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D o s s i e r 
Antiviral efficacy of nanosilver 

last modified: May 2020 
 
 
 
Biomaterials, 35(13), 4195 4203 
Inhibitory effect of silver nanomaterials on transmissible virus-induced host cell infections.. 
Lv, X., Wang, P., Bai, R., Cong, Y., Suo, S., Ren, X., & Chen, C. (2014). 
 
Coronaviruses belong to the family Coronaviridae, which primarily cause infection of the upper respi- ratory and 
gastrointestinal tract of hosts. Transmissible gastroenteritis virus (TGEV) is an economically significant coronavirus that 
can cause severe diarrhea in pigs. Silver nanomaterials (Ag NMs) have attracted great interests in recent years due to 
their excellent anti-microorganism properties. Herein, four representative Ag NMs including spherical Ag nanoparticles 
(Ag NPs, NM-300), two kinds of silver nanowires (XFJ011) and silver colloids (XFJ04) were selected to study their 
inhibitory effect on TGEV- induced host cell infection in vitro. Ag NPs were uniformly distributed, with particle sizes less 
than 20 nm by characterization of environmental scanning electron microscope and transmission electron microscope. 
Two types of silver nanowires were 60 nm and 400 nm in diameter, respectively. The average diameter of the silver 
colloids was approximately 10 nm. TGEV infection induced the occurring of apoptosis in swine testicle (ST) cells, down-
regulated the expression of Bcl-2, up-regulated the expres- sion of Bax, altered mitochondrial membrane potential, 
activated p38 MAPK signal pathway, and increased expression of p53 as evidenced by immunofluorescence assays, 
real-time PCR, flow cytometry and Western blot. Under non-toxic concentrations, Ag NPs and silver nanowires 
significantly diminished the infectivity of TGEV in ST cells. Moreover, further results showed that Ag NPs and silver 
nanowires decreased the number of apoptotic cells induced by TGEV through regulating p38/mitochondria-caspase- 3 
signaling pathway. Our data indicate that Ag NMs are effective in prevention of TGEV-mediated cell infection as a 
virucidal agent or as an inhibitor of viral entry and the present findings may provide new insights into antiviral therapy of
coronaviruses. 
 
 In the present study, four different types of Ag NMs were used to study the antiviral activity of silver against 

coronaviruses. One of them was NM-300 K which is synonymous to agpure®  W10, made by RAS AG. 
 Among these Ag NMs, Ag NPs and two types of silver nanowires could significantly cause an inhibitory effect on 

TGEV (a type of coronavirus)-induced host cell infection and TGEV multiplication.  
 Moreover, these three Ag NMs decreased cell apoptosis which was caused by TGEV infection through activation of 

p38/mitochondriacaspase-3 signaling in ST cells. 

 

LWT - Food Science and Technology, 79, 503 510 
Antiviral properties of silver nanoparticles against norovirus surrogates and their efficacy 
in coated polyhydroxyalkanoates systems. 
Castro-Mayorga, J. L., Randazzo, W., Fabra, M. J., Lagaron, J. M., Aznar, R., & Sánchez, G. 
(2017) 
 
Silver nanoparticles (AgNP) have strong broad-spectrum antimicrobial activity and gained increased attention for the 
development of AgNP based products, including medical and food applications. Initially, the efficacy of AgNP and silver 
nitrate (AgNO3) was evaluated for inactivating norovirus surrogates, the feline calicivirus (FCV) and the murine norovirus 
(MNV). These norovirus surrogates were exposed to AgNO3 and AgNP solutions for 24 h at 25°C and then analyzed by 
cell-culture assays. Both AgNP and silver ions significantly decreased FCV and MNV infectivity in a dose-dependent 
manner between concentrations of 2.1 and 21 mg/L. Furthermore, poly (3-hydroxybutyrate-co-3-hydroxyvalerate) 
(PHBV) films were prepared by depositing a coating of thermally post-processed electrospun PHBV18/AgNP fiber mats 
over compression moulded PHBV3 films. After 24 h exposure at 37°C and 100% RH, no infectious FCV were recovered 
when in contact with the AgNP films while MNV titers decreased by 0.86 log. The morphology of the PHBV18 and 
PHBV18/AgNP fibers studied by SEM showed smooth and continuous fibers in both cases and the EDAX analysis 
confirmed the homogeneously distribution of AgNP into the coating and onto the PHBV3/PHBV18 layer. This study 
showed, for the first time, the suitability of the PHBV18/AgNP electrospun coating for antiviral surfaces. 
 
 Both AgNP and silver ions significantly decreased FCV and MNV infectivity in a dose-dependent manner between 

concentrations of 2.1 and 21 mg/L. 
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Foodborne Pathogens and Disease, 13(5), 239 244. 
Dose and Size-Dependent Antiviral Effects of Silver Nanoparticles on Feline Calicivirus, a 
Human Norovirus Surrogate.  
Bekele, A. Z., Gokulan, K., Williams, K. M., & Khare, S. (2016). 
 
Objectives: Silver nanoparticles (AgNPs) as antibacterial agents are incorporated in many consumer products, while the 
use as antiviral agents is an ongoing area of research. We evaluated the antiviral properties of AgNPs of variable sizes 
(10, 75, and 110 nm) and doses (25, 50, and 100 lg/mL) at different contact time points against feline calicivirus (FCV), a 
surrogate for norovirus.  
Materials and Methods: Antiviral effects of the AgNPs were determined by comparing the infectivity of FCV, the 
appearance of cytopathic effects (CPEs), and the integrity of the viral capsid protein in viral suspension treated with 
AgNPs with the untreated controls.  
Results: The 10nm AgNPs at 50 and 100 lg/mL concentrations inactivated the FCV beyond the limit of detection, 
resulting in a decrease of up to 6.5 log10 viral titer, prevented development of CPEs, and reduction in the western blot 
band signal of the viral capsid protein. No significant antiviral effect was observed for the 75 and 110nm AgNPs. 
 
 The 10nm AgNPs at 50 and 100 lg/mL concentrations inactivated the FCV beyond the limit of detection 
 The results demonstrate that the antiviral effects of AgNPs are both size and dose dependent, thus potential 

applications of AgNPs as antiviral agents to prevent contamination of foodborne viruses need to consider size and 
dose effects. 

 
 
International Journal of Nanomedicine, 7, 5007 18 (2012).  
Inactivation of microbial infectiousness by silver nanoparticles-coated condom: a new 
approach to inhibit HIV- and HSV-transmitted infection. 
Mohammed Fayaz, a, Ao, Z., Girilal, M., Chen, L., Xiao, X., Kalaichelvan, P., & Yao, X. 
 

(HIV) and other sexually transmitted diseases. In response, there has been a push to develop more effective ways of 
decreasing the spread of the disease. The new nanotechnology-based condom holds the promise of being more potent 
than the first-generation products. The preliminary goal of this study was to develop a silver nanoparticles (Ag-NPs)- 
coated polyurethane condom (PUC) and to investigate its antimicrobial potential including the inactivation of HIV and 
herpes simplex virus (HSV) infectiousness. The Ag-NPs-coated PUC was characterized by using ultraviolet-visible 
spectrophotometry, Fourier transform-infrared spectroscopy, high-resolution scanning electron microscopy, and energy-
dispersive analysis of X-ray spectroscopy. Nanoparticles were stable on the PUC and not washed away by water. 
Morphology of the PUC was retained after coating. The NP binding is due to its interaction with the nitrogen atom of the 
PUC. No significant toxic effects was observed when human HeLa cells, 293T and C8166 T cells were contacted to Ag-
NPs-coated PUC for three hours. Interestingly, our results demonstrated that the contact of the Ag-NPs-coated PUC with 
HIV-1 and HSV-1/2 was able to efficiently inactivate their infectiousness. In an attempt to elucidate the antiviral action of 
the Ag-NPs, we have demonstrated that the anti-HIV activity was primarily mediated by the Ag-NPs, which are 
associated with the PUC. In addition, the data showed that both macrophage (M)-tropic and T lymphocyte (T)-tropic 
strains of HIV-1 were highly sensitive to the Ag-NPs-coated PUC. Furthermore, we also showed that the Ag-NPs-coated 
PUC was able to inhibit the growth of bacteria and fungi. These results demonstrated that the Ag-NPs-coated PUC is 

y and provides another defense line against these sexually 
transmitted microbial infections. 
 
Conclusion: 
 AgNP-coated condom showed activity against HIV-1 and HSV-1/-2 (inactivate the virus  infectivity) 
 AgNPs tightly bound to PUC, release of ions in supernatant below detection limit 
 HIV-1: direct transfer of silver ions from oxidized NPs to virus membrane particles (gp120 and gp41) 
 HSV: inactivation of HSV-1/-2 infectivity on VeroE6 cells, prevention of infection 

 
 
 
Molecules (Basel, Switzerland) (2011) 
Silver nanoparticles as potential antiviral agents. 
Galdiero, S., Falanga, A., Vitiello, M., Cantisani, M., Marra, V., & Galdiero, M. 
 
