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UFT research focus &,

Testsysteme zur Analyse der biologischen Wirkung von Nanomaterialien
1) Gehirnzellen: Astrozyten (griin) Mikroglia (rot) und Zellkerne (blau); 2) Vibrio fischeri (Leuchtbakterium);
3) Daphnia magna (Grof3er Wasserfloh, Nano-Eisenoxid im Verdauungstrakt sichtbar); 4) Folsomia candida (Springschwanz); 5) Algenzucht
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Nanoparticles in the environment
have existed ever since...

http://photocompetition.upclive.com http://www.photolib.noaa.gov

Ball lightning: Nature 403, 519-521 (2000)

However, engineered nanoparticles have not
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Recycling

Product example:

Superparamagnetic
iron oxide

Raw mat. Production

Use

Residues' '

Recovery

Waste '

@ Universitat Bremen

thoeming@uni-bremen.de




: O i
Recovery of NP — A Question of Return on Invest g

Returns Revenues (NP value)
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NP recovery / %
Capital & operational
Cost expenditures
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Recovery: Enrichment & Fractionation s
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Fractionation
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Recovery of nanoparticles — processes available? \;3?5;‘/
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Platinum

® NPs in solid matrix Milling”+ fractionation

¢ Selective enrichment
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Magnetic separation of SPIONs: selective enrichment
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Scale-up for recycling
possible
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Enrichment £ ]
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Magnetic separation of SPIONs
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(i) Magnetic R

decantation Yields 86-99%
Purity >95%

Kainz Q. M., Linhardt R., Maity P. K., Hanson P. R.,
Reiser O., 2013 Ring-Opening Metathesis
Polymerization-based Recyclable Magnetic
Acylation Reagents, ChemSusChem, 6:721

Scale-up for recycling
possible
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Magnetic separation of SPIONs
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Linhardt R., Kainz Q., Grass R., Stark W., Reiser O.,

Palladium nanoparticles supported on ionic liquid
modified, magnetic nanobeads - recyclable, high-
capacity catalysts for alkene hydrogenation, RSC

SCa|e_up for recycﬁng Advances , 4:8541-8549
possible
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Recovery of nanoparticles — processes available? 7
Platinum
® NPs in solid matrix r/ Milling”+ fractionation
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Iron oxide

® (Superpara)Magnetic NPs Selective enrichment

® NPs dispersed in liquid Enrichment + fractionation
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Enrichment of nanoparticles dispersed in a liquid °§r§1§;
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Dispersion I

Feed

Retentate
Ag-NP

Ag-NP for Reuse

Retentate Feed Permeate

Permeate

Obstacle: Membrane fouling

Waste- \

water
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Enrichment of nanoparticles dispersed in a liquid ;;:}fgéb;

Solvent extraction
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v addition of solvent
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Gold salt+ MES ~ Water Au-MES-NPs 3
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surfactant solution S
upper phase
removal centrifuge
«— <«
concentrated micellar phase aqueous phase turbid clear

Multi stage process: (too) expensive
Here: cloud point extraction with non-ionic surfactant mixtures
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Nanoparticles dispersed in a liquid
Enrichment using dielectrics

Switchable filter (UFT)
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[ Separation step
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Pesch et al. (2014) Sep. Pur. Tech., 132, 728-735

on partclies

U=o0
Recovery step
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® NPs in solid matrix f/ Milling”+ fractionation
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Iron oxide

® (Superpara)Magnetic NPs Selective enrichment

® NPs dispersed in liquid Enrichment + fractionation
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Nanoparticles dispersed in a liquid i
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Fractionation Y

Particle analysis: Asymmetrical Flow Field-Flow Fractionation, AFFFF

Inflow  Inflow _ Outflow
‘ (sample injection) Field (to detector)
“\“\ o . : l ) o ) i N \\\i
W // _/

- Upper Plate

Scale-up for recycling

Chah_nel

| guestionable
Flow 20
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Frit

Crossflow

itwm.fraunhofer.de
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Nanoparticles dispersed in a liquid
Fractionation using dielectricity

SIDE-separator (UFT)

SIDEs
(electrodes)

Scale-up for recycling
to be developed
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Recovery of nanoparticles — processes available? \;3?5;‘/
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Platinum

® NPs in solid matrix Milling”+ fractionation

Selective enrichment

® NPs dispersed in liquid Enrichment + fractionation

® NPs dispersed in gas (aerosol) Enrichment + fractionation
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Enrichment of NP from aerosols

Differential Mobility Analyzer

- Radial flow DMA (RDMA)
* Measurment range 1nm —1 um
« Opposite ring electrodes
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aerosol inlet

Scale-up for recycling
guestionable
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Excess flow
outlet Y

S. Zhang, Y. Akutsu, L.M. Russell, R.C. Flagan, J.H. Seinfeld, Aerosol
Science and Technology, 23:3, pp.357-372, 1995
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Enrichment of NP from aerosols g

Limitations of DMA efficiency

0.14
. . . I;I — 1 Ch
|deal* separation efficiency = 012 1 charoe
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n = 9
3n T 008
c
n, number of particles carrying p charges -% 0.06
calculated according to Kousaka et al.* ~
o
_ $ 004
n, total number of particles
0.02

Particle diameter d, / [nm]

*) Y. Kousaka, K. Okuyama, M. Adachi, Aerosol Sci Tech,
Vol. 4, No. 2, pp. 209-255, 1985
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Folgerungen

® Element-Recycling Rsp# Sortierung, Pyro-/Hydrometallurgie
® Recycling (superpara)magnetischer NPs

® Recycling dispergierter NP .’

* Wirtschaftliches Recycling erfordert neue Technologie
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