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Production of nano-enabled
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VC2 — Energy sector — Nanomaterials for Lithium-lon batteries
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Use of carbon-based nanomaterials in electronic goods (with special emphasis on
batteries and end-of-life)




FRAMEWORK WITH NANOMATERIAL RELEASES AND

EMISSIONS ALONG DIFFERENT LIFE CYCLE STAGES
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MEASUREMENT STRATEGY:

OECD HARMONIZED TIERED APPROACH

!

Tier 1 - Information

Gathering
Canthe rel f le particlesint
yes /£> tl worketace b reesormhy sk
w during production, handling or processing?
no
Tier 2 — Basic Exposure
Assessment
(eg.withcP) |  =======r=====
|
’ . Eotomeationdly ety — NanoBadge Handheld CPC DISCmini2
yes sampler?! TSI 3007
Is the origin of the G yes
increased concentration ? —
known?
no l
Tier 3 — Expert Exposure
Assessment 00| @ amem—-- _———r————— -
(e.g. with SMPS, CPC, chem. H
analyses, etc.) 1
1
, 1
no //’? \'-\> Clear evidence of chemcial LI
no NOAA from activity; chemicalidentity “~_ " identity of the NOAA?
of NOAA known; their origin is elsewhere yes
Take additional risk management
measures to mitigate exposure
Are the risk management %‘\\ _no i et W h—*-
S - CEA’s equipped mobile cart
yes
: (CPCs, NSAM, FMPS, ELPI ...)
o Document and archive
1 Faure et al., J. Aerosol Sci. (submitted)

2 Todea et al., J. Aerosol Sci. 89: 96-109, 2015;
Todea et al., Sci. Total Environ. (close to submission)

J/ Check after 2 years or in case of changes

OECD report, ENV/JIM/MONO(2015)19

m‘ E PLATE.FORME NANG BECURITE

nanoSAFE 2016 | 08/11/2016 | PAGE 4




VCCS ON CARBON-BASED NANOMATERIALS FOR
LITHIUM-ION BATTERIES (PILOT SCALE)
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VCCS ON CARBON-BASED NANOMATERIALS FOR
LITHIUM-ION BATTERIES (PILOT SCALE)
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FROM RESEARCH TO INDUSTRY

VCCS ON CARBON-BASED NANOMATERIALS FOR

LITHIUM-ION BATTERIES (PILOT SCALE)
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Worst case scenario: shredding of 4 kg of electrodes (Li-ion batteries)
Significant emission of airborne NOAA during shredding (submicronic particles
containing C, Fe, P)
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VCCS ON CARBON-BASED NANOMATERIALS FOR

LITHIUM-ION BATTERIES (PILOT SCALE)

During the early stages on this VC.:

Powder handling releases airborne NOAA

Good confinement prevents (or reduces) the emission of airborne NOAA

Worn PPE seems appropriate and are recommanded (gloves and disposable forearms,
non-woven fabric worksuit and disposable headware, FPP3 masks, safety glasses)

During the end-of-life stage on this VC.:

B Shredding as a high-energy mechanical process emits large amounts of submicronic
particles

Powder transfer releases moderate quantities of airborne NOAA

Confinement should be promoted to control the emission during the process (CPE)
Worn PPE seems appropriate and are recommanded (gloves, non-woven fabric
worksuit, FPP3 masks, safety glasses). However due to the high amount of generated
dust, FPP3 masks were replaced twice.
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====================== VCCS ON NANO-ENABLED THERMOELECTRIC
GENERATORS
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ce VCCS ON NANO-ENABLED THERMOELECTRIC
GENERATORS

: ’ _
wafers : '
dgced into (pick and pressing

legs) place)

grinding

1.00E+05

‘ ‘ —— CPC Measured

p/cm p/cm

Loogsoa | b g i | 332 460

2360 50
Manipulation under hood 160 80
| | 3160 60

Manipulation under hood 60 23

\ Vquntary.malmlpuIa'.[lon 10600 2900
of graphite insulation

1.00E+02 —

100kt 1A | I |I |

Concentration (p/cm3)

. 5 1.4224
=
£
E3
o

1.00E+00 - W g,
z
=
e

1.00E-01 |+ NN L S S L L s S S A B 5710 20 4060 100 200 40E&0 T 571 20 4060100 200 40me0

09:45:00 09:50:00 09:55:00 10:00:00 10:05:00 10:10:00 10:15:00 10:20:00 10:25:00 10:30:00 Dp (nm) Dp (nm)
Time (hh:mm) o
Background Emission measure

Process performed in clean room =>low background
The most emissive phase was not expected and not directly related
to the manufacturing process => manipulation of graphite material
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= \CCS ON NANO-ENABLED THERMOELECTRIC
GENERATORS
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= \CCS ON NANO-ENABLED THERMOELECTRIC
GENERATORS
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“——  \CCS ON NANO-ENABLED THERMOELECTRIC

GENERATORS

Mechano- prss - Flat (er assembly Thermo- Usage
synthesis (ingots) grinding diced into (p’;f:cael;d pressing
legs)

B Except the mechanosynthesis step (bowl milling) which was not monitored, the other VC stages
are not emitting significant amounts of NOAA

B The first sintering step tends to aggregate (fuse) the particles and therefore their subsequent
release is unfavoured

B The manipulation of graphite material emitted NOAA unexpectedly

B Even the high energy process such as sawing and grinding are not emitting airborne
aerosols in the vicinity of the equipements. This is certainly due to the liquid / lubricants used
during the process that prevents the emission in air of the released material. Extra care should
be taken during maintenance steps when the liquids and the associated filters are manipulated

B CPE and PPE at workplace seem adequate in order to protect the operator
B Mechanical sollicitation on the devices showed that in some cases the excess of silver lacquer

could be partly removed and released minute amounts of airborne particles. A simple
encapsulation of the modules could prevent that release during the use phase.
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Cea CONCLUSION AND PERSPECTIVES

Release, emission and exposure:

B Early stages of the VC case studies: Powder handling and transferring releases airborne

NOAA

High energy mechanical processes: wet processed (if possible) are preferred

Use: encapsulation strategies and sintering steps when relevant reduces the potential

release of NOAA and their subsequent emission

B End-of-life stage: high energy processes and potentially less trained and informed workers on
the risks associated with ENMs requires more attention and care

EHS good practices already in place or that could be implemented:

B Good confinement prevents (or reduces) the emission of airborne NOAA: wet processes or
integrated suction to the tool used as close as possible to the source are recommended

B Worn PPE seems appropriate and are recommanded (nitrile gloves and disposable forearms,
non-woven fabric worksuit and disposable headware, FPP3 masks, safety glasses)

B Training sessions to make aware workers of the risks associated to NOAA
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CZa  Description of the instruments used

Real time monitoring Granulometers
Count FMPS
ounters : ]
- e 5 to 560 nm
+ rapid
CPC, GRIMM | - sensitivity to low

3nmto 3 um | ) concentration

+ rapid

- only part. coutns SMPS
5 to 350 nm

+ sensitivity and accuracy

- Requires 3 min stability of

events

|

Fidas

180 nm to 18 pm
+ large range
- saturation occurs
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