Virus infections pose significant global health challenges, especially in view of the fact that the emergence of resistant 
viral strains and the adverse side effects associated with prolonged use continue to slow down the application of effective 
antiviral therapies. This makes imperative the need for the development of safe and potent alternatives to conventional 
antiviral drugs. In the present scenario, nanoscale materials have emerged as novel antiviral agents for the possibilities 
offered by their unique chemical and physical properties. Silver nanoparticles have mainly been studied for their 
antimicrobial potential against bacteria, but have also proven to be active against several types of viruses including 
human imunodeficiency virus, hepatitis B virus, herpes simplex virus, respiratory syncytial virus, and monkey pox virus. 
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The use of metal nanoparticles provides an interesting opportunity for novel antiviral therapies. Since metals may attack 
a broad range of targets in the virus there is a lower possibility to develop resistance as compared to conventional 
antivirals. The present review focuses on the development of methods for the production of silver nanoparticles and on 
their use as antiviral therapeutics against pathogenic viruses. 
 
Conclusion: 
 Metal nanoparticles (especially gold and silver) have proven to exhibit virucidal activity against many viruses (Pox-, 

Hepadna-, Orthomyxo-, Paramyxo-, Herpes- and Retroviridae) and reduce the viral infectivity of cultured cells
 Nanoparticles interact with viral surface glycoproteins or may gain access to cells and exert their antiviral activity 

through interactions with the viral genome 
 
 
 
 
Journal of Nanobiotechnology (2010), 8:1 
Mode of antiviral action of silver nanoparticles against HIV-1 
Humberto H Lara, Nilda V Ayala-Nuñez, Liliana Ixtepan-Turrent, Cristina Rodriguez-Padilla 
 
In this study, silver nanoparticles are evaluated to elucidate their mode of antiviral action against HIV-1 using a panel of 
different in vitro assays. Our data suggest that silver nanoparticles exert anti-HIV activity at an early stage of viral 
replication, most likely as a virucidal agent or as an inhibitor of viral entry. Silver nanoparticles bind to gp120 in a manner 
that prevents CD4-dependent virion binding, fusion, and infectivity, acting as an effective virucidal agent against cellfree 
virus (laboratory strains, clinical isolates, T and M tropic strains, and resistant strains) and cell-associated virus. Besides, 
silver nanoparticles inhibit post-entry stages of the HIV-1 life cycle.  
 
Conclusions: Free silver nanoparticles bind to gp120 in a manner that prevents CD4-dependent virion binding, fusion, 
and infectivity. 
 
 
 
 
DARU Vol 17, No. 2 (2009), 88  
In Vitro Antiviral Effect of "Nanosilver" on Influenza Virus 
Kheiri et al 
 
The aim of this study was to determine antiviral effects of Nanosilver against influenza virus. TCID50 (50% Tissue 
Culture Infectious Dose) of the virus as well as CC50 (50% Cytotoxic Concentration) of Nanosilver was obtained by MTT 
(3- [4, 5-dimethylthiazol-2-yl]-2, 5-diphenyl-tetrazolium bromide, Sigma) method. This compound was non-toxic to MDCK 
(Madin-Darbey Canin Kidney
TCID50 of the virus were added to the confluent cells. Inhibitory effects of Nanosilver on the virus and its cytotoxicity were 
assessed at different temperatures using Hemagglutination (HA) assay, RT-PCR and DIF. RT-PCR and free band 
densitometry software were used to compare the volume of the PCR product bands on the gel.  
 
Conclusions: In this study it was found that Nanosilver has destructive effect on the virus membrane glycoprotein knobs 
as well as the viral cells. 
 
 
 
 
Antivir Ther. (2008);13(2):253-62. 
Silver nanoparticles inhibit hepatitis B virus replication.  
Lu L, Sun RW, Chen R, Hui CK, Ho CM, Luk JM, Lau GK, Che CM 
 
The aim of the present study was to investigate the effects of silver nanoparticles on hepatitis B virus (HBV). The in vitro 
anti-HBV activities of these particles were determined using the HepAD38 cell line as infection model. Results: Ag10Ns 
and Ag50Ns were able to reduce the extracellular HBV DNA formation of HepAD38 cells by >50% compared with the 
vehicle control. As both the viral and Ag10Ns systems are in the nanometer size range, we found that Ag10Ns could 
directly interact with the HBV viral particles as revealed by transmission electronic microscopy.  
 
Conclusions: Silver nanoparticles could inhibit the in vitro production of HBV RNA and extracellular virions. The direct 
interaction between these nanoparticles and HBV double-stranded DNA or viral particles might be responsible for their 
antiviral mechanism. 
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Journal of Science of Healing Outcomes, (2008),1(1)) 
Effect of Prophylactic Treatment with ASAP-AGX-32 and ASAP Solutions on an Avian 
Influenza A (H5N1) Virus Infection in Mice 
Pedersen G, Sidwell RW, Moloff A, Saum RW 
 
Mice infected with avian influenza A/Duck/MN/1525/81 (H5N1) virus were treated with the Silver Sol-containing 
formulations ASAP-AGX-32 and ASAP provided by American Biotech Labs. Oral gavage treatment began 7 days prior to 
virus exposure and continued twice daily for a total of 17 days. Treatments with both formulations provided a suggested 
inhibitory and preventive effect on this virus infection as seen by either less animals dying in the treated groups than in 
the placebo-treated controls, delay in mean day to death, lessened SaO2 decline, modest inhibition of lung consolidation, 
and/or lessened virus titers in the lungs. Ribavirin was included as a positive control drug, used orally at a dose of 75 
mg/kg/day twice daily for 5 days beginning 4 h pre-virus exposure, and this treatment was markedly inhibitory to the 
infection as expected. 
 
Conclusions: Treatments with both formulations provided a suggested inhibitory and preventive effect on this virus 
infection: 
 less animals dying in the treated groups than in the placebo-treated controls 
 delay in mean day to death 
 lessened SaO2 decline 
 modest inhibition of lung consolidation 
 and/or lessened virus titers in the lungs 

 
 
 
 
Chem Commun (Camb). (2005) Oct 28;(40):5059-61) 
Silver nanoparticles fabricated in Hepes buffer exhibit cytoprotective activities toward HIV-1 
infected cells 
Sun RW, Chen R, Chung NP, Ho CM, Lin CL, Che CM  
 
In summary, the cytoprotective and the post-infected anti-HIV activities of metal nanoparticles have been demonstrated. 
These nanoparticles were found to interact with human serum albumin, but meanwhile, their anti-viral properties were 
retained. 
 
Conclusions: Free silver nanoparticles protect human cells against HIV by inhibiting HIV replication. 
 
 
 
 
J.Nanobiotechnol. (2005) 3, 6 
Interaction of silver nanoparticles with HIV-1 
Elechiguerra JL, Burt JL, Morones JR, Camacho-Bragado A, Gao X, Lara HH, Yacaman MJ
 
The interaction of nanoparticles with biomolecules and microorganisms is an expanding field of research. Within this 
field, an area that has been largely unexplored is the interaction of metal nanoparticles with viruses. In this work, we 
demonstrate that silver nanoparticles undergo a sizedependent interaction with HIV-1, with nanoparticles exclusively in 
the range of 1 10 nm attached to the virus. The regular spatial arrangement of the attached nanoparticles, the center-to-
center distance between nanoparticles, and the fact that the exposed sulfur-bearing residues of the glycoprotein knobs 
would be attractive sites for nanoparticle interaction suggest that silver nanoparticles interact with the HIV-1 virus via 
preferential binding to the gp120 glycoprotein knobs. Due to this interaction, silver nanoparticles inhibit the virus from 
binding to host cells, as demonstrated in vitro. 
 
Conclusions: Free silver nanoparticles (1-10 nm) inhibit the virus from binding to host cells via interaction with the sulfur 
bearing residues of the gp120 glycoprotein knobs. 
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Preface.

TCCS 04/2020 is produced by Han Viet Company Company (HANVICO). 

- TCVN 04/2020: Nano Silver - 3D facemask. 
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STANDARD

Nano Silver - 3D facemask

1. Scope of Application

This standard applies to Nano Silver 3D facemask produced by Han Viet Co., Ltd. 
(HANVICO).

2. References

The following references are necessary to apply this standard. For the references with 
published year, the cited edition is applied. For the references without published, the latest 
edition is applied, including all amendments and supplements (if any).

TCVN 3154: 1979 Personal protective devices - Methods of determining market (sight).

TCVN 7312: 2003 Means of personal respiratory protection - Dust filter facemask.

