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History, year 2004

First application of nZVI in Czech (Europe)
•Chemical company
Spolchemie

•Zhang´s nZVI
•GOLDER Ass.
•Laboratory exp.

•ORP decrease
•pH increase
•ClH decrese

6 months
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Zero-valent iron reacts as reductive agent 
(it is oxidized)

Fe0 ��� � Fe2+ + 2e-

ClH can be reduced with overall reaction

3Fe0 + C2HCl3 + 3H+ ��� � 3Fe2+ + C2H4 + 3Cl-

It was confirmed in laboratory that > 70 compounds can 
be reduced (Zhang, 2003): 
TCE, PCE, DDT, PCB, PCM, PCP, lindane, nitrates, Pb , 
Hg, Ni, Cd, Cr, As, TNT, U, etc.

nZVI reactions
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RNIP, NANOFERL,PClEthenesPíse� ná 2008, 2009

P

L,P,R
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L,P

L,P
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Lab/pilot/
remed.

ZHANGClEthenesPieš � any 2005

NANOFERClEthenesUherský Brod 2008

RNIP, NANOFERClEthenesHo� ice 2008

RNIP, NANOFERClEthenesHluk 2007, 2008 (PRB)

RNIP, NANOFERPCBRo�mitál 2007, 2008

RNIPCr6+Permon 2006

ZHANG, RNIPClEthenesKu� ívody 2005, 2006

ZHANGClEthenesSpolchemie 2004

Type of nZVIContam.Location

Lab: AOX, U, As, nitrobenzene, acid mine water, other ClH

Pilot tests - overview
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Types of nZVI used

Zhang´s nZVI
Preparation in solution (NaBH4)
w/o Pd (0.1%) 
High cost, small production

(RNIP) TODA
Dry reduction in oven, wet grinding
Surface stabilization
Large-scale production

NANOFER 25 (NANOIRON)
Targeted core-shell structure (project AS)
No milling, wet grinding
Better mobility and reactivity

Zhang, FRTR, 2004
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Laboratory tests - AOX  

•FP7 – AQUAFIT4USE
•AOX (halogenated. org. compounds)
•3 day batch tests

•Original; 2xPowder (20 g/l), 
•Granular microFe (20 g/l)
•Nano:TODA (5g/l), Nanofer (5g/l) 
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Paper plant
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Textile plant
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Textile plant 2
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optimum properties

reactivity with contaminants
stability of product before
application
mobility in aquifer
-------------------------------------------
No (minimum) negative effects
to environment
cost, availability

InhicorInhicor--TT
StarchStarch
CarboxymethyleCarboxymethyle cellulosecellulose
PolyacrylicPolyacrylic acidacid
CelluloseCellulose
TweenTween 60 60 

Surface modification
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Nanofer NZVI migration

Column

Water + Fe injection

Measurement after

Photo of whole surface

Migration ½ Vo
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Nanofer NZVI migration

Migration 2 Vo
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Nanofer NZVI migration

Migration 11 Vo



11ARTEC miroslav.cernik@tul.cz

Nanofer NZVI migration

Migration15 Vo
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Nanofer NZVI migration

Migration 37 Vo

60,7 %

30,2 %
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former Soviet military base 
CHCs used in a dry cleaner 
contamination of PCE mainly, 
concentration over 100 mg/L - DNAPL
1990: 1-st site investigation
1992 – 2001: GW pumping, venting –
reduced efficiency 

from 2004 – new methods: chemical oxidation 
(permanganate), reduction (lactic acid, nanoFe)

Kurivody site
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Kurivody site

Tracer test
Blast fracturing
Low final concentrations
No rebound

Zhang´s nZVI

PW-3

MW-2

MW-3 Application well

GW flow direction
- blast fracturing
- tracer test
- ZVI nanop. application
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Pisecna –pilot application

• TODA x NANOFER25

•Geological conditions not equal

•ClH concentrations similar

•Cl-Ethenes O.K. both (o)

•Cl-Ethanes TODA worse (� )
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PCB – Rozmital p.T.
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congeners

TODA  (0.5g Fe) Nanofer (0.5g  Fe)

• Laboratory experiments 
• kinetics  for 4, 10, 30, 60 days
• concentration dependency

• Indicative congeners x all
• TODA x Nanofer25

•Significant decrease after 4 days
•NanoFe active during whole period
•TODA x Nanofer similar
•Lower efficiency for more chlorinated
•Sorption questions?

Kinetics: Nanofer25 – indicative congeners
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PCB – pilot test

sum of congeners

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

X-08 XI-08 XII-08 I-09 II-09 III-09 IV-09

datum

co
n

ce
n

tr
a

tio
n

 (
u

g
/l)

shaft ring  J-6



18ARTEC miroslav.cernik@tul.cz

Laboratory study - Makedonia

• samples from + ENACON

• site in Makedonia

72 hours

1.5 g/l nanoFe

Nanofer 25

Hexachlorohexanes (lindane) 3,3 ug/l    � d.l. (0,005)
Chloromethanes (chloroform) 232 ug/l   � 15
Chloroethenes (TCE) 3260 ug/l � d.l.(0,3)
Chloroethanes (HCA) 118 ug/l   � 22
Chlorobenzenes (TCB) 4,7 ug/l    � 3,2
1,1,4,4-tetrachloro 1,3-butadiene 660 ug/l   � d.l.(0,5)
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Next perspectives

Full scale applications (TODA, Nanofer)
Tests for other contaminants (still many sites in C Z) 
Research of nanoparticle mobility
Combination with other methods (microbial, lactic a cid)
Possible negative effect to environment
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