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Descriptor Description

Nanomaterial/s Carbon nanofibres (CNFs): GANF, GAtam

Final Product/s Dispersion of CNFs in polymers

Potential applications Additive for polymeric formulations

Aim of the innovation Scale-up of the production

Main exposed target/s

(workers, consumers,

environment)

Workers, environment

Scope of the application of the

Safe by Design approach

To study a safe scale-up and to select the NMs (GANF or

GAtam) that would be safer
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Risk Assessment for both NMs at different production 

stages. Testing needs and hot spots identified.

Ecotox and tox of GANF and GAtam performed. 

Environmental and occupational exposure assessment 

before and after SbD process improvements.

Changes in the design of the production process and 

cleaning operations to reduce risk (safer production).

LCA study for the production of GANF and GAtam.
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Production stages for RA

Stage 1. Metal catalyst production and dosing.
Stage 2. CNFs production: growth, filtering and collection
Stage 3. Surface treatment: Burning of volatiles and CNFs oxidation
Stage 4. CNFs dispersion in liquid media and packaging

Main properties of GANF and GAtam

Measured property Unit GANF GAtam

FIBRE DIAMETER (TEM) nm 20 - 80 20-80

CARBON PURITY (TGA) % >85 >80

OXYGEN CONTENT % > 5 > 10

SPECIFIC SURFACE AREA (BET N2) m2/g 100-170 70-140

GRAPHITIZATION DEGREE (XRD) % 70 60
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Occupational: In both cases - a low number of big (micrometric) agglomerates of tubes and 
rods (nanostructured) corresponding to GANF and GAtam. Nanometric nickel particles 
inside the agglomerates and also outside these agglomerates.
Some samples contain CNFs particles but others contains objects not clearly related.

Environmental: There is not enough NMs emitted to be able to obtain measurable 
concentrations in the surrounding ambient air. 

Sample  Sample Location

S1 1st chimney: Direct exhaust gas scrubber

S2 2nd chimney: Outside exhaust gas scrubber

S3 3rd chimney: Exit cleaning production furnace GANF

S4 4th chimney: Exit surface treatment furnace

S5 Collector: Production furnace GANF

S6 Collector: Surface treatment furnace exit

S7 HEPA filter exit: packing and dosing GANF hood

S8 Collector: Ash container cleaning production GANF

S9 Filter: Surface treatment furnace

S10 5th chimney: Exit gas analyser GANF production
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The synthesis of GANF and GATAM show relatively high concentrations of black carbon 
(Aethalometer A51) and high concentrations of particles in the range 10-300 nm with low 
diameters (DISCMINI).
However the samples analysed by SEM and EDX did not show single CNFs. the fibres emitted 
are agglomerated into large agglomerates.

Sample Description 

PC1 Middle zone in the production area 

PC2 Collection of GANF 

PC3 Collection of surface treated GANF 

PC4 Collection of GAtam 

PC5 Collection of surface treated GAtam 

PC6 Filter cleaning surface treatment GAtam 

PC7 Area for handling powdered CNFs 

PC8 Area for preparing dispersions 
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Considering the occupational exposure results obtained it has 
been decided to consider the following SbD production process 
improvements:

 Automated pneumamatic collection of GAtam.

 Pneumatic collection of surface treated CNFs.

 Improve ventilation in the dispersion and powdered material 
handling areas.

 External centralized vacuum cleaner for maintenance 
operations.

 Automated gravimetric dosing unit for preparing CNFs 
dispersions and packaging.

 Plant layout modifications.
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 GAIKER: Technical partner. ROS, Inflammatory effects, 
clearance, Skin irritation. RA and LCA before and after SbD.

 NRCWE: Dustiness, Zeta potential/hydrochemical reactivity, 
Biopersistency, Genotoxicity.

 Univ. Utrecht: Stability (Raman, ICP-MS)

 NILU: Genotoxicity

 CEA: Cytotoxicity

 INERIS: Inhalation tox (ALI in vitro), In vivo regulatory test 
OECD on algae and microinvertebrates, Exposure assessment 
after SbD process improvements.

 INIA: Continue in vitro on fish cell lines 

 UCO: Continue in vitro and in vivo toxicity on mussels

 IOM: Exposure assessment after SbD process improvements
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a. The application of the control banding tools used in the screening risk assessment
i) without and with experimental data; 
ii) before and after SbD measures implementation

b. The application of SUNDS. It is a powerful tool to carry out a risk assessment of different 
scenarios (i.e. before and after SbD) but it requires the calculation of a benchmark dose 
(BMD), i.e. a dose of no toxic effect. Only possible with an in vivo assay.

c. The application of a Weight of Evidence (WoE) approach. Combines the available data 
(evidences) into hazard and exposure classes through a system of weights and algorithms. 
Weights are defined to give to each data their relevance for the risk assessment and the 
data quality in the integration process.

Last two approaches are being developed with the help of Greendecision, srl and colaboration
with caLIBRAte project
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Stage 3: GANF surface treatment Stage 3: GAtam surface treatment

Conclusions: After the safe by design, automatization of the process, the exposure is 
expected to be reduced and the  red bar that before was outside the safety zone has now 
fallen inside it. There is still an uncertainty zone due to unknown stability.

Before SbD

after SbD
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 LCA study for the production of 1kg carbon nanofibers GANF and GAtam

(manufacturing and packaging stage):

 Results show that the main environmental impacts are due to chemicals used

during the process, followed by energy consumption.

 LCA will be further updated with new data regarding emission of NPs, as well as

data related to the use stage and end-of-life stage of both NPs.

 Comparative LCA between ‘before’ and ‘after’ SbD. An estimation of SbD

improvements has been made considering burning methane emissions

generated during the process for energy recovery.
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