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1. PROJECT EXECUTION 

1.1. PUBLISHABLE EXECUTIVE SUMMARY 

1.1.1. Project objectives 
This project proposed the development of new hygienic coatings with controlled 
release of antimicrobial active ingredients to achieve surfaces free from bio-
contaminants and to assure health and safety conditions. Furthermore, this project 
contributed towards the development of safer inhibition systems via a culture of 
thorough cleanliness, with minimal use of environmentally unfriendly chemicals, and an 
emphasis on novel approaches and technologies. 
 
Current hygienic coatings (applied in food processing areas, hospitals..) are vulnerable 
to microbial surface colonisation and even can be focuses of bacterial and fungal 
contamination. Nowadays, there is a more restrictive legislation concerning safety and 
health in sanitary places demanding new solutions. 
 
The novel approach to avoid microbial surface colonisation in sanitary places is based 
on the development of a high tech coating by means of the incorporation of 
reservoirs (in micro-gels, in micro-particles or grafted on polymer chains) containing 
anti bacterial active ingredients (biocides) which will be released in a controlled way. 
 
The new developed hygienic coatings were formulated both to provide easy cleaning 
and to incorporate active ingredients (the biocides), which will assist in the removal or 
deactivation of biocontamination. These coatings play an important role in restricting 
the spread of microbiological contamination, especially in the sanitary places, where it 
is really important to assure and maintain the safety and sanitary conditions. 

Besides being resistant to bacteria and fungi growth, the specified hygienic coating 
systems must be resistant to chemical attack and physical abuse. Thus, the new 
hygienic coatings provide a combination of excellent benefits, including low toxicity, 
safe handling properties, environmentally friendly attributes, maximum efficacy and 
effective performance.  

The ideal properties required for the new hygienic coatings can be described as 
follows: 

- slow sustained controlled release (surface biocide concentration > 
IMC along the time)  
- toughness, hard surface –anti scratch, non scuff, mark resistance 
- abrasion and chemical resistance–non flaking 
- non-toxic 
- minimal odour 
- non leaching/migrating 
- smooth, non-porous 
- easy cleaning 
- stain/ oil/ dirt resistance 
- high vapour permeability to allow substrate breathe 

 
The main advantages over current coatings are: 

- High anti-microbial protection and cleanliness in sanitary places by using 
a smart and environmentally friendly coating  providing constant 
microbiological protection 
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- Efficient use of the active ingredients, released only when contaminant 
agents are present and not in constant way 

- Development of water-based formulations less hazardous than organic 
solvent systems 

- Longer life of products. and thus, less cleaning work required 
 
Taking into account that microorganisms are present on every stage of our daily lives, 
any improvement in this field has a direct positive impact in the society in general. But 
undoubtedly, the specific sectors, such as hospitals, nursing homes, food-preparation 
facilities, slaughterhouses or any other sanitary places that receive a more beneficial 
impact, are those where severe hygienic rules are required. 

1.1.2. Partners 
Partner 
role 

Partner 
nº 

Partner name Partner short 
name 

Country 

CO 1 CIDEMCO Centro Tecnológico CIDEMCO SPAIN 
CR 2 Barbot Industria de Tintas S.A. BARBOT PORTUGAL
CR 3 Lippens (Consulta Van Zweden) LIPPENS BELGIUM 
CR 4 Farbe Pinturas Industriales, S.A: FARBE SPAIN 
CR 5 Protec, S.L. PROTEC SPAIN 
CR 6 Laboratorios Miret, S.A: LAMIRSA SPAIN 
CR 7 ZIMTEC, S.L. ZIMTEC RUSSIA 
CR 8 Institut Textile et Chimique de Lyon ITECH FRANCE 
CR 9 Association pour la Recherche et le 

Developpement des Methods et Processus 
Industriels 

Armines-
Cemef 

FRANCE 

 
1.1.3. Coordinator contact details 

Dr. Javier García Jaca 

CIDEMCO Technological Center 

Pol. Ind. Lasao - Área Anardi nº 5, 20730 Azpeitia (Guipúzcoa) – SPAIN 

Tel: +34 943 81 68 00, Fax: +34 943 81 60 74 

e-mail: javier.garcia@cidemco.es 

 
1.1.4. Work performed 
The aim of the HYCORE project was the development of new hygienic coatings with 
controlled release of antimicrobial active ingredients to achieve surfaces free from bio-
contaminants and to assure health and safety conditions. In order to do that three 
approaches will be followed: microencapsulation of biocides, entrapment of biocides in 
micro-gels and grafting of biocides in polymers. The project addresses scientific and 
engineering expertise in these three processes regarding systems preparation and 
analysis, paint formulations and determination of properties. 

During the execution of the project WP 1 to 7 have been completed.  

WP1 corresponded to the design of the specifications that the new paints have to fulfil. 
According to these specifications the possible materials that could be used were 
analysed and selected in WP2: 

1 The selected biocides were chosen according to their efficiency and solubility.  

2 In the case of polymer particles, the polymeric matrix that conformed the 
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microparticles was selected. It had to provide release of the biocide under 
hydrolysation of enzymes, in presence of humidity and micro-organisms. 

3 The micro-gels are polymer networks based on chemically cross-linked 
macromolecules, that are filled with the biocide. Commercially available micro-
gels are used based on the biocide absorption and swelling/contraction 
behaviour. 

4 A non-migrant biocide is grafted to a polymeric chain. The aim is to obtain a 
non-hydrolysable system. 

Within WP3, the preparation of the active-ingredient systems was optimised.  

In the frame of WP4, the study of the release properties as well as the biological 
activity analysis of the active systems was carried out. 

Regarding WP5, new coating formulations were developed. Firstly, general formulae 
with different resins were prepared. After selecting the most adequate resin the 
formulae were optimised to obtain the final paint formulation.  

WP6 concerns to the study of the properties of the paints. The following analysis was 
carried out: 

• Analysis of the application capacity of the paints 

• Study of the rheology of the paints: the results for the final paints with different 
active systems were compared with those of commercial paints. The effect of 
different factors was analysed 

• General properties of the different formulations: by analysing the general 
properties, the most suitable resin was selected what lead to the development 
of the final paints. The final paints were tested according to a standard. 

• Biological effectiveness of the paints: biological activity of the paints against 
bacteria and fungi was tested. 

Within WP7, the industrial validation of the system at short-term was carried out. 
Samples of the final paint were placed in a ICU of a hospital, kept there for 3 months 
and the biological activity was determined. Furthermore, two industrial facilities were 
painted by professional applicators for long-term testing. These tests will be carried out 
in the future out of the project but will define the possible commercialisation of the 
paints.  

As concerns the dissemination activities, different actions were carried out: 

• Elaboration of a project web-site (http://www.cidemco.es/hycore) 

• Press notes in printed journals: Infocidemco, Estrategia empresarial, Empresa 
XXI, Correo de la construcción, Techniques de l`Ingénieur  

• Press notes in web sites: Higiene ambiental, Ikerbasque, Basque Research 

• Elaboration of a poster 

• Final project Workshop: 31st October 2008 

The management of the project was carried out by strictly keeping in contact the 
partners with the coordinator. All the partners have been involved in the main strategic 
and executive decisions. Five meetings were organized. The kick off meeting took 
place in Azpeitia (Spain), while the 6th, 12th and 18th months meetings were organised 
in Lyon (France), Nice (France) and Vilanova de Gaia (Portugal), respectively. The last 
meeting of the project was organized in Azpeitia (Spain). 
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1.2. PROJECT OBJECTIVES AND MAJOR ACHIEVEMENTS  

1.2.1. Overview of project objectives 

The main objective of the project was the development of a breakthrough range of 
high efficient hygienic water-borne paints based on polymer particles that 
comprise the active ingredient; these polymer particles being obtained by 
microencapsulation, micro-gel formation of grafting methods. 
 
This project proposed the development of new hygienic coatings with the controlled 
release of anti-bacterial active ingredients (biocides) to achieve surfaces free from bio-
contaminants and to assure health and safety conditions. Furthermore, this project 
contributes towards the development of safer inhibition systems via a culture of 
thorough cleanliness, with minimal use of environmentally unfriendly chemicals, and an 
emphasis on novel approaches and technologies. 
 
Thus, it was proposed a novel approach in order to avoid microbial surface 
colonisation in sanitary places. To do this, a high tech coating was developed by 
means of the incorporation of reservoirs containing anti-bacterial active ingredients, 
which are released in a controlled way. 
 
The properties of the new coatings over the current ones are the following: 

• High anti-microbial protection and cleanliness in sanitary places by using a 
smart and environmentally friendly coating capable of providing constant 
microbiological protection. 

• Efficient use of the active ingredients incorporated on the coatings, as they will 
be released only when contaminant agents are present and not in constant 
way. 

• Development of water-based formulations, instead of the great majority of 
current hydrophobic systems, since the water-based are less hazardous than 
the organic solvent systems. 

• Longer life of product: A more efficient coating implies a longer life of the 
coating and thus, less cleaning work is required. 

 
When it comes to coatings with high anti-microbial properties, they will be mainly 
applied in hospitals, sanitary places and any place related with the manipulation 
of biological samples. 
 
Moreover, they will be applied in many other places such as Food Processing and 
Manufacturing Companies, Slaughterhouses, Farms, Air Conditioning Systems, Sports 
Facilities and so on. Therefore, it seems clear that their application is expected to be 
wide.  
 
Nevertheless, and as the price of the new coatings could be slightly higher than 
current sanitary coatings due to the introduction of state of the art technologies, on a 
first stage it is expected to focus their application in those sectors where 
sanitary rules are extremely severe: That is to say hospitals, Sanitary Places or any 
place related to biological activity. 
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1.2.2. Summary of the objectives  
The specific objectives of the project are summarised in the table below: 
 
 

Work package Deliverable Responsible 

WP1: Design of 
specifications for hygienic 

coatings 

D.1.1. A list of criteria of hygienic 
coatings with requested properties 
 
D1.2. A first list of selected biocides to 
be used for the preparation of polymer 
active ingredient system 

BARBOT 

WP2: Study and 
preparation of the initial 

components 

D2.1. Report on the properties of 
selected components (biocides, 
microcapsules, micro-gels, grafting 
processes) 

ITECH 

WP3: Development of 
polymer-active ingredient 

systems 

D3.1. Sample of systems based on 
biocide encapsulated microparticles 
 
D3.2: Samples of systems based on 
biocide encapsulated microgels 
 
D3.3: Sample of systems based on 
biocides grafted on thicknere 

LAMIRSA 

WP4: Study of the 
controlled release from the 
polymer particles and 
selection of the best ones 

D4.1. Report on the release properties 
of new polymer-active ingredient 
systems based on micro-particles, 
micro-gels and grafted polymers 
 
D4.2: Report on the biological activity of 
new polymer-active ingredient systems 
 
D4.3: Final report on the release 
properties and biological activity of 
selected polymer active ingredient 
systems 

Armines/CEMEF

WP5: Development of the 
new hygienic coating 
formulations 

D5.1: Report on the composition of 
new hygienic coatings 

BARBOT 

WP6: Application and 
general properties 

D6.1: Report on properties of new 
hygienic coating formulations: release, 
stability, flow, efficiency and general 
properties 
 
D6.2: Final report on the properties of 
the best selected new hygienic coating 
formulations. Report on the efficiency 
of the best biocide coatings 

CIDEMCO 

WP7: Industrial validation D7.1: Samples of pilot batches of the 
developed hygienic coatings 
 
D7.2: Report of the validation and 
efficiency of the developed coatings 

PROTEC 
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1.2.3. Summary of the main problems and main corrections undertaken 
Some partners showed to be poorly familiar with the management and the execution of 
complex projects. A strict correlation between the coordinator and these partners was 
kept in order to help them during the planning and the execution of the research 
activities. 

To increase the level of cooperation and efficiency of the project partners, the 
coordinator contacted them periodically, asking for on-going results. 

As it can be observed from the Gant chart of the project, the progress during the 
project was mostly adequate and all WPs have been successfully concluded. 

There were not major deviations from the original work programme. The only minor 
change that took place from the original work programme was the elimination of task 
6.2 because the partners decided that it was not necessary to do it and the efforts had 
to be put in other tasks much more important and necessary.  

It is noteworthy that the consortium agreed to do some more activities related with the 
project on their own expenses. Thus, the biological testing of the facilities painted in the 
industrial validation will be checked after one year in order to see the effectiveness of 
the paints at longer times.  

Gant chart of the project 

WP 
number 

WP TITLE MONTHS 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
0 Management, 

dissemination and 
exploitation 

                        

1 Design of 
specifications for the 
hygienic coatings 

                        

2 Study and preparation 
of initial components 

                        

3 Development of 
polymer active 
ingredient systems 

                        

4 Study if the controlled 
release from the 
polymer particles 

                        

5 Development of the 
new coating 
formulations 

                        

6 Application and 
general properties 

                        

7 Industrial validation                         
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1.3. WORKPACKAGES 

The following point summarises the work carried out. Further details of each task was 
given in the Deliverables-reports that were duly submitted. 

WP1: Design of specifications for the hygienic coatings 
Lead Partner: BARBOT 

Partners involved: BARBOT, LIPPENS, FARBE, PROTEC, LAMIRSA, CIDEMCO, 
ITECH 

Workpackage objectives: 
Fix the properties of hygienic coatings, considering the standards regarding the 
coatings and biocides, and the necessities and suggestions of the coating 
manufacturers. 

Progress towards objectives: 
In order to fix the requirements for the hygienic coatings, application fields of the 
developed systems must be determined.  

The main application market of the hygienic coating developped in the project will be 
indoor walls of places where a high degree of asepsis is required. Moreover, it is 
specially useful in places where a control and long lasting release of the fungicide has 
a remarkable relevance. Some of these places include: 

1 Hospitals 
2 Kindergartens 
3 Geriatrics 
4 Slaughterhouses 

 
Anyway, the paint will be useful as a high quality ecologic paint for indoor walls in 
general. 
 
In order to determine the hygienic capability of the coating, these standards were 
considered: 

1 JIS L 1902: Testing for antibacterial activity and efficacy on textile products 
2 JIS L 2801: Antimicrobial products-tests for antimicrobial activity and efficacy 
3 PR NF EN ISO 20743: Détermination de l’activité antibactérienne des produits 

finis antibactériens 
 
The paint must be ecological without VOCs (volatile organic compounds) nor APEO 
(alquilphenolethoxylates). So a water based satin or high gloss plastic paint was 
formulated. 

For the preparation of an ecologic hygienic coating the addition of some additives to 
the formulation is required. The ingredients that are necessary are the following: 
 

1 Emulsion 
2 Solvent 
3 Conserving agent (bactericide, fungicide) 
4 Antifoaming 
5 Dispersant-humectant 
6 Anti flash-rust 
7 Pigment 
8 Extender 
9 Fillers 
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10 Neutralizer 
11 Thickener and rheology modifier 

 
EMULSION 
Taking into account the current hygienic coatings it is proposed to develop satin finish 
paint based on pure acrylic or acrylic-styrenic emulsion free of VOC and APEO. The 
minimum film forming temperature (MFFT) was as low as possible to avoid the use of 
coalescents. 
 
SOLVENT 
The developed coating must be ecological, so organic solvents were avoided and 
water was used as solvent. 

CONSERVING-AGENT 
Bactericide is the conserving agent used for the stabilization of the paint against in can 
biological degradation. There exist several bactericides, but attending to regulations 
and for the agreement of the partners CMI/MI and BIT bactericides were employed. 
 
The fungicide provides the hygienic character to the coating. It hinders the presence of 
bacteria, microorganisms, etc. in the painted wall. Two fungicides were employed: zinc 
pyritione and N-octyl isothiazolinone. 
 
ACTIVITY CHEMICAL SUBSTANCE ACRONYM CAS NUMBER 
Bactericide 5-chloro-2-methyl-4-isothiazolin-3-one 

(CMI) and 2-methyl-4-isothiazolin-3-one 
(MI) 3/1 

CMI/MI 14% 55965-84-9 

1,2-benzisothiazolin-3-one  BIT 85% 2634-33-5 
Fungicide Zinc pyritione ZnPyr 96% 13463-41-7 

N-octyl-isothiazolinone n-OIT 96% 26530-20-1 
 
ANTIFOAMING AGENT 

The antifoaming agent is necessary to eliminate the air bubbles formed and stabilized 
during the fabrication process of the paint. It is recommended to use mineral oils with 
hydrophobic particles (silica) in suspension. 

DISPERSANT 

The most usual dispersants for pigments are sodium or ammonic polyacrylates. The 
humectant of pigments could be sodium hexamethaphosphate. This additive is also 
used as a neutralizer of the water hardness in case it is used water with high content of 
salts to avoid the desestabilization of the emulsion due to the pH giving rise to a 
jellification of the paint. We used humectants free of APEO. 

ANTI FLUSH RUST 

The anti flush rust is an additive employed to avoid the formation of in can oxide peaks 
in case the paint is packed in metal pots. It must be free of nitrites. 

PIGMENT AND EXTENDER 

The pigment was titanium dioxide to obtain white paints. Sometimes it is interesting to 
use an extender to substitute part of the pigment to decrease the price of the product. 
Among the different possibilities we find calcinated calcium carbonate, precipitated 
aluminium silicate or precipitated calcium carbonate. These products are very white 
and have a high opacity power. 
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FILLERS 

The most used fillers are in plastic paints are crystalline calcium carbonate and talc to 
obtain certain gloss degrees and an adequate rheology. 

NEUTRALIZER 

The pH of plastic paints is around 8 and 9. Usually, the mix of all ingredients achieves 
that pH level. However, if this doesn’t take place and the pH is below 8 a base is added 
to obtain the desired pH. Aminomethylpropanol is a non volatile  non odour neutralizing 
agent that besides contributes to the dispersion of pigments and increases the rub 
resistance of the paint. 

THICKENER AND RHEOLOGY MODIFIER 

As a thickener it is proposed to use medium viscosity ethyl hydroxyethyl cellulose 
(EHEC) of retarded swelling. Sometimes it is interesting to add a rheology modifier that 
complements the effect of the thickener. By this way the application characteristics of 
the paint will be optimised (splashes, levelling, take down, etc.). It is proposed to add 
an associative high shear polyurethane type thickener (HEUR). 

OTHER ADDITIVES 

Sometimes aromatising substances can be added that contributes positively to the 
reduction of the MFFT of the paint.  

Since the aim is to develop an ecologic hygienic coating no VOC containing 
coalescents or cosolvents were used.  
 
Deviations and corrective actions: 
No significant deviations were remarked for this WP. 

Deliverables: 
 
Deliverable 

nº 
Deliverable Title Proposed 

delivery date 
Real delivery 

date 

D1.1 A list of criteria of hygienic coatings 
with requested properties 

3rd month 6th month 

D1.2 A first list of selected biocides to be 
used for the preparation of polymer 
active ingredient systems 

3rd month 6th month 

 
Milestones: 

4 Definition of the expected achievements of the new hygienic coatings with 
active ingredient controlled release 

5 A list of biocides 

The milestones of these WP was achieved in the due time. 
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WP2: Study and preparation of initial components 
Lead Partner: ITECH 

Partners involved: LAMIRSA, ZIMTEC, CIDEMCO, ITECH, ARMINES-CEMEF 

Workpackage objectives: 
1 To prepare the initial ingredients (polymer particles and biocides) 
2 To study the properties of the initial components for the development of the 

“polymer-active ingredient” systems 
 

Progress towards objectives: 
 
Task 2.1. STUDY OF PROPERTIES AND SELECTION OF THE ACTIVE 
INGREDIENTS, SUCH AS THE BIOCIDES 
 
In the absence of a suitable preservative, paints are susceptible to deterioration caused 
by micro-organisms. The main micro-organisms are bacteria, moulds and yeasts and 
algae. The paint can be susceptible to in-can deterioration, and when it have been 
applied to a surface (dry film deterioration). 
 
There is no universal active substance, which is able to provide a large enough activity 
spectrum against micro organisms. The choice of biocide is determined by a host of 
interrelated factors, including solubility, pH, operating range, chemical compatibility, 
thermal and physical stability and considerations of worker safety and cost efficiency. 
 
The ideal active substance should be efficacious, show broad spectrum activity, and be 
stable in the formulated end-product. In addition, the ideal biocide should have the 
following characteristics: 
 

1 rapid degradation in the environment 
2 rapid partitioning in the environment resulting in limited bioavailability 

to non-target organisms 
3 minimal toxicity to non-target organisms at concentrations present in 

the environment 
4 minimal bioaccumulation of toxicologically significant compounds 

 
In this project there were four substances (two in-can and two exterior surfaces ) that 
were selected to develop the new hygienic coating with controlled release of 
antimicrobial active ingredients to achieve a paint free of bio-contaminants and to 
assure health and safety conditions. 
 
The substances are: 
 

• 5-chloro-2-methyl-4-isothiazolin-3-one (CMI) and 2-methyl-4-isothiazolin-3-
one (MI) 3/1:  Cas number: 55965-84-9 

• 1,2-benzisothiazolin-3-one (BIT): Cas number: 2634-33-5 
• Zinc pyrithione (ZnPyr) :   Cas number: 13463-41-7 
• N-octyl-isothiazolinone   (n-OIT): Cas number: 26530-20-1 

 
Each active offered a specific spectrum as described in table I which indicates the 
minimum inhibitory concentration (MIC) of several actives against bacteria and fungal 
strains. These MIC was extracted from its producers. 
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Table 1 : MIC of the active substances 
Fungi strains Bacteria strain MICs (ppm) of active 

substances 
  CMI/MI BIT n-OIT Znpt 
Alternaria alternata  3 140 1,5 7,5 
Aspergillus niger  5 70 8 8 
Aureobasidium pullulans  5 70 0,3 2 
Cladosporium cladosporoides  5 80 0,5 5 
 Bacillus subtilis 2 8 8 - 
 Staphlylococcus aureus 2 8 8 4 
 Escherichia coli 5 8 125 8 
 Pseudomonas aeruginosa 5 50 500 512 
 
 
The Table 2 indicates physical data of active substances 
 

Table 2. Physical data of biocides 
 

CHEMICAL 
SUBSTANCE 

FORM 
At 20ºC 

SOLUBILITY 
IN WATER 

log Pow Density 
(g/mL) 

Boiling 
Point 
(ºC)  

Melting 
Point 
(ºC)  

CMI/MI (3/1) Liquid Fully miscible 
in water 
 

CMI:  -1,14 at 
pH 7 
MI: 0,167 at pH 
7 

1,3 100 - 33 

BIT Powder 0,1 g/L 2,81 0,4 –0,7 - 150 
 

Znpt 
 

Powder 8 mg/L 0,93 1,78 - 240 

n-OIT 
 

Viscous 
Liquid 

 
300 mg/L 

 
2,45 

 
1,04 

 
390 

 
 

 
The Table 3 indicates toxicity data of active substances. 
 

Table 3 : Toxicity data on active substances 
 

CHEMICAL SUBSTANCE TOXICITY 
CMI/MI   (3/1) 
 

C  (Corrosive) 
R 20/21/22-34-43 

BIT Xn, N 
R: 22-38-41-43-50 

ZnPyr T, N 
R 22-23-38-41-50 

n-OIT T, N 
R: 22-23/24-34-43-50/53 

 
 
 
CMI/MI 
CMI/MI is a biocide intended for use as an in-can preservative for use in a range of 
formulations. It can control a wide variety of bacteria and fungi. It is compatible with 
surfactants, regardless of their ionic nature. 
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    CMI   MI 
 
The pathway for biodegradation of CMI and MI consist of which the isothiazolinone ring 
is cleaved between the liable N-S bond yielding N-methyl malonamic acid. Oxidation 
continues resulting in the formation of the respective amine and CO2. 
Nucheophiles such as hydroxyls, sulfides, bisulfides and mercaptans attack 
isothiazolinones resulting in ring cleavage and the formation of alkyl malonamic acid. 
 
BIT 
BIT has proved to be a cost-effective for over 20 years. It is particularly effective in 
protecting aqueous media against microbiological spoilage. It is particularly effective as 
a bactericide.  
 
BIT activity is thought to arise from their ability to readily pass through membranes and 
fungal cell walls and then react with intracellular species such as glutathione and 
cellular thiol groups, causing the cell function to be impaired. The mechanism of the 
intracellular reaction has not been fully elucidated, but mode of action is thought to 
involve a nucleophilic attack by the sulphur atom of important intracellular species, 
such as glutathione or cysteine, and the sulphur atom of the biocide, thus halting or 
disabling the normal activity of the cell. (2). 
BIT is preferred product for high pH systems containing amines. 
 
 
 
 
 
 
 
Zinc Pyrithione 
 
Zinc pyrithione displays potent antimicrobial activity towards fungi and algae and to a 
lesser extent bacterium. 
The mode of action of pyrithione against fungi has been studied in detail by Professor 
Dale Sanders (university of York, UK) using electrophysiological methods. He selected 
Neuropora crassa as a model organism and showed from patch clamping studies that 
zinc pyrithione inhibits the proton-linked ATPase in the fungal plasma membrane. 
 
The unique mode of action distinguishes zinc pyrithione from other film fungicides in 
that that is not consumed or degraded in the process of killing of micro-organisms. 
 
Zinc pyrithione is a NR50 substance which can be used without environmental labeling 
below 2500 ppm. 
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Zinc pyrithione use level is in the range 0,05-0,25% active. 
 
N-octyl-isothiazolinone 
 
It is a high performance fungicide which has the advantage of possessing additional 
bactericidal properties. It is s very soluble in ethanol, methanol, acetone, ethyl ether, 
chloroform and mineral oil. 
It can be inactivated under certain conditions by the presence of ammonia and primary 
and secondary amines. It is stable over a wide pH range. 
 
The pathway for biodegradation of n-OIT is the same as CMI/MI The only difference is 
that the isothiazolinone ring is cleaved between the liable N-S bond yielding N-(n-ocyl) 
malonamic acid instead of malonamic acid.  
 
It can prevent unsightly degradation by Alternaria species on coatings below its skin 
sensitization level of 500 ppm. 

S
N

O

︵CH2 ︶7CH3  
 
Task 2.2. SYNTHESYS, STUDY AND SELECTION OF THE SUITABLE POLYMER 
PARTICLES 

 
The polymers to be used in microcapsule formation must be stable in the paint but 
degradable by enzymatic action. After carrying out an intensive literary research it was 
concluded that polylactic acid (PLA) was a suitable polymer to be used in this 
application as a biocide release controller. The microparticles were formed of this 
material which contained the biocide. 
 
The PLA is a thermoplastic polyester of 2-hydroxy lactate. The formula of the subunit 
is: 

-[O-CH(CH3)-CO]- 
 
It is produced by a selected soil bacteria which is grown in an aqueous medium at 35ºC 
in a steam of air. Sugar is used as a feed stock. So, PLA is produced by polymerisation 
of naturally occurring L-lactate. In addition, it doesn’t add CO2 in the atmosphere. So, it 
is a environmentally friendly compound. PLA is not toxic even at high concentrations. 
Thus, it can be used for articles which come into contact with skin, feed or food. PLA is 
inert towards water, even after extended exposure. Thus, articles can be produced 
which come into contact with water. They also are fairly resistant towards fats and oils. 
However, PLA is hydrolysed autocatalytically in humid environments at temperatures 
above the glass transition (55ºC). Anyway, the speed by which articles are 
biodegraded depends on the particle thickness and on the ambient temperature. At 
room temperature hydrolysis takes place at very low rates. It also degrades where 
nitrogen and phosphates are abundant, so PLA is taken up by bacteria and fungi. But 
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no toxic byproducts are accumulated.  
 
The PLA used in the work was Biomer L9000. The polymer has an average molecular 
weight of 100.000 g/mol and its properties  those shown in table 4. 
 

Table 4. Properties of PLA 
PROPERTY 
Tensile 
modulus 
(MPa) 

Tensile 
strength 
(MPa) 

Elongation 
(%) 

Flexural 
strength 
(MPa) 

Flexural 
elongation 
(%) 

Impact 
strength 
(KJ/m2) 

Notched 
impact 
strength 
(KJ/m2) 

Vicat 
temp. 
(ºC) 

Density 
(g/cm3) 

Moisture 
absorption
(%) 

Shrinkage 
(%) 

3600 70 2,4 98 2,8 16,5 3,3 56 1,25 0,3 0,12 
 

Mechanical properties of PLA are much higher than those of polyolefins and even 
higher than those of polystyrene. This indicates that it is a mechanically resistant 
material, so it won’t break under pressure during paint application. 
 
It is also inert in typical solvents used in paint formulations. The solvents and non-
solvents of PLA are shown in table 5. 
 

Table 5. Solvents and non-solvents of PLA 
SOLVENTS NON-SOLVENTS 
Dichlorometane 
Acetone 
Chloroform 
1,4-dioxane 

Water 
Methanol 
Ethanol 
Propanol 
Hexanol 
Hexane 

 
PLA was used in order to synthesize microparticles. Depending on the synthesizing 
method used, microcapsules or microspheres are formed. In microcapsules the 
polymer forms the shell that contains a core material. On the contrary, in microspheres 
the core and the shell are not really separated. Figure 1 shows a scheme of both types 
of microparticles. 
 

    Microcapsule            Microsphere 
Figure 1. Types of microparticles 

 
Biodegradable polymers such as PLA usually form microspheres by the method of 
extraction-solvent evaporation. This method is a group of procedures where O/W or 
O/W/O type emulsions are formed. The covering material (PLA) and the biocide are 
dissolved in the inner phase and will precipitate when putting in contact with the outer 
phase that contains a tensoactive compound to stabilize the emulsion. The 
microspheres are formed with round shape. 
 
The microsphere forming procedure must be optimised to obtain microspheres of 
adequate size. The required size is between 15 and 30 µm. Too small spheres won’t 
be able to contain enough biocide and won’t be useful. Too big spheres will be visible 

:::::: 
:::::: 

:::: 
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after painting giving rise to a non adequate visual aspect. In addition, the liberation of 
the biocide will be too quick diminishing the efficacy of the hygienic coating.  
 
The liberation of the biocide from the microspheres was carried out by hydrolysis of the 
PLA by both humidity and enzymatic action. The liberation of the biocide was controlled 
by the grade of hydrolysis and this was controlled by the molecular weight of the 
polyester. A high degree molecular weight as that of the selected PLA gives rise to low 
hydrolysis rate and thus, low content but continuous liberation of the biocide from the 
microspheres. This is more desirable than a quick and high content liberation of the 
biocide because it is assured the efficiency of the hygienic coating for a longer period 
of time.  
 
Task 2.3. STUDY OF MICRO-GELS PROPERTIES, SELECTION OF THE BEST 
PAIRS BIOCIDE/GEL 

 
It is already known that microgels are of interest for coating formulations due to their 
rheological behaviour in liquid paints and their reinforcing properties in cured paint 
films. The rheological behaviour of microgel-containing paints may improve the 
application properties, especially to achieve high film thickness without sagging and 
flake orientation in metallic coatings, helping to improve quality and to fulfil environment 
protection requirements by reducing the solvent content in high-solid and water based 
coating formulations. It is considered that the outstanding effects of the polymer 
microgels are mainly caused by their specific structure (cross-linking density, for 
example), and not so much by their chemical nature. 
 