3. Technical Requirements

3.1 General provisions 

- The facemask shall not cause skin allergy for the wearer;

- The surface of the facemask must be clean, no excessive thread and no fault observed;

- The straps are sewn firmly at four corners of the mask;

- The edges fit the wearer face.

3.2 Structure 

3.2.1 Nano Silver - 3D Facemask includes the following parts:

- The fabric layers: from 2 to 4 layers of non-woven fabric, flat, folded lines;

- Microfiltration;

- Nose clip;

- Strap.

3.2.2 Design, size: No standard for design & size but design & size must cover the nose and 
mouth.
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3.3 Requirements for materials

3.3.1 Fiber: nonwoven, waterproof, weighing 14 g/m2 + 40g/m2, color: white or other 
colors.

3.3.2 Microfiltration, waterproof layer.

3.3.3 Nose clip: from plastic or metal, easy to adjust, to clip the mask properly over the
bridge of the nose.

3.3.4. Strap: use elastic strap, for example, an elastic band, to wear and remove the mask 
easily.

3.4 Specifications of mask

Medical facemasks must meet the specifications set forth in Table 1.

Table 1 - The technical indicators of facemasks

Name of indicator Levels Note 

1. Filtration efficiency 94% Equivalent to FFP2 

2. Penetration <5%
Equivalent to FFP2

3. Water resistance <24 mmH20% Equivalent to FFP2

3.5 Permissible limit of heavy metal contents in nonwoven fabric: Permissible limit of 
heavy metal contents in nonwoven fabric are defined in the following table  

Table 2 - Permissible limit of heavy metal contents in nonwoven fabric

Element Permissible limits, not more than mg/ kg of product

Arsenic (As) 0.17

Lead (Pb) 1.0

Mercury (Hg) 0.12

Antimony (Sb) 0.1

Cadiri (Cd) 0.1
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4. Test methods

4.1. Chemicals and reagents

Reagents used in analyzing are the certified pure chemicals and proper reagents.

4.1.1. Hydrochloric acid, 0.07 mol solution;

4.1.2. Hydrochloric acid, 2.0 mol solution;

4.1.3 Non-acid trichloroethane or other appropriate solution; 

4.1.4. Proper chemicals of arsenic (As), lead (Pb), mercury (Hg), antimony (Sb) and 
cadmium (Cd).

4.1.5. Proceeding

- Mix 5 g of the prepared sample with 250 g of 0.07 mol solution of hydrochloric acid and 
shake for 1 min.

- Check the acidity of the mixture. If the pH is greater than 1.5, shake and add each drop of 
hydrochloric acid until pH 2.0 is less than or equal to 1.5. The standard is 250ml.

- The mixture is shaken continuously then let stand for 1 hour at 37°C +/- 2°C.

NOTE: Do not let the mixture exposed to the light.

- Cool the mixture and filter through blue filter paper. Get the filtrate to determine the 
heavy metal contents on Atomic Absorption Spectrometer.

5 Packaging and labeling

5.1 Packaging 

Quantity and packing of the facemasks are adjusted for specific demands.

5.2 Labeling 

The label should be pasted on the cardboard box with the following minimum information: 

- Product's name,
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- References,

- Name and address of the manufacturer, 

- Manufacture date, expiry date,

- Inspection mark of QA Department,

- User manual.

HAN VIET COMPANY LIMITED
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Das Unternehmen

RAS AG gegründet in 2016 als Zusammenschluss der Unternehmen
rent a scientist GmbH
wissenschaftliche Dienstleistungen seit 1995
ras materials GmbH
Herstellung und Vertrieb von Nanomaterialien seit 2010

Die RAS AG bietet ihren Kunden Entwicklungsdienstleistungen, Technologien 
und Materialien zur Schaffung technologisch basierter Produktinnovationen an.



RAS AG

Geschäftszahlen

Mitarbeiter 21

Flächen 1.700 m2

Chemisches Labor

Technikum

Silberspurenanalytik

Mikrobiologie 
(Nachweis der antimikrobiellen Wirksamkeit)

Kundenspezifische Entwicklungsumgebung

Produktion Nanomaterialien 
(im Reinraum, QMH nach ISO 13485)

402.03.2020
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Business Units

rent a scientist®

Unsere F+E Dienstleistung bringt Innovationen in Unternehmen. 
Wir gestalten Märkte mit Kreativität und Knowhow.

agpure®

Antimikrobielles Additiv mit herausragenden Eigenschaften 
und maximaler Sicherheit für Mensch und Natur.

ECOS®

Nanowire
Transparente, leitfähige Oberflächen für eine Vielzahl von 
Anwendungen.

RAS AG

RAS AG

RAS AG



RAS AG

Mitgliedschaften

VDI-Gesellschaft Materials Engineering (GME)  - Fachbereich 2 "Nanotechnik"

FA 202 Keimreduzierung im klinischen Umfeld durch Nanotechnologie

Div. ZIM-Netzwerke 

Nanosilber, Antimik, CleanHand

NIA Nanotechnology Industries Association, Brüssel

Projektbegleitende Ausschüsse diverser Forschungsprojekte

u.a.

602.03.2020
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Warum brauchen wir mehr Hygiene?

http://www.martingrandjean.ch/connected-world-air-traffic-network/

© Copyright 2019 c o n f i d e n t i a l 7



RAS AG

Mehr Hygiene durch antimikrobielle Oberflächen

Prio 1: Sauber, Sauber, Sauber
Nanosilber: Zusätzlicher Schutz neben Reinigung, Antibiotika und 
Desinfektionsmittel, aber keine Substitution

Zeitraumbezogene Wirksamkeit

802.03.2020
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Problem - Biofilmbildung
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Einführung Nanosilber

Die Nutzung von Nanosilber in der Medizin 
(sogar in ungebundener Form als Arzneimittel) ist historisch

Historische Nutzung

of Hazard and Exposure Associated with Nanosilver and Other Nanometal Oxide Pesticide Presentation to
Scientific Advisory Panel (November 4th, 2009).

https://www.pinterest.com/pin/2873860
19944709058/

© Copyright 2019
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Einführung Nanosilber

Nanosilber entsteht auf jeder Silberoberfläche durch Reduktion von Silberionen zu 
metallischem Silber

Glover, R. D., Miller, J. M., & Hutchison, J. E. (2011). Generation of metal nanoparticles from silver and copper objects: nanoparticle dynamics on surfaces and
potential sources of nanoparticles in the environment. ACS nano, 5(11), 8950 7. doi:10.1021/nn2031319

Mitrano, D., Rimmele, E., Wichser, A., & Erni, R. (2014). Presence of Nanoparticles in Wash Water from Conventional Silver and Nano-silver
7208 7219.  

Medizinische Nutzung

Hardes et al. (2007). Lack of toxicological side-
effects in silver-coated megaprostheses in 
humans. Biomaterials, 28(18), 2869 75.

ACTICOAT, ein MARKENZEICHEN 
VON SMITH & NEPHEW

© Copyright 2019
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Wirkungsweise Nanosilber

Biozid Freisetzung

Oberflächliche Korrosion 
von Ag0 zu Ag+

Diffusion des Ag+ an die 
Materialoberfläche

Kontrollierte Freisetzung 
des bioziden Ag+

Freisetzung Ag+
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Wirkungsweise Nanosilber

Wirkung auf Mikroben u.a.: 

Hemmung des 
Ionentransports durch die 
Membran

Irreversible Reaktion mit 
DNA/RNA

Wirkung auf Mikroben

Rai, M. K., Deshmukh, S. D., Ingle, 
a. P., & Gade, a. K. (2012). Silver

nanoparticles: The powerful 
nanoweapon against multidrug-

resistant bacteria. Journal of 
Applied Microbiology, 112(5), 841
852. http://doi.org/10.1111/j.1365-

2672.2012.05253.x
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Wirkung von Nanosilber gegen MR-Erreger

Wirkung der Silberionen auf Erreger umfassend beschrieben

Nanosilber-basiertes Metallcoating für Implantate mit hoher Wirksamkeit gegen MR-
Keime

Gasquères, C., Schneider, G., Nusko, R., Maier, G., Dingeldein, E., & Eliezer, A. (2012). Innovative antibacterial coating by anodic spark deposition. Surface and
Coatings Technology, 206(15), 3410 3414. http://doi.org/10.1016/j.surfcoat.2012.02.015

Nanosilber-haltige Wundauflage zeigt Wirkung gegen Bakterien mit NDM-1 
carbapenemase
(Acinetobacter baumannii, Citrobacter freundii, Enterobacter spp., Escherichia coli and Klebsiella pneumoniae)

Hope, R., Mushtaq, S., Vaughan, K., Woodmansey, E., Roberts, C., & Livermore, D. (2012). The in-vitro antibacterial activity of nanocrystalline silver dressings
against bacteria with NDM-1 carbapenemase. Ewma, (45), 35352.

