


Nanoscale Iron Particles

@haracterization
MApplications

Nanotechnology for Hazardous Waste Site Remediation
Technical Workshop
October 20 - 21, 2005

Wei-xian Zhang

& LEHIGH

~  University

US EPA ARCHIVE DOCUMENT




’ 9 ye .
: ¢ % - * Py
. L : y e
s 3 ve 9,8 LA 4
: 5 : » - ) - »
B v A » - . . =
= ® ~ 1 L ) <.,0 - X
o » - » . » “ A
N : .. T «
- 5 A’ : \ . .
o ) ) - * o 3 .
i > . » " . . s
% e : sorests v
' o o) ® e N .
& ¥ o & .
| ¢
| . . SeeY 8 ’
;' » v e ¥ A L PR . .{‘
< X . - @ - ®
gl o 9 *2:%0 8 3 ® s *
»x ™ e ) 4
» Y S N T 3 A .., o e
e ® g .
A _ o WO e & "e®
[ < . o . 3 ® * . ®
: R vt a ¥, - » .
*oa . y N 3
¥ . . Y ‘ o - ®Q
' B N & N AAA
o~ .y LI w2088, ,,"‘
How to make nano Rieer, °% N E, e
| g » ’. »,
P 2o tim @ LA TY ¥ ..

I o

Environmental chemistry Hig‘Hﬁ reac'ri‘\}ilty

What's next (better nano)
High mobility

Easy to use
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Low cost

Contaminants eventually
\ flow into surface water




Particle Transport in Porous Media

Mobility
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1. How to make nanoparticles?
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Methods
of Synthesis

Step | - prepare nanoscale iron particles

2FeCl,- 6H,0 + 6NaBH, > 2Fe® + 6B(OH), +
21H, + 6NaCl

Step Il - deposit noble metal on iron

2Me "* +nFe? --> nFe 2+ + 2Me?*
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Synthesis of nFe’

NaBH, [

- Stirring speed
* Titration rate
- Concentrations

- Reaction Time
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Filtration

iﬂ Ethanol

‘®

o FeCl; or FeSO,
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Properties of nFe’

e Size range: 10-100 nm
e Mean Size: 50 £ 15 nm

e Specific surface area

— 10-50 m?/g ol m B

100 +

e £ potential
— +10to-10 mV
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Diameter (nm)



~200-300 nm
Cao & Zhang, 2004

Fe O, + nH, — Fe’ + H,0
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Redox Chemistry

0.6

Solution Eh 1200 4

N
F-N
\
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0.031 g/L w00

Time (seconds)

b=
<
L
=
=
O
o
(@]
98
=
—
-
O
(1 4
<
<
Q.
w
2
=




b=
<
L
=
=
O
o
(@]
98
=
—
-
O
(1 4
<
<
Q.
w
2
=

Transformation of Organic Solvents

Relative Intensity

Relative Intensity

TCA 1cp
N PCE
z/

Relative Intensity

Reaction Time = <25 minutes

Retention Time [minutes]

Relative Intensity

Reaction Time = 50 minutes

Retention Time [minutes]

Relative Intensity

Reaction Time = 4.8 hours

Retention Time [minutes]

Reaction Time = 49.25 hours

Retention Time [minutes]

Reaction Time = 78 hours

Retention Time [minutes]

Compound Name Molecular Ksa
Formula (L/m*/hr)
1 Tetrachloroethylene (PCE) C,Cly 0.0122
2 Trichloroethylene (TCE) C,HCl; 0.0182
3 trans-Dichloroethylene (tans-DCE) C,H,Cl, 0.0151
4 cis-Dichloroethylene (cis-DCE) C,H,Cl, 0.0176
5 1,1-Dichloroethylene (1,1-DCE) C,H,Cl, 0.0115
6 Hexachloroethane C,Cl¢ 0.020
(HCA)
7 Pentachloroethane C,HCl;s 0.026
(PCA)
8 1,1,1,2-Tetrachloroethane C,H,Cl, 0.021
(1,1,1,2-TeCA)
9 1,1,2,2-Tetrachloroethane C,H,Cly 0.0088
(1,1,2,2-TeCA)
10 1,1,1-Trichloroethane C,H;Cl3 0.0054
(1,1,1-TCA)
11 Carbon Tetrachloride (CT) CCly 0.009
12 Chloroform (CF) CHCl; 0.0065
13 Bromoform (BF) CHBr3; 0.079
14 Dibromomethane (DBM) CH,Br, 0.044
15 Dibromochloromethane (DBCM) CHBr,Cl 0.056




(CCl,, 14.5 ppm, S.
Charleston, WV)

E TCE Reduction

= (450 ppb, Trenton, NJ)
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Reduction and Immobilization

E of Cr(VI) in COPR

g (Newark, NJ)

8 100000

@) t=0

0 10000 -

m B

= 1000 .
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b 0

7)) 0.1 1 10 100
- nFe (g/L)




Fisher iron filing (100 mesh)

Immobilization =

£Cr(VD)in 3~ e
S L .0g
< 100 Z —— 4.0g

(>7,000 mg Cr/kg) § % . 60
< 50%—

0 i ” ::me (day4so) ; . ;

Nanoscale iron particles 6 g mFe in 10 g COPR
. (1:1 Needed)
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i\ - 0.24 g nFe in 10 g COPR
0 10 20 30 40 50 60 70 (2.4 % )