In this study we intend to investigate another utility of the microgel particles for the 
coating industry, namely their use as “biocide reservoirs”, in aqueous hygienic coating 
formulations. 
 
Polymer microgels are swollen cross-linked particles with a three-dimensional network 
structure. The 3-D networks correspond to polymer chains cross-linked by chemical or 
physical bonds. The chemically cross-linked microgel particles cannot dissolve in the 
solvent, but they are able to absorb it and swell. Thus, the microgel particles can act 
like "micro-sponges" and offer many potential applications in medicine, cosmetics, 
environmental science, and industry, including the coating industry. 
 
Depending on the nature of the solvent, one can distinguish two different classes of 
(micro)gels: the hydrogels, which have water/aqueous solutions as medium and the 
lipogels, which are swollen in oil media. In the following we will deal only with hydrogel 
microparticles, with potential interest in aqueous coating formulations. 
 
The polymer chains participating to the 3-D network may be non-ionic or having ionic 
groups. In the last case, the ionic groups of the polymer chain dissociate when 
dissolved in a polar solvent, generating a long charged chain (macro-ion) and a large 
amount of small ions of opposite charge (counter-ions). Consequently, this type of 
microgel networks will exhibit polyelectrolyte features, i.e., the swelling behaviour will 
depend on the physico-chemical environment (pH, ionic strength, degree of ionisation). 
 
1. Available microgel samples 
As a general observation, the absorption capacity is more pronounced for charged 
hydrogels, consequently we have chosen four anionic hydrogels to perform preliminary 
tests of absorption of aqueous solutions of biocides. These types of gels may absorb 
up to several hundred times their own weight of solvent. 
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The four types of microgel particles, with two chemical structures, have been supplied 
by different companies; their characteristics are given in Table 6 and their 
morphologies in figure 2. 
 

Table 6: Characteristics of the microgels under study 
N° Microgel Chemical nature Aspect 

 
Granulo-
metry  
µm 

Bulk 
density 
kg/m3 

1 Aqua Keep 
10SH-NF (Kobo 
products Inc.) 

Cross-linked coP of 
AA and NaA; cross-
linker N,N’-methylene 
bisacrylamide 

 
“Individual” 
spherical particles 

 
15-60 

 
870 

2 Aqua Keep D60 
(Arkema) 

Cross-linked coP of 
AA and NaA 

Agglomerated 
beads 

 
100-800 

 
650-800 

3 Norsocryl 
FX007 
(Arkema) 

Cross-linked coP of 
AA and NaA 

Broccoli like 
structure 

 
45-600 

 
400-500 

4  Creabloc SIS 
(Degussa-
Stockhausen) 

Cross-linked coP 
AM/AA, potassium salt

 “Individual”  
stone-like particles 

 
< 200 
 

 
650 

coP = copolymer; AA = acrylic acid; NaA = sodium acrylate 
 

 

 
 

Aqua Keep® 10SH-NH 
 

  
Aqua Keep® D60 Norsocryl® 

Figure 2. Microgels morphology – optical and electron micrographs 
 
All four types of microgel particles were chemically cross-linked copolymers with 
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anionic groups (COO-) on the (co)polymer chains. All four were supplied as dry white 
particles, with initial water content between 8 and 11%w (as determined after drying in 
a vacuum oven at 40°C, during 2 days). All four types of microgel particles have an 
indicated degradation temperature above 200°C, inducing a gradual decrease of the 
absorption capacity. The thermal decomposition gives toxic products as organic 
vapours and carbon monoxide. 
 
From granulometry viewpoint, the microgel Aqua Keep 10SH-NF corresponds the best 
to the initial requirements concerning the mean size of the particles; its degree of 
cross-linking is around 0.33 mol% of the amount of monomer. [Vervoort S., Behaviour 
of hydrogels swollen in polymer solutions under mechanical action, PhD thesis Ecole 
des Mines de Paris, Sophia-Antipolis, 2006].  
 
It is generally well-known and also intuitively understandable that the absorption 
capacity of water or aqueous solutions (the equilibrium swelling degree) by a 
chemically cross-linked microgel particle decreases with increasing of the cross-linking 
degree (cross-linking points inside the particle). For the specific case of chemically 
cross-linked copolymers containing acrylate units (either sodium or potassium), the 
water absorption also depends on the amount of COO- groups in the copolymer. High 
degrees of swelling can be reached only if a network is strongly charged. The larger is 
the number of ionised groups inside the microgel particles, the more important are the 
repulsive forces, favourable to a larger swelling degree. 
 
 
2. Experimental methods for investigating the microgel/biocide pairs 
In order to determine the best pairs microgel/biocide for hygienic coating formulations, 
one have to investigate the swelling kinetics and equilibrium swelling degree of the 
microgel in different biocide aqueous solutions (i.e., with different biocide 
concentrations), to estimate the quantity of biocide absorbed by swollen microgels, the 
possible interactions between these systems components and to investigate the 
release kinetics of biocide from dry “biocide-charged microgel”, when in contact with 
water or aqueous solutions. 
 
2.1. Swelling kinetics and equilibrium degree of swelling 
 
A. Microgel swelling 
 
The swelling behaviour of the microgels in either demineralised water or biocides 
aqueous solutions was investigated by qualitative and quantitative observations on 
microgel powders swelling in transparent glass tubes. 
 
A.1. Microgel swelling in aqueous BIT solutions 
The swelling kinetics of Aqua Keep 10SH-NF microgel particles in water/aqueous 
solutions was very fast, few seconds, the initially white dry particles becoming very 
quickly entirely transparent. 
 
The Aqua Keep D60 microgel particles needed 1-2 minutes before started to swell. In 
the first moments, the microgel particles were still dry and formed an instable 
suspension with the added solvent. After few tens of seconds they started to swell and 
became then transparent. 
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The Norsocryl FX007 microgel particles started to swell quickly after entering in contact 
with water/aqueous solutions. As a particularity, at relatively low swelling degrees the 
particles became larger but still kept a “powder aspect” (white, granular, opaque 
sample). For larger swelling degrees, the microgel particles became transparent, as the 
Aqua Keep particles. During swelling, the Aqua Keep D60 and Norsocryl FX007 
preserved their agglomerated structure. 
 
The Creabloc SIS microgel particles swelled quickly, generating a perfect transparent 
swollen gel. 
 
A.2. Microgel swelling in ZnPyr aqueous solutions 
The swelling kinetics of the four types of microgel particles in ZnPyr aqueous solutions 
seemed to follow a different pattern as compared with BIT solutions. One may expect 
that the Zn2+ polyvalent ions, from the complex Zinc pyrithione, would interfere with the 
“usual” swelling pattern of solvents which do not possess polyvalent metal ions. 
Indeed, the swelling experiments performed on all the four microgel samples, with 
aqueous solutions of ZnPyr 8 mg/L (the maximum ZnPyr solubility in water [Lamirsa 
data]), indicated that when adding the first amounts of ZnPyr solution, the microgels 
particles did not swell. If we continue adding ZnPyr solution, the particles started to 
swell and formed inside the glass tube a suspension of transparent micro-gel particles, 
showing a degree of swelling comparable with the one for BIT solutions. The different 
behaviour of the microgels/ZnPyr solution pairs, as compared with microgels/water or 
BIT solution pairs, might reflect local heterogeneities in the concentration of 
ZnPyr2(total), which determine, according to the literature [Doose et al,2004], the 
existence of a gradient of different pyrithione species in the microgels/ZnPyr solution 
samples and also different amount of free Zn2+ ions. A higher local concentration of 
ZnPyr2(total) induced a decrease of the concentration of Zn2+ in that region. 
Consequently, the risk of forming Zn2+-cross-linking points between the charged 
polymer chains inside the microgel particles decreased, allowing the hydrogel to 
conserve a high equilibrium swelling degree. 
 
On the other hand, more attention had to be paid on the stability of ZnPyr itself in 
aqueous solutions. Indeed, recent studies dealing with ZnPyr photodegradation in 
distilled and seawater, respectively, have shown that the Zinc pyrithione 
photodegradation is a rapid procedure with half-lives ranging from minutes to hours 
depending on the light source and the aqueous medium. For instance, in case of ZnPyr 
alone, in distilled water, the ZnPyr half-life was about 15.0 min, but the presence of 
dissolved organic matter, have decreased this value, suggesting a sensitization effect 
on the degradation rate at low concentration levels of dissolved organic matter [Sakkas 
V.A., Shibata K., Yamaguchi Y., Sugasawa S., Albanis T., Aqueous 
phototransformation of zinc pyrithione, J. Chromatogr. A, 1144 (2007) 175–182]. 
 
B. Equilibrium degree of swelling 
 
The equilibrium degree of swelling, Qeq [g/g], indicates the maximum amount of solvent 
that a gel can absorb at equilibrium. It depends on the type of gel (cross-linking degree, 
chemical structure, density of positive or negative charges on the polymer chains etc.), 
and also on the characteristics of the solvent used for swelling (chemical type and 
concentration of ingredients, interactions with the microgel polymer chains etc.). 
 
Figure 3 presents an example of the influence of the biocide concentration on the 
equilibrium swelling degree of the different types of microgels.  
 
The Aqua Keep D-60 microgels exhibited the maximum swelling degree in both 
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demineralised water and biocide aqueous solutions, followed closely by the Aqua Keep 
10SH-NH microgels. The increase of BIT concentration up to its maximum 
concentration in water led to a two-fold decrease in gel swelling degree for Aqua Keep 
10SH-NH. The swelling of Aqua Keep D-60, Norsocryl FX007, Creabloc SIS microgels 
did not seem to be sensitive to the biocide concentration. The same tendency was 
found for the ZnPyr aqueous solutions. 
 

Swelling of different types of microgels
 in BIT solutions 

0

100

200

300

400

500

600

0 20 40 60 80 100 120

conc BIT (mg/L)

Q
eq

 (g
/g

)

Aqua Keep 10SH-NF (Kobo products Inc.)

Aqua Keep D60 (Arkema)

Norsocryl FX007 (Arkema)

Creabloc SIS (Degussa-Stockhausen)

 
 

Fig. 3. Influence of the BIT concentration on the equilibrium swelling degree 
 
Table 7 summarizes the different swelling characteristics of the four commercial 
microgel samples in different biocide aqueous solutions, for allowing the best choice of 
the microgels to be used in the project as biocide-reservoirs. The last two columns of 
the table will be explained in the following section. 
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Table 7: Swelling data of the microgels under study 

 
 
2.2. Estimation of biocide absorption by microgel particles 
 
In general, in the absence of any specific interactions between a biocide and a gel, 
biocide should be homogeneously distributed in the system “gel + aqueous solution”. 
However, two other cases are possible: gel is absorbing the biocide or rejecting (see 
Fig. 4). The goal is to determine the amount of biocide absorbed by the gel or left in the 
surrounding solution. 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Illustration of possible interactions between a gel and biocide solution: 
a) preferential adsorption by the gel particle; b) homogeneous distribution of biocide 

between the gel and the surrounding solution;  c) rejection or desorption 
 
To determine the amount of biocide absorbed by a gel, the following procedure was 
performed: dry microgel powders were let to swell in excess biocide aqueous solutions 
(called solutions “reservoir” in Fig. 5). In these conditions, an important amount of 
excess solution is left freely around the swollen microgel particles, allowing a better 
mobility of biocide in the total solvent (inside and outside the swollen particles). 

- biocide solution gel particle 

(a) (b) (c) 
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Fig. 5.  Loading procedure of the microgel particles with biocide. Different biocide 
concentrations are shown: Cbiocide, 1 is initial biocide concentration in the reservoir, 

Cbiocide, 2 is biocide concentration absorbed by the gel and Cbiocide, 3  is biocide 
concentration in the dry gel particle. 

 
The biocide repartition between the microgel particles and the aqueous solution was 
determined by performing quantitative elementary analysis of the dry biocide-microgel 
powders (Service Central d’Analyse, CNRS, Vernaison, France) and in some cases, on 
the excess solvent (via HPLC or titrimetric methods). For instance, in the case of BIT 
biocide, a cross-checking elementary analysis-HPLC method (Cidemco) on the initial 
and excess solvent has been done and the results from both element analysis and 
HPLC were perfectly coherent. 
 
The last two columns of Table 7 indicate the maximal biocide concentrations than can 
be incorporated inside the dry biocide-microgel powders in the case when gel is freely 
swelling in the excess of solvent.  
 
Conclusions 

1 The results on the four commercial microgel particles investigated so far – Aqua 
Keep 10SH-NF, Aqua Keep D60, Norsocryl FX007 and Creabloc SIS – 
indicated that they are all highly swelled in aqueous solutions of BIT and ZnPyr 
(more than 100 times). 

2 Nevertheless, taking into consideration the criteria for microgel selection – 
morphology & granulometry, swelling behaviour and capacity of loading with 
biocide – the Aqua Keep 10SH-NF microgel particles are so far the most 
appropriate for our project.  

3 On the other hand, concerning the choice of the most appropriate biocides for 
aqueous coating formulations, the use of ZnPyr seemed to raise some 
question-marks because of its tautomerism, its very weak water solubility, and 
also the photodegradation issues when exposed to light sources. 

4 After further discussions with project partners, it was decided to extend the 
biocides list under testing with 2-N-octyl-4-isothiazolin-3-one (n-OIT), 5-chloro-
2-methyl-4-isothiazolin-3-one and 2-methyl-4-isothiazolin-3-one (MI), ratio  3/1 
(CMI/MI) and a quaternary ammonium biocide, didecyldimethylammonium 
chloride (DDAC). 

 
Task 2.4. SELECTION AND TREATMENT OF POLYMER FOR GRAFTING 

 
The choosen molecule had a quaternary ammonium N+ structure , which provides a 
contact biocide property 
 
The chemical structure is  shown in figure 6: 
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Figure 6. Chemical structure of the contact biocide 

 
where R1 – R2 – R3 – R4 are polymerizable hydrophilic and/or hydrophobic groups 
 
The quaternary ammonium N+  has an electrostatic effect on the negative charges of 
the bacteria membranes : thus the bacteria are attracted by the N+. In a second step, 
the ionic exchanges inside the bacterium cell are cancelled, and the bacterium is 
destroyed. 
 
The quaternary ammonium salts are very efficient biocides for a very large 
bacteriological field. They act by contact and their activity is permanent when they are 
grafted on a polymer. Their biocide activity depends on the structure of one of the R 
groups, which must be an alkyl chain with a length between C8 and C18. 
 
Another very important property of this molecule is its polymerization ability in order to 
fix it by grafting in a paint raw material. The quaternary ammonium salts can be grafted 
on polymers or copolymers by linking them with a covalent bond. The polymer must 
have some chemical functions able to react with them. 
 
The N+ biocide molecule has an algaecide and a bactericide effect . It has no effect or 
maybe a low effect against fungi. This molecule may also have an effect for the storage 
protection of the waterbased liquid paint. 
 
The biocide activity of the N+ molecule alone was tested concerning 2 effects. 
 

2 Standard NF EN 1040 : Chemical Disinfecting Products – Basic bactericide 
activity 
This standard allows to determine the intrinsic activity of a product in a liquid 
medium 
 
The N+ molecule at 3% in weight in deionized water ( 30 g/liter ) shows a 
disinfecting and bactericide activity 

 
3 Standard JIS L 1902 : Determination of the concentration necessary to obtain a 

biostatic effect 
This test is realized with the impregnation technique on a textile material 
The N+ molecule is used at 10 – 8 – 6 – 4 – 2 % in weight in deionized water 
The carrying rate is 100% : 100 grams of solution is used for 100 grams textile 
(around 1 m²)  
 
The biostatic effect was observed for 2% in weight of the N+ molecule in the 
solution, what means 2% in weight of the N+ molecule on the textile material 

 
This molecule had also a surfactant property as can be deduced from figure 7. 
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Figure 7. surface tension vs. biocide concentration 
 
When mixing together styrene, butyl acrylate and the biocide molecule in deionized 
water with an Ultraturax mixer, a white emulsion was obtained. This confirms that the 
biocide molecule can act as a surfactant. Table 8 shows the solvents and non-solvents 
of this molecule. 
 

Table 8. Solvents and non-solvents of the contact biocide 
 

Soluble and miscible in Not miscible in 
 

Deionized water 
Methanol 
Ethanol 
Toluene 

Tetrahydrofurane 
 

Styrene 
Butyl acrylate 

 

Hexane 
 

 
The technique of emulsion polymerization was selected in order to provide a copolymer 
waterborne latex which can be directly used to formulate the waterbased paint. 
 
Due to the biocide N+ structure, the polymerization medium was cationic and that 
involved the use of an initiator and a surfactant agent that were compatible with this 
medium. 
 
The selected initiator was the commercial reference V50 : 2,2’ – azobis ( 2 
methylpropionamidin ) dihydrochloride with the structure shown in figure 8. 
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Figure 8. Structure of the initiatior 

 
This initiator breaks up under the action of the temperature and gives positively 
charged radicals. The polymerization takes place by the propagation of the formed 
radicals. 
 
The selected surfactant was named as CTAB : Cetyl Trimethyl Ammonium Bromide 
Its CMC is 0.36 g/liter in deionized water at 60°C. 
 

C16H33 – N+ – ( CH3 )3        Br - 
 
The waterbased paints concerned in the Project were often composed of an emulsion 
acrylic copolymer that’s why the selected monomers were Styrene and Butyl Acrylate 
(Fig. 9) in order to form a standard acrylic copolymer latex. 
 

    
Figure 9. structure of butyl acrylate and styrene 

 
The ratio between the 2 monomers was optimized in order to have a glass transition 
temperature ( Tg ) around 10-15°C and thus a good film formation for the paint at room 
temperature. Other parameters are summarized in table 9. 
 

Table 9. Polymerisation parameters 
 

Polymerisation parameters Value 
Temperature 
Mixing speed 

Duration 

Between 70 and 80°C 
Low 

Between 5 and 7 hours 
 

 
Deviations and corrective actions: 
No significant deviations have to be remarked for this WP. 
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Deliverables: 
 
Deliverable 

nº 
Deliverable Title Proposed 

delivery date 
Real delivery 

date 

D2.1 Report on the properties of selected 
components 

6th month 6th month 

 
Milestones: 

1 Characterisation of initial components from which the polymer active ingredient 
systems will be prepared 

2 Selection of biocide/microparticle, biocide/microgels and biocide/thickener pairs 

 

All the milestones were achieved. After analysing all the components various systems 
were selected composed of different biocides and microparticles based in PLA, 
microgel (Aqua Keep 10SH-NF) and a latex containing N+ molecule. 
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WP3: Development of polymer-active ingredient systems 

Lead Partner: LAMIRSA 

Partners involved: CIDEMCO, ITECH, ARMINES, LAMIRSA 

Workpackage objectives: 
Development of polymer-active ingredient systems with the biocide entrapped. 
 
Progress towards objectives: 
 
Task 3.1. PREPARATION OF MICROPARTICLES WITH ENCAPSULATED BIOCIDES 

Partner: Cidemco 
 
1. Microparticles of PLA 

The aim of this task was the preparation of microparticles with biocides encapsulated in 
them. The polymer used for the preparation of microparticles was poly(lactic acid) 
(PLA) and the encapsulated biocides were CMI/MI, BIT, ZnPyr and n-OIT.  

 
The microparticles were prepared by extraction-solvent evaporation method. This 
method forms microspheres. This method is a group of procedures where a O/W 
(oil/water) or O/O type emulsion is formed. The PLA is dissolved in an inner phase. 
This phase is organic, so the coating material, PLA in this case, must be of lipophilic 
nature. Then the biocide is added to this phase to form a microemulsion if it is insoluble 
in this phase, or a mixture if it is soluble. Microemulsion or mixture formation is carried 
out by sonication. The sonication is a process where the sample is exposed to high 
intensity ultrasounds that favours a very fine dispersion. After that this phase is added 
to an outer phase where a tensoactive is incorporated, thus it is of hydrophilic nature. 
Under agitation and in contact with the outer phase, the polymer precipitates together 
with the biocide in form of droplets or microspheres. Depending on the agitation rate, 
different microsphere sizes are obtained. Finally, the inner phase is evaporated giving 
rise to microspheres that contain only the polymer and the biocide.  
 
The objective of the project was to obtain microspheres smaller than 25 µm. If the 
particles were too small, the biocide content would be to little. But if the particles were 
too big, there would be protuberances in the film and thus, the touch would be very 
rough and this is undesirable. In order to obtain this milestone there must control 
several parameters: 

1 Polymer/biocide ratio 
2 Selection of inner phase 
3 Selection of outer phase 
4 Sonication time and energy 
5 Agitation method, time and speed 

 
Two agitation methods were tried: magnetic stirrer and homogeneizer. The use of 
magnetic stirrer gave rise to a very wide particle size distribution, with microspheres 
than went from 25 µm to more than 200 µm. However, the particle size distribution was 
much narrower when using the homogeneizer. So, this agitation method was selected 
as the most suitable one. After doing several trials, it was concluded that the following 
process parameters were the most suitable to obtain microspheres of the desired 
diameter.  

1 Inner phase: dichloromethane. The polymer and most biocides are soluble in 
this solvent of low evaporation temperature (40ºC) 
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2 Outer phase: PVA 
3 Sonication time: 1 min 
4 Agitation time: 2 min 

 
Figure 10 shows a picture of the obtained microspheres 
 

 
 
                                       a                                                        b 

Figure 10. PLA-biocide-microparticles in (a) wet and (b) dry state 
 
After optimising the encapsulation process of the biocides, the particle size distribution 
was measured. Figure 11 shows the obtained results. 
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Figure 11. Particle size distribution of the microspheres 

 
As can be seen, 70-80% of the microspheres were below the desired particle size. So, 
very narrow and suitable particle size distribution was obtained. With the particle size 
distribution and using statistical analysis, it is possible to calculate the specific surface 
of the microspheres. This indicates how much area of capsule is per mass. So, it gives 
an idea of the activity of the microspheres. Considering the same effectiveness of the 
biocides, the bigger the specific area the higher the activity of the spheres because 
there will be more spheres per gram and thus, more biocide. Perrot and Sliney 
equations, which are shown below, were used. Results are shown in figure 12. As can 
be seen, biocides 1 and 4, which are liquids, showed slightly higher specific surface, so 
they could be more active. However, the differences were small and all data were 
between 1,4 and 1,5 mm2/g. 
 
 



 
 
Final activity report 

 

______________________________________________________________________ 
Contract  Nº COOP-CT-2006-032873  31 

∑
∑= 2

3

/
Nd
Nd

sdv
 

sdv
Se

/
6

⋅
=
ϕ  

ϕπ 3

6
d
PN
⋅

=
 

 

1,35

1,4

1,45

1,5

1,55

Se
 (m

m
2/

g)

Biocida 1 Biocida 2 Biocida 3 Biocida 4

 
Figure 12. Specific surface of the microspheres with different biocides 

 
Figure 13 shows the output of the reaction. As can be seen, with biocides 2, 3 and 4 
very high outputs were obtained, almost 90%, indicating the efficacy of the process. 
However, the output was much lower with biocide 1. This is probably because the 
amount of this water soluble biocide was too much to be encapsulated and it migrated 
to the aqueous phase.  
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Figure 13. Output of the microsphere formation reaction 

 
The next step was to calculate the efficacy of encapsulation. This process was 
performed by HPLC (high performance liquid chromatography) using a prontosill 
column, UV detector and methanol/water as mobile phase. Firstly, it was built a 
calibration line for each compound based on the provided biocides. The equations of 
the calibration lines were obtained by a linear regression of adjustment of square 
minimums between the area of the compound and its concentration expressed in mg/l. 
Below are the calibration equations obtained for each biocide. 
  Biocide 1: CMI/MI     Biocide 2:BIT 

Biocide 3:ZnPyr     Biocide 4:n-OIT 
where 

n: detection points 
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r: regression 
Sy/x: standard error of the estimate 
LOD: limite of detection    

Using these equations it was calculated the encapsulation efficacy of the microspheres. 
A solution/prectipitation/filtration method was used to separate the polymer from the 
biocide.  

1 For biocide 1 the separation method was the following: microspheres were 
dissolved in dichloromethane (DCM). The biocide was an aqueous solution, so 
it separated from DCM into two phases. Analysis of the aqueous phase was 
carried out 

2 For biocides 2, 3 and 4 the separation method was the following: microspheres 
were dissolved in DCM. Methanol was added to precipitate the polymer. After 
filtration with a filter of 0,45 µm the solution was analysed. 

 

For biocide 2 it was studied the effect of particle size in the encapsulation efficacy. 
Results are shown in figure 14. As can be seen, at low particle sizes the encapsulation 
efficacy was much lower. 

0

20

40

60

80

100

<25 50-100 >200

Ef
fic

ie
nc

y 
(%

)

Particle size (m icrons)  
Figure 14. Encapsulation efficacy of biocide 2 as a function of particle size 

 
Results of the biocide encapsulation efficacy for the particles smaller than 25 µm are 
shown in table 10. 
 

Table 10. Biocide encapsulation efficacy 
 

Biocide nº Biocide Particle Size (µm) Efficacy (%) 
1 CMI/MI <25 0.6 
2 BIT <25 11.4 
3 ZnPyr <25 100 
4 n-OIT <25 77.4 

 
As can be seen, encapsulation efficacy for biocide 1 was very low. This is supposed to 
be because the too high amount of biocide employed favoured the coalescence of the 
biocide particles and the migration towards the aqueous phase since this biocide is 
also aqueous. This is in agreement with the lower output of the reaction. The 
encapsulation efficacy of biocide 2 was also quite low, probably due to the low biocide 
content used in the reaction. The amount of biocide 4 added to the reaction was higher, 
and so did the encapsulation efficacy. These results indicated that it was necessary to 
optimise the polymer/biocide ratio in the encapsulation process. With biocide 3 
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something very different happened: all the analysed microspheres account for biocide. 
This means that the polymer is not able to separate by solvent extraction, so biocide-
polymer complexes could be forming. This required an analysis and reformulation of 
the encapsulation process and/or analysis method for this biocide.  
 
During this period it was calculated the real amount of biocide inside the capsules. 
Elemental analysis was used for this with the BIT and OIT. The formula of BIT is 
C7H5NOS while that of OIT is C11H19NOS. In both formulae the N/S mol ratio is 1, so 
this was used as control parameter. Results are shown in table 11. 
 

Table 11. Polymer/biocide ratio 
 

 Starting 
PLA/biocide ratio 

Real PLA/biocide 
ratio 

%W biocide in 
the particles 

Encapsulation 
efficacy (%) 

PLA+BIT 4/1 3.33/1 23 83 
PLA+OIT 2/1 1.43/1 41 71 
 
As can be seen the encapsulation efficacy was bigger than 70% for OIT and 80% for 
BIT. The biocide content inside the particles was optimised for each biocide and fixed 
at 23% for BIT and 41% for OIT. 
 
ZnPyr formed complexes with PLA. Moreover, as determined by gas chromatography, 
all the ZnPyr added to the reaction reacted with the PLA because no trace was left in 
the solution forming the continuous phase of the microencapsulation reaction. So, the 
encapsulation efficacy was almost 100% and the biocide content in the microparticles 
was 50%w. 
 
Task 3.2. PREPARATION OF MICROGELS WITH ENCAPSULATED BIOCIDES 

Partner: ARMINES 
 
1. Size distribution of the selected microgel particles  
The gel selected in WP2 was Aqua Keep 10SH-NF (Kobo products Inc.) The size of 
dry gel particles varied between 15 and 30 microns, with a mean value around 25 
microns (see Fig. 15a)  According to the degree of swelling obtained in different 
biocides solutions, the size of the swollen gel particles varied from 40 to 200 µm (see 
Table 12 and Fig. 15b). 

 

 
 

 

 
 

(a) (b) 
 
Fig. 15.  Micrographs of (a) dry and (b) swollen Aqua Keep 10SH-NF microgel particles 

in BIT aqueous solution 
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Table 12. Diameters of dry and swollen-at-equilibrium AK 10SH-NF microgel particles 
as a function of biocide type and concentration 

Gel diameter 
in the dry state, µm 

Qeq, 
g/g 

Biocide type and 
concentration, ppm 

Gel diameter in the 
swollen state, µm 

 
 
 
10-30 
 
 
 

300 water 70 - 200 

250 BIT 80 60 - 190 

290 ZnPyr 6.7 70 - 200 

260 n-OIT 300 60 - 190 

160 DDAC 1 1600 50 - 160 
90 DDAC 2 8000 40 - 130 

 
2. Interactions between the gel and biocides. 
The work on the understanding of the interactions between gels and biocides was 
based on the biocide distribution in the system “microgel particles + biocide solutions”. 
By comparing the biocide content in the loading solution (see Fig. 4), in the swollen gel 
and/or in the surrounding excess solvent pointed out if biocide was preferentially 
adsorbed by the gel or not. Table 13 summarizes the experimental results obtained for 
our microgel/biocides systems. 
Note that the last column, the sample aspect after loading with the biocide solution, 
acted as qualitative control parameter for appreciating the gel swelling behaviour. 
 
Table 13. Biocides distribution in the system “gel+biocide solution” for selected gel AK 

10SH-NF. For notations see details in Fig.5. 
N° biocide Cbiocide 1 (in the 

reservoir), ppm 
Cbiocide 2 (in 
the swollen 
gel), ppm 

Cbiocide 3 (in 
the dry gel), 
wt % 

Sample aspect 

0 pure water - - - transparent gel 
particles 

1 BIT 80.3 80 2.53 transparent gel 
particles 

2 n-OIT 300 130 3.19 transparent gel 
particles 

3 ZnPyr 6.72 0.5 0.015 more or less 
transparent gel 
particles 

4 CMI/MI 13   transparent gel 
particles 

5 DDAC 1600 3000 32.58 milky gel particles 
(not because of i-
POH*) 

8000   flocculated white 
gel particles 

* i-POH = isopropyl alcohol, co-solvent of DDAC in Mirecide-RB/6 formulation 
 
Conclusions 

1 BIT was homogeneously distributed between the swollen gel and the 
surrounding solution. 

2 n-OIT seemed to be partially rejected by the swollen gel, but due to its higher 
solubility in water, as comparing to BIT, it was possible to obtain comparable 
biocide concentrations inside the dry loaded-microgels 
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3 ZnPyr was either rejected by the swollen gel or problems with the ZnPyr 
stability in the loading (aqueous) solution. HPLC measurements on ZnPyr 
aqueous solutions did not allow quantifying the biocide concentration.  

4 DDAC (the quaternary ammonium positive charge N+) was entirely absorbed by 
the gel (which possesses negative charges) 

5 with regard to the complete solubility of CMI/MI biocide in water, the partners of 
this project decided not to continue the investigation on this biocide as “biocide 
reservoir” in aqueous hygienic coating formulations.  

 
The last improvements of the biocides loading procedure for microgels allowed 
incorporating 1.5%w BIT in dry gel particles and 4.0%w n-OIT in dry gel particles. 
 
Task 3.3. GRAFTING POLYMERISATION OF BIOCIDES ON THE THICKENER 
 
Partner: ITECH 
 
The objectives of this task were two: 

1 Development and optimization of polymers with grafted biocide  
2 Grafting of the N+ biocide molecule on a polymer or copolymer structure in 

order to obtain a modified and active paint raw material: the targets were a 
dispersing agent and/or a thickener and/or a copolymer latex (the priority was 
the copolymer latex) 

A series of copolymer lattices containing the N+ biocide molecule were synthesized 
under the conditions shown in tables 14 and 15. 
 

