...00..°Oo.°

{NanoRem

O.OQQQQO'.

nZVI. Design, Performance and
Application Possibilities —
New Iron based nanoparticles for

nanoremediation
Jan Filip, UPOL & Miroslav Cernik, TULIib

(@)

@ e TECHNICAL

- UNIVERSITY

CENTRE OF LIBEREC

ADVANCED (www.tul.cz] |
Palacky University MATERIALS

Olomouc

NanoRem Final Conference
Nanoremediation for Soil and Groundwater Clean-up
- Possibilities and Future Trends

Frankfurt am Main, 215t November 2016 QﬁNanoRem 1

WWW.NANOREM.EU




Technical University SIE\JCIthllals(i/T“\?
of Liberec - TULIb OF LIBEREC

www.tul.cZ] |

o

Objective 2
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 Various types of NP available (industrial x labor.
guantity)

* Optimized for
— Reactivity
— Migration
— Storage
— Transport
— Longevity

FeO1nan-13 5.0kV 6.3mm x60.0k SE
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NF STAR — dry NP powder ¢
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= NANOFER STAR —dry NP powder =
produced by solid-state thermal reduction of . 5
Fe-oxide
= Tiny oxidic layer for NP protection

Frequency

ih HH 1] 9 ::'\'\\f\*
= Good stability, transpotability e Ll B SN R e
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* Dense slurry (200g Fe/l)
48h activation - degradation of oxide shell

UA STAR197 A STAR197
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- 1,0
 pH and ORP evolution
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Major advantage:

* Lower cost

* Non-aqueous environm.
* Good reactivity

Drawback:

e Bigger particles

* Non-round particles
* Oxidized particles

e MEG needed
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ZV1 milling from micro scale e
* Preparation of “nano” ZVI particles
« Water or ethanol - flakes (< 100 nm thickness)
o, R
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SEM images of the milled particles ithout alumina. a) Initial iron powder, b) after 24 h, c)
after 48 h, d) after 96 h and e) detail of one flake of a 48 h milled iron particle.
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ZV1 milling with alumina e
* Preparation of “nano” ZVI particles
« MEG solution (1 g alumina)
*“ 7
o G wam e, P
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ZV1 milling with alumina

* Preparation of “nano” ZVI particles
 MEG solution (3 g alumina)

1um 15.00 kv Signal A = SE2 6 Oct 2014
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A 10.00K X WD = 8.8 mm NAS4_16.if :.E:Lm
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* Preparation of “nano” ZVI particles
« MEG solution (10 g alumina)

w & o ] - A

400 nm (med)
Size <1 um
(70% volume)

Spherical NP

R e e T e
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nZVI| characterization

= Structural characteristics:

zeta-potential,

BET,

TEM & SEM, XRD & Mossbauer,
Size distribution: DLS & DSC,...

= Reactivity tests:

Water (production of H, and OH")
Selected contaminants (spiked in water)
Contaminated water

= Mobility tests

1-D simple tests for comparison
Complex 1-D tests
2-D and 3-D tests
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Fe 2p Photoemission intensity (a.u.)

Intensity (counts)
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« Addition of NaOH - pH increase
« Point of zero-change
* Important: sign (-) and size (> 20 mV) at gw pH

5
.
S 0 N
E /ﬁ"i-
s °1 ° T
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Reaction with Cr(VI) ¢
« Comparison of activated and " ¥«
non-activated STARs N BN
o 3 different thickness of oxide \\\ .
layer i
« STAR 197 large difference £ \\ \ ¢ i
after activation | \\ \ \: s
FeVg:It
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o Surface modification of NF STAR

CEs
35000
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* Milled with alumina (3%) compare to industrial
NP

1200,0
1000,0
\ —o—4g/I KKMO02
— 800,0
E, ——4g/| A2
o —#—A4g/| LabStar
& 600,0
5 —-—4g/| Fe + 3% Al
£
=
v 400,0
200,0
0’0 : I \-‘

0 10 20 30 40 50 60
time [d]
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 Different time of milling

Differential Volume

16 —— NAS56
—— NA 64
——NAT74
144 —— NA 84
— — BASF CIP-SM
12
10
£
£ B
=2
S
6_
\
4- \
\
2 \
!
Nt S
0 LA B | I I ’ LA | L 1 1 LI |
004 01 02 04 1 2 4 6 10
Particle Diameter (um)
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Migration ¢
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« Comparison milled/alumina x STAR
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Conclusions WP2 2

« Water slurry NF 25S available in large quantity
 Dry NF STAR available in large quantity
« Used for pilot experiments
* Used on other sites in full scale (C2)
* Milled FerMEG12 available in large quantity
« Milled with alumina up-scalling in progress
* Future of nZVI: chemical modification (S, etc.)

m DECHEMA nZVI: Design, Performance and Application Possibilities (gNanoRem) y

NanoRem Final Conference, 215t November 2016 WWW.NANOREM.EU



TECHNICAL

Technical University UNIVERSITY
of Liberec - TULIb OF LIBEREC
Wwww.tul.cZ) |

Thank you for your attention ¢
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This project received funding from the European Union Seventh Framework
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This presentation reflects only the author’s views. The European Union is not
liable for any use that may be made of the information contained therein.
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