Time(days)




Treatment of Lindane

¥HCH

o-HCH

‘ \ﬁ ‘ F/s HCH
w H

|\
|

\ ‘ ‘
\KL A ll'.‘ }L.A . t=0 hours

Retention Time [minutes]

axial position

equatorial position

Relative Intensity

+-HCH
= 5-HCH
i
2
5}
Z
GZJ HCH
s
[
o
i Ut t =24 hours

Retention Time [minutes]

Relative Intensity

t =49 hours

Retention Time [minutes]

Relative Intensity

|
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Retention Time [minutes]
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Relative Intensity

= 175 o GW from a site in Jacksonville, FL

Retention Time [minutes]




Dihaloelimination

2e
>
-2CI-
1.00 +
p )y
0.80 - L lindane (gamma HCH) y-3,4,5,6-Tetrachlorocyclohexene
(4-TeCCH)
0.60 -
—e— Control
—a—2.2g/LnFe 2 | -2cr
0.40 -
——8.3 g/L nFe
—%—16.5 g/L nFe
0.20 A
2e
— i Cl
0.00 . . —% 2
0 50 100 150 200 250 300 Benzene "—Cl
Elapsed Tlme (h I"S) 5,6-Dichlorocyclohexadiene
(DCCHD)

1,400 ppb HCHs
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Reduction of Perchlorate (C10,)
(Samples from CA)

60

—fl—Test #1
50 —==Teost H2

(5.0 g nFe/L)

Perchlorate (ug/L)
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2. How to make
better
nanoparticles?
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Fe on Surface

number of surface atoms 2n”+(n- 2)[n’ - (n- 2)*] 10
= 3 *

0

total number of atoms n
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50 nm

nFe! ~ 4% Fe on Surface

PRBs with Zero-
valent Iron
Granular

e (Tre»atment Zone)

. > Hi 0.5 mimn
Fe in PRBs T

. ~0.0004 %

[Tt

Plume of
Contaminant
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Funnel (Constructed
with Low Permeability
Materials)




50 nm Fe

~ 4,000,000 atoms

Still a lot of room inside!

50 nm
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Nano & Porous

Large surface area
Better hydraulics
High reactivity
High mobility
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Synthesis of Porous Fe
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Coated with 50 nm Fe

Synthesis of Porous Fe
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Template Directed Synthesis

Remove the core
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Template Directed Synthesis
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Specific Surface Area

Size BET area
(m?*/g)
Solid sphere 0.4 mm 1.9
(calculated)
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Specific Surface Area

Size Surface area
(m?*/g)
Solid sphere 0.4 mm 1.9
(calculated)
Porous sphere 0.4 mm 2,100

(synthesized)




Solid nFe NanoPorous Fe
(20-40 m?/g) (150-250 m?/g)
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(L1 and Zhang, 2005)
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@)
n C,HCl,
& C,H, + 3CI
> \Am_/g[ﬂ] AP +3¢ < Al T
= Fe2+ 4 " :

e- ‘ 2¢e < 7Zn -
E Fe" +2 ¢ < Fe -
m _’ Co +2¢ < Co _
q ) Ni-"+2¢ < Ni —
q L\ Pb™ +2¢ < Pb -
& P Cu' +2¢ < Cu -

0
m ; Ag' + e = Ag -
: Pd” +2¢ < Pd -
0.987
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Fe vs Pd-Fe

2 —

g Nanoscale Fe,
Ea=44.9 KJ/mole

m Nanoscale Pd/Fe,
Ea=31.1 KJ/mole

Fe

0.0031

0.0032

0.0033

(1)

0.0034

0.0035

0.0036




Dispersed nkFe
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Rapid Sedimentation
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Dispersant

Poly(vinyl alcohol-co-vinyl acetate-co-itaconic acid)

[ CHy C%—@CHZ (:%jLCH2 c}

0 C CH; CHZCOOH

O

C OOH

MW: 4,300~4,400

X:Y:Z=

7:2:1

* Hydrophilic
* Stabilizing

1

N

* Hydrophilic
* Negative charge
e Anchoring groups (up to 4)
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S35y Jyowm (Iyd

d,y., (nm)

d.y., (nm)

dyy., (nm)

A 15.8 59.4 2237

B 1.9 7.9 33.2
1.0

B PV3A-nFe’
o == === Bare-nFe’
0.8 PARS
® /
> X
4 ® / \
0.6 - / \
t I
2 / \\
/ \
0-4 7 ¢ ? ® Q\
/ \
. ig °® 2{
0.2 - / \
. ,<5 e <>\
g ® {Q

0.0 ’.’ T .(yqf,.. T T ”..—l—l-l-r?ﬂ%l—l—l—l-rm

0.1 1 10 100 1000 10000

diameter(nm)

Particle Size
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Surface Charge
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Stability Observations
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Gentle, southeast-dipping,
Sandstone with interbedded
Siltstone (H1 - H4)
grading downward into
Mudstones

. to the northeast in
( water-bearing units

Likely strike-parallel flow

~ .
Combination of —

down-dip and strike-parallel
fracture-controlled flow, in the

\\/

sha?lower, water-bearing unit
gn.” ' !
elower ™ > / -
> o
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