Table 14. Grafting polymerisation components 
 

Process Emulsion polymerization in a cationic medium 
Initiator V50 

2,2’-azobis(2 methylpropionamidin) dihydrochloride 
Surfactant CTAB = Cetyl Trimethyl Ammonium Bromide 

(only for the reference copolymer  
without the N+ biocide molecule) 

Monomers Butyl Acrylate / Styrene  
ratio 50/50 in moles 

 
Table 15. Grafting polymerisation conditions 

 
Polymerization parameters Value 

Initiator Temperature Between 60 and 70°C 
Polymerization Temperature Between 70 and 80°C 

Mixing speed Low 
Duration Between 5 and 7 hours 

Solid content (weight %) Between 15 and 30% 
Amount of the N+ biocide molecule Between 0 and 97 g/liter in the latex 

Polymerization Process The 3 monomers are added together 
at the same time 

or 
Continuous addition of the N+ biocide 
molecule during the polymerization 

 
During the polymerisation process some variables were considered: N+ molecule 
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content and solids content in the latex. Taken into account these parameters, different 
latexes were synthesized, as can be seen in table 16. 
 

Table 16. Synthesized latexes 
 

Latex 
N° 

N+ biocide 
molecule 

 
g/l in the latex 

Solid Content
 

Weight % 

Visual Aspect Dried 
Polymers 

 
Effect on 
bacteria* 

L0 0 30 Fluid emulsion (no grain) None 
L4 2 30 Fluid emulsion with a few grains None 
L5 4 30 Fluid emulsion with a few grains None 
L6 8 30 Fluid emulsion with lots of grains None 
L7 16 30 Fluid emulsion with lots of grains None 
L8 32 30 Fluid emulsion with lots of grains Biostatic 

L8A 32 30 Fluid and homogeneous emulsion 
with a few grains 

Biocide  

L8B 32 15 Fluid emulsion (no grain) Biocide  
L1 47 15 Fluid emulsion (no grain) Biocide 

L1A 47 20 Fluid emulsion (no grain) Biocide  
L3 97 30 Very viscous gel with lots of 

grains 
Not tested 
because of 
the viscosity

(*see detailed biological results in WP4)  
The N+ polymer resin must have a biocide effect in order to obtain a sufficient biological 
effect when applied as a film. So, a minimum of 32 g/liter of the N+ biocide molecule in 
the latex was needed to obtain an effect on the growing of the bacteria 
 
1. Characterization and Analysis of the N+ polymers latex 
 
Proportion of molecular N (Nitrogen) by the Dumas method (CNRS Analysis Central 
Service – 69 Solaize) 
 
Combustion of the sample at 1000°C under an helium flow and in the presence of 
copper oxide as catalyst was carried out. This micro-analysis was used to determine 
the total amount of nitrogen in the sample. 
 
This analysis concerned the N+ biocide molecule and allowed to determine the amount 
of the grafted N+ biocide and the amount of the not grafted N+ biocide. 
 
Samples tested: Emulsion Latex and Dried polymers obtained after precipitation and 
rinsing 
 
Latex tested: L0 – L7 – L8 – L8A – L8B – L1 – L1A 
 
Results: % N (weight) = grams of N for 100 grams of product. Results are shown in 
Table 17. 
 
 
 
 

Table 17. Proportion of molecular N 
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Latex N+ molecule 

 
g/l 

Dried polymer (precipitated + rinsed) 
 
% N calculated               % N measured 

L0 0 0.08 0.16      0.19 

L7 16 0.12 0.14      0.14 

L8 32 0.16 0.23      0.24 

L8A 32 0.16 0.17      0.24 

L8B 32 0.35 0.21      0.32 

L1 47 0.43 0.44      0.44 

L1A 47 0.31 0.30      0.31  

 
The comparison of the N amounts, both calculated and measured, allowed to 
determine the part of the N+ biocide molecule grafted on the polymer. It also provided 
information about the homogeneity of the polymer. 
 
SEC Steric Exclusion Chromatography ( THF ) 
This analysis concerned the determination of the Molecular Weights of the synthesized 
copolymers. 
 
Samples tested: dried polymers obtained after precipitation + rinsing 
 
2 Columns :     4,000 to 400,000 and 40,000 to 4 millions 
     or < 4,000 and 4,000 to 400,000 
Results: Table 18 
 

Table 18. Molecular weight 
 

N° N+ biocide 
molecule 

(g/l in the latex) 

Solid 
Content 

(weight %)

Molecular Weight 
Mw 

L0 0 30 2 populations   ≈ 427,000  ≈ 74,000 

L4 2 30 2 populations   ≈ 530,000  ≈ 86,000 

L7 16 30 2 populations   ≈ 300,000  ≈ 32,000 

L8 32 30 2 populations   ≈ 510,000  ≈ 21,000 

L8A 32 30 3 populations     ≈ 670,000   ≈ 146,000   ≈ 
12,000 

L8B 32 15 Very little soluble in THF    ≈ 17,000 

L1 47 15 Very little soluble in THF    ≈ 40,000 

L1A 47 20 Very little soluble in THF    ≈ 34,000 
 
 
DSC Differential Scanning Calorimetry  
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This analysis concerned the determination of the glass transition temperature Tg of the 
polymers 
 
Samples tested :  Dried polymers obtained after drying the latex at room 
temperature 

Dried polymers obtained after latex precipitation + rinsing 
 
Results: table 19 

Table 19. Thermal analysis 
 

N° N+ biocide 
molecule 

(g/l in the latex) 

Solid 
Content 

(weight %)

Tg (°C) (1) 
Precipitated 

polymer 

Tg (°C) (2) 
Dried 
latex 

Difference
Tg(2)–
Tg(1) 

L0 0 30 8.4 9.4 + 1 

L4 2 30 13.5 11.3 - 2.2 

L8 32 30 14.2 8.8 - 5.4 

L8A 32 30 12.9 14.4 + 1.5 

L8B 32 15 12.3 10.5 - 1.8 

L1 47 15 18.5 13.3 - 5.2 

L1A 47 20 14.3 11.1 - 3.2 

 
1 The Tg measurement standard deviation was around 1-1.5°C 
2 The latex formed a film after drying at room temperature, and this was 

confirmed with the Tg values which were below 20°C 
3 The free monomers acted as plasticizers and thus decreased the Tg value, as 

seen in L1 and L8 
 
For L1A , the Tg decreased less than L1, indicating that there was probably few N+ 
molecule free in the polymer L1A compared to L1, even if the solid content of L1A was 
higher, and this could also be explained by a better control of the process during 
polymerisation. 
 
For L8A and L8B , the 2 Tg values were very close to each other, indicating that there 
was probably few N+ molecule free in the polymer, or this could also indicate that these 
polymers were more homogeneous than L8, and this could be explained by the 
process modification during polymerisation. 
 
pH Measurement 
 
This analysis allowed to determine if the latex was acid or basic. Results are shown in 
table 20. 
 
 
 
 
 
 
 

Table 20. pH of the latexes 
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N° N+ biocide molecule (g/l in the latex) Solid Content 

(weight %) 
pH 

L0 0 30 4.4 

L8 32 30 2.8 

L8A 32 30 2.7 

L8B 32 15 2.8 

L1 47 15 2.5 

L1A 47 20 2.6 

 
Determination of the amount of free N+ molecule in the latex (free monomers) 
Lots of different tests were done using the Aqueous Chromatography Method. The 
objective was to define an analysis method to determine the amount of free monomers 
inside the latex. 
 
The tested method consisted in precipitate the latex with an appropriate medium, and 
then determine inside the him-floating the amount of free N+ molecule by Aqueous 
Chromatography using a right-curve for calibration. 
 
Two problems limited this method :  
 

1 The right of calibration was not linear for low concentrations of free N+ molecule 
2 When doing the precipitation of the latex, a certain amount of free N+ molecule 

was entrapped, because when comparing the right of calibration of the free N+ 
molecule alone in the precipitating medium and the right of calibration of the L1 
latex added with some known amounts of the free N+ molecule and then 
precipitated in the same medium there was a loss of information for the trials L1 
+ the free N+ molecule (figure 16) 
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Figure 16. Calibration of the N+ molecule 

 
It seemed that there was probably few N+ molecule free in the latex, so this technique 
was not suitable for measuring the free monomers content inside the latex. In future 
tests, the Ultra-centrifugation method was used in order to separate the polymer from 
the serum phase without adding any external product, and then determine the amount 
of the free N+ molecule inside the serum phase using the Aqueous Chromatography  
 
 
Optimization of the grafting conditions  
A series of copolymer lattices containing the N+ biocide molecule were synthesized 
under the following conditions 
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Process Emulsion polymerization in a cationic aqueous medium 
 

Initiator V50 : 2,2’-azobis(2 methylpropionamidin) dihydrochloride 

 
The initiator breaks up under the action of the temperature and gives positively  
charged radicals : the polymerization takes place by the propagation of these radicals 

Surfactant CTAB = Cetyl Trimethyl Ammonium Bromide 
C16H33 – N+ – ( CH3 )3        Br - 

 
                             CMC = 0.36 g/liter in deionized water at 60°C 

 
(only for the reference copolymer latex L0 without the N+ biocide molecule) 

Monomers  

Butyl Acrylate / Styrene (mol ratio 50/50) N+ biocide (quaternary ammonium) 
 

Where R1 – R2 – R3 – R4 are polymerizable hydrophilic and/or hydrophobic groups 
 
The ratio between the 2 monomers butyl acrylate and styrene was optimized in order 
to have a glass transition temperature ( Tg ) around 10-15°C and thus a good film 
formation for the paint at room temperature. The conditions employed are depicted in 
table 21. 
 

Table 21.Polymerisation conditions 
 

Polymerization parameters Value  
Initiator Temperature Between 60 and 70°C 

Polymerization Temperature Between 70 and 85°C 
Mixing speed Low  

Duration  Between 4 and 7 hours 
Solid content (weight %) Between 15 and 30% 
Amount of the N+ biocide 

molecule 
Between 0 and 97 g/liter in the latex 

⇒ Between 0 and 33% (weight) in the dry 
polymer 

Polymerization Process Adding procedure of the N+ biocide 
Batch – Continuous – Discontinuous 

 
The Laboratory Synthesis Equipment for doing the polymerisation is shown in figure 17. 
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Figure 17. Laboratory equipment employed 
 
The bacteria used for testing was gram+ Staphylococcus aureus (hospitals). Table 22 
summarizes the results obtained. 
 

Table 22. Bacteria testing 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Latex 
N° 

N+ biocide 
molecule 

 
Content in 
g/l in the 

latex 

Solid Content 
 
 

Weight % 

N+ biocide 
molecule  

 
Weight % in 

 the dried 
polymer 

Visual Aspect Dry 
Polymers 

 
Effect on 
bacteria* 

L0 0 30 0 Very fluid emulsion (no grain) None 

L4 2 30 0.7 Very fluid emulsion with grains None 

L5 4 30 1.4 Very fluid emulsion with a few 
grains 

None 
 

L6 8 30 2.8 Fluid emulsion with lots of grains None 
L7 16 30 5.6 Fluid emulsion with lots of grains None 
L8 32 30 11 Fluid emulsion with lots of grains Biostatic 

L8A 32 30 11.1 Fluid emulsion and whiter than 
L8 with a few grains 

Biocide  

L8B 32 15 21.8 Very fluid emulsion (no grain) Biocide  
L1 47 15 33 Very fluid emulsion (no grain) 

 
Biocide 

L1A 47 20 24.1 Very fluid emulsion (no grain) 
 

Biocide  
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Table 22. Bacteria testing (continue) 

 
 
Figure 18 shows some examples of the latexes obtained. 
 

          
Figure 18. Latexes obtained 

 
Conclusions :  

• A minimum of 32 g/liter of the N+ biocide molecule in the latex, that means a 
minimum of 11 weight % in the dried polymer, was needed to obtain an effect 
on the growing of the bacteria 

• The L1B latex was interesting : biological activity - aspect - viscosity  
• Some latex like L1 and L1A had an interesting effect on bacteria, but a too low 

viscosity 
• Some latex like L9 and L3A had an interesting effect on bacteria, but a too high 

viscosity 
 
So, the optimised latexes are shown in table 23 and figure 19. 
 
 
 
 
 
 

Latex 
N° 

N+ biocide 
molecule 

 
Content in 
g/l in the 

latex 

Solid Content 
 
 

Weight % 

N+ biocide 
molecule  

 
Weight % in 

 the dried 
polymer 

Visual Aspect Dry 
Polymers 

 
Effect on 
bacteria* 

L1B 
 

47 26 16.3 Emulsion with a certain 
consistency 

Interesting viscosity but grains 

High 
biostatic 

effect 
L1C 

 
47 30 16.3 Granular structure (only grains) Not tested  

L1D 47  30 16.3 Gel with a too high consistency 
Water separates from the gel 

(syneresis phenomenon) 

Not tested 

L10 60 30 20.4 Gel with a too high consistency 
Water separates from the gel 

(syneresis phenomenon) 

Not tested  

L9 75 25 25.5 Gel with a high consistency  
“Creamy” structure 

Biocide  
 

L3 97 30 33 Granular structure (only grains) 
 

Not tested  

L3A 97 26 33 Gel with a too high viscosity  
“Creamy” structure 

Biocide  
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Table 23.Optimised latexes 

 

   
   L1B2     L1B3 

Figure 19. Optimised latexes 
 
See detailed results in the Deliverable D3.3 
 
Characterization and Analysis of the N+ polymer latex 
The following tests were carried out: 
 

• Biological activity: this analysis was necessary to determine if the grafted 
biocide polymer had an effect on the bacteria growing, and to classify the 
biological activity (biostatic, biocide …) 

• Dosage of molecular Nitrogen by the Dumas method (CNRS Analysis Central 
Service – 69 Solaize) 

• SEC Steric Exclusion Chromatography (THF): this analysis concerned the 
determination of the Molecular Weights of the synthesized copolymers  

• DSC Differential Scanning Calorimetry: this analysis concerned the 
determination of the glass transition temperature Tg of the polymers 

• pH Measurement: this analysis allowed to determine if the latex was acid or 
basic 

• Particle average size of the polymer latex (emulsion): this measure was done 
only on the 2 optimized latex L1B2 and L1B3. It concerned the determination of 
the emulsion particles average size and the particles sizes distribution inside 
the emulsion (LGC Granulométrie - 31 Toulouse) 

• Determination of the amount of the free N+ biocide and the free monomers 
inside the latex: the objective was to define an analysis method to determine 
the amount of the free monomers inside the latex. These analysis were very 

Latex 
N° 

N+ 
biocide 

molecule 
 

Content 
in g/l in 

the latex 

Solid 
Content 

 
 

Weight 
% 

N+ biocide 
molecule  

 
 

Weight % in 
 the dried 
polymer 

Visual Aspect Dry 
Polymer 

Film 
 
 

Effect on 
bacteria* 

L1B2 49 30 16.3 Emulsion with a good 
viscosity and 
consistency 

Good visual aspect (no 
grain) 

High 
biostatic 

effect 

L1B3 49 30 16.3 Emulsion with a good 
viscosity and 
consistency 

Good visual aspect (no 
grain) 

High 
biostatic 

effect 
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important because if the latex contained less than 2% of free monomers, then it 
was not concerned by the REACH Registration Program 

o Aqueous Chromatography Method: lots of different tests were done 
using the Aqueous Chromatography Method. Finally, it was concluded 
that this technique was not suitable for measuring the free monomers 
content inside the latex 

o Dialysis Separation Method: the objective of this method was to 
separate the free monomers and the polymer small chains from the 
polymer itself in the emulsion, without adding any external product. It 
determined the free monomers content which didn’t react during the 
polymerization 

 
The used membranes were composed of regenerated cellulose with a cut threshold of  
3500 and 7000 grams/mole. The membrane, containing the diluted polymer latex, was 
immersed in deionised water, and this water was changed several times. 
  
Lots of different tests were done using different dialysis conditions to determine the 
most suitable conditions. For example, we tested :   

- different polymer latex : L1B – L1B2 – L1B3 
- different dilution rates of the polymer latex in water : 20%w - 10%w - 5%w 
-  different water replacements : 3 times – 4 times – 5 times – 6 times 

 
In order to analyse the aqueous solutions obtained after dialysis different methods 
were investigated. 
 

• Biological Test : the N+ biocide monomer has a disinfecting effect on bacteria, 
depending on its concentration in water. A calibration curve (figure 24) was 
determined with solutions in water of the N+ biocide at different concentrations 
(0.125 – 0.25 – 0.5 – 1 – 1.5 – 2 – 3 %w in water), in order to measure the MIC 
concentration of the N+ biocide monomer (MIC Minimum Inhibitory 
Concentration)  
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Figure 24. Calibration curve 

 
The N+ biocide monomer had a disinfecting effect for low concentration in water (from 
0.5%w). Testing if the solution obtained after dialysis had a disinfecting effect or not 
would indicate if there was some N+ biocide free monomer, and with the calibration 
curve it was possible to know the amount of the free N+ biocide monomer coming from 
the polymer latex. 
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The aqueous solutions obtained after dialysis didn’t have any biological effect, thus the 
extracted N+ biocide concentration was less than 0.25 weight %, according to the MIC 
calibration curve. Thus little N+ biocide monomer was free in the latex, but regrettably 
no other analysis method allowed us to correlate this result. 
 

• Colour Measurement: the N+ biocide had a yellow-orange colour so it was 
possible to link the b* colorimetric value (yellow-blue chromatic hue) measured 
on the aqueous solutions with the N+ biocide concentration in water. A 
calibration curve was determined (figure 25) 

5,36; 2,3

2,3; 1,16

y = 0,3714x + 0,2684
R2 = 0,9975
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Figure 25. Calibration curve for colour measurement 

 
By measuring the b* value on the solution obtained after dialysis, it indicated if there 
was some N+ biocide monomer free or not, and with the calibration curve it was 
possible to know the amount of the free N+ biocide monomer coming from the polymer 
latex. 
 
The bad reproducibility of the b*measurements on the aqueous solutions obtained after 
dialysis didn’t allow to determine the free N+ biocide monomer concentration. 
 

• Nitrogen Dosage: This analysis was done by CNRS Analysis Central Service 
(69 Solaize).The N+ biocide monomer had some nitrogen in its chemical 
composition: 0.73 %w of nitrogen inside the N+ molecule. By measuring if the 
solution obtained after dialysis contained some nitrogen or not, then it would 
indicate that there was some N+ biocide monomer free or not, and with the 
CNRS nitrogen dosage it was possible to know the amount of the free N+ 
biocide monomer coming from the polymer latex. 

 
The sensibility threshold of this method was 0.1 weight % of nitrogen. The polymer 
latex contained amounts less than 0.1 weight % of nitrogen, thus the method was not 
applicable. 
 
Conclusions: 

• After many different tests, it was impossible to correlate the 3 investigated 
methods 

• We still had problems to determine the amount of free monomers inside the 
polymer latex 
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See detailed results in the Deliverable D3.4 
 
Deviations and corrective actions: 

 
No significant deviations have to be remarked for this WP. 

Deliverables: 

 
Deliverable 

nº 
Deliverable Title Proposed 

delivery date
Real delivery 

date 

D3.1 Sample of systems based on biocide 
encapsulated microparticles 

12th month 14th month 

D3.2 Sample of systems based on biocide 
encapsulated microgels 

16th month 16th month 

D3.3 Sample of systems based on 
biocides grafted on thickeners 

16th month 16th month 

D3.4 Final report of the characteristics 
and properties of all systems 
selected for hygienic coatings 

16th month 16th month 

 

Milestones: 

 
Obtaining of samples based on biocide encapsulated microparticles, biocide 
encapsulated microgels and biocides grafted polymer. 

The only milestone of this WP was obtained. 
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WP4: Study of the controlled release from the polymer particles and 
selection of the best ones 
 
Lead Partner: ARMINES 

Partners involved: LAMIRSA, ITECH and ARMINES 

Workpackge objectives: 
Study of the release of the biocide from the polymer-active ingredient systems 
prepared in WP3. 
 
Progress towards objectives: 
 
Task 4.1. CONTROL OF THE BIOCIDE RELEASE FROM THE MICROPARTICLES 
 
Partner: ARMINES 
 
Three mechanisms for controlling biocide release from PLA-biocide microparticles 
could be considered: 
1. Fickian diffusion through the polymer matrix 
2. Diffusion through water filled pores created upon swelling of the polymer matrix 
3. Delivery by erosion of the polymer matrix. 
 
A combination of these mechanisms with contribution of surface burst effect was also 
possible. After immersion of PLA-active ingredient microparticles (PLA devices) in 
water, the very first event which occurs was water uptake. The penetrating water 
rapidly created a negative gradient of water concentrations from the surface to the 
centre as expected from a pure diffusion viewpoint. However, this gradient vanished in 
a couple of days, diffusion of small molecules like water being rather fast as compared 
with degradation rates. Therefore, one can consider that hydrolysis of ester bonds 
started homogeneously from the beginning of immersion.  
 
Generally, two phenomena are of critical importance. First, degradation causes an 
increase of the number of carboxylic chain ends which are known to autocatalyse the 
ester hydrolysis. Second, only oligomers which are soluble in the surrounding aqueous 
medium can escape from the matrix. In the PLA series, diffusion coefficients of the 
soluble oligomers depended primarily on PLA initial characteristics like molecular 
weight and molecular weight distribution, configurational structure, crystallinity degree, 
but also swelling degree of the matrix. If the degrading material was or became 
crystalline, no hollow structure was observed although degradation still preceded faster 
inside than outside. Therefore, the whole process was complex and mathematical 
modelling of the diffusion-reaction balance was rather difficult because of the 
continuously changing characteristics of the matrix. 
 
The degradation rate was highly dependent on the size of PLA particles: amorphous 
polymer devices (such as micro- or nanoparticules) with initial dimensions below a 
critical thickness (around 200-300 µm) degraded more slowly than large devices made 
of the same polymer, because all the leachable oligomeric compounds formed within 
the matrix should have been able to escape from it as soon as they became soluble. 
 
Besides the size of polymer device, the presence of low molecular weight compounds 
as additives or because of absorption, the thermal and storage histories, mechanical 
stresses and porosity of the microparticles were very important elements influencing 
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the polymer degradation rate and implicitly the biocide release. 
 
Last but not least, the polymer-biocide interaction also played a significant role on the 
biocide release behaviour of the system. For acidic compounds, faster hydrolysis of 
ester bond was expected, due to acid catalysis. For basic compounds two effects could 
be observed: base catalysis of the ester bond cleavage and neutralization of carboxy 
end groups of polymer chains which restricts the autocatalytic effect of acidic chain 
ends. Thus degradation could be accelerated or retarded by a base, depending on the 
relative contribution of the above two effects.  
 
1. Biocide release from the microparticles 
 
The biocide release was followed by monitoring the biocide concentration in the PLA-
microparticles using elementary analysis method, after different immersion times in a 
large amount of deionised water. Monitoring the weight or structural changes which 
occurred in the case of the particles was not obvious. The optical observations of the 
PLA-biocide microparticles overall few weeks did not show clear evolution, the 
microspheres being still spherical. 
 
In the case of PLA-BIT microparticles (initial BIT content: 23%w), the main 
experimental observations were: (i) The samples contained mainly “individual” 
spherical microparticles; (ii) The powder remained at the surface of the water; (iii) The 
aspect of the microparticles seemed not to vary over the first weeks of immersion. 
 
In the case of PLA-n-OIT microparticles (initial n-OIT content: 41%w), the main 
observed features were: (i) The samples contained mainly agglomerated spherical 
microparticles. This might be a possible consequence of the fact that the n-OIT biocide 
was an “oily” liquid, as compared with the BIT presented previously, which was a solid 
powder. It was possible that the polymer particles containing a large amount of n-OIT 
to remain “sticky”, even after several days of immersion in water; (ii) Almost all the 
powder was rapidly sedimenting; (iii) The aspect of the microparticles seemed not to 
vary over the first weeks of immersion. 
 
As can be seen in figure 26 the experimental results indicated that PLA-microparticles 
with similar thermal and storage histories but containing different biocides presented 
different rates of the biocide release. It appeared that the polymer-biocide interaction 
played a significant role on the biocide release behaviour of the system.  
 
The experimental results of figure 26 indicated that PLA-microparticles containing 
different biocides inside present different biocide release rates. It appeared that the 
polymer-biocide interaction played a significant role on the biocide release behaviour of 
the system. 
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Figure 26. Biocide release from PLA-biocide microparticles placed in water. The 
initial contents of encapsulated biocides are: 23%w BIT for PLA/BIT; 41%w OIT 
for PLA/OIT; 25%w ZnPyr for PLA/ZnPyr 4/1 and 50%w ZnPyr for PLA/ZnPyr 

1/1. 
 
The BIT and n-OIT release in water passed by an initial fast release or ‘‘burst’’ phase, 
within the first 24 hours after particles immersion. This was most probably the result of 
a rapid dissolution of the biocide domains at the solid-liquid surface. During this stage, 
a large part of BIT (90% of the total) and n-OIT (58% of the total) was released in the 
surrounding medium, without any noticeable changes in the microparticles size or 
structure. 
 
In a second stage, after the first day, the biocide release was much slower (around 2% 
within the next two weeks), indicating that this second release phase was mainly 
controlled by polymer degradation mechanisms. 
 
The experimental results followed the same trend as observed by ITECH when 
studying the biological activity of PLA-biocide microparticles in a model paint 
formulation, Acronal S790 (BASF; aqueous dispersion of a butyl acrylate/styrene 
copolymer): an immediate biocide effect of the PLA-BIT microparticles and a slower 
biostatic/biocide effect of the PLA-n-OIT. 
 
The release of ZnPyr biocide from the PLA-microparticles followed a completely 
different pattern, regardless the initial percentage of incorporated ZnPyr – 25% or 
50%w. The release was very slow, and almost negligible in the case of ZnPyr/PLA 
particles 1/1. This behaviour confirmed the initial hypothesis of our partner CIDEMCO, 
about the formation of a complex between ZnPyr and the poly(lactic acid). And it may 
be a good reason for the poor fungicidal activity of the ZnPyr/PLA microparticles, as 
observed by ITECH. 
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It is also important to note that experimental studies on PLA devices subjected to 
selected microorganisms (biotic media) showed in general faster polymer degradation, 
as comparing with the abiotic media. The presence of microorganisms accelerated the 
degradation of polylactide as compared to the degradation in corresponding sterile 
medium. The changes in polymer polydispersity indicated different degradation 
mechanisms in biotic and abiotic mediums, which implied increased release rate of the 
biocides in the presence of microorganisms. 
 
2. Biocidal activity 
 
Partner: ITECH 
 
Samples tested: 4 Microparticles based in PLA 
 BIT / PLA 
 OIT / PLA 
           Zn Pyr / PLA 1/1 
           Zn Pyr / PLA 1/4 
 
                                                   1 Microparticle based in hydroxyapatite 
                                                Zn Pyr 2.5% in Calcium Hydroxyapatite 
 
Testing procedure : 
 

Microparticles are dispersed in a waterbased resin 

Selected resin : Acronal S790 (BASF) 
Aqueous dispersion of a copolymer butyl acrylate / styrene 

Solid content 50%   pH = 7.5-9 
Acronal S790   98% 
Microparticle     2% 

                   Dispersion 
Lab Paint Disperser (Grenier Charvet – Lenze) 
Speed 50% (= 1500 rounds/mn) - Time 2 mn 

Application with a brush on a glass fibers textile - 1 coat 
Application of the preparations 

at to (just after the mixing) – t + 1 day – t + 7 days 
Drying of the samples at room Temperature 

 
Bacteria : gram + staphylococcus aureus (hospitals) 
 
Applications at to – t + 1 day – t + 7 days : 
- Determine if there is a release of the biocide during storage depending on the time. 
- Determine if the biological activity is different or not depending on the time. 
 
Contact with bacteria during 6H and 24H and comparison of the results : 
- The Bacteria will grow or not depending on the release of the biocide in the medium. 
- After 24H bacteria liberate enzymes, thus it can be determine if there is an enzymatic 
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hydrolysis of the PLA or not. 
- Determine if the biological activity is different or not between 6H and 24H contact. 
 
Visual aspects of the preparations : Table 24 

 
Table 24. Visual aspect of the dispersion 

Reference Contact with 
Acronal 

After mixing t + 1 day t + 7 days 

BIT  
 
 
The micro-
particles remain 
at the surface 

 

OK OK OK 

OIT OK OK OK 

Zn Pyr 1/1 OK OK OK 

Zn Pyr 1/4 agglomerates 

Zn Pyr 
hydroxyapatite 

OK OK OK 

 
Results: Table 25 
 

Table 25. Bacterial activity of the dispersions 
Acronal S790 

(Alone) 
The resin reduces the speed of growing of the bacteria 
It allows to determine the effect of each microparticle 

Zn Pyr 
hydroxyapatite 

to – t + 1 day – t + 7 days : the same results 
6H and 24H : no effect on bacteria 

BIT/PLA to – t + 1 day – t + 7 days : the same results 
6H and 24H : biocide effect 
⇒ BIT is efficient immediately 
⇒ Too quick diffusion ? 
⇒ Microparticles are broken during dispersion ? 
⇒ Problems during encapsulation ? 

OIT/PLA to – t + 1 day – t + 7 days : the same results 
6H : biostatic effect 
24H : biocide effect 
OIT is less bactericide than BIT : its effect is slower during time 
⇒ Diffusion mechanisms need to be known before giving any 
conclusion 

Zn Pyr / PLA 
1/1 

to – t + 1 day – t + 7 days : the same results 
6H : biostatic effect 
24H : biocide effect 
Zn Pyr : low bactericide effect + fungicide effect 
⇒ Diffusion mechanisms need to be known before giving any 
conclusion 

Zn Pyr / PLA 
1/4 

(agglomerates) 

to – t + 1 day – t + 7 days : the same results 
6H : biostatic effect 
24H : biocide effect 
Same results with an amount of Zn Pyr ÷ 4 
⇒ Diffusion mechanisms need to be known before giving any 
conclusion 

 
Fungi : mixture of 10 different fungi according to the NFX 41-520 standard (of which 
aspergillus niger). 
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Duration of the test : 36 days 
 
Results : Table 26 
 

Table 26. Activity of the dispersions against fungi 
Acronal S790 alone No effect 
Zn Pyr hydroxyapatite No effect 

BIT Very low effect 
OIT 

 
Good resistance against fungi growing 
Same effect level as Zn Pyr 1/1 or 1/4 

Zn Pyr / PLA 
1 / 1 

 

Good resistance against fungi growing 
Same effect level as OIT 

Same effect as Zn Pyr 1/4 
Zn Pyr / PLA 

1 / 4 
 

Good resistance against fungi growing 
Same effect level as OIT 

Same effect as Zn Pyr 1/1 
 
The following tasks that were carried out considered different concentrations and 
combinations of different biocides.  
 

