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m Mikroskopie? Ano, ale ne nano!

m TEM Ci SEM? Nerealné barvy!
m Obycejna fotografle’? Nejlepsi!
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m V roce 2004 doslo k prvni aplikaci nanoFe

*GOLDER
*Pokles ORP, ox.
*\/zrust pH
*Pokles CIU
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PW-3
MW-3 . Aplikacéni vrt

- torpedace
- stopovaci zkouSka
- nanocastice ZVI

< GW flow direction

O

MW-2

m Prvni ,opravdova*“ pilotni aplikace
A4 W v A4 MW-19
m Dlouhodobe vycisteno! O
20 000
A —— V-3
3m
il |\ /-2
== MW-3
15000
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kombinace
nanoFe + Iaktét
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Manufacture

r

Cellulose stabilized NZVI Auburn University
CIP-EQ RASF

CIP-EW RASF

CIP _T—TQ RASF

CIP-HS RASF

Connelly CC-1200 Connelly GPM Inc

EZVI Toxicalogical and Environmental Associates Inc.
EHC MIM Adventus Americas Inc
H-200 Hepure 'T‘Pr'hnnlngips Inc
HC-5 Hepure TPr‘hnnlngiP,s Inc
HC-15 Hepure 'T‘Pr‘hnnlngips Inc

H20Met-56™

Quebec Metal Powders I td

H20OMet-414T™™

Quebec Metal Powders I td

Quebec Metal Powders I td

H2OMet XTT™
Tron Metal

CERAC

T.D-R0O

North American ]—Tngmmq Inc

Metamateria A

Metamateria Partners

Metamateria R

Metamateria Partners

Metamateria C

Metamateria Partners

Micropowder S-3700™

International Specialty Products

NanoFe™

Lehigh Nanotech — dist. By PARS Environmental

NanoFe™ Slurry T

T phigh Nanaotech

NanoFe™ Styrry 11

T Phigh Nanaotech

NF-325

North American Hngnnnq Inc

Peerless™ Tron Powder

Peerless Metal Powders and Abrasives

Egbgﬂgn Particles Crane Polymetallix — dist_bv Nanitech T.T.C
R-12 North American Hoganas Inc

RNIP-10DS Toda Fnrpnrafinn

RNIP-M? Toda (‘nrpnrﬂﬁnn

Z1avIM
Zley

OnMaterials I.I.C
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m Zhangovo nanoFe . control
m Mokrou cestou (NaBH4) = o
= Pd (0.1%)/ bez Pd 2 300
m Extrémni cena E} 2004 |\ 0.25 g Fe/Pd
m TODA 0 0.1g Fe/Pd
m Suchou cestou v peci, MLETI 0- o o

m Velkovyroba
m Povrchova stabilizace

= NANOFER 25 (NANOIRON)

m Cilena core-shell struktura (AV CR)
m Suchou cestou z prekurzoru, bez mleti
m LepSi mobilita a reaktivita (viz Zbofil) =

oL
1
1 %,
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H \,I W
-,.lf, ll'sl.‘ ¥ i:?"
'h'f'* .ﬁﬁ'i{;‘ff’ﬂ RTEEE “'Ll".' \ i\ LA 'l"g' ul

°FP7 _ AQUAFIT4USE Textile plant - Czech (influent)
*Vyzkum AOX (halog. org. slouc¢eniny)
3 dny trepaci zkousky Sus
*Porovnani Fe: 2+
*Powder 20 g/l, granular 20 g/l I I B
.TODA 5g/|, NanOFer 5g/| PL20 P220 G20 TODAS5 OLS
Textile plant - Tekstina Paper plant 1 (influent)
_ 1 ._‘0.4
> 08 - 0.3
£ 06 1 Eqs
IIII R
<°-gj F el I B B Ir
r@ 2 \’/ ORIG P1 20 P2 20 G20 TODAS5 OLS
<a <z © /\Oov ©
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N7 N VN L optimalizace viastnosti
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s kontaminanty —2>Povrchova uprava

produktu pred aplikaci i béhem  Inhicor-T
skladovatelnost, transportovatelnost, Skrob

7,
i

bezpecnost Carboxymethyl celulosa
dostateéna mobilita v horninovém Polyakrylova kyselina
prostredi Ce.Iu’Iosa
__________________________________________________ Axilaty

Guarguma

minimalni negativni vliv na zivotni
prostredi
cena, dostupnost
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Typy laboratornich

experimentu:

*Koncentracni zavislost
vzorku vod (+ pud) na
koncentraci nanoFe

*Kinetika poklesu pro
zvolenou koncentraci

*Porovnani riznych typu
nanoFe

Vyhoda labor. experimentu?

Pohodli, teplo a sucho laborky!

