CASE STUDIES

SAFE PRODUCTION OF NANO MATERIALS
(NANO SILVER DOTTED SILICA)
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3. Description of the case

3.1. Introduction

POCH S.A. produces and supplies laboratory chemicals under the Labscan, POCH and POCH
BASIC brand names. Its markets include pharmaceuticals, food and feed, chemical and
petrochemical industries, environmental protection, and research and analytical chemistry.

The development of nanotechnology at POCH S.A. focuses on the manufacturing, engineering and
application methods of nanomaterials on inorganic carriers. In 2007, POCH launched a modern
production line of nanopowders. Currently, POCH produces nanomaterials on inorganic carriers (nano
silver dotted silica - SiO2-Ag) (Figuresl1-2). This material, by weight, contains 20% metallic silver
(confirmed by Scanning Electron Microscopy and Energy Dispersive Spectroscopy) and amorphous
silica. 95% of the silica grains have a diameter in the range of 450 nm i 650 nm, however 90% of the
silver particles have a diameter of 10 nm (confirmed by Transmission Electron Microscopy method,
carried out in Institute of Non-Ferrous Metals in Gliwice).
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The manufactured material is characterised by a multipoint BET-method" specific surface area of

3.840 m?/g, and single point BET-method specific surface area of 3.303 m?g (confirmed by nitrogen
adsorptiontestsat 7 7 K, at the Zakgad Chemii [ Technol ogi i
University of Technology - Department of Fuel Chemistry and Technology)).

Tests confirming the physical/chemical properties of the nanomaterials are performed according to
the guidelines published by the Scientific Committee on Emerging and Newly-Identified Health Risks
(SCENIHR) in 2007 [1].

Figure 1: Nano silver dotted silica (the final product)

Figure 2: Si02-Ag (TEM x 100 000)

This nanomaterial has a wide application as an anti-microbial agent in various industries, such as
textil e, pl astic, paints, paper and timber, among
nanomat eri als are marketed under the NAVIAE brand na

POCH is focused on providing safe working conditions for their employees. To this end, POCH has
implemented the Safety at Work Management System complying with all guidelines of the PN-N-
18001 Standard (which implements the provisions of the ILO-OSH 2001 document and PN ISO 9000
series) [3].

Antimicrobial (i.e. antibacterial, antifungal, antivirus and anti-drug resistant pathogens) properties of
silver have been known for several years. In recent years, there have been reports of possible
harmful effects of silver nano-sized particles. It is believed that silver nanoparticles can create new
(poorly studied) hazards in the workplace.

POCH is aware of the possible risks associated with silver nanoparticles. Knowledge of the risks is
derived primarily from literature studies. The company stays up-to-date with information available on
the web pages of the European Commission, the appropriate Offices/Agencies regarding potential

! BET method i Brunauer, Emmett and Teller method
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risks related to the 'nano’ scale, and derives information from databases of scientific magazines, such
as Scopus or Web of Knowledge.

POCH is interested in creating safe workplaces and making efforts towards preventing injury to
workers and reducing any potential risk from the use of nanomaterials (SiO2-Ag).

3.2. Aims

All actions have been taken with the intent to ensure the safety of workplaces that have contact with
nanomaterials and the formation of safe products for final users.

3.3. What was done, and how?

The Company, at the beginning stage of the research and development, has analysed the
physical/chemical properties of the potential nanomaterial as well as a methods of its production and
deliberately made the decision to develop such production method that would reduce risks related to
exposure of employees or users to the free nano-patricles to a minimum. In the developed method
nano-scale silver is created during reduction of the specific silver salt (in the form of a suspension) in
a hermetically sealed and automated oven. During that process, the nano-scale silver is permanently
deposited on silica.

Than, a modern technical production line was designed. Separate segments of the manufacturing line
were manufactured to order, based on projects done by engineers and process engineers projects at
POCH S.A.. They feature the highest quality safety standards, while integrating all obligatory safety
standards. The most important element of the technical production line (loading the oven) is
automatic and hermetically sealed. This allows for reduced exposure to nanoparticles 'at the sourced

In order to improve the safety of production of nanomaterials and a safe final product, POCH has
taken several steps, described in the following.

1 Identification of areas patrticularly at risk.

As part of the mastering of the safety management and occupational hygiene system (risk
assessment analysis), areas of high exposure to the powder form of the material were identified,
where it is suspected that nanoparticle agglomerates can occur during the work process. The
probable exposure routes are the respiratory system, and less frequently the skin.

Workers may be exposed to nanomaterial dust during such processes as:
- removing the product from the reduction furnace,
- grinding and crushing of nanopowders (where nanoparticles are standardised),
- packaging,
- preparing suspension of the final product (weighting),
- technical and personal precautions

In the above mentioned areas, the processes are conducted with adequate general and local exhaust
ventilation (in anti-explosive versions).

The processes are carried out in the presence of the appropriate pressure/exhaust ventilation, in
explosive-protection conditions, and with the use of local ventilating hoods.
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Being aware of the probable harmful effects of powder forms, additional employee protection during
the work processes was established. During the manufacturing phase, employees use personal
protection equipment (PPE) for the respiratory system, eyes and skin mucous membranes, such as:
masks and half-masks, goggles, protective clothes, gloves (Figures 3 and 4).

Figures 3 and Figure 4: Packaging of nanosilver dotted silica.

9 Exposure assessment

Measurements of silver and silica amorphous concentrations in the air were done according to
current standards of measurement of harmful agents at work. The airborne levels of silica and silver
were below recommended exposure limits (OELs). An exposure assessment of workers is hampered
by a lack of threshold values for nano-sized form of silver and silica.

Evaluation of employee exposure is difficult due to lack of normative values for nano-size substances,
and lack of any reference values.

i Organisational measures

Organisational remedies were also applied. The manufacturing room is marked as shown in Figure 5.
Restricted access protection was applied i see solution shown in Figure 6.

Figure 5: Manufacturing room markings
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