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Laser-based Solution to Sort Composites and
other Materials for Recycling
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Outline

« Monocrom S.L. at a glance

 High energy pulsed lasers

- Examples of targeted applications:
» Selective recovery of aluminum from end-of-life vehicles (shredder sorting)
+ Selective recovery of composites from end-of-live ships

» Conclusions
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Clamping™ & Monocrom’s Products
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Clamping™ means:

Mounting at Room
Temperature

Insensitive to CTE mismatch
Having no Mechanical
stress

Using Macro- channels
Cooling from both sides of
the semiconductor
Achieving longer Life Time
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From low to high energy pulsed lasers

The pulse-energy of a laser can be amplified in a master oscillator
power amplifier (MOPA) system.

Output Energy (a.u.)

Eout = Esqe In {1 + [exp(Em/Esat) - 1] G}'(*)

E,,. Output energy E.: Saturation energy
Ein  Input energy ¢ Gain factor
—Single pass —Double Pass

Input Energy (a.u.)

(YW. Koechner, “Solid-State Laser Engineering”

Our design is a double-pass (MOPA) system. Its basic building
blocks are:

(4) (5) (6) (7)

(1) (2) (3)
|_| ) p-polarized Iight
u s-polarized light
(9)
(8)

Mom| Lab | Descrpton

n Oscillator Provide the seed signal

Isolator Protect the oscillator from back reflections
I/2 Half waveplate: p-polarization
Pol. Polarizer: transmits p- and reflects s-pol.

PH120 Amplifier
I/4 Quarter waveplate: double rotation (p to s)

7 M (100%, 0) Re-bounce mirror
M (100%, 45°) Beam steering mirror
Output Laser output orsl';z;t:mcs generation
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ns-Pulsed Master Oscillators

Q-switch mechanism

—VLaser Pulse
—Gain
——Loss (Passive)

——Loss (Active)

A

ns-pulsed laser configuration
« Active medium: Nd3+:YAG
+ Pump: laser bars with a collimated beam in free space or =
coupled to a fiber at I=808 nm J
* Pumping mode: CW or QCW %
+ Laser emission: I=1064 nm §
[
* Q-switch: passive with a Cr4+:YAG or active with an AOM - J
P Resonator -
Cavity Q-switch technique

Laser medium

Pulse duration (ns)

Beam quality (M?)

Max repetition rate
kHz

Pulse energy

Q-switch f

Pump

Basic building blocks for a ns-pulsed laser
Pulse timing jitter
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ns-Pulsed Nd3+/Cr4+:YAG Laser chip

Transmission vs. laser fluence in a saturable absorber
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The Nd/Cr:YAG laser chip is formed by:
* Nd3+:YAG crystal (gain medium)

= Cr4+:YAG crystal (passive gq-switch)

Under the right configuration of the pumping:

o Laser pulse duration ~1.5 ns

o TEMy, mode laser beam

o Pulse energy ~0.8 mJ

o By increasing the

incident pump

density, multiple pulses are generated
with a time-gap of ~ 50 + 10 ms

Focusing
optics

M2
CH*YAG HR@808nm

PR@1064nm
Nd*:YAG \

rd
M1: \ '

AR@808nm
HR@1064nm >

Monolithic Nd3*/Cr4+:YAG Laser

3

200mV  Ch2 500V WM2.00ns Al Chl & 356mV

1.5ns
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Low Power Laser Amplifier

Diode pumped solid state laser (DPSSL) Cavities
where:

* The active medium: Nd3+:YAG rod

Pump configuration: lateral with laser bars or
collimated and fiber-coupled (") laser bars
with emission at | = 808 nm

* Pump mode: CW for high repetition rate (>40
kHz) or at 10% duty for 100 Hz repetition
rates

¢ where MAREHSRISSIQD and amplification at | = 1064
energy ofdMator signal.

PH120 (DPSSL cavity)

Input
Current

chamber

Parameter

Nd3+:YAG bar diameter (mm)
Pump configuration

Pump power / duty cycle

Repetition rate

Water
cooling

Low power cavity | Fiber pumped
3 3

Lateral
120/ CW

100 kHz

Distilled water
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Colinear
150/ 10%

100 Hz

Passive
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Double-pass MOPA Laser Device

The device based on the Nd3+/Cr4+:YAG laser chip is characterized by:
« Laser wavelength: 1064 nm
 Two operating modes (single or dual-pulse)
 Laser pulse energy:
. in single pulse mode >10 mJ

. in dual-pulse mode up to 20 mJ (10 + 10 mJ)

* The inter-pulse delay in dual-pulse mode is ~ 50 + 10 ms

+ Laser pulse duration is ~1.5 ns

* Beam quality: TEM,, mode

Double pass vs. single pass
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Harmonics Generation (Green & UV laser)