• COMBINATIONS OF BIOCIDES CONTAINING BIT – OIT – Zn Pyr 
• RESISTANCE AGAINST BACTERIA AND FUNGI 
• BEFORE AND AFTER ACCELERATED AGEING 

 
Considering the Lamirsa data, it was decided to use the concentrations depicted in 
table 27: 
 

Table 27. Concentrations tested 
Biocide % purity % of active 

ingredient in 
the Lamirsa 
commercial 

products 

Dosage of the 
Lamirsa 

commercial 
products in the 

final paint 

% of pure active 
ingredient in the final 

paint 

BIT 85 20 1% 0.17 
OIT 96 12 1% 0.1152 

Zn Pyr 96 9 1% 0.0864 
 
We selected a standard waterbased resin: Rhodopas DS910 (RHODIA). It is an anionic 
aqueous dispersion of a styrene/acrylic copolymer with a solid content of 50% and pH 
8. 
 
Four concentrations were calculated for each biocide system according to the above 
scheme (all the concentrations are weight % in the Rhodopas DS910 resin): 
 - concentration (1) : possible maximum concentration 
 - concentration (2) : 75% of concentration (1) 
 - concentration (3) : 50% of concentration (1) 
 - concentration (4) : 25% of concentration (1) 
 
Tables 28 and 29 show the different concentrations and combinations used in each 
case, respectively. 
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Table 28. Biocide concentrations tested 
 
BIOCIDES FROM LAMIRSA 

Lamirsa Biocide  
(Pure active 
ingredient) 

% 
purity 

Concentration 
(1) 

 

Concentration 
(2) 

Concentration 
(3) 

BIT Lamirsa 
Pure BIT 

85 
100 

0.2 
0.17 

0.15 
0.1275 

0.1 
0.085 

OIT Lamirsa 
Pure OIT 

96 
100 

0.12 
0.1152 

0.09 
0.0864 

0.06 
0.0576 

Zn Pyr Lamirsa 
Pure Zn Pyr 

96 
100 

0.09 
0.0864 

0.0675 
0.0648 

0.045 
0.0432 

 
Each biocide was dispersed in the Rhodopas DS910 resin during 2 minutes with 1500 
rpm speed (diameter 4 cm) 
 
MICROPARTICLES FROM CIDEMCO 

Microparticle  
(Pure active 
ingredient)  

Pure 
Biocide 
Content 

(weight %) 

Concentration 
(1) 

 

Concentration 
(2) 

Concentration 
(3) 

BIT/PLA 
Pure BIT 

23 
100 

0.74 
0.1702 

0.555 
0.1276 

0.37 
0.0851 

OIT/PLA 
Pure OIT 

41 
100 

0.28 
0.1148 

0.21 
0.0861 

0.14 
0.0574 

Zn Pyr/PLA  1/1 
Pure Zn Pyr 

50 
100 

0.1728 
0.0864 

0.1296 
0.0648 

0.0864 
0.0432 

Zn Pyr/PLA  1/4 20 Not tested Not tested Not tested 
 
Each particle was dispersed in the Rhodopas DS910 resin during 2 minutes with 500 
rpm speed (diameter 4 cm) 
 
COMBINATIONS C1 : 3% OIT + 6% Zn Pyr 
Biocide % purity % of active 

ingredient in 
the Lamirsa 
commercial 

products 

Dosage of the 
Lamirsa 

commercial 
products in the 

final paint 

% of pure active 
ingredient in the final 

paint 

OIT 
+ 

Zn Pyr 

96 3 
+ 
6 

 
1% 

0.0288 
+ 

0.0576 
 

96 
 

C1 with 
Biocides from 

LAMIRSA  

% purity Concentration 
(1) 

Concentration 
(2) 

Concentration (3) 

OIT 
+ 

Zn Pyr 

96 0.03 
+ 

0.06 

0.0225 
+ 

0.045 

0.015 
+ 

0.03 
 

96 
Pure OIT 

+ 
Pure Zn Pyr 

100 0.0288 
+ 

0.0576 

0.0216 
+ 

0.0432 

0.0144 
+ 

0.0288 100 
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C1 with 
Microparticles 
from CIDEMCO 

Pure 
Biocide 
Content 

(weight %) 

Concentration 
(1) 

Concentration 
(2) 

Concentration 
(3) 

OIT/PLA 
+ 

Zn Pyr/PLA  1/1 

41 0.07 
+ 

0.1152 

0.0525 
+ 

0.0864 

0.035 
+ 

0.0576 50 
Pure OIT 

+ 
Pure Zn Pyr 

100 0.0287 
+ 

0.0576 

0.0215 
+ 

0.0432 

0.0143 
+ 

0.0288 100 
 
 

Table 29. Biocide conbinations tested 
 
COMBINATIONS C2 : 6% OIT + 3% Zn Pyr 
 
Biocide % purity % of active 

ingredient in the 
Lamirsa 

commercial 
products 

Dosage of the 
Lamirsa 

commercial 
products in the 

final paint 

% of pure active 
ingredient in the final 

paint 

OIT 
+ 

Zn Pyr 

96 6 
+ 
3 

 
1% 

0.0576 
+ 

0.0288 
 

96 
 

C2 with 
Biocides from 

LAMIRSA  

% purity Concentration 
(1) 

Concentration 
(2) 

Concentration (3) 

OIT 
+ 

Zn Pyr 

96 0.06 
+ 

0.03 

0.045 
+ 

0.0225 

0.03 
+ 

0.015 
 

96 
Pure OIT 

+ 
Pure Zn Pyr 

100 0.0576 
+ 

0.0288 

0.0432 
+ 

0.0216 

0.0288 
+ 

0.0144 100 

 
 

C2 with 
Microparticles 
from CIDEMCO 

Pure 
Biocide 
Content 

(weight %) 

Concentration 
(1) 

Concentration 
(2) 

Concentration 
(3) 

OIT/PLA 
+ 

Zn Pyr/PLA  1/1 

41 0.14 
+ 

0.0576 

0.105 
+ 

0.0432 

0.07 
+ 

0.0288 50 

Pure OIT 
+ 

Pure Zn Pyr 

100 0.0574 
+ 

0.0288 

0.043 
+ 

0.0216 

0.0287 
+ 

0.0144 100 
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COMBINATIONS C3 : 3% OIT + 6% Zn Pyr + 20% BIT 
 
Biocide % purity % of active 

ingredient in the 
Lamirsa 

commercial 
products 

Dosage of the 
Lamirsa 

commercial 
products in the 

final paint 

% of pure active 
ingredient in the 

final paint 

OIT 
+ 

Zn Pyr 
+ 

BIT 

96 3 
+ 
6 
+ 
20 

 
1% 

0.0288 
+ 

0.0576 
+ 

0.17 

 
96 

 
85 

 
1% 

 
 
C3 with 

Biocides 
from 

LAMIRSA  

% 
purity

Concentration 
(1) 

Concentration 
(2) 

Concentration 
(3) 

Concentration 
(4) 

 

OIT 
+ 

Zn Pyr 
+ 

BIT 

96 0.03 
+ 

0.06 
+ 

0.2 

0.0225 
+ 

0.045 
+ 

0.15 

0.015 
+ 

0.03 
+ 

0.1 

0.0075 
+ 

0.015 
+ 

0.05 

 
96 

85 

Pure OIT 
+ 

Pure Zn 
Pyr 
+ 

Pure BIT 

100 0.0288 
+ 

0.0576 
+ 

0.17 

0.0216 
+ 

0.0432 
+ 

0.1275 

0.0144 
+ 

0.0288 
+ 

0.085 

0.0072 
+ 

0.0144 
+ 

0.0425 

100 

100 
 
 

C3 with 
Microparticles 

from 
CIDEMCO 

Pure 
Biocide 
Content 
(weight 

%) 

Concentration 
(1) 

Concentration 
(2) 

Concentration 
(3) 

Concentration 
(4) 

OIT/PLA 
+ 

Zn Pyr/PLA 1/1 
+ 

BIT/PLA 

41 0.07 
+ 

0.1152 
+ 

0.74 

0.0525 
+ 

0.0864 
+ 

0.555 

0.035 
+ 

0.0576 
+ 

0.37 

0.0175 
+ 

0.0288 
+ 

0.185 

50 

23 

Pure OIT 
+ 

Pure Zn Pyr 
+ 

Pure BIT 

100 0.0287 
+ 

0.0576 
+ 

0.1702 

0.0215 
+ 

0.0432 
+ 

0.1276 

0.0143 
+ 

0.0288 
+ 

0.0851 

0.0072 
+ 

0.0144 
+ 

0.0426 

100 

100 
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COMBINATIONS C4 : 6% OIT + 3% Zn Pyr + 20% BIT 
 
Biocide % 

purity 
% of active 

ingredient in the 
Lamirsa 

commercial 
products 

Dosage of the 
Lamirsa 

commercial 
products in the 

final paint 

% of pure active 
ingredient in the 

final paint 

OIT 
+ 

Zn Pyr 
+ 

BIT 

96 6 
+ 
3 
+ 
20 

 
1% 

0.0576 
+ 

0.0288 
+ 

0.17 

 
96 

 
85 

 
1% 

 
 
 
C4 with 

Biocides 
from 

LAMIRSA  

% 
purity

 

Concentration 
(1) 

Concentration 
(2) 

Concentration 
(3) 

Concentration 
(4) 

OIT 
+ 

Zn Pyr 
+ 

BIT 

96 0.06 
+ 

0.03 
+ 

0.2 

0.045 
+ 

0.0225 
+ 

0.15 

0.03 
+ 

0.015 
+ 

0.1 

0.015 
+ 

0.0075 
+ 

0.05 

 
96 

85 

Pure OIT 
+ 

Pure Zn 
Pyr 
+ 

Pure BIT 

100 0.0576 
+ 

0.0288 
+ 

0.17 

0.0432 
+ 

0.0216 
+ 

0.1275 

0.0288 
+ 

0.0144 
+ 

0.085 

0.0144 
+ 

0.0072 
+ 

0.0425 

100 

100 
 
 

C4 with 
Microparticles 

from 
CIDEMCO 

 

Pure 
Biocide 
Content 
(weight 

%) 

Concentration 
(1) 

Concentration 
(2) 

Concentration 
(3) 

Concentration 
(4) 

OIT/PLA 
+ 

Zn Pyr/PLA 1/1 
+ 

BIT/PLA 
 

41 0.14 
+ 

0.0576 
+ 

0.74 

0.105 
+ 

0.0432 
+ 

0.555 

0.07 
+ 

0.0288 
+ 

0.37 

0.035 
+ 

0.0144 
+ 

0.185 

50 

 
23 

Pure OIT 
+ 

Pure Zn Pyr 
+ 

Pure BIT 

100 0.0574 
+ 

0.0288 
+ 

0.1702 

0.043 
+ 

0.0216 
+ 

0.1276 

0.0287 
+ 

0.0144 
+ 

0.0851 

0.0143 
+ 

0.0072 
+ 

0.0426 

100 

100 
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BACTERIAL AND FUNGI TESTING 
 
APPLICATION CONDITIONS  
Substrate : glass fiber textile  
2 samples for each preparation ( 1 sample is not aged , 1 sample is aged ) 
The application was done just after the mixing or the dispersion (no storage) 
Dry thickness : 1 coat ≈ 150-200 µ (bar-coater) 
Drying : at room temperature during 2 weeks 
 
ACCELERATED AGEING CONDITIONS 
-48 hours at 50°C 
-Immersion in water at 20 +/- 2°C during 4 days 
-Drying at room temperature during 24 hours 
-48 hours under UV light 
 
 
BACTERIA AND FUNGI TESTING PROCEDURE 

• Bacteria: gram + staphylococcus aureus (hospitals) 
Contact of the samples with bacteria during 24H: after 24 hours the bacteria grow or 
not depending on the presence and the release of the biocide(s) in the film and on the 
efficiency of the biocide(s)  
 

• Fungi: mixture of 10 different fungi according to the NFX 41-520 standard 
(among which aspergillus niger)  

 
Duration of the test : 4 weeks 
 
Objectives :  

• To determine if there was a release and/or a loss of the biocide(s) during the 
accelerated ageing 

• To determine if the biological activity was different or not, before and after the 
accelerated ageing 

 
RESULTS FOR BACTERIA PROTECTION 
 
To : Number of bacteria in the inoculum before testing 
T : Number of bacteria after 24 hours of contact with the tested sample 
 

Log(T/To) EFFECT ON BACTERIA 
≥ +3 No effect 

Between -1 and +1 
≈ -1 
≈ +1 

Biostatic effect 
Strong biostatic effect 
Weak biostatic effect 

< -2 Biocide effect 
0 bacterium It means that Log(T/To) can’t be calculated and the effect on 

bacteria is between strong biostatic and biocide 
 
Results: tables 30 and 31 
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Table 30. Results for bacteria protection 
 

TYPE OF SAMPLES 
 

NOT-AGED SAMPLES AGED SAMPLES 

BIT 
CIDEMCO 

(1) : sufficient protection 
(2) : sufficient protection 
(3) : not sufficient 
 

(1) : sufficient protection 
(2) : not sufficient 
(3) : no effect 

BIT  
LAMIRSA 

(1) : sufficient protection 
(2) : sufficient protection 
(3) : sufficient protection 
 

(1) : sufficient protection 
(2) : sufficient protection 
(3) : sufficient protection 

COMPARISON  
BIT 

CIDEMCO/LAMIRSA 

(1) : Cidemco = Lamirsa 
(2) : Cidemco = Lamirsa 
(3) : Cidemco << Lamirsa 
 

(1) : Cidemco < Lamirsa 
(2) : Cidemco < Lamirsa 
(3) : Cidemco << Lamirsa 

 
 
TYPE OF SAMPLES 

 
NOT-AGED SAMPLES AGED SAMPLES 

C1 
CIDEMCO 

(1) : sufficient protection 
(2) (3) : nothing more,  compared to 
the DS910 resin alone  
 

(1) (2) (3) : bad results 

C1  
LAMIRSA 

(1) : sufficient protection 
(2) : sufficient protection 
(3) : sufficient protection 
 

(1) (2) (3) : bad results 

COMPARISON  
C1 

CIDEMCO/LAMIRSA 

(1) : Cidemco = Lamirsa 
(2) : Cidemco < Lamirsa 
(3) : Cidemco < Lamirsa 
 

Bad results 

 
 
TYPE OF SAMPLES 

 
NOT-AGED SAMPLES AGED SAMPLES 

C2 
CIDEMCO 

 (1) : sufficient protection 
(2) : sufficient protection 
(3) : sufficient protection 
 

(1) (2) (3) : bad results 

C2  
LAMIRSA 

(1) : sufficient protection 
(2) : sufficient protection 
(3) : sufficient protection 
 

(1) (2) (3) : bad results 

COMPARISON  
C2 

CIDEMCO/LAMIRSA 

(1) : Cidemco = Lamirsa 
(2) : Cidemco = Lamirsa 
(3) : Cidemco = Lamirsa 
 

Bad results 
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TYPE OF SAMPLES 
 

NOT-AGED SAMPLES AGED SAMPLES 

C3 
CIDEMCO 

 (1) : sufficient protection 
(2) : sufficient protection 
(3) : sufficient protection 
(4) : sufficient protection 

(1) : sufficient protection 
(2) : not sufficient 
(3) : not sufficient 
(4) : no effect 

C3 
LAMIRSA 

(1) : sufficient protection 
(2) : sufficient protection 
(3) : sufficient protection 
(4) : sufficient protection 

(1) : sufficient protection 
(2) : sufficient protection 
(3) : sufficient protection 
(4) : no effect 

COMPARISON  
C3 

CIDEMCO/LAMIRSA 

Not discriminating to determine 
the optimal necessary 
concentration to use 

(1) : Cidemco < Lamirsa 
(2) : Cidemco < Lamirsa 
(3) : Cidemco << Lamirsa 
(4) : no effect 

 
 
YPE OF SAMPLES 

 
NOT-AGED SAMPLES AGED SAMPLES 

C4 
CIDEMCO 

 (1) : sufficient protection 
(2) : sufficient protection 
(3) : sufficient protection 
(4) : sufficient protection 

(1) : sufficient protection 
(2) : no effect 
(3) : no effect 
(4) : no effect 

C4 
LAMIRSA 

(1) : sufficient protection 
(2) : sufficient protection 
(3) : sufficient protection 
(4) : sufficient protection 

(1) : sufficient protection 
(2) : sufficient protection 
(3) : sufficient protection 
(4) : not sufficient 

COMPARISON  
C4 

CIDEMCO/LAMIRSA 

Not discriminating to determine 
the optimal necessary 
concentration to use 

 

(1) : Cidemco < Lamirsa 
(2) : Cidemco <<< Lamirsa 
(3) : Cidemco <<< Lamirsa 
(4) : Cidemco <<< Lamirsa 

 
Table 31. Results for fungi protection 

 
TYPE OF SAMPLES 

 
NOT-AGED SAMPLES AGED SAMPLES 

Zn Pyr CIDEMCO Bad results Bad results 
 

Zn Pyr LAMIRSA Bad results Bad results 
 

BIT CIDEMCO Normal results because 
BIT is not a fungicide 

 

Bad results (but normal) 

BIT LAMIRSA Normal results because 
 BIT is not a fungicide 

 

Bad results (but normal) 

OIT CIDEMCO 
Concentration (1)  

to have a sufficient protection 

Good results Correct results 

OIT LAMIRSA 
Concentration (1) or (2) to have 

a sufficient protection 

Good results Correct results 
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TYPE OF 
SAMPLES 

COMBINATIONS 

NOT-AGED 
SAMPLES 

AGED SAMPLES 

C1 CIDEMCO Not sufficient Bad results 
 

C1 LAMIRSA Good results Bad results 
 

C2 CIDEMCO Good results Bad results 
 

C2 LAMIRSA Good results A little better than C1 
 but not sufficient 

 
C3 CIDEMCO Good results Better results than C1 and C2  

C3 a little better than C4 but C3 and C4 
have very similar results 

 
C3 LAMIRSA Good results Better results than C1 and C2  

C3 a little better than C4 but C3 and C4 
have very similar results 

 
C4 CIDEMCO Good results Better results than C1 and C2 

 
C4 LAMIRSA Good results Better results than C1 and C2 

 
 
See detailed results in the Deliverables D4.2 and D4.3 
 
Task 4.2. CONTROL OF THE BIOCIDAL ACTIVITY FROM THE GRAFTED 
POLYMERS 
 
Partner:ITECH 
 
1. Biocide release 
No biocide release took place because the biocide was a contact biocide. This means 
that the biocide was covalentely attached to the polymer hindering the biocidal release. 
 
2. Biocidal activity 
 
2.1. Biological tests on the dried polymers 
 
Samples tested: L0 – L1 – L1A – L4 – L5 – L6 – L7 – L8 – L8A – L8B 
The waterbased latex was placed in sterile flasks: an appropriate quantity of each latex 
was weighed in order to obtain the same quantity of each dried polymer for all the 
samples. The flasks were placed in an oven at 50°C to make water evaporate. When 
the samples were completely dried the biological tests were done, directly in the flasks 
on the dried polymers. 
 
Bacteria : gram + staphylococcus aureus (hospitals) 
 
Contact with bacteria during 6H and 24H and comparison of the results : 
- The Bacteria grow or not depending on the presence of the biocide in the dried 
polymer. It allowed to determine if the biological activity was different or not between 
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6H and 24H contact. 
 
Results: tables 32 and 33 
 

Table 32. Biocidal activity of the dispersions 
 

N° N+ biocide molecule 
(g/l in the latex) 

Solid Content
(weight %) 

Effect on bacteria 

L0 0 30 None 

L4 2 30 None 

L5 4 30 None 

L6 8 30 None 

L7 16 30 None 

L8 32 30 Biostatic 

L1 47 15 Biocide 

 
 

Table 33. Biocidal activity at different times 
N° N+ biocide molecule 

(g/l in the latex) 
Solid Content
(weight %) 

Effect on 
bacteria 
6H contact 

Effect on 
bacteria 
24H contact 

L8 32 30 biostatic biostatic 

L8A 32 30 biocide biocide 

L8B 32 15 biocide biocide 

L1A 47 20 biocide biocide 

 
Conclusion : A minimum of 32 g/liter of the N+ biocide molecule in the latex was 
needed to obtain an effect on the growing of the bacteria. 
 
2.2. Biological tests on the dried polymers films 
 
Biological tests on the dried polymers films obtained from the grafted polymer were 
carried out. The waterbased latex was applied with a brush on a glass fibers textile: an 
appropriate number of coats of each latex is used in order to obtain the same quantity 
of each dried polymer for all the samples. Then, the application was placed at room 
temperature to let water evaporate. When the samples are completely dried , the 
biological tests are done , directly on the dried polymers films 
 
The bacteria used for testing was gram + staphylococcus aureus (typical in hospitals) 
 
The film was put in contact with bacteria for 6 and 24 hours and results were 
compared. The bacteria will grow or not depending on the presence of the biocide in 
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the dried polymer film. So, this test allows to determine if the biological activity is 
different or not between 6H and 24H contact. 
 
Results: table 34 
 

Table 34. Biocidal activity of the dry film 
 

N° N+ biocide 
molecule (g/l in 

the latex) 

Solid 
Content 

(weight %) 

N+ biocide 
molecule  

(weight % in 
 the dried polymer)

Effect on bacteria 
Comparison 

6H / 24H contact 

L0 0 30 0 none 

L8 32 30 11 none 

L8A 32 30 11.1 weak biostatic effect 

L8B 32 15 21.8 weak biostatic effect 

L1 47 15 33 very high biostatic effect

L1A 47 20 24.1 very high biostatic effect

L1B 47 30 16.3 high biostatic effect 

L9 75 30 25.5 biocide effect 

L3A 97 30 33 biocide effect 

 
 
The N+ polymer resin must have a biocide effect in order to obtain a sufficient biological 
effect when applied as a film. When the grafted biocide polymer is applied to form a 
film, a minimum of 25 weight % of the N+ biocide molecule in the dried polymer is 
needed to obtain an effect on the growing of the bacteria. 
 
Fungi : mixture of 10 different fungi according to the NFX 41-520 standard (of which 
aspergillus niger)  
 
Duration of the test :  36 days 
 
Results : table 35 
 

Table 35. Activity of the dispersions against fungi 
 

Latex Effect 
L1 No effect 

L1A No effect 
 
The next step was to blend the grafted polymer with a typical latex and see the 
effectiveness of the system. The resin used was Acronal 280KD from BASF: Styrene 
Acrylic cationic dispersion with a solid content of 40%w – pH 2.2 to 3.5. 
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The blends were: 
• L1B / Acronal 280 KD = 50/50 (dry weight ratio)  

 
• L1B / Acronal 280 KD = 50/50 (dry weight ratio) + Lamirsa BIT 

 → Concentrations (1) maximum - (2) 75% -  (3) 50% - (4) 25% 
 → Dispersion during 2 minutes - 1500 rpm speed (diameter 4 cm) 
 

• L1B / Acronal 280 KD = 50/50 (dry weight ratio) + Cidemco BIT/PLA particles 
 → Concentrations (1) maximum - (2) 75% -  (3) 50% - (4) 25% 
 → Dispersion during 2 minutes - 500 rpm speed (diameter 4 cm) 
 
The application was done with a bar coater by applying the paint on glass fibre textile 1 
day after the mixing of the different preparations. Then it was let drying at room 
temperature for 4 days. The dry thickness obtained was 95 - 130 µm. 1 sample not 
aged + 1 sample aged for each preparation were prepared. 
 
ACCELERATED AGEING CONDITIONS 
48 hours at 50°C 
Immersion in water at 20 +/- 2°C during 4 days 
Drying at room temperature during 24 hours 
48 hours under UV light 
 
BACTERIA : gram + Staphylococcus aureus (hospitals) 
 
Contact with bacteria during 24H  
The Bacteria will grow or not depending on the presence of the biocide in the dried 
polymer films 
 
RESULTS: Log(T/To). Table 36 
 

Table 36. Effect of ageing on bacteria 
 

Reference  LAMIRSA BIT CIDEMCO BIT/PLA 
 

Ageing  Not aged Aged  Not aged Aged  
 

L1B / A280KD 
50/50 

No bacteria - 1.57 No bacteria - 1.57 

Concentration 1 No bacteria - 3.17 No bacteria No bacteria 
Concentration 2 No bacteria - 1 No bacteria No bacteria 
Concentration 3 No bacteria 0.3 No bacteria No bacteria 
Concentration 4 No bacteria 1.56 No bacteria No bacteria 

 
CONCLUSION :  
It seemed there was a major interaction between the PLA particles and the resin. 
The PLA particles gave a negative interaction with the Rhodopas DS910 resin and a 
positive interaction with the L1B/Acronal 280KD resins. 
 
See detailed results in the Deliverables D4.2 and D4.3 
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Task 4.3. CONTROL OF THE BIOCIDAL RELEASE FROM THE MICROGELS 
 
Partner: ARMINES-CEMEF 
 
1. Biocide release 
Different mechanisms allow biocide release from the preloaded “microgel-active 
ingredient” systems: 
1. Biocide release under shear/flow conditions (mainly during the mixing stage and 

the paint application on the support) – possible reversible 
2. Biocide release via swelling re-equilibration between the added swollen microgels 

and the surrounding medium (paint formulation) 
3. Biocide release via diffusion from the partially swollen microgels incorporated in the 

dry-paint film, under the effect of the humidity 
 
1.1. Biocide release under shear/flow conditions 
When incorporating swollen microgels into paint formulation, solvent (and implicitly 
biocide) can be partially released under shear/flow conditions. This was shown by 
Armines/Cemef in model experiments for micro-gel particles swollen in a linear polymer 
solutions and immersed in a silicon oil. Such a release is negative since the solvent is 
ejected during processing, in other words, before application. It was demonstrated that 
the beginning of solvent release was not instantaneous but occurred above a certain 
deformation. The mean parameters affecting microgels deformation and solvent 
release under shear are: the rheological characteristics of the swollen gel, solvent and 
surrounding medium (paint formulation), the applied shear/flow conditions, the 
interfacial tension between the solvent inside the microgel and the paint. 
 
The magnitude of this biocide release mechanism, in the case of a paint formulation 
containing AK10SH-NF microgels preloaded with different biocides, highly depend on 
the viscosity of the paint formulation, on the possible interactions between the swollen 
microgels and different ingredients of the formulation, on the swelling degree of the 
microgels and on the magnitude of the shear/flow stresses involved during the 
application of the paint on the support. 
 
1.2. Biocide release via swelling re-equilibration between the added swollen 

microgels and the surrounding medium (paint formulation) 
The swelling equilibrium (Qeq) of microgel particles in aqueous formulations depend on 
the formulations composition. Typically, Qeq is lower in a multi-component system. 
Therefore, adding microgels with a swelling degree higher that the optimum value for 
the given formulation induces an important release of solvent from the microparticles 
that will try to reach their new (lower) swelling equilibrium. The phenomenon can 
nevertheless be controlled /suppressed by choosing the optimum swelling degree for 
the microgels to be added in the formulation. For instance, experiments performed on a 
model “paint formulation”, Acronal S790 (aqueous dispersion of a butyl acrylate/styrene 
copolymer, with 50% solid content) suggested that in Acronal formulations, the 
optimum swelling degree was around 90g/g. 
 
1.3. Biocide release via diffusion from the partially swollen microgels incorporated in 

the dry-paint film, under the effect of the humidity 
This is the main mechanism expected to provide free biocide in a controlled manner, in 
order to assure sustained biological activity of the final paint film. We remind that the 
selected hydrogel microparticles were hydrophilic cross-linked polymer networks 
capable of absorbing large quantities of water, inclusive water from atmosphere. 
The diffusive characteristics of biocide molecules (solutes) inside and from the swollen 
microparticles are important properties to be determined when investigating the 
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hydrogels for use as potential biocide reservoirs.  
 
The biocide release from swollen microgel particles (with low cross-linking degree) 
immersed in water is assumed to be a diffusion-controlled process, allowing the use of 
Fick approach. As the diffusion coefficients of the different biocides proposed in this 
project depends on the size and shape of solutes, a theoretical estimation of these 
diffusion coefficients was first realised, in order to better choose the parameters 
involved in the experimental protocol. The theoretical study was based on the Fick 
diffusion law applied to a model spherical porous particle (of similar size as the swollen 
microgel), filled with water, and immersed in water. The mathematical solutions provide 
the time evolution of the amount of biocide released from the spherical porous particle. 
The corresponding diffusion coefficients can be approximated by using the Stokes-
Einstein equation, which applies to translation diffusion of spherical (solute) particles 
inside a medium. The equivalent radius of the different biocide molecules was 
determined via molecular modelling (using the HyperChem software); they vary 
between 5.5Å and 12Å. The calculated diffusion coefficients for the different biocides in 
pure water, at 25°C were ranging between (30-90)⋅10-7 cm2/s.  
 
In the case of a swollen microgel sphere instead of the model spherical particle filled 
with water, some additional parameters had to be considered, besides the equivalent 
radius of the biocide molecules, which normally reduce the diffusion coefficients of the 
biocides in swollen microgels: (i) the ratio between the microgel “pore size” and the 
size of the biocide molecule; (ii) the anisotropy of biocide molecule; (iii) the possible 
interactions biocide molecules / polymer chains. Besides, when considering the 
aqueous paint formulation as medium, instead of water, one has to consider not only 
the changes in the viscosity of the medium, but also the physical and possibly chemical 
interactions that can occur between the microgels and the multi-component system. 
 
The experimental protocol: A small amount of microgel particles, swollen with aqueous 
biocide solution, was immersed in deionised water. After different immersion periods 
(between 2 min and several days), the microgels were removed from the measuring 
cell, the excess solvent was removed and the particles dried up to constant weight. 
Elemental analysis was then performed on these microgel samples, in order to quantify 
the biocide which was not yet released. In the case of DDAC biocide, the biocide inside 
the excess solvent was also measured. 
 
Fig. 27 presents the biocide release profile, ∞MM t , as obtained experimentally when 
placing the biocide-microgels systems in a large amount of deionised water. The 
swollen BIT-microgel particles released 90% of the entrapped BIT within the first 6 
hours, and then around 5% more in the next 7 days. The n-OIT release is faster: more 
than 80% of the total entrapped biocide is released after the first 30 min. The most 
probable reason may be the larger n-OIT solubility in water, as comparing to the BIT; 
this parameter is not taken into consideration for the theoretical predictions.  
 
On the other hand, the microgel particles seems not to be adequate for entrapping and 
releasing ZnPyr – the amount of entrapped biocide is very low and the release almost 
negligible. Another reason could be the problems of measurements of ZnPyr 
concentration in water. 
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Fig. 27 Biocide release from highly swollen microgel particles (200g/g) placed in water. 
The initial contents of entrapped biocides are: 1.35 %w BIT for BIT/microgels dry 
particles; 4.02%w OIT for OIT/microgels , as calculated for dry particles 

 
 
It has to be mentioned that the release of the biocides from the microgels incorporated 
in paint formulations will be much slower, since the diffusion of small molecules (such 
as the selected biocides, BIT, OIT and ZnPyr) inside moderately swollen microgels is 
reduced, because of the reduced mobility of the biocide molecules inside the polymer 
network and because of the overall higher viscosity of the surrounding medium.  
 