Interne und externe mikrobiologische Untersuchungen bestätigen die Wirksamkeit 
von agpure® Nanosilber in Oberflächen gegen multiresistente Erreger wie MRSA; 3,4 
MRGN E.coli; ...

Stand der Wissenschaft
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Wirkung von Nanosilber gegen MR-Keime

Tabelle rechts
Franci, G., Falanga, A., Galdiero, S., Palomba, L., Rai, M., 
Morelli, G., & Galdiero, M. (2015). Silver Nanoparticles as
Potential Antibacterial Agents. Molecules, 20(5), 8856 8874. 
http://doi.org/10.3390/molecules20058856

Fazit: 

Die hohe antimikrobielle 
Wirksamkeit von Nanosilber 
gegen MR-Erreger ist 
umfassend wissenschaftlich 
beschrieben. 

Stand der Wissenschaft
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Antivirale Wirkung

Silbernanopartikel zeigen eine antivirale Wirkung gegen:

Influenza (e.g. H5N1)
Kheiri et al. (2009), DARU Vol 17, No. 2, 88 

Hepatitis B
Lu et al. Antivir Ther. (2008);13(2):253-62.

HIV (AIDS)
Pedersen et al. Journal of Science of Healing Outcomes, (2008),1(1))

Kheiri et al. DARU Vol 17, No. 2 (2009), 88 

Lu et al. Antivir Ther. (2008);13(2):253-62.

Lara et al. Journal of Nanobiotechnology (2010), 8:1

Sun et al. Chem Commun (Camb). (2005) Oct 28;(40):5059-61)

Elechiguerra et al. J.Nanobiotechnol. (2005) 3, 6

HSV (Herpes)
Fayaz et al. (2012). International journal of nanomedicine

Norovirus
Castro-Mayorga et al (2017) Elechiguerra et al. J.Nanobiotechnol. (2005) 3, 6

Silbernanopartikel 
auf einem HIV-1 Virus
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Dimensionen
Mittlerer Durchmesser 15 nm
99 % der Partikel < 20 nm

Formulierung
Stabil in wässrigen und organischen Dispersionen
Einarbeitung in Polymere und Harze

Dauerhaftigkeit
Keine Freisetzung von Nanopartikeln (Ag0) aus festen Matrices
Kontinuierliche Abgabe geringster Mengen von Silberionen (Ag+)

Nanosilber für antimikrobielle Anwendungen

NM-series of representative
manufactured nanomaterials. NM-300 
Silver. Characterisation, stability, 
homogeneity. Klein, C.L.; et al.

®
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agpure®W10
10,0 Gew.-% Nanosilber, stabilisiert, Lösungsmittel: Wasser

agpure®W2
2,0 Gew.-% Nanosilber, Matrix: Titandioxid

agpure®W3
3,0 Gew.-% Nanosilber, Matrix: Polyetherphosphat

agpure®W50
45,0 Gew.-% Nanosilber, stabilisiert

agpure®MB6500
0,65 Gew.-% Nanosilber Masterbatch, Standardmatrixpolymere: PET, PBT oder PP

Xpro und SANPURE®

Nanosilber-Sol-Gel Beschichtung

unsere Produkte

®
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Der Weg zum Produkt

+

agpure® W50 agpure® Masterbatch PET pellets

FaserherstellungNanosilberfaserAntimikrobielles Tuch
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® Medizin Desinfektion

Textilien Lacke und Farben

Keramik und Fliesen

Produktbereiche

c o n f i d e n t i a l
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Produktbeispiel Kunststoff 1
Entwicklung gefärbtes PA

Ziel:  
Herstellung nanosilberhaltiges PA

Konzentrationsreihe und 
Einfärbung rot, grün, blau

Antimikrobielle Wirksamkeit hoch, 
auch bei eingefärbten Proben

Prototyp für Türklinken und Griffe  
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Produktbeispiel Kunststoff 2

Vlies aus Endlos-Microfasern (70% PET, 30% PA) 
in die agpure® Nanosilberpartikel eingebettet sind
Zertifiziert starke antibakterielle Wirkung 
auch nach über 200 Waschzyklen
Produktvorteile: 

Maschinelle Trocknung ist überflüssig, da die 
Tücher bis zu 72 Stunden lang feucht aufbewahrt 
werden können, ohne dass ein Bakterienwachstum 
einsetzt. Dies spart Zeit, Geld und verkürzt die 
Reinigungsvorbereitung beträchtlich.
Keine Geruchsemissionen
von gebrauchten Tüchern

Geringe Silberabgabe durch Nanosilber-Partikel 
eingebettet in Endlos-Microfaser

Reinigungstuch für alle Hygiene-Bereiche wie
Krankenhäuser, Altenheime, Hotels, Restaurants, 
öffentlichen Bereiche

Vileda NanoTech micro von Freudenberg
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Produktbeispiel Kunststoff 3
Wunderlich Nano-San PVC-Plastisol-Matte

Ohne agpure®
(nach 30 Haushaltswäschen)
Ungehemmtes Pilzwachstum

Mit agpure®
(nach 30 Haushaltswäschen)
Pilzwachstum gehemmt
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Produktbeispiel Keramik 
AntiBac von Villeroy & Boch
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Beschichtung - Beispiel Medizinprodukt

Entwicklungsstart 
2008

Plasma Electrolytic
Oxidation

Einbindung von 
agpure® Nanosilber 
in die aktive Schicht

Hohe 
Biokompatibilität

Win the race for the
surface

CE in 2019

Silver Coating Technology der aap Implantate AG, Berlin 
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Beschichtung Beispiel Uvex sil-Wear

Chemikalienschutz Typ 3B

Fluorcarbon-Beschichtung 
auf Vlies-Folienlaminat 

agpure® Nanosilber 
in der Beschichtung

Zertifizierte Wirkung: 
> 3 log-Stufen Reduktion 
nach DIN EN ISO 
20743:2007-10

Einweg-Schutzbekleidung
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Beschichtung Beispiel SANPURE®

Entwickelt von einem Joint Venture 
zwischen der RAS AG und der Gbneuhaus GmbH

SANPURE® vereint die hervorragenden Eigenschaften 
der Sol-Gel-Beschichtungen mit den antimikrobiellen 
Eigenschaften von Silber-Nanopartikeln

Substrate: 

Kunststoff (Polycarbonat, ETFE- oder PC-Folien)

Glas (Borosilikatglas, Kalk-Natron-Glas, 
Quarzglas etc.)

Metalle und Legierungen 
(z. B. Stahl, Aluminium, Kupfer, Messing)

Abriebbeständig, kratzfest, haftfest

Sol-Gel-Beschichtung mit agpure® Nanosilber
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Lackanwendung

CLOUCRYL Nano-Finish Antibak

Zweikomponenten-Polyurethan-
Acrylharzlack

CLOU Hartwachs-Öl antibakteriell

Nanosilber-Produkte der Firma Alfred Clouth Lackfabrik GmbH & Co. KG
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Referenzen aus dem Lebensmittelbereich
Lamilux AntiBac GFK-Paneele
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Warum Nano?

Typische Werte
Antimikrobiell 
wirksame Dosis

Silberdraht Silberbeschichtete
Nylonfaser

Nanosilber in PET-
Faser

Silbergehalt 99,99 % 20,00 % 0,02 %

Ag+ Elution
[ng / g Material]

67 660 470

Benötigte 
Silbermenge

effect

20.000 kg 4.000 kg 4 kg
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Weitere Vorteile von Nanosilber

Weniger Waschzyklen

Tuch kann feucht gelagert werden 

Kein Trocknen mehr nötig

Bis zu 50% Energieeinsparung

Ökobilanz ist 30% besser im Vergleich zu 
Tüchern ohne Nanosilber

Ergebnisse aus dem Forschungsprojekt LICARA gefördert durch European 
Union Seventh Framework Programme (FP7/2007-2013) under grant
agreement n 315494

Waschbeständigkeit > 500 Industriewäschen

Nano-Silber ersetzt Chlororganische Biozide

Nanotechnologie: Gleiche Wirksamkeit 

deutlich weniger Materialeinsatz

Ressourcenschonung am Beispiel Microfasertuch mit Nanosilber

Forschungsprojekt LICARA gefördert 
durch European Union Seventh

Framework Programme (FP7/2007-2013) 
under grant agreement n 315494
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EU-Regularien und antimikrobielles Nanosilber

REACh
(1907/2006)

BPR
(528/2012 )

Food CM
(1935/2004 und 10/2011)

Kosmetik
(1223/2009)

Doppelregulierung

MDR
(745/2017)

3202.03.2020
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Regulatorischer Status

Verkehrsfähig nach Biozid-Verordnung (BPR) (EU) Nr. 528/2012
Eingetragen in DELEGIERTE VERORDNUNG (EU) 2017/698 DER KOMMISSION, 
Annex II unter CAS-Nr. 7440-22-4 -

Weil der Wirkstoff Nanosilber nun auf dieser Liste ist, darf laut ECHA 
Biozidprodukte oder behandelte Waren mit agpure-Nanosilber auf dem Markt 
bleiben, während das Wirkstoff-Dossier bewertet wird. 