For ns-pulsed lasers, harmonic generation is performed with LBO crystals (best
efficiency)
Second harmonic generation (SHG) of laser emission at 532 nm (green)

Third harmonic generation (THG) of laser emission at 355 nm (UV)

Ii

Telescope

THG @ 355 nm

Dicroico HR
355 nm @ 45°

SHG @ 532 nm and 1064
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Short laser
Pulses
Focusing
Lens
Plasma
Sample

Plasma spectra
analysis
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Laser Induced Break down Spectroscopy (LIBS)

—— With hemispheric cavity (d = 9.5 mm)
—— No Confinement
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Applications: selective recovery of aluminum

State of the art of the recovery of nonferrous metals:
 Heavy, expensive and chemical, Non-environment friendly

 Does not selectively recover elements with similar composition

« Shipped overseas for hand picking (loss of raw-materials in the EU)

«  Only 75% of ELV waste is recovered, well under the 95% targeted by
the EU directive 200/53/EC

The ShredderSort project approach is to:

« Use LIBS analysis to selectively recovery
aluminum and magnesium alloys,

 Build a high-throughput sorting line to
enable processing industrial waste
volumes.
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Applications: selective recovery of aluminum

Scanning
Laser .
Laser beam I ~nirror
E 3 | ~
Focusing lens
f=500
! \
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Shredder peaces

- Wrought Al
N\

Sorting bins
Block diagram of a LIBS-based selective sorting line

+ Shredder pieces of different heights and shapes,
* Arrive at 2 m/s and at different angles,
*  Focusing with a 500 mm focal lens.

To achieve high-throughput, we combined several high energy lasers and a fast
polychromator.

Q
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The laser controlling unit requirements:
* Remote control
* Internal and external trigger
* Deliver a TTL signal after each laser shot

High-throughput LIBS-based selective sorting line
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Applications: selective recovery of composites

Total
‘r 448 million tons produced in 2015

Other
52 million
includes health care and agriculture
5 years < The average time plastics are
used before they're discarded.

400

Building and construction
72 million

HEENRNRNENNRNNENNERNNNNRNNNNNNNNNEN 35 years

2008 recession
al

Industrial machinery
3 million

HERNNNNNNNENNNRNNNNN 20 years

Transportation
30 million

HENNRNNNRRNAN 13 years

Electrical
19 million

HENNNNEN 8 years

Textiles
65 million
HENEN 5 years

Consumer products
46 million

Nl 3 years

100 Packaging
161 million

| Less than six months

1973 oil crisis

|

The largest market for plastics today is
for packaging materials. That trash now
accounts for nearly half of all plastic waste
generated globally; most of it never gets

Roland Geyer, University of California, Santa Barbara recycled or incinerated.

1950 1960 1970 1980 1990 2000 2010 2015
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Applications: selective recovery of composites

N e e

0.5

0.66

0.5
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HDPE

PVC

LDPE

PP

PS

other

polyethylene terephthalate Water and soft drink bottles

high density polyethylene Household bottles (cosmetics, food, detergent), industrial
wrapping

polyvinyl chloride Medical bottles, water pipes, window panes, credit cards,
flooring

low density polyethylene Garbage bags, food wrap

polypropylene Joghurt containers, margarine containers, milk and beer crates

polystyrene Disposable cups and plates, egg cartons

the rest of all plastics Plastic mixtures
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Applications: selective recovery of composites
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Graphes: Myriam Boueri: Laser-induced plasma on polymeric materials and
applications for the discrimination and identification of plastics; Université
Claude Bernard - Lyon I; 2010
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Applications: selective recovery of composites

* Pulse length optimization can increase the differenciation between the composites
 Double pulse LIBS can decrease the Limit of Detection (LoD) (")

+ 2nd pulse under 60deg. increase the signal intensity dramatically "

W CorrectID M IncorrectlID mNolID

* Train a Artificial Neural Network (ANN) to interpret the spectra
100
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A well trained ANN can lead to a high level of identificati 85
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70
PA6,6 POM PE PMMA PP PC PVC  PTFE

Samples
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Conclusions

« High energy MOPA laser systems are been developed by Monocrom SL, with the follow
characteristics:

+ Good beam quality (M2 < 1.5),

+ ~0,6 - 3 ns-laser pulses,

*  From single-shot up to 100 kHz repetition rate,
« Laser emissions at I=1064 nm, 5632 nm, 355 nm,

« Up to 20 mJ of pulse energy have been achieved at 1064 nm.

*  Our targeted applications, but not limited to, are:
+ Selective recovery of aluminum from end-of-life vehicles (shredder sorting),

+ Selective recovery of composites from end-of-life ships
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Thank you for your attention!

Visit us at www.monocrom.com

i.alexander@monocrom.com
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