2. Biocidal activity 
 

 Partner: ITECH 
Samples tested: 5 Microgels  
                               Gel 1 : BIT 
                               Gel 2 : Zn Pyr 
                               Gel 3 : OIT 
  Gel 4 : Didecyl Dimethyl Ammonium Chloride (DDAC) 0.16% 
                               Gel 5 : DDAC 0.8 % 
 
 
Testing procedure : 
 

Microgels are mixed with a waterbased resin 

Selected resin : Acronal S790 (BASF)  
Aqueous dispersion of a copolymer butyl acrylate / styrene 

Solid content 50%   pH = 7.5-9 
Acronal S790   95% 
Microgel            5% 
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               Mixing  

Lab Paint Disperser (Grenier Charvet – Lenze) 
Speed 50% (= 1500 rounds/mn) - Time 2 mn 

Application with a brush on a glass fibers textile - 1 coat 
Application of the preparations  

at to (just after the mixing) – t + 1 day – t + 7 days 
Drying of the samples at room Temperature 

 
Bacteria : gram + staphylococcus aureus (hospitals) 
 
Applications at to – t + 1 day – t + 7 days : 
- Determine if there is a release of the biocide during storage depending on the time. 
- Determine if the biological activity is different or not depending on the time. 
 
Contact with bacteria during 6H and 24H and comparison of the results : 
- The Bacteria will grow or not depending on the release of the biocide in the medium. 
- After 24H bacteria liberate enzymes , thus it can be determine if there is an enzymatic 
hydrolysis of the PLA or not. 
- Determine if the biological activity is different or not between 6H and 24H contact. 
 
Visual aspects of the preparations: table 37 
 

Table 37.Visual aspect of the dispersions 
 

Reference Contact with Acronal After mixing to t + 1 day t + 7 days 

Gel 1  
The viscosity of the gel 

decreases. 

OK OK OK 

Gel 2 OK OK OK 
Gel 3 OK OK OK 
Gel 4 OK OK OK 
Gel 5 OK OK OK OK 

 
Results: table 38 
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Table 38. Bacterial activity of the dispersions 
 

Acronal S790 
(Alone) 

The resin reduces the speed of growing of the bacteria 
It allows to determine the effect of each microgel 

Gel 1 to – t + 1 day – t + 7 days : the same results 
6H : the same result as Acronal S790 alone 
24H : little decrease of the bacteria population ≈ measurement standard 
deviation 

Gel 2 
Gel 3 
Gel 4 
Gel 5 

to – t + 1 day – t + 7 days : the same results 
6H and 24H : no effect on bacteria 

 
Fungi : mixture of 10 different fungi according to the NFX 41-520 standard (of which 
aspergillus niger)  
 
Duration of the test : 36 days 
 
Results : table 39 

Table 39. Activity of the dispersions against fungi 
 

System Effect 
Acronal S790 alone No effect 

Gel 1 No effect 
 
It was determined the resistance against bacteria and fungi before and after 
accelerated ageing. 
 
Considering the Lamirsa data , we decided to use the concentrations stated in table 40: 
 

Table 40. Concentrations of biocides 
Biocide % purity % of active 

ingredient in 
the Lamirsa 
commercial 

products 

Dosage of the 
Lamirsa 

commercial 
products in the 

final paint 

% of pure active 
ingredient in the final 

paint 

BIT 85 20 1% 0.17 
OIT 96 12 1% 0.1152 

Zn Pyr 96 9 1% 0.0864 
 
We selected a standard waterbased resin : Rhodopas DS910 (RHODIA) 

Anionic aqueous dispersion of a styrene/acrylic copolymer  
Solid content 50%  
pH 8 
 

4 concentrations are calculated for each biocide system according to the above table. 
They are shown in table 41. 
 - concentration (1) : possible maximum concentration 
 - concentration (2) : 75% of concentration (1) 
 - concentration (3) : 50% of concentration (1) 
 - concentration (4) : 25% of concentration (1) 
 (all the concentrations are weight % in the Rhodopas DS910 resin ) 
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Table 41.Biocide concentrations for each system 
 
BIOCIDES FROM LAMIRSA 
 

Lamirsa Biocide  
(Pure active 
ingredient) 

% 
purity 

Concentration 
(1) 

 

Concentration 
(2) 

Concentration 
(3) 

BIT Lamirsa 
Pure BIT 

85 
100 

0.2 
0.17 

0.15 
0.1275 

0.1 
0.085 

OIT Lamirsa 
Pure OIT 

96 
100 

0.12 
0.1152 

0.09 
0.0864 

0.06 
0.0576 

Zn Pyr Lamirsa 
Pure Zn Pyr 

96 
100 

0.09 
0.0864 

0.0675 
0.0648 

0.045 
0.0432 

 
Each biocide is dispersed in the Rhodopas DS910 resin during 2 minutes with 1500 
rpm speed (diameter 4 cm) 
 
MICROGELS FROM ARMINES-CEMEF 
 

TYPE OF GEL BIOCIDE CONCENTRATION (Weight %) 
Gels swollen at 80g/g 

Gel BIT 100ppm 
Gel OIT 300ppm 

 
0.0099 
0.0296 

Dry gels 
Gel BIT 100ppm 
Gel OIT 300ppm 

 
1.35 
4.02 

 
The biocide content was too low in the swollen gels , that’s the reason why it was 
decided to work with the dry gels only. 
 

Dry Microgel  
(Pure active 
ingredient) 

Pure 
Biocide 
Content 

(weight %) 
 

Concentration 
(1) 

Concentration 
(2) 

Concentration 
(3) 

Gel BIT 100ppm 
Pure BIT 

1.35 
100 

12.6 
0.1701 

9.45 
0.1276 

6.3 
0.085 

Gel OIT 300ppm 
Pure OIT 

4.02 
100 

2.87 
0.1154 

2.15 
0.0864 

1.435 
0.0577 

 
The dry gels were swollen slowly in the Rhodopas DS910 resin. After 1 day the 
preparations were mixed to homogenize correctly (speed around 1500 rpm - diameter 
4 cm) and some water was added because the viscosities of the preparations were too 
high. The amount of added water was not the same for all the preparations and 
depended on the microgel concentration. 
 
The application wet thickness was adjusted for each microgel preparation in order to 
have the same dry thickness for all the samples tested (Lamirsa – Cidemco – Armines 
Cemef). 
 
APPLICATION CONDITIONS  
Substrate : glass fiber textile  
2 samples for each preparation ( 1 sample is not aged , 1 sample is aged ) 
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The application is done just after the mixing or the dispersion (no storage) 
Dry thickness : 1 coat ≈ 150-200 µ (bar-coater) 
Drying : at room temperature during 2 weeks 
 
ACCELERATED AGEING CONDITIONS 
48 hours at 50°C 
Immersion in water at 20 +/- 2°C during 4 days 
Drying at room temperature during 24 hours 
48 hours under UV light 
 
BACTERIA AND FUNGI TESTING PROCEDURE 
* Bacteria : gram + staphylococcus aureus (hospitals) 
 
Contact of the samples with bacteria during 24H : after 24 hours, the bacteria will grow 
or not, depending on the presence and the release of the biocide(s) in the film and on 
the efficiency of the biocide(s)  
 
* Fungi : mixture of 10 different fungi according to the NFX 41-520 standard (among 
which aspergillus niger). The duration of the test was 4 weeks. 
 
It had to be determined if there was a release and/or a loss of the biocide(s) during the 
accelerated ageing and if the biological activity was different or not, before and after 
the accelerated ageing. 
 

Table 42. Results for bacteria protection 
 
TYPE OF SAMPLES 

 
NOT-AGED SAMPLES AGED SAMPLES 

OIT MICROGEL 
 

(1) (2) (3) : nothing more,  compared 
to the DS910 resin alone 
 

(1) (2) (3) : no effect  
No ageing resistance 

BIT MICROGEL 
 

Concentration (1) is 
preferable to have a 
sufficient effect on 

bacteria 

(1) (2) : sufficient protection (higher 
than the DS910 resin alone) 
(3) : nothing more,  compared to the 
DS910 resin alone 

Not tested 
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Table 43. Results for fungi protection 
 

 
TYPE OF SAMPLES 

 

 
NOT-AGED SAMPLES 

 
AGED SAMPLES 

Zn Pyr LAMIRSA Bad results Bad results 
 

BIT LAMIRSA Normal results because 
 BIT is not a fungicide 

 

Bad results (but normal) 

OIT LAMIRSA 
Concentration (1) or (2) 

to have a sufficient 
protection 

 

Good results Correct results 

BIT MICROGEL Bad results 
No effect (normal) 

 

Not tested 

OIT MICROGEL Good results, equivalent 
to Lamirsa OIT  

and Cidemco OIT 

Good results, equivalent to 
Lamirsa OIT  

and Cidemco OIT 
 
See detailed results in the Deliverables D4.2 and D4.3 
 
 
Task 4.4 SELECTION OF THE BEST POLYMER-ACTIVE INGREDIENT SYSTEMS 
 

 Partner: ARMINES 
 
1. PLA-biocide microparticles could incorporate large quantities of biocides (23%w 
BIT, 41%w n-OIT, and up to 50%w ZnPyr). The biocides released in abiotic medium 
(deionised water) followed a two-steps mechanism: first, a fast release, when almost 
90% of the incorporated BIT and respectively 60% of the incorporated n-OIT were 
released, possibly the biocide molecules located at/close to the microparticles surface. 
Then, the main release mechanism was based on PLA matrix degradation via 
hydrolysis, and the release rate was much slower: 4% of BIT and respectively 2% of n-
OIT in the next 9 days. The experimental data indicated that the hydrolytic degradation 
of PLA-microparticles placed in large amount of water takes several weeks, before 
important changes in spherical shape or complete destruction of the particles. 
 
2. The microgel particles were able to entrap up to 2.5%w of BIT or 4.0%w of n-
OIT (percentages calculated for the dry state). These biocide-preloaded microgels did 
allow biocides release when in contact with water. The faster release of the n-OIT 
comparing to the BIT pointed out the importance of the biocide solubility in water. 
 
The microgels were not suitable as ZnPyr biocide reservoirs, due to the instability of 
the unprotected ZnPyr molecules in aqueous media. 
 
 

 Partner: ITECH 
 
To have a sufficient protection against bacteria and fungi, the C3 combination was the 
best choice. 
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For Lamirsa products: C3 concentration (2)  

• for a fungicide activity : concentration (2) was necessary 
• for a bacterial activity : concentration (3) was sufficient (but not for fungi) 

 
For Cidemco particles: C3 concentration (1) was necessary to have a sufficient 
protection with the bacteria and the fungi.  
 
The BIT microgel brought an interesting protection for the bacteria, but must be used 
with a high concentration (concentration 1) to have a sufficient protection, and the 
concentration (1) involved a very high viscosity of the preparation. 
 
The OIT microgel brought an interesting protection for the fungi. 
 
 
GENERAL CONCLUSION FOR THE WP4 
 
The active ingredient systems must be chosen depending on the final usage of the 
paint(s) 
 
For hospitals only a bacteria protection is needed and this can be achieved by using 
BIT particles from Cidemco or BIT microgel from Armines Cemef 
 
For a wider usage, that means for hospitals and for food processing facilities, a 
bacteria and fungi protection is needed, and this can be achieved by using the C3 
combination with BIT + OIT + Zn Pyr active ingredients: this combination could be 
obtained with the particles from Cidemco and/or the microgels from Armines Cemef 
 
Deviations and corrective actions: 
No significant deviations have to be remarked for this WP. 

 
Deliverables: 

Deliverable 
nº 

Deliverable Title Proposed 
delivery date

Real delivery 
date 

D4.1 Report on the release properties of 
new polymer-active ingredient 
systems based on microparticles, 
microgels and grafted polymers 

12th month 14h month 

D4.2 Report on the biocidal activity of new 
polymer-active ingredient systems 

15th month 15h month 

D4.3 Final report on the release 
properties and biocidal activity of 
selected polymer active ingredient 
systems 

18th month 18h month 

 

Milestones: 
- Characterisation of the release properties of the polymer-active ingredient systems 

- Biocide release properties 5-10% over the IMC 



 
 
Final activity report 

 

______________________________________________________________________ 
Contract  Nº COOP-CT-2006-032873  74 

Milestones were achieved. Release properties were deeply analysed and systems 
behaved as strong biostatic-biocide when the correct concentration of biocide was 
employed, indicating that they were above the IMC (no effect). 



 
 
Final activity report 

 

______________________________________________________________________ 
Contract  Nº COOP-CT-2006-032873  75 

WP5: Development of the new hygienic coating formulations 
 
Lead Partner: BARBOT 

Partners involved: BARBOT, LIPPENS, FARBE, PROTEC, CIDEMCO 

Workpackge objectives: 
Preparation and characterization of the new non-toxic water-based paint formulations. 
 
Progress towards objectives: 
Task 5.1. STUDY AND SELECTION OF THE COMPONENTS OF THE 
FORMULATION 

The selected resins must have minimal VOCs to adequate to current legislation and 
provide an environmentally friendly coating. Four type of water-based resins with 
different nature were considered. The selection of these resins was based in their great 
employment in decorative coatings. All these resins possessed good performance 
regarding chemical and mechanical resistance. 

2 Acrylic-styrenic 
3 Vynil-veova 
4 Acrylic 
5 Alquidic 

 
The rest of the ingredients of the formulation had a specific role as explained below: 

1 Disperser: the disperser acts as a wetting agent and contributes to a correct 
dispersion of the fillers into the formulation avoiding agglomerates during 
storage and drying 

2 Antifoaming: to avoid the formation of foam during and after the mixing process 
3 Coalescent: to allow a good film formation without defects. Texanol is one of the 

most used coalescents because it is compatible with many resins and has a 
high boiling temperature that allows a slow evaporation rate from the film giving 
rise to a very good film formation process 

4 Pigment: to provide colour to the paint. In decorative paints titanium dioxide is 
usually added to provide whiteness and opacity 

5 Fillers: to reduce costs and adjust properties like rheology 
6 Rheology modifier: to provide good viscosity and pH stability during blending 

and storage and allowing easy application and good levelling without sagging 
7 Solvent: to liquefy and blend all the ingredients. 

 
UV absorbers were not added to the formulation because the hygienic coating will be 
applied indoor.  
 
Table  44 describes the components that make up the hygienic paint formulation. 
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Table 44. Components of the hygienic coating 
 

Main ingredient Specific ingredient 
Resin Water-based resin 

Disperser Tego Dispers 
Antifoaming Tego Foamex 
Coalescent Texanol 

Pigment Titanium dioxide 

 
Calcium carbonate 

Talc 
Silica 

Rheology modifier hydroxyethylcellulose 
Solvent Water 

 
 
For the latex new components had to be chosen due to the low pH of the latex, as 
shown in table 45.  
 

Table 45. Components of the latex 
 

Ingredients Supplier Role 
Deionized water 

Byk 019 
Hydropalat 1080 

Kronos 2310 
Talc Luzenac 0 MO 

Blanc fixe N 
Itech Latex L1B2 
Neocryl XK 240 

Coatex BR 125 P 
Texanol 

Itech 
Byk Chemie 

Cognis 
Kronos 

Talc de Luzenac 
Solvay 
ITECH 

DSM NeoResins 
Coatex 

Dousselin Geoffray 

Liquid for the dispersion 
Antifoaming 

Dispersing agent 
Titanium dioxide 

Talc 
Barium sulfate 

Resin 
Resin 

Thickener 
Coalescent agent 

 
Latex L1B2: styrene – acrylic – quaternary ammonium N+ copolymer (cationic) 
49.1 g/liter of quaternary ammonium N+ in the latex 
Solid Content : 29.8 weight % 
pH : 2.16 
 
Neocryl XK 240: pure acrylic resin (not ionic) 
Solid Content : 52.5 weight % 
pH : 7.5 
 
Detailed data are collected in D5.1. 
 
Task 5.2. DEVELOPMENT OF THE NEW FORMULATIONS 
 
Partner: CIDEMCO 
 
Two different formulations were developed, one for the paints containing microparticles 
and microgels and another one for the grafted polymer. Two formulae are explained in 
detail below. 
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Formulation of paints with microparticles or microgels 
The objective of WP 5 was to formulate different coatings with the active ingredient 
systems. To do so, different water-borne resins were selected and various additives 
were added. The resins had different solid content. However, to obtain comparable 
formulations the total solid content of the paint must be equal in all cases. So, 
depending on the solid content of the resins different resin content was added to each 
formulation. According to paint experts, the solid content of the resin was fixed at 12%. 
The additives that were selected were the following: 
 

• Dispersant: wetting agent of fillers and pigments and dispersion 
stabilizers 

• Antifoaming agent: to eliminate foam during production and 
application 

• Coalescent: to obtain a good film paint. Texanol was selected 
• Pigment: to provide colour. Titanium dioxide (TiO2) was selected for 

white colour 
• Fillers: to improve rheological properties and reduce costs. Calcium 

carbonate (CaCO3), talc and silica were added. 
• Rheology modifiers: to provide the correct viscosity for 

manufacturing. Hydroxiethylcellulose (HEC) was selected. 
• Diluent: water was selected because the paints are water-borne. 

 
After selecting the ingredients of the formulae the most adequate contents of additives 
must be selected.  
 
Firstly, the coalescent content was calculated because it decreases the minimum film 
forming temperature (MFFT) of the paint. The MFFT of the resins used in the project 
are shown in table 46 
 

Table 46. MFFT of the resins 
 

RESIN MFFT (ºC) 
Acrylic-styrenic 21 
Vynil-veova 11 
Acrylic 0 
Alquidic Not aplicable 

 
The acrylic-styrenic showed the highest MFFT, so this resin was selected to determine 
de texanol quantity required in the formulation. Figure 28 shows how the MFFT 
decreases at increasing texanol content in the resin. An easy applicable paint must 
have a MFFT around 5ºC, so 3% of texanol with respect to the resin was selected as 
the most suitable coalescent content. This coalescent content was also used in the 
vynil-veova resin. 
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Figure 28. MFFT of the blend resin+texanol 
 
The disperser and the antifoaming were fixed as recommended in their data-sheet. 
Usually pigment content is around 10%, so this content was selected.  
 
The next step was to determine the fillers content. Different formulations were prepared 
and the results are shown in table 47. 
 

Table 47. Formulae to determine the fillers content 
 % 
Resin 24 

Disperser 0.5 
Antifoaming 0.5 
Texanol 0.72 
TiO2 10 
CaCO3 25 20 17 15 15 15 15 
Talc 5 5 5 5 4.25 4 4 
Silica 5 5 5 5 4.25 4 4 
Water 27 32 35 37 38.5 38.95 38.85 
HEC 0 0 0 0 0 0.05 0.15 
Comment F1 

Too 
viscous 

F2 
Too 
viscous 

F3 
Too 
viscous 

F4 
Too 
viscous 

F5 
OK 

F6 
Too 
liquid 

F7 
OK 
(better) 

 
As can be seen F5 and F7 showed good results, however, since F7 exhibited better 
application behaviour, this formula was selected as the most suitable one. For the 
formulae with the rest of the resins, all the ingredient contents were kept constant and 
only viscosity was adjusted by varying HEC/water ratio. Table 48 summarizes the 
formulae for each resin. 
 

0

5

10

15

20

25

0 0,5 1 1,5 2 2,5 3 3,5

RESIN: ACRYLIC-STYRENIC

M
FF

T 
(º

C
)

% TEXANOL



 
 
Final activity report 

 

______________________________________________________________________ 
Contract  Nº COOP-CT-2006-032873  79 

Table 48. Formulae of the lab-paints 

 

The active ingredient systems were added to each formula. In order to know how much 
biocide should be added to each paint, the allowed maximum biocide concentrations 
were considered. Table 49 shows which is the concentration range of biocides required 
to be effective and non hazardous for humans. 

 
Table 49. Effective and harmless concentration of biocides 

 
BIOCIDE ALLOWED 

MAXIMUM 
CONCENTRATION 
OF PURE 
BIOCIDE (ppm) 

PURITY 
(%) 

ALLOWED 
MAXIMUM 
CONCENTRATION 
OF BIOCIDE IN 
THE PAINT 
(g/100g paint) 

MICROPARTICLES 
(g/100g paint) 

SWOLLEN 
MICROGELS 
(g/100g 
paint) 

BIT 500 85 0.059 0.256 590 
OIT 500 96 0.052 0.130 179 
ZnPyr 2500 96 0.26 0.52 - 
 
In the case of microparticles the maximum concentrations allowed were added and 
mixed in the paint with a cowles stirrer at 500 rpm for 2 minutes. In microgels lower 
concentrations of biocides were added because the high viscosity of the microgels 
hindered the addition of higher amounts, so 0.0024% of BIT and 0.007% OIT were 
added and mixed at 800 rpm for 2 minutes. 
 
 
 
 
 
 

Acrylic-
styrenic 
(50% solids) 

Vynil-veova
(55% solids) 

Acrylic
(48% 
solids) 

Alquidic
(55% 
solids) 

Acrylic-LIPPENS
(48% solids)  

 

%  
Resin 24 21.82 25 21.82 25 
Disperser 0.5 0.5 0.5 0.5 0.5 
Antifoaming 0.5 0.5 0.5 0.5 0.5 
Texanol 0.72 0.65 0 0 0.75 
TiO2 10 10 10 10 10 
CaCO3 15 15 15 15 15 
Talc 4 4 4 4 4 
Silica 4 4 4 4 4 
Water 38.85 40.93 40.65 43.78 37.65 
HEC 0.15 0.25 0.35 0.4 0.35 
Comment   Texanol 

coagulated 
the paint 

Farbe 
recommen
ded not to 
use texanol
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Formulation of paints with grafted polymer 
 
Partner: ITECH 
 
When grafted polymer was used as active ingredient system the formula of the paint 
had to be varied because typical paint formulations are ready for basic pH, while the 
grafted polymer had very acidic pH.  
 
The grafted polymer was a latex of styrene-acrylic copolymer grafted with quaternary 
ammonium to act as a biocide. It contained 49.1 g/l of quaternary ammonium in the 
latex, a solid content of 29.8% by weight and pH of 2.16.  
 
After doing some testing to obtain an easy to apply paint without coagules nor 
imperfections, the final formula of the paint with the new resin was that shown in table 
50. 
 

Table 50. Formulation of the paint with grafted polymer 
 

 CONTENT (%) 
Resin 46.54 
antifoaming 0.93 
texanol 0.93 
TiO2 16.72 
Barium sulfate 11.15 
Talc 5.57 
water 16.25 
thickener 0.93 

 
The new paint had a pigment volume content (PVC) of 39.7%, a solid content of 49.1 
%w, medium-low gloss and a pH of 4.85. 
 
Formulation of the final paint 
 
Partners: FARBE, BARBOT, LIPPENS 
 
After analysing several properties of paints additivated with different active ingredient 
systems the final paint was formulated. It was concluded that acrylic resins provided 
the best overall properties, so this resin was used as a basis for the final paint 
formulation. The rest of the ingredients were selected according to the experience of 
paint manufacturers and were similar to those selected previously. Two paints with 
different pigment volume content (PVC) were formulated. The paint with higher solid 
content (PVC 60) was for hospitals and that with lower solid content (PVC 40) for 
general purposes. The formulae of both paints are shown in table 51. 
 
Regarding the biocides, and after analysing the effect of each biocide on the paints, a 
mixture of biocides was prepared to add to the them. To each paint the active systems 
were added in three different ways: 

• Free biocides 
• Encapsulated biocides 
• Biocides entrapped in microgels 

 
In table 52 it is specified the amounts of biocides to be added. 
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Table 51. Formulae of the final paints 

 
 PVC 60% PVC 40% 
water 20.55 19.33 
Humectant 1.5 0.7 
antifoaming 0.4 0.4 
Dispersant  0.3 0.3 
HEC 0.2 0.2 
Titanium dioxide 15 18 
Calcium carbonate 27 10 
Talc 5 5 
Caolin  3 3 
Resin: acrylic 25 35 
Texanol 1 1 
Antirust agent 1 1 
Ammoniac 0.05 0.07 
Rheology modifier  6 

 
Table 52. Active systems to be added to the final paints 

 
PVC 40 PVC 60 

300ppm BIT 
free 
 
200ppm OIT 
free 
2 
500ppm 
ZnPyr free 

150ppm BIT 
free 
 
150ppm BIT 
encapsulated 
 
200ppm OIT 
encapsulated 
 
2500ppm 
ZnPyr 
encapsulated 

150ppm BIT 
free 
 
150ppm BIT 
in microgels 
 
200ppm OIT 
in microgels 
 
2500ppm 
ZnPyr in 
microgels 

300ppm BIT 
free 
 
200ppm OIT 
free 
 
2500ppm 
ZnPyr free 

150ppm BIT 
free 
 
150ppm BIT 
encapsulated 
 
200ppm OIT 
encapsulated 
 
2500ppm 
ZnPyr 
encapsulated 

150ppm BIT 
free 
 
150ppm BIT 
in microgels 
 
200ppm OIT 
in microgels 
 
2500ppm 
ZnPyr in 
microgels 

 
 
In the case of free and encapsulated biocides, all the required amount of biocides was 
added. However, microgels led to high viscosity increase of the paint, so much less 
amount of biocides could be added. In fact, 10% of microgels could only be added, so 
besides de free BIT 5ppm of BIT in microgels and 14.5ppm of OIT in microgels could 
only be added.  
 
See detailed results in the Deliverable 5.1. 
 
 
Deviations and corrective actions: 
No significant deviations have to be remarked for this WP. D5.1 was sent a bit later 
than planned. 
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Deliverables: 
Deliverable 

nº 
Deliverable Title Proposed 

delivery date
Real delivery 

date 

D5.1 Report on the composition of new 
hygienic coating formulations 

21th month 25th month 

 
Milestones: 
Preparation of 1 litre of five coating formulations with polymer-active ingredient systems 
included 

Six coatings were prepared containing different resins. After analysing all of them one 
resin was selected and two coatings were prepared based in that resin. Each coating 
was additivated with the active-ingredient systems, in fact was divided by three: one 
coating contained free biocides, another one microparticles and the last one microgels. 
At least one litre of paint was prepared for each system. 
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WP6: Application and general properties 
Lead Partner: CIDEMCO 

Partners involved: BARBOT, LIPPENS, FARBE, PROTEC, CIDEMCO, ITECH, 
ARMINES-CEMEF 

Workpackge objectives: 
The goal of this Workpackage is: 

 To study the properties of new coating systems: release, flow and stability 
 To apply and study of release of the biocides from the prepared in WP5 water 

based and non toxic hygienic coatings. 
 To select the best candidates who correspond to the norms and criteria 

designed in WP1. 
 To study the general properties of the selected coatings. 

 
Progress towards objectives: 
Task 6.1. APPLICATION OF THE DEVELOPED FORULATIONS ON THE 
LABORATORY SCALE 

Partner: CIDEMCO 

Paints were applied by brush on mortar and gypsum at 350 g/m2 (figure 29). The 
addition of active systems increase the viscosity of the paints, specially in the 
microgels, however, the application remained possible. 
 
When looking at the aspect, very smooth surfaces were obtained in the case of 
microparticles, but texturized surfaces were achieved with microgels. Both type of 
surfaces were accepted by the paint formulators.  
 

Paints applied on mortar    paints applied on gypsum 
Figure 29. Application of paints 

Task 6.2. STUDY OF THE RELEASE OF THE ACTIVE INGREDIENTS FROM THE 
PAINT FORMULATIONS 

This task was eliminated because it was proved in WP4 that the active systems were 
not influenced by external factors such as temperature, humidity or time at normal 
conditions. So, it was senseless to repeat these tests on the paints containing the 
active systems. The release of the biocide was environmental parameters independent.  
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Task 6.3. RHEOLOGICAL STUDY OF PAINT FORMULATIONS  

Partner: ARMINES-CEMEF 

The rheological behaviour of the paints provides strong indications about the paint 
behaviour during processing the whole handling cycle, from storage to application and 
drying. It mainly depends on the nature and concentration of the polymer in solution 
and on the pigment volume content. 
 
The applicability of a paint can be predicted by flow tests since it is related to the way 
of paint flow under external shear rate. A paint is expected to flow easily (low viscosity) 
at intermediate shear rates and very easily at high shear rates (very low viscosity), in 
order to allow easy pumping and spraying, respectively. On the other hand, the stability 
of the paint is depending on its viscosity at rest, which has to be high enough to 
prevent settling; sagging resistance after paint application is also depending on the 
viscosity at very low shear rates. 
 
The typical shear rates for processing paints cover a broad range, from 10-1 s-1 
(levelling) up to 104 s-1(brushing) or 105 s-1(spraying). 
 
One important aspect of our project was to investigate the influence of adding biocides-
microparticles systems (either PLA or microgels) in the selected waterborne paint 
formulations. The investigated samples are presented in table 53. 
 
The rheological study was performed on a Bohlin Gemini Rheometer, using two 
geometries: cone/plate (for acceding to high shear rates) and plate/plate (for the 
samples with biocides microparticles). A solvent trap was used to prevent water 
evaporation. 
 
Different rheological tests were applied for investigating the rheological behaviour 
under shear, thixotropy, yield stress and (structure) recovery after high shear rates. 
The influence of temperature on all these rheological parameters was also studied, in a 
typical range between 15 and 35°C. 
 

Table 53. The investigated waterborne paint formulations 
 

 
Paint  

Type  
of the  
paint 
formulation 

Without 
biocides-
releasing 
systems 

With  
PLA-biocides 
microparticles 
(content %w) 

With  
microgels-
biocides particles 
(content %w) 

Farbe 1 Commercial  
 
As received 

0.9 2.0, 5.4 and15.5 
Lippens  Commercial 0.9 2.0, 5.4 and15.5 
Pure acrylic 
formulation 

Test  
formulation 

0.9 2.0, 5.4 and15.5 

Final paint 
PVC* 40% 

Original 
formulation 

0.65 and 1.0 10, 35 and 55**  
 

Final paint 
PVC* 60% 

Original 
formulation 

0.65 and 1.0 10, 35 and 55**  
 

*PVC = pigment volume content 
**the microgels swollen contents of the paints investigated by rheological measurements were calculated 
in order to assure the correct amount of biocides in paints, as decided by the partners 
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1. Steady-state viscosity profile (viscosity versus shear rate) of the waterborne 
paints 
 
1.1. Influence of the paint formulation and PVC value 
Figure 30 presents the rheological behaviour of the two commercial waterborne paint 
formulations and the two original final paint formulations, in absence of any biocides-
releasing system (neither PLA-microparticles nor microgels). The acrylic test 
formulation was too fluid to be validated for coating, but was a good basis for the final 
paints. 

Figure 30. Flow curves of paint formulations without active-ingredient systems 
 
• All four waterborne paints displayed an important shear thinning behaviour (large 

differences between the viscosity at very low shear rates and the ones at very high 
shear rates). This aspect was important in paint processing, as it permits easy paint 
processing / application 

• Farbe paint (acrylic-styrenic formulation) and Lippens paint (acrylic formulation) 
presented comparable rheological behaviour despite the different resin used 

• The two final waterborne paints had similar rheological behaviour as the 
commercial paints, for shear rates larger than 1s-1 (shear rates corresponding to the 
paint processing range). The formulation with lower PVC (pigment volume content) 
presented a lower viscosity at very low shear rates. 