Wirkstoff-Dossier zu dem Wirkstoff agpure-Nanosilber fristgerecht eingereicht 
seit 01. September 2015. 

Bewertung voraussichtlich zu erwarten: 2021.
Biozid-Zulassung ist beantragt für die Produktarten (PA) 2, 4 und 9.

agpure® darf unter bestimmten Vorgaben auch im Lebensmittelkontakt verwendet 
werden. 

Kurzfassung
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Regulatorischer Status

Antimikrobiell: Es gilt die EU-Biozidprodukte-Verordnung (BPR) (EU) Nr. 528/2012

Übergangsvorschriften für Produkte mit Altwirkstoffen (= Nanosilber)

Altwirkstoffe: Wirkstoffe die schon vor 2000 auf dem Markt waren und sich in der Bewertung im 
Review-Programm befinden (derzeit 2. Phase)

Altwirkstoff-Programm läuft bis 2024

Ablauf: 

BAUA-Meldung: z.B.: N-73054 (für agpure®)

Wirkstoff-Zulassung

Veröffentlichung der Zulassung

Biozid-Produkt Zulassung Keine Produktzulassung vor Wirkstoffzulassung

Neuwirkstoffe: alle Wirkstoffe, die sich nicht im Altwirkstoffprogramm befinden

Vermarktung erst nach endgültiger Zulassung

Einführung

3402.03.2020
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Verkehrsfähigkeit

Altwirkstoffverfahren
Silber (CAS 7440-22-4) ist notifiziert, agpure W ist gemeldet 
Wirkstoffdossier für Silber wurde eingereicht 

Neuregelung von Nanomaterialien mit der BPR EU 528/2012
Zusätzliche Daten wurden notwendig (Einreichung eines zusätzlichen Wirkstoff-Dossiers für 
Nanosilber, phys-chem. Identität mit NM 300 K = agpure®)

DELEGIERTE VERORDNUNG (EU) 2017/698 DER KOMMISSION, Annex II
Produktarten 2, 4 und 9

CAS-Nr. 7440-22-4
Altwirkstoff

ECHA: Biozidprodukte und 
behandelte Waren mit (agpure-) Nanosilber sind und bleiben weiterhin verkehrsfähig 

Gültig für agpure® Nanosilber
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Regulatorischer Status agpure® 

1. Voraussetzung: Verkehrsfähigkeit nach BPR PT 4 

2. Die allgemeinen Bestimmungen der Verordnung (EG) Nr. 1935/2004 sind zu beachten:

a) Die Verwendung von agpure® Nanosilber in Keramiken, Lacken, Anstrichen und 
(nicht-polymeren) Beschichtungen im Lebensmittelkontakt ist erlaubt

b) Für Materialien und Gegenstände aus Kunststoff, die dazu bestimmt sind, mit 
Lebensmitteln in Berührung zu kommen gilt gemäß Artikel 9 Abs. 2 der 
Verordnung (EU) Nr. 10/2011 ist die Verwendung von Nanosilber noch nicht 
erlaubt. 

Die RAS AG hat zum 27.07.2018 über das BVL einen Zulassungsantrag bei der 
EFSA für Nanosilber als Lebensmittelkontaktmaterial eingereicht.

Lebensmittelkontakt

3602.03.2020
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Zeitschiene
Stand Februar 2019, ohne Gewähr

2012
Inkrafttreten der BPR (EU) No. 528/2012 - zusätzliche Risikobewertung für Nanomaterialien 
gefordert  

2015
Zulassungsantrag, Einreichung Wirkstoff-Dossier Nanosilber, PT 2, 4, und 9
Bezahlung ECHA-Gebühr neues Dossier Art. 95 

2017

Veröffentlichung (EU) 2017/698 - Nanosilber ist eingetragen (Vorstufe zu Art. 95)
Bezahlung ECHA-Gebühr für die Genehmigung des Wirkstoffes 

2020
Bewertung des Wirkstoffdossiers abgeschlossen, 
Bezahlung KEMI-Gebühr Dossierprüfung

2021+
Aufnahme in Anhang I der BPR, Beginn Produktzulassungsverfahren
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Risikobewertung - Referenzmaterial

OECD Working Party on Manufactured Nanomaterials (OECD WPMN)

Exposure measurement

Hazard assessment

Risk assessment

Environmental impacts

Sponsorship Program for the 
Testing of Manufactured Nanomaterials

Stage 1: Representative set of 
Manufactured Nanomaterials (13) 
and list of endpoints

OECD WPMN

http://www.oecd.org/science/nanosafety/45910212.pdf
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Risikobewertung - Referenzmaterial

agpure® W10: 
Intern. Standard Referenz Material für Nanosilber 
(NM 300 K) bei OECD WPMN

agpure® W10 ist das neu zertifizierte Referenzmaterial 
BAM-N001 bei der Bundesanstalt 
für Materialforschung

Als Größenstandard für die Partikelgrößenbestimmung

Für toxikologische Untersuchungen

Internationales Standardreferenzmaterial
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Risikoforschung
Nanosilber Daten Dossier
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Ergebnisse Risikoforschung

Exposition am Arbeitsplatz, beim Verbraucher, in der 
Umwelt: 

Nanosilberfreisetzung vs. Silberionenfreisetzung
Silber Nanopartikel sind fest im Material eingebunden 

es wird nur Ag+ freigesetzt
Aus Kunststoffschichten können 
keine Nanopartikel abgerieben werden

M. Vorbau, L. Hillemann, P. Fiala, M. Stintz, A. Rommert, D. Eichstädt: 

Kleine Teilchen in der Luft? Farbe und Lack 116 (2010) 12, 25-29.

Weitere Abriebversuche mit 
nanosilberhaltigen Mikrofasertextilien 
kommen zu demselben Ergebnis

Exposition

REACH-NanoHazEx: Rip-oN 3 + Stintz et al. 

4102.03.2020
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Nanosilber im Lebensmittelkontakt

Die Einbindung von Nanosilber in 
Lebensmittelkontaktmaterialien ist Stand der Technik

Die Freisetzung von Silber in das Lebensmittel 
wird durch Migrationstests (PIM EU Nr. 10/2011) untersucht

Bott (2017) zeigt in seiner Dissertation, dass 
(agpure®-) Nanosilber fest in den Kunststoff eingebunden 

Lediglich antimikrobiell aktive Silberionen 
diffundieren aus dem Lebensmittelkontaktmaterial

Exposition nAg = 0 Risiko = Risiko (Ag+)

Sicherheit für den Verbraucher - Migration

(Quelle: Bott, J. W. (2017). Untersuchungen zum Migrationspotential von Nanomaterialien aus Kunststoff-Lebensmittelverpackungen. Technische Universität München.)

4202.03.2020



RAS AG

Ergebnisse Risikoforschung und BPR-Wirkstoffdossier

Für die relevanten Personengruppen wurde 
eine Sicherheitsbewertung durchgeführt: 

Akzeptables Risiko für Nanosilber

Umwelt

Für sämtliche Umweltkompartimenten und 
auf allen relevanten Expositionspfaden 
wurde das Umweltrisiko berechnet

Ist der Risikoquotient (RQ) kleiner 1, 
werden keine unerwünschten 
Nebenwirkungen erwartet

Ergebnis für Nanosilber: 

RQ < 1 (d.h., PEC < PNEC)

Biokompatibilität und Umweltverträglichkeit

4302.03.2020
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Ergebnisse Risikoforschung

Durch seine besondere Herstellung, Formulierung 

und bei bestimmungsgemäßem Gebrauch 

kann agpure -Nanosilber 
risikolos für die Umwelt und den Verbraucher

verwendet werden.

Die Daten werden für die erfolgreiche Zulassung als Biozidprodukt verwendet.

Zusammenfassung

© Copyright 2019
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Vielen Dank 

Gregor Schneider

RAS AG 

An der Irler Hoehe 3a

D-93055 Regensburg 

GERMANY

Fon: +49 (0)941/60 717-305

Mail: GS@ras-ag.com

www.ras-ag.com
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Anhang
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Produktarten

PT 2: Desinfektionsmittel und Algenbekämpfungsmittel, die nicht für eine direkte Anwendung bei Menschen und 
Tieren bestimmt sind.

Produkte zur Desinfektion von Oberflächen, Stoffen, Einrichtungen und Möbeln, die nicht für eine direkte 
Berührung mit Lebens-
Produkte als Zusatz in Textilien, Geweben, Masken, Farben und anderen Gegenständen oder Stoffen, um 
behandelte Waren mit Desinfektionseigenschaften herzustellen.

