHIP — pigmentové preparace na bazi pevnych
polymer( — chipsy NOVE !!
RIANLON — UV stabilizatory NOVE !!

Fast & Fluid — stroje pro tonovani natérovych hmot

e

Oliver & Batlle — zafizeni pro vyrobu natérovych hmot

Strojni

zarizeni

CABO - priimyslové a laboratorni mixéry NOVE !!

Arichemie — pigmentové preparace

BICCS — ténovaci systém prumyslovy

PROTEC Systempasten GmbH — ténovaci systém deko

NCS NCS Colour — barevny management

Trust Chem — organické pigmenty

Rohrig — ptirodni Stipana Zula

Larand HGS — duté sklenéné kulicky

MILTONIA - firemni vzorkovnice

>
=
o
(S}
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Q
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ARON Universal — fluorescenéni pigmenty NOVE !!

AVISON - cisté chemikalie a syntetické latky

THORSON CHEMICAL Praha s.r.o., Cernosickd 128, CZ-155 31 Praha 5
Tel.: +420-257 923 529, +420-257 923 589 Fax: +420-257 921 821 E-mail: info@thorson.cz



Office:

=

=

Office:

=
7=

D

2500 Baden / Wienerstrasse 89

+43 (0)664-4340265
+43 (0)2252-82870-14

Peter.Cagan@poro.eu

5020 Salzburg / Minchner Bundestrasse 121

+43 (0)662-431 541-119
+43 (0)662-431541-20

elisabeth.oconnor@poro.eu



OBJEKTIVNI MERENI BAREVNOSTI, LESKU A

RECEPTOVACI PROGRAM
Pienosné pristroje = Leskoméry
Laboratorni pristroje = Test odolnosti viici poSkrabani
Provozni pristroje =  Tuzkovy test tvrdosti
Program pro vyhodnoceni =  Automaticky aplikator
barevné diference = Nanaseci pravitka
Receptovaci program = MiizKkovy test
Pevné latky i kapaliny = VyS$ka suchého a mokrého filmu
M¢éFeni remisi i transmisi =  Test otéru a odéru

3 v 1 Zehntner ZAA 2600

1. Automaticky aplikator filmu, 2. test otéru, 3. test odéru

Navstivte také naSe stranky www.polz.cz .



Coating Adhesives

o
C.H.Erbsloh

1876

C.H. Erbsloh takes pride in promoting and selling specialty products from
renowed suppliers in Europe and Overseas to its customers in the coatings,

adhesives, inks, construction and sealant industries.

Raw Materials

Carnauba Wax
Hydrocarbon Resins
Nitrocellulose

Photocatalytic Titanium
Dioxide

Polyester Resins
Polyols
Polyurethane Dispersions
Polyvinyl Butyral
PTFE-Dispersions
PTFE-Micropowders
Reactive Diluents
Silanes

Silicone Resins
Titanates

Vinyl Resins
Zirconates

Additives

Adhesion Promoters
Antioxidants

Anti Popping Additives
Anti Shrink Additives
Biocides

Coalescing Agents
Conductivity Additives
Corrosion Inhibitors
Coupling Agents
Dispersing Agents
Emulsifiers

Flame Retardants
Flash Rust Inhibitors
Foam Control Agents
Hardeners
Hydrophobic Additives
Ink Gellants

Leveling Agents

Metal Catalysts
Plasticizers

Rheology Additives
Rust Converter

Siliconeadditives and -oils
Single Wall Carbon Nanotubes

Stain Inhibitors
Thickeners
Waxes

Wetting Agents

Pigments and Fillers

Aluminiumpastes

Anti Corrosive Pigments
Bariumsulfates
Bentonites

Carbon Black Pigments
Clays

Kaolins

Lithopones

Pigment Extenders
Pigment Pastes
Pyrophyllites

Talc

Tinting Systems
Titanium Dioxide
Wollastonites
Zincsulfides

Tamara Pavlovova - Area Sales Manager

TPavlovova@cherbsloeh.com; Mobil 00421 907 763 695

C.H. Erbsloeh GmbH

Am Ausfergenufer 4 « 5400 Hallein

E-Mail: Info.at@cherbsloeh.at * Internet: www.cherbsloeh.de



LEADING IN
PRODUCTION
EFFICIENCY

yF N r

nasime
dokonalost
vasemu povrchu

Painting, Gluing, Sealing - Excellence for All Industries.

Dirr nabizi lakovaci reSeni od ruc¢ni po automatizovanou
aplikaci, vysoka kvalita a snadné nasazeni.

www.durr.com



SpeedMixer [NlsElesNolgul e}

GermanEng/neermg

Rychle | Efektivné | Bez bublin

m Obarveni vysoce viskézniho silikonu
za 30 sekund / 100% homogenni
m Vysoka vSestrannost, od vyroby lakd az po vyrobu lepidel
B Michani v uzavieném systému:
— rychlé, vysoce efektivni, bez bublin a prachu
— bez nutnosti ¢isténi
— vysoce bezpecné, nehrozi zddné nebezpeci zranéni
® Enormni vyhody z hlediska kontroly kvality:
— velmi vysoka reprodukovatelnost
— Setfi Cas a naklady

<

SpeedMixer v Ceské a S & L
ausc I Mgr. Ondfej Zdrahala - Vyhradni zastoupem SpeedMixer™ pro CR a SR

Tel. CZ: +420 604 614913 - E-mail info@speedmixer.cz - www.speedmixer.cz
Eng/neer/ng Hauschild Co. KG - Waterkamp 1 - 59075 Hamm/Germany - Tel. DE: +49 1577 6005050
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