 
1.2. Influence of the type of biocides-releasing systems 
 
PLA-biocides microparticles 
Figure 31 presents the effect of adding PLA-microparticles in the final paint 
formulations. The PLA-particles (less than 25µm of diameter) were added by gentle 
mixing into the waterborne paints. Adding 0.65-1.0%w of PLA-microparticles into the 
final paints (which are without any biocide) covered theirs entire necessary in biocides.  
The rheological measurements performed in the range of shear rates between 10-3 -103 
s-1 indicated that small amounts of PLA-microparticles (up to 1%w) did not influence the 
viscosity of the paints. The same phenomenon was observed in the case of the two 
investigated commercial paints. 
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Figure 31. Influence of adding PLA-biocide microparticles in the HYCORE paints 
 
Furthermore, the stability of the viscosity curves vs. shear rate was not affected by the 
change in temperature, within the typical range of use between15 and 35°C.  
 
Microgels-biocides particles 
The microgels were added directly to the final waterborne formulation paint, in a 
swollen form at 40g/g (meaning that 1 g dry biocides-gels was swollen in 40 g of 
demineralised water). The swollen particles had 50-100µm of diameter and contained 
97.5%w of water, and can be illustrated as “elastic balls” filled with water. Their 
incorporation into the waterborne paints could be done by gentle mixing either by hand 
(for in-can paints) or by using a normal paint disperser (for the pilot or industrial scale). 
It must be mentioned that the gentle mixing assured a homogeneous incorporation of 
the microgels into paint, without any solvent ejection from the “elastic balls”. The water 
inside the microgels was released and evaporated mainly after the paint application on 
the wall. 
 
In order to reach the biocides concentrations decided for this project (300 ppm 
BIT+200 ppm OIT+2500 ppm ZnPyr), it was necessary to add into the paint about 
55%w of swollen microgels at (40g/g), and either 0.6%w PLA-ZnPyr microparticles or 
2500 ppm free ZnPyr biocide. 
 
Meanwhile, two other (swollen) microgels contents were also investigated from 
rheological viewpoint, corresponding to the biocides concentrations tested for biological 
activity: 10%w microgels (as in the hospital tests) and 30%w microgels (equivalent to the 
biocides concentration C3, as in Itech biological measurements). 
 
Figure 32 shows an example of the viscosity family curves for final paint formulations 
PVC 60% containing different percentages of swollen microgels (0-100%w) and 
additional 0.7% of PLA-microparticles. 
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Figure 32. Influence of adding swollen microgels-biocides particles in the HYCORE 
paints 

 
As can be observed in the a, adding up to 30%w of swollen microgels (40g/g) into the 
waterborne paints slightly increased the viscosity of the paint. Similar results were 
obtained for the final paint formulations PVC 40% with microgels and for the 
commercial paints. When adding 55%w of swollen microgels (40g/g), the viscosity was 
increased with a decay compared to the paint without any particles. 
 
Meanwhile, as represented in b, the viscosities of the final paints containing 55%w of 
swollen microgels (40g/g) were in the same range as for some commercial waterborne 
paints which contained no microgels at all. 
 
On the other hand it seemed that the microgels swelling degree of 40g/g was optimum 
for handling and processing paints, since we had shown in a previous report that 
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adding less swollen microgels (Q = 20g/g) increased the paints viscosity in a more 
important way. 
 
1.3. Influence of the temperature 
The temperature dependence of the steady-state viscosity of the two commercial 
waterborne paints and the two families of final paints (PVC 60 and PVC 40) with and 
without active biocides-microparticles inside was systematically investigated. 
 
Very good thermal stability of the flow behaviour was observed for all the investigated 
paints (see two examples in figure 33). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 33. Temperature independence of the steady-state viscosities of final paints 

(a) PVC 40% + 1%w PLA-microspheres; (b) PVC 40% + 10%w microgels 

 
2. Thixotropy of the HYCORE waterborne paints 
 
Most paints are shear-thinning and thixotropic fluids, meaning that their viscosity is a 
function of shear rate and time. Thixotropy is generally a seen as a time-dependent 
decrease in the paint viscosity due to a finite, reversible change of the paint 
microstructure during shear. 
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It is usually evaluated – in a relative way – by measuring the area enclosed between 
the up- and down-curve obtained in a linear increasing and decreasing shear stress 
over time (called “hysteresis loop” test), as in the example presented in figure 34.  
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Fig. 34.  Hysteresis loop for evaluating the thixotropy of final paints PVC 40% + 1%w 

PLA (temperature: 25°C) 
 
The experimental measurements indicated that the final paints (without any biocides-
microparticles inside) and those paints with up to 1%w PLA-biocides microparticles 
presented low thixotropy behaviour. When adding swollen microgels (40g/g) the 
thixotropy was only slightly increased. The “hysteresis loops” were not significantly 
influenced by the temperature, in the range between 15-35°C. 
 
3. Yield stress of the HYCORE waterborne paints 
 
A yield stress-material will act like a solid until a critical stress (yield stress) is applied, 
then it will flow. Many paints are solid-like in the can (where the external shear stress is 
very low or inexistent), and only become fluid on shaking or stirring (when the external 
stress become higher than the yield stress value). 
 
The yield stress value: (i) influences sag resistance on paint application; (ii) indicates 
the facility/difficulty to start pumping or stirring; (iii) may prevent paint flow trough a pipe 
in absence of any applied stress. 
 
The experimental measurements on the different waterborne formulations indicated 
that they display a reduced yield stress, as following:  
 
- no additivated final paints (PVC 60% or 40%) and paints with PLA-microparticles: 0.2-
0.6 Pa 
- final paints with biocides-microgels particles: 1-6 Pa 
 

when increasing  
the shear stress 

when decreasing 
the shear stress 
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For the sake of comparison, the yield stress value for a sample containing 100% 
swollen gel (40g/g) was about 28-30 Pa, for the ketchup is 15 Pa and for the 
lithographic Ink is about 40 Pa. 
 
4. Recovery of the HYCORE waterborne paints after high shear rates 
 
Another interesting rheological parameter with direct practical significance is the 
recovery time needed by a paint sheared at very high shear rates (equivalent to the 
paint processing and application), in order to recover its stable structure corresponding 
to the steady state at low shear rates. The laps of time necessary for the structure of 
the paint to change from very fluid to almost solid may be determined from the shear 
stress profile or viscosity profile during recovery tests, as indicated in Fig. 35.  
 
 

Figure 35. Recovery test in the case of the HYCORE Paint H60 + 55% gel + 0.65% 
PLA (temperature 25°C) 

 
The recovery time for the final paint formulations depended on the presence of 
microgels, as following: 
- the no additivated final paints and the paints with PLA-microparticles: 70-100 

sec  
- the final paints containing microgels: 100- 230 sec. 
 
In all the cases, the time needed for a significant increase in viscosity, after stopping 
the intense shear of the paint, was situated in a satisfactory range of times, as far as 
paint application and sag resistance are concerned. 
 
General Conclusions on the Rheological behaviour of paint formulations 
 
1. All final paints (PVC 60 and 40), with and without biocides-microparticles: 
- displayed high shear-thinning behaviour (positive element for paints application) 
- were not affected by the temperature changes, in the normal range of use: 15-35°C 
- presented recovery times after intensive shear between 70-230  sec (OK for paints) 

2. Adding PLA-biocides microspheres (up to 1%w) did not influence the rheological 
behaviour of the final paints (PVC 60 and 40). 

low shear rate: 10-4s-1 

high viscosity 
(corresponding to 
low shear rate) 

high shear rate: 800 s-1 

very low 
viscosity
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3. Adding moderately swollen biocides-microgels particles (40g/g) increased the 
viscosity of the paints (from 2 to 10 times, depending on microgels content). 
Meanwhile the formulations with 30-55%w microgels could be handled normally, 
and their viscosity was comparable with some actual commercial paints. 

 
Task 6.4. CHARACTERISATION OF THE GENERAL PROPERTIES OF THE PAINT 

Partner: CIDEMCO 

Properties of coatings additivated with microparticles or microgels 
Paints according to the formulae of WP5 were prepared with different active ingredient 
systems. Besides two non protected commercial paints from one of the partners and 
one specific resin of another partner were used for comparison. Paints without any 
biocide were also used as control. To each paint the different active ingredients were 
added as stated in WP5. So, the paint systems shown in table 54 were prepared. 

 
Table 54. Paint systems prepared 

 
RESIN 

OF THE 
PAINT 

ACTIVE INGREDIENT SYSTEM 
None BIT 

microparticles
OIT 

microparticles
ZnPyr 

microparticles
BIT 

microgels 
OIT 

microgels
Acrylic-
styrenic 

X X X X X X 

Vynil-
veova 

X X X X X X 

Acrylic X X X X X X 
Alquidic X X X X X X 
Acrylic-
LIPPENS 

X X X X X X 

Paint 1 
FARBE 

X X X X X X 

Paint 2 
FARBE 

X X X X X X 

 
It is worth mentioning that acrylic-styrenic paint formed coagules during milling and 
after adding the active ingredient systems. So, films of these paints couldn’t be 
prepared. Besides, paints 1 and 2 coagulated after adding ZnPyr microparticles.  
 
As can be seen, several systems were prepared. First of all general properties were 
determined in order to make a suitable selection of resins. After that, release tests were 
carried out on the final paint, so there results are collected in D6.2. 
 
The general properties that were measured in these paints can be summarized as 
follows: 

• Brookfield viscosity 
• Cleanability according to EN ISO 11998:2007 
• Wet scrub resistance according to EN ISO 11998:2007 
• Chemical resistance according to UNE 48027 
• Cross cut tests on gypsum according to EN ISO 2409:2007 
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In order to do the testing 180 µm of dry film was applied on PVC laminates and 350 
g/m2 on gypsum. Application was not allowed for paints based in acrylic-styrenic resin 
because there was no adherence with the substrate.  
 
On the other hand, alquidic resins need dryers for the film obtaining. So, typical dryers 
as cobalt and strontium were added to the paints. However, despite the surface of the 
film was dried, drying didn’t took place in depth, probably because too short time was 
left (10 days) before making the tests.  
 
The results for each test are shown in tables 55-60. 

Table 55. Brookfield viscosity 

 Viscosity Viscosity 
Resin+microparticles 

Viscosity 
Resin+microgels 

resin BIT OIT ZnPyr BIT OIT 
Acrylic-
styrenic 

113  
coagules 

280 
coagules 

300 
coagules 

351 
coagules 

7024 
coagules 

6280 
coagules 

Vynil-
veova 

1104 2180 1700 1126 6000 4856 

Acrylic 11250 11480 22120 27240 958000 962000 
Alquidic 506 590 984 1062 4720 5900 
Acrylic-
LIPPENS 

465 520 480 538 3540 3300 

Paint 1 
FARBE 

151000 174000 172000 172000 
coagules 

1260000 1270000 

Paint 2 
FARBE 

102000 136000 146000 836000 
coagules 

1550000 1670000 

 
As can be seen, the addition of microparticles increased the viscosity a bit. However, 
microgels increased viscosity dramatically. In some cases the application of the paint 
with microgels was quite difficult due to the high viscosity of the system. 
 

Table 56. Wet scrub resistance 

 RESIN RESIN+MICROPARTICLES 
BIT OIT ZnPyr 

Mean loss 
in dry-film 
thickness  
Ld (µm) 

Class Mean loss 
in dry-film 
thickness 
Ld (µm) 

Class Mean loss 
in dry-film 
thickness 
Ld (µm) 

Class Mean loss 
in dry-film 
thickness  

Ld (µm) 

Class 

Acrylic-
styrenic 

--  --  --  --  

Vynil-
veova 

4 1 10 2 5 1 8 2 

Acrylic 15 2 11 2 16 2 18 2 
Alquidic --  --  --  --  
Acrylic-
LIPPENS 

10 2 9 2 12 2 7 2 

Paint 1 
FARBE 

Complete 
loose 

 Complete 
loose 

 Complete 
loose 

 --  

Paint 2 
FARBE 

Complete 
loose 

 50 3 60 3 --  
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Where 
 Class 1 Ld<5 µm for 200 wet scrub cycles 
 Class 2 20>Ld≥5 µm for 200 wet scrub cycles 
 Class 3 70>Ld≥20 µm for 200 wet scrub cycles 
 
Table 56. Wet scrub resistance (continue) 

 
 RESIN RESIN+MICROGELS 

BIT OIT 
Mean loss 
in dry-film 
thickness  
Ld (µm) 

Class Mean loss 
in dry-film 
thickness 

Ld (µm) 

Class Mean loss 
in dry-film 
thickness  

Ld (µm) 

Class 

Acrylic-
styrenic 

--  --  --  

Vynil-
veova 

4 1 20 2 22 3 

Acrylic 15 2 17 2 22 3 
Alquidic --  --  --  
Acrylic-
LIPPENS 

10 2 2 2 2 2 

Paint 1 
FARBE 

Complete 
loose 

 Complete 
loose 

 Complete 
loose 

 

Paint 2 
FARBE 

Complete 
loose 

 Complete 
loose 

 Complete 
loose 

 

 
The results indicated that microparticles don’t change the wet scrub resistance of the 
sole paint. Microgels neither changed the behaviour except for the vynil-veova resin 
than worsens the wet scrub resistance after the addition of microgels. 
 
For cleanability test, the soiling agent employed was an HB pencil of graphite. It was 
made a mark by putting a pencil on the surface and making a drawing without applying 
pressure. It was determined the appearance after 200 cycles of wet scrub. 

Table 57. Cleanability 

 Cleanability Cleanability 
Resin+microparticles 

Cleanability 
Resin+microgels 

resin BIT OIT ZnPyr BIT OIT 
Acrylic-
styrenic 

- - - - - - 

Vynil-
veova 

OK OK OK OK OK OK 

Acrylic OK OK OK OK OK OK 
Alquidic - - - - - - 
Acrylic-
LIPPENS 

OK OK OK OK OK OK 

Paint 1 
FARBE 

- - - - - - 

Paint 2 
FARBE 

- OK OK - OK - 
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The results were very good since no mark was observed after scrubbing. 
 
Chemical resistance 
 
Different substances usually employed in places were hygienic coatings are required 
were selected. The substances were placed on the surface of the film and left long 
enough time (but lower than the evaporation time). Then the films were observed to 
quantify the effect of the chemical substance according to the list below. Results are 
shown for each resin. The meaning of the nomenclature is the following: 

5: no visible changes 

4: light changes in brightness or colour 

3: moderate mark 

2: important mark, no changing the structure of the surface 

1: important mark, changing the structure of the surface 

 

Table 58. Chemical resistance 

Vynil-veova 

 RESIN RESIN+MICROPARTICLES RESIN+MICROGELS 

BIT OIT ZnPyr BIT OIT 

Chloramine 
(disinfectant) 

24h:4 24h:3 24h:2 24h:2 24h:3 24h:4 

Ammonium 
hydroxide 
10% 

24h:5 24h:4 24h:4 24h:5 24h:5 24h:5 

Acetone 30 min:1 
scratches 

30 min:1 
scratches 

30 min:1 
scratches 

30 min:1 
scratches 

30 min: 1 
scratches 

30 min: 1 
scratches 

Distilled 
water 

24h:4 24h:3 24h:3 24h:3 24h:5 24h:4 

Ethanol 96% 24h:4 24h:3 24h:3 24h:3 24h:5 24h:4 

Fairy 
(cleaning 
agent) 

5h:4 5h:4 5h:4 5h:4 5h:4 5h:4 

Acetic acid 
44% 

24h:1 
blisters 

24h: 1 
scratches 

24h: 1 
scratches 

24h: 1 
scratches 

24h: 1 
scratches 

24h: 1 
scratches 

Yodine (5% 
in ethanol) 

24h: 1 
scratches 

24h: 1 
scratches 

24h: 1 
scratches 

24h: 1 
scratches 

24h: 1 
scratches 

24h: 1 
blisters 
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Alquidic 

 RESIN RESIN+MICROPARTICLES RESIN+MICROGELS 

BIT OIT ZnPyr BIT OIT 

Chloramine 
(disinfectant) 

24h:4 24h:4 24h:4 24h:3 24h:2 24h:4 

Ammonium 
hydroxide 
10% 

24h:4 24h:4 24h:4 24h:2 24h:4 24h:3 

Acetone 30 min:3 30 min:3 30 min:3 30 min:3 30 min:3 30 min:3 

Distilled 
water 

24h:3 24h:3 24h:3 24h:3 24h:3 24h:3 

Ethanol 96% 24h:4 24h:4 24h:3 24h:4 24h:3 24h:3 

Fairy 
(cleaning 
agent) 

5h:3 5h:3 5h:2 5h:3 5h:3 5h:3 

Acetic acid 
44% 

24h:1 
blisters 

24h: 1 
blisters 

24h: 1 
blisters 

24h: 1 
blisters 

24h:1 
scratches 

24h: 1 
scratches 

Yodine (5% 
in ethanol) 

24h:2 24h:2 24h:2 24h:3 24h:2 24h:2 

 
Acylic 
 
 RESIN RESIN+MICROPARTICLES RESIN+MICROGELS 

BIT OIT ZnPyr BIT OIT 

Chloramine 
(disinfectant) 

24h:5 24h:3 24h:2 24h:3 24h:2 24h:2 

Ammonium 
hydroxide 
10% 

24h:5 24h:5 24h:3 24h:4 24h:4 24h:5 

Acetone 30 min:1 
blisters 

30 min: 1 
blisters 

30 min: 1 
blisters 

30 min: 1 
blisters 

30 min: 1 
blisters 

30 min: 1 
blisters 

Distilled 
water 

24h:5 24h:5 24h:4 24h:5 24h:5 24h:5 

Ethanol 96% 24h:5 24h:4 24h:3 24h:2 24h:4 24h:5 

Fairy 
(cleaning 
agent) 

5h:5 5h:4 5h:3 5h:3 5h:4 5h:5 

Acetic acid 
44% 

24h:2 24h:4 24h:2 24h:2 24h:4 24h:1 
blisters 

Yodine (5% 
in ethanol) 

24h:5 24h:2 24h:5 24h:2 24h:5 24h:4 
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Acrylic-LIPPENS 
 
 RESIN RESIN+MICROPARTICLES RESIN+MICROGELS 

BIT OIT ZnPyr BIT OIT 

Chloramine 
(disinfectant) 

24h:4 24h:5 24h:4 24h:4 24h:5 24h:5 

Ammonium 
hydroxide 
10% 

24h:5 24h:5 24h:5 24h:5 24h:5 24h:5 

Acetone 30 min:4 30 min:5 30 min:2 30 min:4 30 min:5 30 min:1 
blisters 

Distilled water 24h:5 24h:5 24h:4 24h:5 24h:4 24h:5 

Ethanol 96% 24h:4 24h:5 24h:5 24h:4 24h:5 24h:5 

Fairy 
(cleaning 
agent) 

5h:4 5h:5 5h:5 5h:4 5h:5 5h:4 

Acetic acid 
44% 

24h:1 
scratch 

24h:1 
blisters 

24h: 1 
blisters 

24h: 1 
scratch 

24h: 1 
scratch 

24h: 1 
scratch 

Yodine (5% in 
ethanol) 

24h:4 24h:5 24h:4 24h:4 24h:5 24h:5 

 
Paint 1 

 RESIN RESIN+MICROPARTICLES RESIN+MICROGELS 

BIT OIT ZnPyr BIT OIT 

Chloramine 
(disinfectant) 

24h:4 24h:5 24h:4 24h:4 24h:4 24h:5 

Ammonium 
hydroxide 
10% 

24h:5 24h:5 24h:5 24h:5 24h:4 24h:5 

Acetone 30 min:4 30 min:3 30 min:4 30 min:4 30 min:4 30 min:4 

Distilled 
water 

24h:4 24h:5 24h:3 24h:5 24h:4 24h:5 

Ethanol 96% 24h:4 24h:4 24h:5 24h:5 24h:3 24h:4 

Fairy 
(cleaning 
agent) 

5h:3 5h:4 5h:2 5h:4 5h:3 5h:4 

Acetic acid 
44% 

24h:1 
scratch 

24h: 1 
scratch 

24h: 1 
scratch 

24h: 1 
scratch 

24h: 1 
scratch 

24h: 1 
scratch 

Yodine (5% 
in ethanol) 

24h:5 24h:4 24h:4 24h:4 24h:3 24h:4 
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Paint 2 

 RESIN RESIN+MICROPARTICLES RESIN+MICROGELS 

BIT OIT ZnPyr BIT OIT 

Chloramine 
(disinfectant) 

24h:5 24h:4 24h:3 24h:5 24h:4 24h:5 

Ammonium 
hydroxide 
10% 

24h:5 24h:4 24h:5 24h:5 24h:5 24h:5 

Acetone 30 min:4 30 min:5 30 min:4 30 min:3 30 min:5 30 min:4 

Distilled 
water 

24h:5 24h:4 24h:4 24h:5 24h:4 24h:5 

Ethanol 96% 24h:4 24h:4 24h:3 24h:5 24h:5 24h:4 

Fairy 
(cleaning 
agent) 

5h:3 5h:2 5h:3 5h:3 5h:3 5h:3 

Acetic acid 
44% 

24h:1 
scratch 

24h: 1 
scratch 

24h: 1 
scratch 

24h: 1 
scratch 

24h: 1 
scratch 

24h:1 
blisters 

Yodine (5% 
in ethanol) 

24h:5 24h:5 24h:5 24h:5 24h:4 24h:4 

 
The results for each resin can be summarized in table 59: 
 
 Vynil-

veova 
alquidic Acrylic Acrylic-

LIPPENS 
Paint 1 Paint 2 

Disinfectant ≈ √ ≈ √ √ √ 
Ammonium 
hydroxide 

√ √ √ √ √ √ 

Acetone x ≈ x √ √ √ 
Distilled water ≈ ≈ √ √ √ √ 
Ethanol ≈ ≈ ≈-√ √ √ √ 
Cleaning agent √ ≈ ≈-√ √ ≈ ≈ 
Acetic acid X X X X X X 
Yodine X X ≈ √ √ √ 
CONCLUSION POOR POOR-

MEDIUM 
MEDIUM-
GOOD 
(best with 
BIT) 

GOOD GOOD GOOD 

 
Cross-cut tests 
 
The classification used for the analysis was that specified in the standard and can be 
summarized as follows: 

• 0: no damage area 
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• 1: affected area <5% 
• 2: affected area 5-15% 
• 3: affected area 15-35% 
• 4: affected area 35-65% 
• 5: almost all the area affected 

 
Table 60. Cross-cut tests 

 
 Classification Classification 

Resin+microparticles 
Classification 

Resin+microgels 
resin BIT OIT ZnPyr BIT OIT 

Acrylic-
styrenic 

- - - - - - 

Vynil-
veova 

2-3 2-3 2-3 5 2-3 2-3 

Acrylic 3 3 3 3 2 2 
Alquidic 5 5 5 5 5 5 
Acrylic-
LIPPENS 

5 5 5 5 5 5 

Paint 1 
FARBE 

1-2 1-2 1-2 1-2 
coagules 

1-2 1-2 

Paint 2 
FARBE 

1-2 1-2 1-2 1-2 
coagules 

1-2 1-2 

 
Conclusions 
 

• The addition of microgels increased the viscosity dramatically 
• Cleanability is very good 
• Wet scrub resistance: 

o Very bad for paints 1 and 2 
o Microgels worsen the behaviour of the vynil-veova 
o In the rest of the resins active systems don’t change the behaviour 

• Cross-cut tests: commercial paints are the best and acrylic the worst. Active 
systems don’t change the behaviour 

• Chemical resistance is good for acrylic and commercial paints but bad for 
alquidic and vynil-veova 

 
In the case of the coatings additivated with microparticles and microgels, active 
systems didn’t change the general properties of the paints remarkably. However, 
microgels worsened the application properties of the paint due to the increase in 
viscosity. Moreover, the provided some bumpy texture to the films. 
 
Table 61 summarizes the general properties of the paints with different resins. 
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Table 61. Summary of properties of paints 
 Wet scrub resistance Chemical resistance Adherence 
Vynil-veova √ microgels worsen X ≈ 
Alquidic - theoretically √ X-≈ ≈ 
Acrylic √ ≈-√ best with BIT X 
Acrylic-LIPPENS √ √ X 
Paint 1 X √ √ 
Paint 2 X √ √ 

 

Due to the overall better properties of the acrylic paints, it was selected this resin to 
manufacture the final paint. Thus, the formulation of the paint was readjusted and the 
general properties according to the standard UNE 48243: “Paints and varnishes. Water 
dispersion paint, flat, indoor use” were determined. Besides, the hygienic efficiency of 
this final paint was studied.  
Properties of the final paint 

First of all the paints with no active ingredient system were characterized according to 
their viscosity and density (table 62). 

 
Table 62. Properties of paints with no biocides 

 
PVC VISCOSITY (cp) 

Spd= 6 v=50 
DENSITY (g/cc) 

40 6000 1.840 
60 5960 1.975 

 
As explained in D5.1 the active ingredient systems were added in different forms to the 
paint. Taking into account these forms and the different PVC of the paints, the 
identification of the paints was done according to table 63 
 

Table 63. Identification of the paints 
 

ID PVC (%) Biocide form 
40,1 

40 
All free 

40,2 Encapsulated 
40,3 In microgels 
60,1 

60 
All free 

60,2 Encapsulated 
60,3 In microgels 

 
In order to analyse the general properties of the paints, different tests were performed 
according to the standard UNE 48243: “Paints and varnishes. Water dispersion paint, 
flat, indoor use”. The tests that were carried out are the following: 
 
The results for each test are shown in tables 64-69. 
 
Brightness 
Paints were applied on glass samples and were kept drying for 28 days. Results are 
shown in table 64. 
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Table 64. Brighteness 
 

40,1 3.4±0.3 
40,2 3.0±0.1 
40,3 2.8±0.1 
60,1 8.8±0.1 
60,2 8.9±0.2 
60,3 5.8±0.8 

 
As can be seen, the higher the solid content the higher the brightness. Microparticles 
didn’t change the brightness of the paints. However, microgels diminished the 
brightness, specially at high brightness level. 
 
Chemical resistance 

For sample preparation paints were applied with a extender of 180 µm and were kept 
drying for 7 days. 

Then, different substances usually employed in places were hygienic coatings are 
required were selected. The substances were placed on the surface of the film and left 
long enough time (but lower than the evaporation time). Then the films were observed 
to quantify the effect of the chemical substance according to the list below. Results are 
shown for each resin. The meaning of the nomenclature is the following: 

5: no visible changes 

4: light changes in brightness or colour 

3: moderate mark 

2: important mark, no changing the structure of the surface 

1: important mark, changing the structure of the surface 

 

 

 

 

 

 

 

 

 

Table 65. Chemical resistance 

 40,1 40,2 40,3 60,1 60,2 60,3 

Chloramine 
(disinfectant) 

24h:5 24h:5 24h:4 24h:5 24h:5 24h:5 

Ammonium 
hydroxide 10% 

24h:5 24h:5 24h:5 24h:5 24h:5 24h:5 

Acetone 30 min:4 30 min:4 30 min:4 30 min:3 30 min: 3 30 min: 3 
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Distilled water 24h:5 24h:5 24h:5 24h:5 24h:5 24h:5 

Ethanol 96% 24h:5 24h:5 24h:4-5 24h: 4-5 24h: 4-5 24h: 4-5 

Fairy (cleaning 
agent) 

5h:1 5h:1 5h:1 5h:1-2 5h:1 5h:1 

Acetic acid 44% 24h:5 24h: 5 24h: 5 24h: 5 24h: 4 24h: 5 

Iodine (5% in 
ethanol) 

2h: 2 2h: 3 2h: 3 2h: 3-4 2h: 3 2h: 3 

NaOH 5% 4h:4 4h:4 4h:4 4h:4 4h:4 4h:4 

 
It is observed that the only bad behaviour was against cleaning agent and iodine. In 
any case, active systems didn’t affect the chemical resistance. 
 
Repintability 
 
Repintability was analysed by preparing 4 paint layers by brush in glass samples. The 
performance was 300 g/m2 and the drying time for each layer was 24h. It was observed 
how the application properties and the appearance of the film varied after the 
application of different film layers. 
 
Results showed that the applied paint moisturized uniformly the previous layer and 
there was no paint removal, no scratches nor bubbles in the films. The application 
properties of the paint didn’t decrease after different film layers. 
 
 
Hiding power 
The hiding power was determined in a colorimeter. According to the standard UNE 
48243, the contrast ratio obtained on a paint film with a performance of 4 m2/l (in 2 
hands) must be equal or higher than 0.98. 
 

Table 66. Hiding power 
 

40,1 0.99 
40,2 0.99 
40,3 0.97 
60,1 0.99 
60,2 0.99 
60,3 0.99 

 
As can be seen, microgels decreased the hiding power of the paints at low solid 
content.  
 
Wet scrub resistance 
 

Table 67. Wet scrub resistance 
 

 Mean loss in dry-film thickness Ld (µm) Class 
40,1 2.20 II 
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40,2 2.40 
40,3 2.19 
60,1 2.35 
60,2 2.27 
60,3 2.21 

 
Where, 
 Type I: loss in thickness < 45 µm 
 Type II: loss in thickness < 20 µm 
 
To study the cleanability a soiling agent (HB pencil of graphite) was employed. It was 
made a mark by putting a pencil on the surface and making a drawing without applying 
pressure (figure 36). It was determined the appearance after 200 cycles of wet scrub. 

 

Figure 36. Mark made with a pencil for cleanability test 
 
The results were very good since no mark was observed after scrubbing. 
 
Regarding the effect of active systems, it can be said that they didn’t affect the wet 
scrub resistance. 
 
In can stability 
 
Paints with the different active systems were kept three weeks at 40ºC and Brookfield 
viscosity was measured after each week. Here are the results. 

 
 
 
 
 
 
 
 

Table 68. In can stability 
 

Week 40.1 40.2 40.3 60.1 60.2 60.3 
η 
(cp) 

remarks η 
(cp) 

remarks η (cp) remarks η 
(cp) 

remarks η 
(cp) 

remarks η (cp) remarks

0 6380 OK 6680 OK 32355 OK 6580 OK 6940 OK 37750 OK 
1 6700 OK 7700 coagules 33200 OK 6660 OK 7540 coagules 43050 OK 
2 6760 OK 8100 coagules 33600 OK 6854 OK 7420 coagules 42600 OK 
3 7380 OK 8900 coagules 35400 OK 7500 OK 8200 coagules 44700 OK 



 
 
Final activity report 

 

______________________________________________________________________ 
Contract  Nº COOP-CT-2006-032873  103 

 
 
The viscosity of the paints 40.1, 40.2, 60.1 and 60.2 was determined using spindle 6 
and speed 50 rpm. However, the viscosity of the paints with microgels was so high that 
analysis conditions had to be changed. So, the same spindle but lower speed (20 rpm) 
was used.  
 
The paints with free biocides showed the lowest viscosity. The addition of 
microparticles increased the viscosity around 5%. However, microgels increased 
viscosity more than 400%. At increasing time viscosity increased in all systems. 
 