PT 4: Lebens- und Futtermittelbereich
Produkte zur Desinfektion von Einrichtungen, Behältern, Besteck und Geschirr, Oberflächen und Leitungen, 
die im Zusammenhang mit der Herstellung, Beförderung, Lagerung oder dem Verzehr von Lebens- oder 
Futtermitteln (einschließlich Trinkwasser) für Menschen und Tiere Verwendung finden.
Produkte zur Aufnahme in Materialien, die mit Lebensmitteln in Berührung kommen können.

PT 9: Schutzmittel für Fasern, Leder, Gummi und polymerisierte Materialien
Produkte zum Schutz von faserigen oder polymerisierten Materialien wie Leder, Gummi, Papier und 
Textilerzeugnissen gegen mikrobielle Schädigung.
Diese Produktart umfasst Biozid-Produkte, die der Ansiedlung von Mikroorganismen auf der Oberfläche von 
Materialien entgegenwirken und somit die Entwicklung von Gerüchen hemmen oder ausschließen und/oder 
Vorteile anderer Art mit sich bringen.
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Einsatz von Nanomaterialien
2007 2010 (to / y)

Quelle: Fraunhofer ICT

4802.03.2020
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Vermeintliche Silber Resistenz 

Synergistischer Effekt von Nanosilberpartikeln und Antibiotika
Mischung verschiedener Antibiotika (Imipenem, Gentamicin, Ciprofloxacin und Vancomycin) mit 100 µg/g Nanosilber und 
Vergleich der antibakteriellen Aktivität
Sensitivität der getesteten Organismen gegenüber den Antibiotika wurde um 20-35 % erhöht

Naqvi, S. Z. H., Kiran, U., Ali, M. I., Jamal, A., Hameed, A., Ahmed, S., & Ali, N. (2013). Combined efficacy of biologically synthesized silver nanoparticles and
different antibiotics against multidrug-resistant bacteria. International Journal of Nanomedicine, 8, 3187 3195. http://doi.org/10.2147/IJN.S49284

Wissenschaftliche Daten führen zu folgender Schlussfolgerung
Molekularbiologische Methoden lassen ein Silberresistenz-Gen vermuten
Genotype Phenotype
Studie der Forschungsinstitute Hohenstein (mit S. aureus): 

Nach einer Generation auf Silber-freiem Medium verhält er sich wie jeder andere Stamm und wächst nicht auf Silber 
Es fand also keine Resistenzbildung statt.

Es wurde bis jetzt keine Resistenz von Bakterien auf subinhibitorische Silberkonzentrationen bewiesen.
Bakterien sind solchen Konzentrationen seit Milliarden Jahren in verschiedensten Habitaten ausgesetzt ohne dass sich eine 

Resistenz gebildet hätte (Silber ist ubiquitär vorhanden. Daunderer et al 2006) 
Es gibt keine direkte Evidenz, dass Silberresistenz-Gene eine Kreuzresistenz gegenüber Antibiotika verursachen kann. 
Eine Resistenz speziell gegen Nanosilber kann es nicht geben. 

02.03.2020
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Definition Risiko

Hier stellt sich die Frage nach einem Risiko (R), das sich einerseits aus der Exposition gegenüber 
den neuen Materialien ergibt (E), andererseits besteht aber nur dann ein Risiko, wenn die 

hazard
probability

besteht, wenn eine gewisse Wahrscheinlichkeit für die Ausprägung eines biologischen Effektes 
gegeben ist.

R = fp {E,H}
An einem einfachen Beispiel sei diese Funktion erläutert. TiO2 ist mit einer Primärpartikelgröße 
von 25 nm in kosmetischen Sonnenschutzcremes enthalten, um möglichst hohe UV-
Schutzfaktoren zu erreichen. Eine Exposition ist immer dann gegeben, wenn man sich damit 
eincremt, E ist also relativ hoch. Ein Risiko besteht aber nur dann, wenn TiO2 auch eine 
biologische Wirkung hat und an den Wirkort gelangt. Mittlerweile haben mehr als 40 Studien 
zeigen können (z.B. das europäische Projekt NanoDerm), dass TiO2 nicht durch die Haut in den 
Körper gelangt und generell biologische Wirkungen eher gering ausfallen.

Nach Krug und Wick. Angew. Chem. 2011, 123, 2 23

02.03.2020
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1 Description 

1.1. Introduction 
agpure® is designed for the antimicrobial functionalization of surfaces and bulk materials. Due to the 
high activity of nanoparticles only low levels of silver are necessary for the best antimicrobial 
performance. Consequently, the release of silver ions can be fixed at an accurate level ensuring the 
best antimicrobial efficacy and thus also avoiding cytotoxicity. 

Potential applications of agpure® products range from paints, varnishes and coatings over 
thermoplastic, duroplastic and elastomeric polymers to textile fibers. agpure® is also utilized as an 
antimicrobial additive for many chemical formulations like detergents, cleaners, cosmetics and 
especially certain resins based on organic substances.  

Low levels of agpure® nanosilver provide long-term preservation against microbial attack. Treated 
material is protected against staining, embrittlement and the growth of microorganisms. Adverse odors 
and the spread of diseases, even nosocomial infections caused by MRSA or 3,4 MRGN are avoided.  

This Technical Information is intended to give our customers technical background information on our 
agpure® materials and to help them select the right agpure® grade for their specific application. 
Additional information for use and application of agpure® can be requested at our laboratory. Material 
Safety Data Sheets and Technical Product Data Sheets can be downloaded from our website or 
obtained from our office. 

Name Ag-
Conc. 

Water 
content  

Aggregate 
state 

Density 
(kg/dm3) 

color Area  Application e.g.

 

agpure® W10 10,0 ± 
0,50 % 

75 % liquid  1,1 Orange Aqueous 
solutions 

Coatings, 
ceramics 

agpure® W50
  

45,0 ± 
1,50 % 

< 5 % liquid 2,7 Brown Monomer resins 
(coating, bulk) 

Medical devices, 
polymers, 
ceramics 

agpure® W3
  

3,0 ± 
0,1 % 

< 0,5 % liquid 1,1 Brown Solvent based 
formulations and 
coatings 

Sol/gel coatings, 
resins, varnish 

agpure® I 3,0 ± 
0,1 % 

< 0,5 % liquid 1,1 Gray Solvent based 
colour sensitive 
applications 

Resins, varnish

agpure® W20
  

4,0 ± 
0,2 % 

80 % liquid 1,1 Brown Aqueous 
dispersion, colour 
sensitive 
applications 

Polymers, resins 

agpure® W2
  

2,0 ± 
0,1 % 

< 1 % solid 0,8 Gray Powder additive, 
colour sensitive 
applications 

Paints, resins 

agpure®  
PBT6500 

0,65 ±  
0,05 % 

 solid 0,8  1,2 Brown PET/PBT  
(All other polymer 
types on request) 

Yarns, 
thermoplastic 
objects 

SANPURE® 
K130 

200 ppm  liquid  Yellow Invisible coating 
on metal, glass, 
ceramic, 
polymers 

Door handles, 
touch applications

Table 1: agpure® grades and properties 
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1.2. Chemical character 
agpure® W10 is a nanosilver colloidal dispersion 
with a nominal silver content of 10 w/w%. agpure® 
W10 dispersion is dark orange; it is an aqueous 
dispersion of nanosilver with stabilizing agents, 
consisting of < 10 % emulsifying agent.  

agpure® contains silver particles of about 15 nm 
size with a narrow size distribution of 99 % of the 
particle number concentration exhibiting a 
diameter of below 20 nm. A second, much smaller 
abundance of particles was identified by TEM to 
have narrow diameter distribution of around 5 nm. 
The silver content and particle number was shown 
to be stable up to 12 months. 

agpure® W50 is based on W10. They differ in the 
absolute content of the ingredients (Table 1). As 
absolute concentrate of our technology it is the 
basis for applications with special demands and 
for the most of our special agpure® grades. 

agpure® W3 is based on W50. The addition of 
special dispersants makes the formulation of 
solvent based products easier. Especially 
varnishes and sol/gel coatings are easier to 
formulate for our customers. 

agpure® I is a liquid additive for color sensitive 
applications. It is designed for organic varnishes 
and duroplastic resins. 

agpure® W20 contains silver nanoparticles 
adsorbed on larger silicon dioxide particles. This 
stable aggregate shows reduced colour effects 
compared to W10 or W50 additives. 

agpure® W2 contains silver nanoparticles 
adsorbed on larger titanium dioxide particles. This 
powder shows drastically reduced colour effects 
compared to W10 or W50 additives. 

agpure® PBT6500 is composed of the crude PBT 
polymer and agpure® W50.  