'{l.II:'l"" .‘hl"' -cr.&&\'.l il H |.‘|.\ri. ildllq i l

zavislost absolutniho Gbytku CIU na mnozstvi Fe’
20000 —e— 1,2-cis DCE|]
18000 +\ -
16000 o= A—TCE |
12000 A ~ —8&— suma T
ug/l 10000 \‘
8000
6000 \.\\.\"\_\\_
4000 — — o
2000 ° * 3
O m\l A T T T :-
0 2 4 6 8 10 12
g Fe’/l
10.00 ¢ 1,2-cis-DCE|
9.00 " TCE -
8.00 PCE
® o
7.00 # . v [ 3 ) —
3.00 \l
200 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800
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Pilotni aplikace?
Pro zakaznika VSECHNO!
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Aplikace: 1. misto TODA

2. misto

NANOFER25

Nestejné geol. podminky, podobnée
koncentrace,
- TODA narust Cl.ethanu

1.20
1.00
0.80

=3
Q 0.60
(&)

0.20

0.00

N

Na——

0.40 -

IX-08 X-08 XI-08 XI-08 XI-08 1-09 1-09 -09  11-09 111-09

date

=== RNIP_total HCH
== NANOFER _total HCH

=@®=RNIP_total ethenes
=@=NANOFER _total ethenes




Kinetika - 5g Fe’/l

3 400
—&— kongener 28
2,5 \ —&— kongener 52 300
= 2 —a— suma kongener( 200
o) —%— ORP
=15 _— 100
(&)
o 1 0
0,5 T\\\f’_{ -100
0 . —— : : : . -200
0 10 20 30 40 50 60 70 80
¢as (dny)

ORP (mV)

Voda Z Iokallty Rozmltal p. re

*Nejhufe nejvice chlorované
*Sorpce versus rozklad?

1002,

E0%
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2=

=
=

L

0%

i

3
=
=

ozendend kongenen

Obsah kongenerii ve vzorku Toda 3 g/l

260 31 49 48 44 96 T4 7O

iasazend voorkn
B odbe
B2 adber
= 3 oy

°
« Koncentracni zavislost pro TODA
* Kinetika TODA
« Podrobna studie kongeneru
« TODA vs. Nanofer25
Ave. Srovnani — Slepy vz., TODA Fe (0,5¢g Fe), CS-Fe (2) (0,5¢g Fe)
locha
:’00%--— _—_—————
90% -
80% -
70% A
60% -
50% -
40% -
30% -
ST
L
0% [ee) @ N N © - e8] (90} - N o)) [Ye) 0 < )] <t © < Yo} - o [ee) [92] [e0] o
X Omaceni kongeneri )
H CS-Fe (2) (0,59 Fell)

B TODA (0,59 Fefl)
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pilotni test
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Labony .

» vzorky dffnta + ENACON 72 hodin
« lokalita Makedonie 0,8 az 5 g/l nanoFe
Nanofer 25

Hexachloro hexany (lindan) 3,3ug/l > d.l. (0,005)

Chlormetany (chloroform) 232 ug/l > 15
Chloreteny (TCE) 3260 ug/l > d.1.(0,3)
Chloretany (HCA) 118 ug/l > 22
Chlorbenzeny (TCB) 4,7ug/l > 3,2

1,1,4,4-tetrachloro 1,3-butadien 660 ug/l - d.l.(0,5)

SURRATL T o wava
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* vzorek z lokality Licomeérice
*nanoFe (TODA) 600 mgl/l,

550 R 7
400 Eh (mV) == Uran nat. mg/| == pH 6
250

100 T ‘

pH,
ORP(mV) l U (mgll)

Vzrust a pokles pH

Vyrazny pokles ORP
Pomaly vzrust ORP

Srazeni UO2 a rozpousténi




O Uran RL
O Zinek
I B Vanad

H B Olovo
O Nikl
B Méd
B Mangan
B Kadmium

[
— L T T T TTI O Chrom
O Berylium
B Baryum
1.00% 10.00% 100.00% 1000.00% = Arsen

1 g nanoFe /litr

kontaminanty: F> 20%, Al > 3%, As 2 5%, Be 2 25%, V 2 3%
kombinace pH zmeény a redukce

pH narust 2,6 > 4,3

\ miroslavicemnik@tulicz’ A 22\
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BorsodChem MCHZ
Ostrava

Nitro: 100-1000mg/|

7 koncentraci nanoFE

19/l dostateCna
koncentrace

biologicky
odbouratelny!

120.00

100.00

80.00

60.00 /
7 40.00 ‘% —e— anilin _
' / \ —a— nitrobenzen

20.00 /
0.00 =

\ —e— nitrosobenzen| |
* * %

0.00 0.25 0.50

1.00 2.00 3.50 5.00
nanoFe0 (g/1)
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Spolchemie 2004 CIE L,P ZHANG
Kufivody 2005, 2006 CIE L,P ZHANG, RNIP
Piest'any 2005 CIE L,P ZHANG
Permon 2006 Cr6+ L,P RNIP
Rozmital 2007, 2008 PCB L,P RNIP, NANOFER
Hluk 2007, 2008 (PRB) CIE L,P RNIP, NANOFER
Horice 2008 CIE L,P,S RNIP, NANOFER
Rozmital 2008 PCB L,P RNIP, NANOFER
Uhersky Brod CIE P NANOFER
Pise¢na 2008, 2009 CIE L,P RNIP, NANOFER

Lab: AOX, Uran, As, nitrobenzen, kyselé dulni vody, CIU
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AT I
robnosti Cernik

m Budoucnost nanoFe?
PIné sanacéni aplikace, dalsSi typy kontaminantu
zlepseni mobility nanoFe

m Ja osobné doufam, ze zde v pristim rok potkam
noveé 4l 4 llihg B
nanodesigny... = F