The paints containing free biocides and microgels showed good appearance during all 
testing time. The didn’t show any skin, hard deposit nor alteration. Nevertheless, paints 
with microparticles showed some coagules at increasing time. This was probably 
because after the addition of microparticles pH of the paints decreased from 8.3 to 7.3 
giving rise to possible destabilization of the resin and thus, formation of coagules.  
 
Ageing 
 
Ageing of the samples was carried out in a Xenotest. The conditions of the ageing were 
the following: 

• Temperature: 35ºC 
• Humidity: 60% 
• Light: xenon lamp 

 
Samples were painted on a tile and contrast change was evaluated using a grey scale 
for evaluating change in colour (figure 37). 
 

 
Figure 37. Grey scale for contrast change 

 
 
Samples were taken in the ageing chamber for 200 hours. After different times colour 
evaluation was carried out. As can be seen in the table below there was no contrast 
change after ageing.  
 

Table 69. Ageing 
 

 100h 200h 
40.1 5 5 
40.2 5 5 
40.3 5 5 
60.1 5 5 
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60.2 5 5 
60.3 5 5 

Where, 
5: no change 

 

Conclusions 

Most of the properties were not affected by the active systems. In fact, the following 
properties were independent of the active system: 

• Chemical resistance 

• Repintability 

• Wet scrub resistance 

• Colour change by ageing 

• Cleanability 

 

However, microgels and microparticles worsened certain properties. More specifically, 
the properties that were affected by the microgels were the following: 

• Brightness 

• Hiding power at low solid content 

 

On the other hand, microparticles worsened in can stability. However, this problem 
could be solved by increasing a bit more the initial pH of the paint in order to maintain 
all the time the pH above 8.  

 

Task 6.5. BIOLOGICAL EFFECTIVENESS OF BIOCIDE COATINGS 

Partner: ITECH 

Biological effectiveness of coatings additivated with grafted polymer 

As stated in WP5, the formula of the paint with the grafted polymer as active system 
was different due to the low pH. The general properties of this paint weren’t determined 
because paint formulators involved in the project considered that this paint couldn’t be 
directly commercialised. However, the biological activity was determined as R&D 
activity in order to see the potential use of this system in future paint developments.  

One coat of paint was applied on a glass fibre textile and it was kept drying for one 
month and a half. 
 
Bacteria testing was carried out with gram+staphylococcus aureus, a typical bacteria 
present in hospitals. Samples were put in contact with the bacteria for 24h according to 
the standards JIS Z 2801 and ISO 22196:2007. Testing procedure is explained in 
previous deliverables. 
 
Besides an ageing process was carried out by following this cycle: 

- keep the samples at 50ºC for 48h 
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- immersion in water at 20ºC during 4 days 
- drying at room temperature for 24h 
- 48h under UV light 

 
The results for the paint with grafted polymer were compared with those obtained by a 
paint with no biocides based in an acrylic resin with a formulation rather similar to that 
of the paint with grafted polymer. Results are shown in table 70: 
 

Table 70. Biological effectiveness of coatings with grafted polymer 

ACTIVE 
SYSTEM 

DRY THICKESS 
(µm) 

AGEING BATERIA 
GROWING  
(log T/T0) 

EFFECT ON 
BACTERIA 

Grafted polymer 147-196 No 
Yes 

-0.9 
-0.93 

Strong biostatic 
Strong biostatic 

Grafted polymer 400 No 
Yes 

-1.0 
-1.1 

Strong biostatic 
Strong biostatic 

none 183-240 No  
Yes 

1.35 
2.05 

Weak biostatic 
No effect 

 

The coating additivated with grafted polymer showed a very good biological activity. 
Even after ageing the paint exhibited strong biostatic effect. Moreover, the biological 
performance was independent of the film thickness. These results open a new 
opportunity for hygienic coatings at long term because acid pH problems related to 
these new type of paints should be overcame. 
 

Biological effectiveness of the final paint 

As claimed in WP5, the active system should have 2500 ppm ZnPyr, 300 ppm BIT and 
200 ppm OIT. Taking into account this contents, different concentrations of biocides 
were added to the final paints. So, the concentrations shown in table 71 were used. 

Table 71. Concentration of biocides in final paints 

Biocide  
(Pure active 
ingredient) 

Concentration 
(1) 
Maximum  

Concentration (2) 
75% of (1) 

Concentration (3) 
50% of (1) 

Pure BIT 0.03 0.0225 0.015 
+ Pure OIT 0.02 0.015 0.01 
+ Pure Zn Pyr 0.25 0.1875 0.125 
 
The 150 ppm free BIT are not added in the paints 
Σ biocides + paint = 100%w 
 
Then the concentrations to be added in each paint were calculated for each type of 
biocide system :  

- the free biocides from Lamirsa 
- the microparticles from Cidemco 
- the BIT and OIT dry microgels from Armines-Cemef + the Zn Pyr 

microparticles from Cidemco 
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According to the biocide content inside each active system, the following contents must 
be added to the paints (table 72): 
 

Table 72. Biocides concentration in each system 
 
FREE BIOCIDES FROM LAMIRSA 
Lamirsa Biocide  % purity Concentration 

(1) 
Concentration 
(2) 

Concentration 
(3) 

BIT Lamirsa 85 0.0353 0.0265 0.0176 
+ OIT Lamirsa 96 0.0208 0.0156 0.0104 
+ Zn Pyr Lamirsa 96 0.2604 0.1953 0.1302 
 
Each biocides combination was dispersed in the paint during 5 minutes with 1500 rpm 
speed (diameter 4 cm). 
 
MICROPARTICLES FROM CIDEMCO 
Microparticle  
 

Biocide Content 
(weight %) 

Concentration 
(1) 

Concentratio
n (2) 

Concentratio
n (3) 

BIT/PLA 23 0.1304 0.0978 0.0652 
+ OIT/PLA 41 0.0488 0.0366 0.0244 
+ Zn Pyr/PLA  50 0.5 0.375 0.25 
 
Each biocides combination was dispersed in the paint during 5 minutes with 500 rpm 
speed (diameter 4 cm) 
 
Biocide System 
 

Pure Biocide 
Content 
(weight %) 

Concentratio
n (1) 

Concentratio
n (2) 

Concentratio
n (3) 

Dry Gel BIT 
100ppm 

1.35 2.22 1.666 1.111 

+ Dry Gel OIT 
300ppm 

4.02 0.498 0.373 0.249 

+ Zn Pyr/PLA  1/1 50 0.5 0.375 0.25 
 
The dry gels swelled slowly in deionised water at 40 g/g. After 1 night the gels were 
swollen correctly and could be added to the paint. 
 
First each Zn Pyr concentration was dispersed in the paint during 5 minutes with 500 
rpm speed (diameter 4 cm). Then the swollen gels were added in the preparation and 
mixing was done only with a spoon. 
 
The application wet thickness was adjusted for each microgel combination in order to 
have the same dry thickness for all the samples tested (Lamirsa – Cidemco – Armines 
Cemef). The dispersion was done with a Lab Paint Disperser (Grenier Charvet – 
Lenze). 
 
All the mixtures were based on 200 grams, that means :  

Σ Biocides + Paint PVC 40% = 200 g in total 
Σ Biocides + Paint PVC 60% = 200 g in total 

 
Application of the samples was done by applying 1 coat of paint on glass fibre textiles 
and keeping them dry for two weeks. Four samples were prepared for each paint, two 
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were not aged and two aged with the characteristics accounted in table 73. For each 
paint, the application was done just after the dispersion or the mixing (no storage of the 
paints containing the microcapsules or the microgels). 
 

Table 73. Paint film samples 
 

Paint 
PVC % 

Biocide 
System 

Concentrations Wet thickness 
µm 

Dry thickness 
µm 

40 Lamirsa 1-2-3 ≈ 300-400 ≈ 157-210 
60 Lamirsa 1-2-3 ≈ 300-400 ≈ 180-240 
40 Cidemco 1-2-3 ≈ 300-400 ≈ 157-210 
60 Cidemco 1-2-3 ≈ 300-400 ≈ 180-240 
40 Gels 

+ Zn Pyr/PLA 
1 
2 
3 

≈ 1000 
≈ 1000 
≈ 1000 

≈ 259 
≈ 295 
≈ 345 

60 Gels 
+ Zn Pyr/PLA 

1 
2 
3 

≈ 1000 
≈ 1000 
≈ 1000 

≈ 294 
≈ 336 
≈ 393 

 
 
 
ACCELERATED AGEING CONDITIONS 
48 hours at 50°C 
Immersion in water at 20 +/- 2°C during 4 days 
Drying at room temperature during 24 hours 
48 hours under UV light 
 
Bacteriological results 
 
The tests were carried out according to JIS Z 2801 or ISO 22196/2007 with gram + 
staphylococcus aureus bacteria, typical of hospitals. Samples were in contact with 
bacteria for 24h. After that, the bacteria will grow or not, depending on the presence 
and the release of the biocides in the film and on the efficiency of the biocides. Results 
are shown in table 74. 
 
 
 
 
 
 
 

Table 74. Bacteriological results of final paints 
 
TESTED 
SAMPLES 

AGEING 
 

BACTERIA GROWING
Log(T/To) 

EFFECT ON BACTERIA 

PAINT PVC 40% No 
Yes 

0 bacterium 
> 4.7 

Strong biostatic ↔ biocide 
No effect 

PAINT PVC 40% 
+ Lamirsa Biocides 
Concentration (1) 
Concentration (1) 
Concentration (2) 

 
 
No 
Yes 
No 

 
 
0 bacterium 
0 bacterium 
0 bacterium 

 
 
Strong biostatic ↔ biocide 
Strong biostatic ↔ biocide 
Strong biostatic ↔ biocide 
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Concentration (2) 
Concentration (3) 
Concentration (3) 

Yes 
No 
Yes 

0 bacterium 
0 bacterium 
-0.45 

Strong biostatic ↔ biocide 
Strong biostatic ↔ biocide 
Strong biostatic effect 

PAINT PVC 40% 
+ Cidemco 
Particles 
Concentration (1) 
Concentration (1) 
Concentration (2) 
Concentration (2) 
Concentration (3) 
Concentration (3) 
 

 
 
No 
Yes 
No 
Yes 
No 
Yes 

 
 
0 bacterium 
-0.19 
0 bacterium 
0.15 
0 bacterium 
0.48 

 
 
Strong biostatic ↔ biocide 
Strong biostatic effect 
Strong biostatic ↔ biocide 
Biostatic effect 
Strong biostatic ↔ biocide 
Biostatic effect (lower) 

PAINT PVC 40% 
+ Gels + 
ZnPyr/PLA 
Concentration (1) 
Concentration (1) 
Concentration (2) 
Concentration (2) 
Concentration (3) 
Concentration (3) 
 

 
 
No 
Yes 
No 
Yes 
No 
Yes 

 
 
0 bacterium 
0 bacterium 
0 bacterium 
0 bacterium 
0 bacterium 
-0.24 

 
 
Strong biostatic ↔ biocide 
Strong biostatic ↔ biocide 
Strong biostatic ↔ biocide 
Strong biostatic ↔ biocide 
Strong biostatic ↔ biocide 
Strong biostatic effect 

 
Not aged samples : 
 Lamirsa biocides : good protection for the 3 concentrations 
 Cidemco particles : good protection for the 3 concentrations 
 Gels : good protection for the 3 concentrations 
 
Aged samples : 
 Lamirsa biocides : good protection for the 3 concentrations 

Cidemco particles : good protection for concentrations (1) and (2) with results 
lower than Lamirsa biocides 

 Gels : good protection for the 3 concentrations 
 
Biological results against fungi 
 
A mixture of 10 different fungi were selected and test was performed according to the 
NFX 41-520 standard (among which aspergillus niger). The duration of the test was 4 
weeks. 
 
Fouling rate of the sample was determined according to the NFX 41-520 / ISO 846 
standard. Results are shown in table 75. 
 0: Nothing (no fouling) 
 5: Maximum fouling (very important development of the fungi) 
 

Table 75. Fungi test results for final paints 
 
SAMPLES 
REFERENCES 
 

PAINT PVC 40% PAINT PVC 60% 
Not aged 
samples 

Aged 
samples 

Not aged 
samples 

Aged 
samples 

Note IA Note IA Note IA Note IA 
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PAINT alone 
 

5 No  5 No  5 No  5 No  

LAMIRSA BIOCIDES 
Concentration (1) 
Concentration (2) 
Concentration (3) 
 

 
0 
0 
0 
 

 
Yes 
Yes 
Yes 
 

 
0 
0-1 
0-1 

 
No 
No 
No 
 

 
0 
0 
0 

 
Yes 
Yes 
Yes 
 

 
0 
0 
0 

 
No 
No 
No 
 

CIDEMCO PARTICLES 
Concentration (1) 
Concentration (2) 
Concentration (3) 
 

 
0 
0 
0 

 
Yes 
Yes 
Yes 
 

 
0 
0-1 
0-1 

 
No 
No 
No 
 

 
0 
0 
0 

 
Yes 
Yes 
Yes 
 

 
0 
0 
0 
 

 
No 
No 
No 
 

GELS + Zn Pyr/PLA 
Concentration (1) 
Concentration (2) 
Concentration (3) 
 

 
0 
0 
0 

 
Yes 
Yes 
Yes 
 

 
0-1 
0-1 
0-1 

 
No 
No 
No 
 

 
0 
0 
0 
 

 
Yes 
Yes 
Yes 
 

*Not 
tested 
0 
0 
 

* 
* 
No 
No 
 

* The paint film was completely destroyed and nothing remained on the textile 
substrate 
IA : Inhibition Area present (Yes) or not (No) around the samples at the end of the fungi 
test 
 
Paints PVC 40% and 60% - Not aged samples 
 Lamirsa biocides : good protection for the 3 concentrations 
 Cidemco particles : good protection for the 3 concentrations 
 Gels : good protection for the 3 concentrations 

The presence of an inhibition area indicated that a part of the biocide diffused 
from the paint film in the medium around the sample, so the biocides 
concentrations could be decreased below concentration (3) 

 
Paints PVC 40% and 60% - Aged samples 
 Lamirsa biocides : good protection for the 3 concentrations 
 Cidemco particles : good protection for the 3 concentrations 
 Gels : good protection for the 3 concentrations 

The inhibition area disappeared for all the samples: it means that a part of the 
biocide was extracted from the paint film during the ageing 

 
CONCLUSION 
 
The 3 tested concentrations gave good results for the 3 active biocide systems in the 2 
tested PVC paint formulations. The different paints fulfil the biological activity 
requirements necessary for being used in hospitals and health-care environments. 
However, these new paints were not a relay of the biocontamination at long term. 
 
The results showed that the concentration (3) brought a sufficient protection for 
bacteria and fungi. Thus it indicated that the biocides necessary concentrations to be 
used in the paints could be decreased for applications in hospitals and in food-
processing environments. 
 
See detailed results in the Deliverables D6.1 and D6.2 
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Deviations and corrective actions: 
No significant deviations have to be remarked for this WP. D6.1 was sent a bit later 
than planned, together with D6.2. 

Deliverables: 
Deliverable 

nº 
Deliverable Title Proposed 

delivery date
Real delivery 

date 

D6.1 Report on properties of new hygienic 
coating formulations: release, 
stability, flow, efficiency and general 
properties 

21th month 25th month 

D6.2 Final report on the properties of the 
best selected new hygienic coating 
formulations 

21th month 25th month 

 

Milestones: 
1 litre of three coatings each with  MFF T>5ºC, in can stability and release condition 
controlled over the IMC.. 
 

All the formulations had an MFFT above 5ºC. Seven coatings were prepared, one 
containing grafted polymer, two containing microparticles, two containing microgels and 
other two containing free biocides for comparison. Grafted polymer was not selected 
for industrial application, so no general properties were measured. In the rest of the 
systems in can stability was controlled as well as biological activity. All the paints were 
effective, so they were above IMC. 
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WP7: Industrial validation 
 
Lead Partner: PROTEC 

Partners involved: BARBOT, LIPPENS, FARBE, PROTEC, CIDEMCO 

Workpackge objectives: 
Application of the new hygienic coatings in a sanitary place and study of controlled 
release. 
 
Progress towards objectives: 
Pilot batches 

Prototypes 
 
Partner: CIDEMCO 
 
First of all it was decided to prepare some samples for short term validation. According 
to the biological results obtained in previous test, microparticles and microgels seemed 
to show lower biological activity than free biocides at initial stages. So the aim of this 
first step in industrial validation was to know if paints containing microparticles or 
microgels were as effective as those paints containing free biocides at short-term 
validation. This would prove the efficacy of the systems also at short times.  
 
Thus, paints containing the active systems specified in D5.1 were prepared and pilot 
batches were obtained in order to be tested in a hospital. As usual in hospitals, paint is 
not applied directly on the wall, but firstly a textile layer is applied and then that textile is 
painted. So, pilot batches were prepared by sticking a textile layer on gypsum and 
painting it.  
 
The hospital were testing was carried out was painted in light blue, so some water-
based ink was added to the paint to obtain the same colour. Two samples were 
prepared, one for each PVC (pigment volume content). Each sample contained 3 paint 
layers, one with free biocides, another with microparticles and the last one with 
microgels. These samples were placed in the ICU of the Hospital of Barakaldo (Spain) 
for three months. After that time samples were collected and biological testing was 
carried out. Figure 38 a picture of one of the samples. 
 

Figure 38. Pilot batch with 3 paint layers placed in the ICU of the Hospital of Barakaldo 
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Results of the testing are collected in D7.2. After analysing those results, together with 
those of D6.2, it was concluded that microparticles offered better general and biological 
behaviour that microgels. So, this active system was selected for the obtaining of the 
final paint used in real applications. 
 

Biological activity 

Partner: ITECH 

DIRECT COUNTING : Total bacterial flora present on the paints films 
 
8 cm² of each paint film was removed from the gypsum panel. Then the paint film was 
washed with 20 cm3 of sterile bacterial thinner and 0.1 ml of this solution was placed in 
a first Petri box. Then the dilutions method was applied in order to count the bacteria. 
Results are shown in table 76. 
 

Table 76. Total bacteria in aged paints at real conditions 
 

PAINT 
REFERENCE 

NUMBER OF BACTERIA PRESENT ON THE PAINT FILM 
UFC = COLONY FORMING UNIT 

40-1 Not measurable but < 100 UFC 

40-2 Not measurable but < 100 UFC 

40-3 400 UFC on average 

60-1 Not measurable but < 100 UFC 

60-2 Not measurable but < 100 UFC 

60-3 1200 UFC on average 
 
The 3 paint samples 1-2-3 were placed on the same panel, and they had the same get 
back conditions and the same transport conditions (not satisfying because in not sterile 
packagings), but there was a significant difference between paints 1-2 and paint 3, for 
both PVC 40% and 60%, paint 3 has a much lower biological activity than paints 1-2  
 
BIOLOGICAL ACTIVITY OF THE PAINTS FILMS AFTER 3 MONTHS IN HOSPITAL 
 
The bacteria was gram + staphylococcus aureus and testing was performed according 
to JIS Z 2801 or ISO 22196/2007 standards. Samples were in contact with bacteria for 
24 hours. After that, the bacteria will grow or not, depending on the presence of some 
biocide(s) in the film and on the efficiency of the biocide(s). Table 77 correlates 
Log(T/To) with the effect on bacteria. 
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Table 77. Correlation between mathematical values and effect on bacteria 
 
Log(T/To) EFFECT ON BACTERIA 
≥ +3 No effect 
Between -1 and +1 
≈ -1 
≈ +1 

Biostatic effect 
Strong biostatic effect 
Weak biostatic effect 

< -2 Biocide effect 
0 bacterium It means that Log(T/To) can’t be calculated and the effect on 

bacteria is between strong biostatic and biocide 
To : Number of bacteria in the inoculum before testing 
T : Number of bacteria after 24 hours of contact with the tested sample 
 
Results are shown in table 78. 
 

Table 78. Bacteriological activity of aged samples at real conditions 
 
PAINT 
REFERENCE 

BACTERIA GROWING 
Log(T/To) 

EFFECT ON BACTERIA 

40-1 0 bacterium Between strong biostatic and biocide 

40-2 0 bacterium Between strong biostatic and biocide 

40-3 - 0.33 Biostatic 

60-1 0 bacterium Between strong biostatic and biocide 

60-2 0 bacterium Between strong biostatic and biocide 

60-3 - 0.21 Biostatic  

 
The 3 paint samples 1-2-3 were placed on the same panel, and they had the same get 
back conditions and the same transport conditions (not satisfying because in not sterile 
packagings), but there is a significant difference between paints 1-2 and paint 3, for 
both PVC 40% and 60%, paint 3 has a much lower biological activity than paints 1-2 
(paint 3 is not bad but lower) 
 
Conclusions 
 
3 months was a rather short period but it was a beginning for the biological activity in 
real conditions 
 
We received the paints samples in not sterile and not individual packagings, so maybe 
the paints could had polluted each other. Due to this, the results were only an 
indication and they must be considered with lots of precautions. 
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Real applications 

Partner: PROTEC 

For the industrial validation applications were performed at real conditions. This means 
that an industrial paint applicator mixed the paint with the dry microparticles and made 
the applications. Two facilities were selected to apply the paints: a canning factory and 
a hospital. 

 

Canning factory 
The Canning factory was Connorsa. This company is one of the leaders of the sector in 
Spain. They are located in the southern coast of Galicia (Spain).  

 

The area that was painted was the ceiling in a manufacturing area. Previously there 
was a satin white acrylic based paint with fungus problems. So, a pre-treatment was 
required which consisted in a cleaning step with hot water at high pressure (200 bar).  

 

The paint that was selected for this place was that with lower solid content (PVC 40) 
because this was for general purpose. Microparticles were added to the paint and 
mixed with a typical mixer apparatus, as that seen in figure 39. 

 

Figure 39. Mixing step of the paint with microparticles 

 

The mixing procedure was quite simple and microparticles blended with the paint 
easily. The two layer of paint were applied in the ceiling of the factory. Figure 40 shows 
some pictures of the painting. 
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Figure 40. Painted and unpainted areas in the canning factory 

 

Hospital 
The hospital were applications were made was Povisa, the most important private 
hospital of Spain. 

The area that was painted was a wall in a maintenance area. Previously there was a 
satin blue light acrylic paint without any patology. So, a manual cleaning was 
performed as a pre-treatment.  

The paint that was used was that with high solid content (PVC 60) because in certain 
facilities like hospitals very high-quality paints are required. Microparticles were added 
to the paint and mixed with a typical mixer apparatus, as that seen in figure 41. 

 

Figure 41. Mixing step of the paint with microparticles 

 

The mixing step was more difficult this time. The higher solid content of the paint 
hindered a correct dispersion of the microparticles in the paint. So, some granulates of 
capsules still remained after mixing. After that, three layers of paint were applied. Some 
pictures of the painting can be seen in figure 42. 
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Figure 42. Painted area in a hospital 

Besides, some samples were also painted and left in those facilities to make long-term 
validation of the biological activity in the new paints. Samples with PVC 60 showed a 
rough surface due to the small aggregates that remained in the paint after application. 
This appearance wasn’t observed in the paint used in the canning factory. 

 

See detailed results in the Deliverables D7.1 and D7.2 
 

Deviations and corrective actions: 
Although it wasn’t proposed to apply the paint for long-term testing, two facilities were 
painted for this purpose. The consortium agreed to make biological analysis of the 
paints after one year (in autumn 2009) although the project is finished. This is because 
the consortium considered it was necessary for industrialisation of the paint.  

 

Deliverables: 
Deliverable 

nº 
Deliverable Title Proposed 

delivery date
Real delivery 

date 

D7.1 Samples of pilot batches of the 
developed hygienic coatings 

24th month 25th month 

D7.2 Report of the validation and 
efficiency of the developed coatings 

24th month 25th month 

 

Milestones: 
Selection of the best new hygienic coating and definition of commercial proposition 
offered for the best hygienic coating. At least one formulation complying the 
requirements and specifications pointed out in WP1. 

The properties required of the new hygienic formulation and pointed out in WP1 
were: 

 biological efficacy  in time 
 homogeneity 
 good adherence to the substrate 
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 good flow properties 
 not yellowing  
 alkali resistance 
 abrasion resistance 
 good chemical resistance to solvents 
 minimal odour 

 
During the project it was demostrated that the final paints (based in acrylic resin with 
PVC 40 and 60) additivated with microparticles fulfilled all the requirements. Paints 
were easy to apply at industrial level and showed good adhesion to both mortar and 
gypsum.  
 
Nowadays, the paints are not ready for commercialisation because long-term 
biological tests are required. As mentioned previously, the consortium agreed to 
carry out these tests in one year out of the project. After that the paints will be ready 
to be commercialised. 
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1.4.– CONSORTIUM MANAGEMENT 
Work package 0 (WP0) – Project Management 
1.4.1. Workpackage objectives 
The main objectives of this WP within the HYCORE project were: 

• Project progress control and planning 

• Exploitation and dissemination of Results 

1.4.2. Management Structure and Responsibilities 
The HYCORE partners assumed full technical and financial responsibility for the 
management of the project. This involved appointment of a Project Co-ordinator 
(CIDEMCO) and a Project Co-ordination Committee. The main responsibilities of the 
project Co-ordinator are listed below: 

• The day to day co-ordination 

• To be the main interface between the consortium and the European 
Commission 

• To consolidate the project planning, progress reports, milestone reports, cost 
statements and budgetary overviews 

• To co-ordinate the communication between the partners 

An Exploitation Manager will assist the Co-ordinator in matters concerning exploitation 
and dissemination of results.  

The day to day project management is directed by a “Technical and Administrative 
Committee”, which meets all the partners every six months concerning “management 
meetings”, “mid-term assessment meeting” and “final meeting”. 
Committees and responsible persons have been elected in the Kick-off meeting: 

 

BOARD COMPANY PERSON 
Management CIDEMCO 

BARBOT 
LIPPENS 
FARBE 
PROTEC 
LAMIRSA 
ZIMTEC 
ITECH 
ARMINES 

Izaskun Garmendia 
Nuno Barbosa 
Johan van Daele 
Oscar Guinea 
Casiano Iglesias 
Joan Seguer 
Elena Krylova 
Dominique Corger 
Melanie Pomian 

Technical  
Co-ordination 

CIDEMCO 
LAMIRSA 
ITECH 
ARMINES 

Miriam García 
Joan Seguer 
Dominique Corger 
Tania Budtova 

Exploitation 
And 
Dissemination 

CIDEMCO 
BARBOT 
LIPPENS 
FARBE 
PROTEC 
LAMIRSA 
ZIMTEC 
ITECH 
ARMINES 

Izaskun Garmendia 
Nuno Barbosa 
Johan van Daele 
Oscar Guinea 
Casiano Iglesias 
Joan Seguer 
Elena Krylova 
Dominique Corger 
Tania Budtova 
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1.4.3. Consortium Management achievements 
All the activities foreseen in the Consortium management Workpackage for the whole 
project have been carried out. 

The HYCORE project started on November 1st 2006, after the signature of the contract 
with the European Commission. Since then, there have been several working party 
meetings to discuss the progress of the project at different stages of the development. 
Meetings were also accomplished with both RTD performers and industrial partners to 
ensure that the progress will have final practical applications. 

 Distribution of the EC payments: Following the recommendations of EC, the 
prefinancing and the second payment received by the coordinator (CIDEMCO) from the 
EC was distributed to the partners within 45 days from the reception. 

 Periodic meetings: During the 24 months of the project, five meetings have 
been organised to discuss the progress of the project at different stages of the 
development. Meetings were also accomplished with the three RTD performers and 
industrial partners to ensure that the progress will have final practical applications. 

A Kick-Off Meeting was held on 15th November 2006 in CIDEMCO’s facilities 
(Azpeitia-Spain). Unfortunately Mrs. Elena Krylova from ZIMTEC, and Mrs. Anne 
Declève on behalf of the European Commission (Legal Officer) were unable to attend 
the meeting and excused their attendance. This meeting was organised to define in a 
more detailed way the activities to be carried out, the submission of project 
Deliverables, Financial Statements and Reports according to the programme. The 
Community’s pre-financing was equally subdivided among the partners, proportionally 
with the total costs foreseen for each partner. After the presentation of the partners, the 
discussion was focused on the organisation of the Management Board, the Technical 
Coordination Board and the Exploitation & Dissemination Board. 
 
After 6 monts, a periodical meeting was organised. The 6 Month Meeting was held on 
on 21st May 2007 in the ITECH École d’Ingénieurs Institut Textile et Chimique in Ecully 
Cedex (Lyon-France). Unfortunately Mrs. Anne Declève & Mrs. Iphigenia Pottaki on 
behalf of the European Commission were unable to attend the meeting and excused 
their attendance. Preliminary activities carried out by the partners during the first 
months were then checked and some technical agreements were taken concerning the 
components to be used in the final paints. 
 

Finally, after 12 months, the first year meeting was organised. The 12 Months Meeting 
was held on October 8th in the École des Mines de Paris-Site de Sophia Antipolis 
ARMINES-CEMEF (Sophia-Antipolis, France). Unfortunately Mr. Joan Seguer from 
LAMIRSA, Mr. Casiano Iglesias from PROTEC and Mrs. Anne Declève & Mrs. 
Iphigenia Potakki on behalf of the European Commission were unable to attend and 
excused their attendance. During the meeting several management and technical 
aspects were reviewed concerning Project Reporting and polymerization processes 
respectively. 

Concerning the meetings of the second period, the 18 months meeting was 
held on April 17th 2008 in Indústria de Tintas BARBOT (Vila Nova de Gaia-Portugal). 
Unfortunately Ms. Elena Krylova (ZIMTEC) and Ms. Iphigenia Pottaki on behalf of the 
European Commission were unable to attend the meeting and excused their 
attendance. There some technical and managements aspects were reviewed and the 
partners visited the facilities of BARBOT. 

Finally, the 24 Months Meeting was hosted by the Co-ordinator of the project 
CIDEMCO, in Azpeitia (Spain) on October 30th-31st 2008 together with a public 
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workshop. Unfortunately Ms. Iphigenia Pottaki on behalf of the European Commission 
was unable to attend the meeting and excused her attendance. During the meeting 
several management and technical aspects were reviewed concerning products 
characteristics as well as exploitation matters. After the meeting, a full day public 
workshop about the “New developments in the field of the hygienic coatings” was held 
at CIDEMCO facilities. Lecturers from both inside and outside the Consortium gave 
conferences about these subjects. 

 

Discussions at the meetings have been open and frank, appeared small doubts, 
problems and difficulties have been expressed, solution proposals have been studied 
and corrective actions agreed. 

A regular communication has taken place among the partners along the project. 

1.4.4. Consortium Status 
A Consortium Agreement was signed at the beginning of the project. 

The company LIPPENS updated its name to LIPPENS PAINTS NV. The Commission 
was informed properly on this issue with the official documents supporting the change 
of the name. 
 