SANPURE® K130 is a siloxane based sol 
containing agpure® silver nanoparticles for sol/gel 
coatings. It allows the invisible and costly 
equipment of hard surfaces with antimicrobial 
properties. 

 

Figure 1: a) and b) Electron microscope images 
of agpure® silver nanoparticles.   

2 Key advantages 
 Anti-allergic, non toxic, non sensitizing 
 Natural biocide 
 Easy to use  application appropriate 

grades 
 Homogenous particle distribution 
 Liquid grades are free of any fillers  very 

small structures / layers are accessible
 Processable at high temperatures  

(> 300°C) 
 Stable in UV-light 
 Resistant to cleaning or washing 
 Silver depot  
 Long lasting / permanent antimicrobial 

effect 
 Excellent leach-resistance 
 High efficiacy  low additive concentration 

3 Application areas 

3.1. Varnishes & coatings 
For the manufacture of antimicrobial varnishes, 
two possibilities can be chosen. agpure® can be 
mixed with the pigment paste and subsequently 
incorporated into the varnish, or simply combined 
with the readymade varnish. The stability of the 
obtained dispersion should be controlled. 
Coagulation or precipitations should not occur 
within days subsequent to the mixing process. 

For aqueous based or highly polar varnishes our 
W10, W50 and W2 grades are recommended. 
Organic solvent based, nonpolar varnishes or sols 
for sol/gel coating should be formulated with W3, I
or W2 grades. 

It is strongly recommended that the dosage of 
agpure® is adapted to the required antimicrobial 
efficacy of the specific varnish formulation. 
Standard dosages may be obtained through our 
laboratory.  

Slight discoloration may occur, whereas the 
transparency of the resulting varnish should not 
be affected. We recommend controlling of the 
curing process and storage conditions. 

With SANPURE® K130 a readymade sol/gel 
coating for invisible antimicrobial functionalization 
is available. Curing is best at temperatures of 
about 130 °C. 

3.2. Paints 
State of the art organic biocides for fungicidal 
paints are sensitizing and cause allergic reactions. 
Even more their biocidal effect is due to their 
volatility and degradability non permanent.

a)   b) 100 nm 10 nm 
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Non sensitizing, permanent active fungicidal 
mineral fillers containing paints are best 
formulated with agpure® W2 grades. 

3.3. Textiles & Fibers 
agpure® products are widely used for textiles and 
fibers. It can be applied in various ways ranging 
from coating, finishing and fiber compounds. 
agpure® products can be distinguished by their 
excellent stability at high temperatures (<300°C). 
Consequently there are no restrictions in the 
choice of polymer material.  

For fiber spinning processes, agpure® 
masterbatches are recommended. Our standard 
product is agpure® PBT6500 that is based on 
Polybutylene terephthalate. Furthermore available 
standard polymers that lend themselves for 
processing are: Polyolefins (PP, PE), Polyester 
(PET), Polyamide (PA) among others. The particle 
size distribution of nanosilver persists in the fibers 
resulting in the best efficiency and highest 
washability without loss of the antimicrobial effect.  

Tests at the Hohenstein Institute during the 
"Feldstudie Antimikrobielle Textilien" - AiF Project-
No.: 17832 N showed that  

 the antimicrobial activity of agpure® blended 
PES fiber against K. pneumoniae and S. 
aureus according to DIN EN ISO 20743 is still 
significant after 100 washing cycles and 

 the antimicrobial activity of agpure® blended 
PA spunbond fiber against K. pneumoniae and 
S. aureus according to DIN EN ISO 20743 is 
still significant after even 200 washing cycles. 

agpure® is designed for use in dyes and as a 
component for finishing. Possible textile 
substrates include natural as well as synthetic 
fibers. agpure® grades can be formulated both 
with aqueous or solvent based dispersions. 
Microbiological evaluations to determine ideal 
nanosilver levels are recommended. In some 
cases color shifts are possible. Preliminary tests 
concerning UV stability and washability should be 
performed. 

4 Product Use Recommen-
dations 

4.1. Miscibility 
agpure® dispersions are miscible with water at 
any ratio. Precipitation or agglomeration will not 
occur with pure water. Such dispersions show 
excellent stability. 

In case of addition of other solvents, salts or 
solids, agglomeration might occur. Preliminary 

tests are recommended to assess compatibilities 
with other components.  

agpure® has a negative zeta potential. 

Please ask for the suitable agpure grade. 

4.2. Dispersing agpure® 
Please carry out the following instructions to 
handle agpure® properly: 

  saturated or highly 
concentrated saline solutions. 

 Dispersions will not stable at pH-values 
below 4.  

 Mix vigorously; the use of dispersing 
instruments (e.g. ULTRA-TURRAX®) is 
recommended if the dispersion is not 
satisfying.  

A small amount of clumping and/or settling during 
shipping and storage might occur at our liquid 
agpure grades. Shaking by hand is usually 
enough to redisperse particles within the 
dispersion. 

4.3. Use levels 
Please find below a helpful table, how to dose 
agpure® into your product at typical 
concentrations correctly. Table 2 gives you the 
dosage in g/kg whereas Table 3 gives you the 
dosage in % w/w. 

 

agpure 
grade 

W10 W50 W3 / 
I 

W20 W2 PBT
6500 

Final silver 
conc. 

100 ppm 1,0 0,22 3,3 2,50 2,50 15,4 

250 ppm 2,5 0,55 8,3 6,25 6,25 38,5

500 ppm 5,0 1,11 16,7 12,5 12,5 76,9 

1.000 ppm 10,0 2,22 33,3 25,0 25,0 154 

Table 2: Dosage of agpure®-product to achieve 
final nanosilver concentration in the product.  
(in g/kg) 

  



Technical Information agpure®   
 
 

 

  Use biocides safely. Always read the label and product information before use!

© Copyright by RAS AG 2017  5

 

agpure 
grade 

W10 W50 W3 / 
I 

W20 W2 PBT 
6500 

Final silver 
conc. 

100 ppm 0,10 0,02 0,33 0,25 0,25 1,54 

250 ppm 0,25 0,06 0,83 0,63 0,63 3,85 

500 ppm 0,50 0,11 1,67 1,25 1,25 7,69 

1.000 ppm 1,00 0,22 3,33 2,50 2,50 15,4 

Table 3: Amount of agpure®-product, that has to 
be dosed, to achieve final nanosilver 
concentration in the product. (in % w/w ) 

5 Antimicrobial Efficacy 

5.1. Mode of action 
agpure® provides antimicrobial activity to all 
properly equipped products. agpure® exhibits 
strong activity against all gram-positive and gram-
negative Bacteria, even antibiotic-resistant strains, 
yeast and fungi. (Viruses can be inactivated by 
unbound nanosilver particles.) 

Due to the different modes of action (reduction of 
+-

metabolism and irreversible reaction with S-
containing amino acids) and due to the marginal 
Ag+-release, agpure® containing products do not 
induce or propagate bacterial resistance. 

Products properly equipped with antimicrobial 
agpure® are non-toxic to humans and animals 
and safe to the environment. Due to the slow 
release of silver-ions (oxidation of metallic silver 
followed by elution of Ag+-ions) the antimicrobial 
effect of products supplemented with agpure® is 
very persistent. 

The high surface/volume-ratio of agpure® silver 
nanoparticles provides the high efficiacy of 
agpure® treatments/finishing. Low levels of silver 
are enough for lifetime protection against 
microbial attack. 

 

Figure 2: Mode of antimicrobial action 

 

 

Figure 3: Inhibition of microbial growth 

5.2. Efficacy testing 
agpure® is a long-term shield against microbial 
growth. It is not a sterilizing agent and does not 
have long range effects. Test procedures for the 
verification of the antimicrobial effect based on 
strong release / long range action of a biocide 
(e.g. zone of inhibition test) will not respond to 
agpure® products. 

Therefore several research institutes agreed to 
use verified international test methods to 
determine antimicrobial action of agpure®
nanosilver products: 

Rigid surfaces: JIS Z 2801:2000 or ISO 
22196:2007 

Textiles: JIS L 1902:2002 or DIN EN ISO 
20743:2007 

A grading scheme (Table 4) was introduced to 
judge the antimicrobial activity of products tested 
according to the test methods mentioned above.  
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Antimic. Act. Slight Significant Strong 

Test results 

Reduction (R-) 
Value (log-steps) 

 
 < 1 

  

%-Reduction of 
viable cells < 90 % < 99,9 % 

 

Table 4: Grading scheme. Because of the 
instability of bacterial growth, the biological 
variance (lab standard ± 0.5 log steps) has to be 
considered in this grading scheme, especially at 
slight efficacy).  