At the end of the first period, the special situation of the partner ZIMTEC was largely 
discussed. ZIMTEC had previously informed the Coordinator its difficulties to justify 
personnel costs, due to internal problems of the company. The role of ZIMTEC was 
mainly focused on tasks regarding micro-particles. The tasks of ZIMTEC were 
immediately assumed by the whole Consortium and other members of the Consortium 
carried out its RTD activities. In this context, another SME participant of the 
Consortium, LAMIRSA (specialised in the manufacturing and distribution of biocides 
and chemicals) mainly assumed the tasks where ZIMTEC was initially involved. 
LAMIRSA intends to expand their market towards the micro-particles field, as other 
competitor companies of the same sector have already done. Therefore, they started 
their micro-encapsulation activities with the tasks initially foreseen for ZIMTEC, but 
ZIMTEC continued to be bound to the contract, with a minor role, providing partners 
with samples, sharing its knowledge, and attending the meetings for the proper 
development of the tasks. CIDEMCO reported all these transfers of tasks to the 
European Commission, and informed ZIMTEC about the possibility of loosing the rights 
of exploitation of results due to the change of its role to OTHER participants. 
 

A detailed description of the transfer of tasks that has taken place between LAMIRSA 
and ZIMTEC referred to the Description of Work is given below: 

 LAMIRSA 
WP1 – LAMIRSA is specialised in biocides. Thus, it provided recommendations for the 
selection of biocides. It recommended to use biocides accepted in positive lists of the 
Biocidal Product Directive regarding Main Groups 1 “Desinfectants and general biocidal 
products”·and 2 “Preservatives”. Into these two groups LAMIRSA proposed to select 
the biocides from the Product Types PT2 “Private area and public health area 
disinfectans and other biocidal products” and PT7 “Film preservatives”. 

WP2  LAMIRSA took in charge of Task 2.1 “Study of properties and selection of 
biocides”. So, it selected various biocides according to their efficiency and solubility. 
Furthermore, as it took in charge of the work of ZIMTEC, it made a study about the 
most suitable polymers to use in the development of polymer particles.  
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WP3  LAMIRSA provided biocides for the preparation of polymer-active ingredient 
systems. Moreover, it prepared microparticles based in calcium hydroxyapatite. 

WP4  LAMIRSA provided the biocides and the calcium hydroxyapatite microparticles 
for the study of the release properties. Its contribution in this study is based in the 
analysis of factors that can affect the release properties, such as solubility parameters, 
sharing coefficient, bacterial activity, etc. 

WP0 – LAMIRSA took part in several meetings and discussions (e-mail, phone and 
personal) with the Coordinator (CIDEMCO) and the other partners to determine the 
specifications of the paint components, such as the biocides, the polymeric systems 
and other additives. It showed active participation in project-meetings with several 
presentations about important decisions concerning the biocides and micro-
encapsulation. 

 ZIMTEC 
WP2  ZIMTEC prepared hydroxyapatite microparticles with different particles size. It 
showed LAMIRSA how to prepare such microparticles since this company took in 
charge of ZIMTEC’s work. 

 

Thus, the person-months were re-distributed and remained as it is shown in the right 
side of the following table: 

RTD SME SME SME SME SME SME RTD RTD RTD SME SME SME SME SME SME RTD RTD
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WP0 
Management, 
Exploitation & 
Dissemination 9 4 1 1 1 1 1 1 1 20 9 4 1 1 1 2 0 1 1 20
WP1 
Specifications 5 4 2 4 2 4 5 26 5 4 2 4 2 4 5 26
WP2Study & 
preparation of 
initial components 9 7 6 11 3 36 9 13 0 11 3 36

WP3Development 
of polymer-active 
ingredient systems 8 10 6 6,5 30,5 8 7,2 2,8 6 6,5 30,5
WP4 Controlled 
release 5 7 6,5 18,5 5 0 7 6,5 18,5
WP5 New coating 
formulations 6 4 2 4 1 17 6 4 2 4 1 17
WP6 Application 
and General 
Properties 12 2 2 3 1 4 3 27 12 2 2 3 1 4 3 27
WP7 Industrial 
validation 9 2 1 4 3 19 9 2 1 4 3 19
TOTAL 58 16 8 16 8 12 22 34 20 194 58 16 8 16 8 31,2 2,8 34 20 194

WP Descriptions

Previous distribution of person-months New distribution of person-months

To
ta

l

To
ta

l

 

Regarding the distribution of the second payment, the Coordinator proposed a new 
distribution of these economical resources for the SME LAMIRSA, as they assumed 
the tasks initially foreseen for ZIMTEC. The partners agreed to distribute the second 
payment of the EC as follows: 
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1.4.5. Project time table and status 
The following table summarises the information concerning all the Deliverables that 
have been submitted along the project: 
Work package Deliverables Responsible Delivery 

date 
WP0- 
Management, 
Dissemination 
and Exploitation 

D.0.1. Report on Exploitation of the results 
 
DPUDK-Draft Plan for Using and Disseminating 
the Knowledge 
 
FPUDK-Final Plan for Using and Disseminating 
the Knowledge 

CIDEMCO 
 
CIDEMCO 
 
 
CIDEMCO 

Month 12 
 
Month 12 
 
 
Month 12 

WP1- Design of 
Specifications 
for the Hygienic 
Coatings 

D.1.1. A list of criteria of hygienic coatings with 
requested properties 
 
D1.2. A first list of selected biocides to be used 
for the preparation of polymer active ingredient 
system  

BARBOT 
 
 
BARBOT 

Month 3 
 
 
Month 3 

WP2- Study 
and Preparation 
of Initial 
Components 

D2.1. Report on the properties of selected 
components (biocides, micro-capsules, micro-
gels, grafting processes) 

ITECH Month 6 

WP3- 
Development of 
Polymer-Active 
Ingredient 
Systems 

D3.1. Sample of systems based on biocide 
encapsulated micro-particles 
 
D.3.2. Sample of systems based on biocide 
encapsulated microgels 
 
D.3.3. Sample of systems based on biocides 
grafted on a polymer structure 

ZIMTEC  
ARMINES 
 
ZIMTEC  
ARMINES 
 
ZIMTEC  
ARMINES 

Month 12 
 
 
Month 16 
 
 
Month 16 
 

WP3- 
Development of 
Polymer-Active 
Ingredient 
Systems 

D.3.4. Final Report of the Characteristics and 
properties of all systems selected for the 
hygienic coatings 

ZIMTEC  
ARMINES 
 

Month 18 

WP4- Study of 
the controlled 
release from the 
polymer 
particles 

D.4.1. Report on the release properties of new 
polymer-active ingredient systems based on 
micro-particles, micro-gels and grafted polymers 
 
D.4.2. Report on the biological activity of new 
polymer active ingredient system 
 
D.4.3. Final Report on the release properties 
and biological activity of selected polymer active 
ingredient systems 

ARMINES-
CEMEF 
 
 
ARMINES-
CEMEF 
 
ARMINES-
CEMEF 
 

Month 12 
 
 
 
Month 15 
 
 
Month 18 
 

WP5-. New 
coating 
formulations 

D.5.1.Report on the composition of new 
hygienic coatings 

BARBOT  Month 21 

Partner Total EC ContributionPre-payment (€) Pre-payment (%) 2nd payment (€) So far received So far received (%)
Protec 6.000,00 4.080,00 68,00 65,50 4.145,50 69,09
Zimtec 4.080,00 4.080,00 100,00 0,00 4.080,00 100,00
Barbot 6.000,00 4.080,00 68,00 65,50 4.145,50 69,09
Lamirsa 6.920,00 3.400,00 49,13 1.381,34 4.781,34 69,09
Lippens 6.000,00 4.080,00 68,00 65,50 4.145,50 69,09
Farbe 5.000,00 3.400,00 68,00 54,60 3.454,60 69,09
Itech 148.783,00 101.172,36 68,00 1.623,74 102.796,10 69,09
Cidemco 260.921,00 177.426,15 68,00 2.847,56 180.273,71 69,09
Armines 158.196,00 107.573,20 68,00 1.726,48 109.299,68 69,09

601.900,00 409.291,71 68,00 7.830,22 417.121,93 69,30

HYCORE PAYMENTS
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WP6. 
Application and 
general 
properties 

D.6.1. Report on properties of new hygienic 
coating formulations: release, stability, flow, 
efficiency and general properties 
 
D.6.2. Final report on the properties of the best 
selected new hygienic coating formulations. 
Report on efficiency of the best biocide 
coatings. 

CIDEMCO 
 
 
 
 
 
CIDEMCO 

Month 21 
 
 
 
 
 
Month 24 

WP7- Industrial 
validation 

D.7.1. Samples of pilot batches of developed 
hygienic coatings 
 
D.7.2. Report of the validation and efficiency of 
the developed coatings 

PROTEC 
 
 
 
PROTEC  

Month 24 
 
 
 
Month 24 

 
The work has been carried out as described in the original Work Programme. At this 
stage in the project, the work is still on schedule with no major deviations from the plan. 
The following barchart summarises the status of each project task. 

PROJECT BARCHART and STATUS
Acronym: HYCORE

Duration
1st year 2nd year

Workpackage 1:  
Design of pecifications for hygienic coatings
Workpackage 2:  
Study and preparation of initial components
Task 2.1 Study of properties and selection of active ingredients
Task 2.2 Synthesis, study and selection of the suitable polymer particles to be used as active ingredients carriers
Task 2.3 Study of micro-gels properties, selection of the best pairs biocide/gel
Task 2,4 Selection and treatment of polymers for grafting
Workpackage 3:  
Development of polymer-active ingredient systems
Task 3.1 Preparation of microparticles with encapsulated  biocides
Task 3.2 Preparation of micro-gels with encapsulated biocides

Task 3.3 Grafting polymerisation of biocides on the thickener
Workpackage 4:  
Study of the controlled release from the polymer particles
Task 4.1 Control of the biological activity from the micro-particles
Task 4.2 Control of the biological activity from the grafted polymers
Task4.3 Control of the biological activity from the micro-gels
Task 4.4 Selection of the best polymer-active ingredient systems
Workpackage 5:  
Development od the new coating formulations
Task 5.1 Study and selection of the components of the formulation.
Task 5.2 Development of the new formulations.
Workpackage 6:  
Application and general properties
Task 6.1 Application of the developed formulations on the laboratory scale
Task 6.2 Study of the release of the active ingredients
Task 6.3 Study of the paints flow 
Task 6.4 Full characterisation of general properties of the best hygienic coatings
Task 6.5 Biological effect of biocide coatings
Workpackage 7:
Industrial validation
Workpackage 0:
Management, exploitation and dissemination

Contract N° COOP-CT2006-032873
6 m 12 m rep

Final
24 m18 m rep
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1.5. OVERALL PARTNERS CONTRIBUTION TO THE PROJECT 

1.5.1. SMEs Contribution 
 

A. BARBOT 
 
WP5 –This WP regards to the development of new formulations. During the second 
period the formulations were prepared. BARBOT took part in this task according to 
their experience.  
 
WP6 – In this WP the general properties of the paints were determined. BARBOT 
contributed in the determination of the properties to be measured in the paints. 
 
WP7 – As a coating manufacturer, BARBOT prepared the paint at semi-industrial scale 
for PROTEC. 
 
WP0 – Several meetings and discussions (e-mail, phone and personal) with the 
Coordinator (CIDEMCO) and the other partners to define the formulae of the paints and 
analyse their properties. 
 
 

B. LIPPENS 
 
WP5 – LIPPENS also contributed in the formulation of the final paints.  
 
WP6 – LIPPENS analysed together with the other paint manufacturers the properties of 
the paints. They provided some resins to be analysed. 
 
WP7 – LIPPENS contributed with their knowledge in the details related to the 
preparation of the paints at semi-industrial scale. 
 
WP0 – Several meetings and discussions (e-mail, phone and personal) with the 
Coordinator (CIDEMCO) and the other partners to define the formulae of the paints and 
analyse their properties. 
 
 

C. FARBE 
 
WP5 – FARBE provided its knowledge on formulation of paints for the definition of the 
formulae of the final paints. Besides he prepared the paint at semi-industrial scale for 
all RTDs in order to do the testing. 
 
WP6 – FARBE analysed the results obtained in this WP. Moreover, they provided 
several resins to be tested. 
 
WP7 – FARBE prepared the paint at semi-industrial scale to prepare the batch pilot 
tested during 3 months in a hospital. 
 
WP0 – Several meetings and discussions (e-mail, phone and personal) with the 
Coordinator (CIDEMCO) and the other partners to define the formulae of the paints and 
analyse their properties. 
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D. PROTEC 
 
WP5 – PROTEC gave recommendations that affect the formulation of the paint in 
terms of fluidity of paint for the application besides colour and odour of the paint. 
 
WP6 – PROTEC analysed the general properties of the paints in terms of cleaning, 
chemical resistance, yellowing, in can stability, etc. 
 
WP7 – PROTEC looked for some facilities to apply the final paints. Besides they did 
the applications at industrial scale. 
 
WP0 – Several meetings and discussions (e-mail, phone and personal) with the 
Coordinator (CIDEMCO) and the other partners to define the formulae of the paints and 
analyse their properties. 
 
 

E. LAMIRSA 
 
 
WP3  LAMIRSA provided biocides for the preparation of polymer-active ingredient 
systems.  
 
WP4  Its contribution in this study is based in the analysis of factors that can affect 
the release properties, such as solubility parameters, sharing coefficient, bacterial 
activity, etc. 
 

WP0 – Several meetings and discussions (e-mail, phone and personal) with the 
Coordinator (CIDEMCO) and the other partners to determine the final requirements of 
the paints. 
 Active participation in project-meetings with several presentations about 
important decisions concerning the biocides and micro-encapsulation. It gave an oral 
communication in the workshop. 
 

F. ZIMTEC 
None 
 

1.5.2. RTD performers contribution 
 
A. CIDEMCO 
 
WP3 – CIDEMCO was in charge of Task 3.1 “Preparation of microparticles with 
encapsulated biocides”. It synthesized microparticles based in poly(lactic aid) (PLA) 
with the different biocides provided by LAMIRSA. It optimised the methods to obtain 
particles smaller than 25µm for each biocide and prepared the required amounts for all 
testing and industrial validation. 
 
WP5 – Together with the paint formulators, CIDEMCO developed the new formulae. It 
formulated the lab paints that were tested before formulating the final paints.  
 
WP6- CIDEMCO was in charge of task 6.4 “Characterisation of general properties”. It 
determined several properties of both lab paints and the final paints. 
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WP7- CIDEMCO determined the method for blending and applying the new final paints 
for industrial validation. 
 
WP0 – Coordinate the information gathering process and the information work flow. 
Find the synergies and the possible differences among the partners.  

Organisation of the project meetings and final workshop and periodic contact 
with the EC. It gave an oral communication in the workshop. 
 
 
B. ARMINES 
 
WP3 – ARMINES took in charge of Task 3.2 “Preparation of micro-gels with 
encapsulated biocides”. They prepared micro-gels charged with the different biocides, 
optimised the methods and provide to other partners for testing. 
 
WP4 – Into Tasks 4.1 “Control of biological activity from the microparticles” and 4.3 
“Control of the biological activity from the microgels”, ARMINES finished the study 
about the biocide release from the microgels and the PLA-microparticles by analysing 
the kinetics of biocide release and the conditions of such release.  
 
WP6 – ARMINES was in charge of task 6.3 related to the determination of the 
rheological properties of both lab paints and final paints. They analysed the effect of 
several parameters in rheological properties such as PVC value, biocide type, 
temperature, effect of shear rate, etc. 
 
WP0 – Several meetings and discussions (e-mail, phone and personal) with the 

Coordinator (CIDEMCO) and the other partners to determine the formulae and 
analyse the properties. 

 Active participation in project-meetings with several presentations about 
important decisions concerning micro-gels. 
 
 
C. ITECH 
 
WP3 – ITECH was in charge of Task 3.3 “Grafting polymerisation of biocides on the 
thickener”. The method for grafting was optimised. The required amount of latex was 
synthesized. 
 
WP4 – ITECH analysed the biological activity of microparticles, microgels and grafted 
polymers. They studied the effect of different biocide blends and concentrations on 
biological activity. 
 
WP6 – ITECH was in charge of task 6.5 related to the biological effectiveness of the 
coatings. It analysed the effect of different biocide concentrations entrapped in 
microgels and microparticles on the final paints. They also studied the effect of grafted 
polymer in the coating from a biological point of view.  
 
WP0 – Several meetings and discussions (e-mail, phone and personal) with the 

Coordinator (CIDEMCO) and the other partners to determine the formulae and 
analyse the properties. 

 Active participation in project-meetings with several presentations about 
important decisions concerning grafted-polymerisation and biological results. It gave an 
oral communication in the workshop. 
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1.6.- SMEs BENEFITS DERIVED FROM THE PROJECT  

1.6.1. Benefits 
The overall benefits of the project can be summarized in the following terms: 
 

1) Improvement of sanitary conditions in clinical settings, where good 
hygiene contributes to reduced antibiotic resistance through reduced 
prescribing. The new paint will last longer than current commercial formulations. 

2) Improvement on the environmental field: The new formulations will suppose 
an important reduction of disinfectant substances’ consumption, as less 
cleaning of sanitary surfaces will be required. In addition to this, the substitution 
of solvent based formulations by using water based formulations, leads to a 
reduction in the emitted Volatile Organic Compounds (VOC) thus reducing the 
environmental impact of the coating manufacturing industry. 

3) Improvement on working conditions: The substitution of solvent-based 
formulations by means of water borne ones in sanitary coatings, will 
significantly improve the working conditions of those workers related with the 
production and application of those coatings. Besides they will be in contact 
with less content of toxic compounds like biocides while working. Moreover, the 
drastically reduction of the microbes and microorganisms in sanitary places, will 
have a direct positive effect on their workers health as they will be in a very 
much more healthy environment. 

 
The above factors will result in a minimum 10 % reduction in sanitary painting costs, 2 
years after the project. Coating manufacturers will improve their competitiveness due 
to the development of new products that may widen their application field increasing 
their market areas. A new product that will give them a chance to improve their 
competitiveness in their current market areas and more precisely in the sanitary field. 

4) Chemical Products Manufacturers will improve their competitiveness through 
their access to leading edge technologies such as micro-encapsulation, as 
well as a wider use of their products in the coating industry and the possibility to 
access new market areas. 

5) Paint applicators will be aware of future trends anticipating changes on their 
application techniques before their direct competitors start to use them. 

6) Offer a wider range of products based on biodegradable and water soluble 
materials. 

 
As a result, the total economic impact of the project on the coating industry can be 
summarised in the following figures: 
 
Row Contributor item Sales, services 

and savings 
1 >10% savings generated in total wastes in cleaning 

industry and clinical costs due to the reduction of 
repainting 

>300 M€ for a 
surface of 6,000 m2 

2 Profits from SME sales of HYCORE complete coating  50 M€ 
 
The companies taking part in the project would gain in competitiveness and prestige in 
Europe by offering a product of these characteristics to the sanitary places; they would 
be amongst the leaders in manufacturing such formulation system with the most 
technologically advanced products. 
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The above table shows that the total investment for this project (0.691 M€) will facilitate 
direct economic benefits to the SME proposers to the value of 50 M€ and will generate 
savings to external companies of more than 300 M€, 4 years after the project. 

1.6.2. Impact 
Paint and biocide manufacturers can expand their markets to new customers 
maintaining the roots of their know-how. They can acquire and offer to their market a 
high-technology material which can increase their competitiveness in their respective 
countries. They will introduce a new line of products in their actual market. 

In order to introduce a new product into market it must be competitive in price ranges. 
So a price analysis was carried out at European level. 
 
Here below a list of Coatings of Reference and their prices is summarized: 
 

 Steridex (Liquid Plastics UK Ltd)  8,10 €/l 
 Steridex is a tough, highly durable, matt finish, waterborne acrylic coating that protects 

against the growth of microorganisms. It has an inherent anti-microbial system that does 
not leach out. It can be used for both internal and external applications and can be 
reinforced with Reemet Glass Membrane if necessary  Similar to the HYCORE coating 
properties. 

 Sterisept (Liquid Plastics UK Ltd)  13,90 €/l 
 Sterisept is a high gloss, single pack, waterborne, polyurethane based coating. It 

incorporates an effective, non-toxic anti-microbial system which protects against the 
growth of microorganism and is not leaching. It can be used as a top coat over Steridex 
to create a high gloss, effective anti-microbial system. 

 Dulux Trade UK Ltd (water-based coatings for walls and ceilings, only for bacteria) 
 DU-SQDEC 15,62 €/l 
 DU-SDM  11,16 €/l 
 DU-SQDE  12,64 €/l 

 
On the other hand, the list of the studied ingredients and their prices is also 
summarized below: 

 Capsules (Manufacturing commercial rates of EURACLI, France): 
 10-100 €/kg of capsules 
 0,035-0,35 €/kg of paint 

 Microgels Aqua Keep 10SH-NF:  
 34,50 € exworks France/kg dry native microgels, if choosing the 

packaging of 20kg. 
 0,29-0,46 € native microgels/kg paint 

 Biocides (LAMIRSA): 
 BIT 85%: 13,3 €/kg 
 ZnPyr 96%: 44,2 €/kg 
 n-OIT 96%: 21,5 €/kg 

 
Taking the above data into account, the paint manufacturers have estimated the 
market prices of the HYCORE coatings: 
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€/kg 
biocide

kg 
biocide/k
g paint €/kg paint

HYCORE 
paint with 
microgels

HYCORE 
paint with 
capsules

Paint base(€/kg) 1 1
Gels (€/kg paint) 0,38
Capsules (€/kg paint) 0,2
BIT (€) 13,3 0,0003 0,00399
ZnPyr (€) 44,2 0,0025 0,1105
OIT (€) 21,5 0,0002 0,0043
Total biocides (€) 0,11879 0,11879 0,11879
Total manufacturing (€/kg) 1,49879 1,31879
Total manufacturing (€/l) 2,248185 1,978185
100% (market margin) (€/l) 2,248185 1,978185
Final market price (€/l) 4,49637 3,95637
 
From the table above, it can be concluded that the estimated prices for the developed 
acrylic-based selective coatings are much below the prices of the already available 
commercial paints and with improved anti-microbial properties and longer life. 
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2.- DISSEMINATION AND USE 
 
The Dissemination strategy of the Consortium partners addresses the increase 
awareness among European industries and the promotion of the use of results, leading 
to the eventual marketing of the products through seminars, workshops, fairs… 

2.1. DISSEMINATION 
A detailed list of the dissemination activities carried out by the partners is shown 
below: 

• establishment of the web site with a public and a restricted site (only for the 
partners of the project where they can exchange private documents concerning 
the project): www.cidemco.es/hycore. All news and documents of the project 
have been continuously uploaded in the web site during the first 18 months. 

• project references in the partners web sites: CIDEMCO, ITECH, ARMINES 
and BARBOT have already included them in their web sites. 

• press notes in printed journals: 
o Infocidemco Nº14 (2006)  periodic journal of CIDEMCO 

o Estrategia empresarial (January 2007)  Spanish Journal specialised in 
the Industrial Area 

o Infocidemco Nº17 (December 2007)  periodic journal of CIDEMCO 
(Spain) 

o Empresa XXI (May 2008)  Spanish Journal specialised in the 
Industrial Area 

o Infocidemco Nº18 (June 2008)  periodic journal of CIDEMCO (Spain) 

o Correo de la Construcción (July 2008)  Spanish Technical Magazine 

o Techniques de l’Ingénieur (October 2008)  French Technical 
Magazine 

• press notes in internet portals: 

o Basque Research (February 2007)  Scientific portal of the Basque 
Country 

o Higiene Ambiental (February 2008)  Spanish Industrial periodic 
Journal specialised in Ambient Hygiene 

o Ikerbasque (March 2008)  Scientific portal of the Basque Country 

o www.construnario.com 
o www.notiweb.com 

• posters  In English, Spanish and Portuguese. 

• Project brochures  in English 

• A Scientific Workshop about “New developments in the field of hygienic 
coatings” was organised in CIDEMCO (Spain) after the Final Project Meeting 
(on the 31st October). Researchers, Public Administration representants, 
manufacturers and applicators attended the workshop with lecturers from both 
inside and outside the Consortium. 

• Fairs: The following overview table resumes the main fairs related with the 
project objectives that the Consortium partners have attended and intend to 
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attend in the following months in order to ensure the adequate dissemination of 
the knowledge generated by the project: 

Event Dates Partner responsible / 
involved 

EUROCOAT International Exhibition and Congress 
for the paint, pigment, varnish, printing ink and 
adhesive industries (France): 

 Conference 
 Professional exhibition 

September 2008 ITECH 

EXPOQUMIA – EUROSURFAS International Paint 
and Surface Treatment Exhibition 
(Professional exhibitor) 

20th-24th October 
2008 

CIDEMCO 

EUROCOAT International Exhibition and Congress 
for the paint, pigment, varnish, printing ink and 
adhesive industries (Barcelone, Spain) 
(Professional exhibitor) 

29th September- 1st 
October 2009 

CIDEMCO 

 
• Some scientific and technological publications coming from this project are 

also foreseen, in specialised journals such as “Double Liaison”, “JCT” or 
“Building”. RTD performers (CIDEMCO, ITECH and ARMINES) will be in 
charge of these papers publications. 

 

2.2. PUBLISHABLE RESULTS 
The results achieved by the HYCORE project has been documented in project 
deliverables planned for the whole duration of the project as it is given in the table 
below. Most of the planned deliverables have a dissemination level of “confidential” 
(CO), so before the publication of this information, appropriate measures to protect IPR 
must be taken. 
 

Del. 
no. 

Deliverable name WP 
no. 

Lead 
participant 

 
Estimated 
person-
months 

 
Nature Dissemin

ation 
level 

Delivery date 
(proj. month) 

D0.1 Report on Exploitation of the results WP0 CIDEMCO 8 R PU MONTH 12 

D1.1 
A list of criteria of hygienic coatings with 
requested properties. WP1 BARBOT 13 R RE MONTH 3 

D1.2 
A first list of selected biocides to be used 
for the preparation of polymer active 
ingredient system.   

WP1 BARBOT 13 R CO MONTH 3 

D2.1 
Report on the properties of selected 
components (biocides, micro-capsules, 
micro-gels, grafting processes) 

WP2 ITECH 36 R CO MONTH 6 

D3.1 Sample of systems based on biocide 
encapsulated micro-particles. WP3 ZIMTEC 7.5 P CO MONTH 12 

D3.2 Sample of systems based on biocide 
encapsulated micro-gels WP3 ZIMTEC 7.5 P CO MONTH 16 

D3.3 Sample of systems based on biocides 
grafted on thickener WP3 ZIMTEC 7.5 P CO MONTH 16 

D3.4 
Final report of the characteristics and 
properties of all systems selected for the 
hygienic coatings. 

WP3 ZIMTEC 8 R CO MONTH 18 

D4.1 

Report on the release properties of 
new polymer-active ingredient systems 
based on micro-particles, micro-gels 
and grafted polymers. 

WP4 Armines/CE
MEF 6 R CO MONTH 12 
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D4.2 Report on the biological activity of new  
polymer-active ingredient systems.  WP4 Armines/CE

MEF 6 R PU MONTH 15 

D4.3 
Final report on the release properties and 
biological activity of selected polymer 
active ingredient systems. 

WP4 Armines/CE
MEF 6.5 R PU MONTH 18 

D5.1 Report on the composition of new hygienic 
coatings WP5 BARBOT 17 R CO MONTH 21 

D6.1 
Report on properties of new hygienic 
coating formulations: release, stability, 
flow, efficiency  and general properties 

WP6 CIDEMCO 14 R PU MONTH 21 

D6.2 

Final report on the properties of the best 
selected new hygienic coating 
formulations. Report on the efficiency of 
the best biocide coatings. 

WP6 CIDEMCO 13 R PU MONTH 24 

D7.1 Samples of pilot batches of the developed 
hygienic coatings. WP7 PROTEC 10 P CO MONTH 24 

D7.2 Report of the validation and efficiency of 
the developed coatings. WP7 PROTEC 9 R RE MONTH 24 

DPUDK Draft Plan for Using and Disseminating 
Knowledge  CIDEMCO 6 R PU MONTH 12 

PUDK Final Plan for Using and Disseminating 
Knowledge  CIDEMCO 6 R PU MONTH 24 

   TOTAL 194    

The publishable deliverables (“PU” dissemination level) are listed below: 
D0.1. Report on exploitation of the results 
D4.2. Report on the biological activity of new polymer-active ingredient systems 
D4.3. Final report on the release properties and biological activity of selected polymer active ingredient 
systems. 
D6.1. Report on properties of new hygienic coating formulations: release, stability, flow, efficiency  and 
general properties 
D6.2. Final report on the properties of the best selected new hygienic coating formulations. Report on the 
efficiency of the best biocide coatings. 
PUDK. Plan for Plan for Using and Disseminating Knowledge (Draft & Final versions) 
 
However, a brief summary of the last results obtained can be mentioned: 

 

The aim of the HYCORE project was the development of new hygienic coatings with 
controlled release of antimicrobial active ingredients to achieve surfaces free from bio-
contaminants and to assure health and safety conditions. In order to do that three 
approaches were followed: micro-encapsulation of biocides, entrapment of biocides in 
micro-gels and grafting of biocides in polymers. The project addressed scientific and 
engineering expertise in these three processes regarding systems preparation and 
analysis, paint formulations and determination of properties. 

Specifications to fulfil by the new hygienic coatings were analysed in WP1. After that 
the study and selection of raw materials was carried out in the frame of WP2. 

Within WP3, the preparation of the active-ingredient systems was optimised in each 
approach.  

In the frame of WP4, the study of the release properties as well as the biological 
activity analysis of the active systems was carried out. 

Regarding WP5, new coating formulations were developed. Firstly, general formulae 
with different resins were prepared. After selecting the most adequate resin the 
formulae were optimised to obtain the final paint formulation.  

WP6 concerns to the study of the properties of the paints. The following analysis was 
carried out: 
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• Analysis of the application capacity of the paints 

• Study of the rheology of the paints: the results for the final paints with different 
active systems were compared with those of commercial paints. The effect of 
different factors was analysed 

• General properties of the different formulations: by analysing the general 
properties, the most suitable resin was selected what lead to the development 
of the final paints. The final paints were tested according to a standard. 

• Biological effectiveness of the paints: biological activity of the paints against 
bacteria and fungi was tested. 

Within WP7, the industrial validation of the system at short-term was carried out. 
Samples of the final paint were placed in a ICU of a hospital, kept there for 3 months 
and the biological activity was determined. Furthermore, two industrial facilities were 
painted by professional applicators for long-term testing. These tests will be carried out 
in the future out of the project but will define the possible commercialisation of the 
paints.  

Concerning the dissemination activities, different actions were carried out: 

• Press notes in printed journals: Infocidemco (June 2008), Empresa XXI (May 
2008), Correo de la construcción (July 2008), Techniques de l`Ingénieur 
(October 2008) 

• Press notes in web sites: Higiene ambiental (February 2008), Ikerbasque 
(March 2008) 

• Final project Workshop: 31st October 2008 

The management of the project has been carried out by strictly keeping in contact the 
partners with the coordinator. All the partners have been involved in the main strategic 
and executive decisions. Five meetings have been organized during the execution of 
the project. The kick off meeting and the final meeting were organized in Azpeitia 
(Spain). The 6th month technical meeting took place in Ecully Cedex (Lyon, France). 
The 1st year technical meeting was held in Sophia Antipolis (France). The 18th month 
meeting of the project was organized in Vilanova de Gaia (Portugal). In all the meeting 
high participation of the partners took place. 

 
 