A lot of test results with agpure® treated products 
were obtained in the last years in our laboratories 
or by external independent Institutes (Table 5): 

Application R-
Value 

Strain 

PET-Microfiber Cloth 

3 

3 

> 4 

2 

PP staple fiber 2 

Soft PVC  3 

PA tubes > 3 

Silicone  > 3 

Laquer 3 

Silvercoating for Med.  > 4  

Disposable coverall > 5 

Table 5: Typical microbiological test results, test 
methods: Rigid surfaces:  JIS Z 2801:2000 or 
ISO 22196:2007; for Textiles: JIS L 1902:2002 
or DIN EN ISO 20743:2007 

 

The SN 195921 is a test method to test the 
antifungal activity. 

 

Figure 4: SN 195921 test:  
Left: Blank PVC-sample after 2 weeks 
Right: Fungicidal activity of PVC-sample after 2 
weeks with agpure® 

 

The antimicrobial activity can be certified:

 

Figure 5: Certificates on the antimicrobial 
efficacy of products treated with agpure® 
nanosilver 

The detection and certification of the antimicrobial 
activity of products containing agpure® must be 
executed with approved microbiological test 
routines.  
In order to support our clients in the design of 
antimicrobial products, we provide our chemical 
and biological know-how. We recommend to 
carefully test all factors that may influence the 
release of bioactive silver. 

RAS AG is providing extensive testing facilities to 
assist the costumer in developing an antimicrobial 
product, containing the optimal dosage of 
agpure® nanosilver. 

5.3. Recommended dosage 
Depending on the dosage of agpure® nanosilver
(100  2000 ppm nanosilver) in the product, one
can achieve a bacterial reduction of 90% up to 
99,999% (Reduction value: 1  5 log steps) 

Antimic. Act. Slight Significant Strong 

Application 

Textile via coat 50 100 250

Textile via MB 100 200 400

Coatings 250 500 1000 

Med. Device 400 800 1500 

Table 6: Final nanosilver concentration to 
achieve activity in certain applications. Typical 
values of antimicrobial activity according to JIS Z 
2801:2000, ISO 22196:2007, JIS L 1902:2002 or 
DIN EN ISO 20743:2007-10 

 



Technical Information agpure®   
 
 

 

  Use biocides safely. Always read the label and product information before use!

© Copyright by RAS AG 2017  7

6 Handling Precautions 
When handling agpure® products, due attention 
should be paid to the information and details in the 
material safety data sheets and the technical 
information in the technical product data sheets. 
Furthermore, all precautions necessary for 
handling chemicals must receive careful attention. 

Avoid contact with skin, eyes and clothing. When 
using do not eat, drink or smoke. 

Please use chemical resistant disposable gloves 
and eye protection.  

Wash off affected skin with plenty of water. 
Remove contaminated clothing and wash off 
affected cloth with plenty of water.  

7 Risk assessment 

7.1. Nanotechnology risks and 
benefits - R&D projects 

agpure® was selected 
as the official 
nanosilver reference- 
and testing materials 
(NM-300 K silver) for 
the - 

 

There were many international and national 
research projects on the safety of nanomaterials 
which are using agpure® nanosilver. 

 UMSICHT 
o Ecological fate of nanosilver 

 SILBERNANOPARTIKEL 
o Risk potential of nanosilver  

in medical devices 
 OECD-WPMN Silver 

o Chemical Database (Tox, etc.) 
o  
o NANEX  

 LICARA nano 

Overall result of these independent research 
projects is that there is no harm for humans, 
animals or the environment resulting from 
agpure® in carefully equipped products.  

For details on nanosilver research ask our 
experts. They will provide detailed information and 
scientific literature to interested customers, 
research institutes and the public. 

7.2. Exposure 
Exposure of silver nano particles during the 
production process was not detectable.  
(REACH-NanoHazEx: Rip-oN 3) 

No abrasion of nano particles is detectable from 
polymer materials. (Vorbau et al. 2010) 

7.3. Safe to human tissue 
agpure® containing microfiber cloth: No irritations 
on the skin of the test persons even those having 
atopic eczema (Test report Dermatronnier, DT-
NR: 16/01/06) 

agpure® nanosilver causes no sensitization to the 
laboratory animals (according to Local Lymph 
Node Assay  LLNA, Test report BSL Bioservice, 
Project No.: 070516) 

8 Storage and Disposal

8.1. Recommended Storage 
agpure® W grades can be stored in original 
containers for 12 months at a temperature range 
of 10-30°C. Contents of unsealed containers 
should be used as soon as practicable. 
Subsequent to any removal of material, the 
containers should be closed tightly. Keep product 
protected against frost. 

If it is not possible to store the product in the 
original containers, please take notice of the 
following advice: 

 Use opaque containers 
 HDPE recommended 
 Other polymers are not proven for long 

term storage. 
 Glassware has limited qualification only 

suitable for high concentrates.  

Once opened, we recommend, that agpure® W50 
is completely emptied, to assure product quality. 

agpure® PBT6500 can be stored in original 
package for 6 month at a temperature range of 10-
30 °C.  Open packages should be used up soon.  

It has to be ensured that no external particles are 
brought into the master batch through opening or 
taking out master batch of the bag. External 
particles can reduce considerably the usability of 
master batch even up to production out time or 
production loss especially on the field of 
microfibers. 

The water content of the master batch has to be 
determined by the user. If necessary the master 
batch has to be dried before use. With which 
degree of moisture the master batch will still be 
usable is incumbent upon the user. 

SANPURE® K130 sol for sol/gel coatings are 
highly sensitive for improper storage conditions 
and processing conditions. Please take care that 
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SANPURE K130 is stored below 23 °C and 
processed at a relative humidity below 50 %. 

8.2. Disposal 
Avoid contamination of water, food or feed by 
storage or disposal. 

Plastic drums which cannot be reconditioned and 
recycled should be punctured or crushed, and 
disposed at landfill or by other procedures 
approved by state or local authorities. 

9 Available Packaging 
agpure® W10, W3:  

1 kg in HDPE Bottles, Narrow Mouth, UN 
Approved (3H1/X1.9/250) with Thread. Screw 
closure PP, black, with tamper evident ring and 
teflon cup seal. 

5 kg in HDPE jerry cans, UN Approved 
(3H1/X/250). with Thread. Screw closure PE, 
black, with tamper evident ring and cup seal. 

agpure® W50:  

0,50kg and 1,00 kg in HDPE Bottles, Narrow 
Mouth, UN Approved (3H1/X1.9/250) with Thread. 
Screw closure PP, black, with tamper evident ring 
and teflon cup seal. 

Once opened, we recommend, that agpure® W50 
is completely emptied, to assure product quality. 

agpure® W20, W2:  

1l, 6l or 20l HDPE cans with screw cap and 
elastomeric sealing, UN Approved (1H2/X20/S).  

agpure® PBT6500:  

25 kg in fibre-reinforced PE-bag. 

10 Regulatory 
agpure® is a proven 
auxiliary for biological 
active finish of textiles 
according to Oeko-
Tex® Standard 100: 
(https://www.oeko-
tex.com/de/manufacturers
/certified_products/active_
chemical_products/products_with_biological_activity/pr
oducts_with_biological_activity.html ) 

Certification in accordance with DIN EN ISO 
13485:2010, regulation under progress. 

agpure® is notified according to  
Regulation (EU) No. 528/2012 (Biocides) under N-
73054: 

 Disinfectants for private usage and the 
public sector as well as other biocide 
products (PT 2) 

 Disinfectants for the food and animal feed 
sector (PT 4) 

 Fibre, leather, rubber and polymerised 
materials preservatives  
(PT 9) 

 

11 Note 
RAS AG provides the information contained 
herein in good faith and makes no representation 
as to its comprehensiveness or accuracy. This 
document is intended only as a guide to the 
appropriate precautionary handling of the material 
by a properly trained person using this product. 
Individuals receiving the information must 
exercise their independent judgement in 
determining its appropriateness for a particular 
purpose. RAS AG makes no representations or 
warranties either express or implied, by fact or 
law, regarding the suitability of the material for any 
purpose, the merchantability of the product for a 
special application or the accuracy of the 
information contained within this document. 
Accordingly, RAS AG will not be responsible for 
damages resulting from use of or reliance upon 
this information. Nothing contained herein shall be 
construed to imply the nonexistence of any 
relevant patents or to constitute the permission, 
inducement or recommendation to practice any 
invention covered by any patent, without the 
authority from the owner of the patent. 

Scientific literature cited in this data sheet can be 
provided on request. 

12 Contact data 
RAS AG 
An der Irler Höhe 3 a 
D 93055 Regensburg 
Germany 

Phone: +49 (0)941/60 717-300 
Fax:  +49 (0)941/60 717-399 
Mail: office@RAS-AG.com 
WEB: http://www.RAS-AG.com  

Registered headquarter: Regensburg, Germany 
Registergericht: Amtsgericht Regensburg;  
HRB 15542 

Terms and conditions apply of RAS AG (http://ras-
ag.com/de/allgemeine-geschaeftsbedingungen/) 


