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Background

e DNAPL Contamination

— Long-term source

— Source area removal can
expedite remediation

— Lower stewardship cost : ' o % fsaoivad pkime

* Reactive Nanoparticles iy -
— Fef and bimetallics proven [EEEEESEE &Sl .-
remedial agents

— Effective delivery to source
area is limiting factor

CNAPL pool in DNAPL residual in

fractures fractures
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Conceptual Model

Bl : surface-modified, reactive nanoparticles




Goal/Approach

Project Goal
Synthesize surface modified Fe®-based nanoparticles that can transport in a
saturated porous matrix, preferentially localize at the NAPL-water interface,
and degrade NAPL to non-toxic products.

Approach
e Understand the factors controlling reactivity/lifetime of Fe® nanoparticles
— Compare effectiveness of two particle types

» ldentify block co-polymers that provide desired transport and targeting
behavior

— Polymer selection
— Synthesizing polymer coated particles

» Characterize polymer/particles
— Size, NAPL-water partitioning, transport
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Fe Nanoparticles Evaluated

Borohydride reduction?

2Fe?* + BH, + 3H,0 - 2Fe| + B(OH), + 2H, + 3H*

Gas phase reduction by H,?

Fe,0, shell

H, H,0
FeSO,~ FeO(OH) > Fe' ——

FeO core

1.Shen, J., Li, Z., Yan. Q., Chen. Y., J. Phys. Chem., 1993, 97, 8504-8511 ——
Wang and Zhang, 1997 ES&T, 31, 2154-2146. " G'I . ‘n'l . -G'
2. U.S.Patent Application, US2003/0217974A1



Fe Nanoparticle Properties

Size! | Surface Area| Elem. Morph.
(nm) (m?/g) Comp. (%)
Fe-92
Fe/B 30-40 36 B-4 Core-shell
O-4
Fe-88
Fe/Fe,O, | 40-60 23 Core-shell
O-11

1. Primary Particle Size
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Iron Core-Shell Morphology
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Fresh Fe/B particles
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TCE Reactivity Trends

0.25

Moy ethylene 425 mg/L FelFe O, ethylene
s <iiph s ethane A— acethylene

. .\ 4., : ig 015 - 315 mg/L TCE | —o— TtChE

20 4 ethane
— N —e— 6C —_ e, +- total
° ~+ - total e) \ >, $cgr
= -@— TCE = | + gt :
g 0151 € 010 ¥\
e 470 mg/L Fe/B - = \
? 236 mg/L TCE § L
© ] ®
g 010 \. EN \ e A—aA = i
> g O 005 o ‘.\

T
0.05 e ) 9e
22— 22
0.00 + . — .
0 1 2 3 4
Time (days) Time (days)

Fe/B Fe/Fe,0,

Faster Reaction Slower reaction
Saturated Products Unsaturated Products

k,,=0.02 L/m2d K,5,=0.006 L/m?d

1sa

. L]
1 onmental |
ENGINEERING

CarnegieMellon



Longevity

Competing processes

— Fe+ TCE - Fe?* + HC products + Cl- (desired)

— Fe® + 2H* > Fe?* + H, (undesired)

-o— FeB w/o TCE
-2 FeB+TCE
—— RNIP w/o TCE
- RNIP + TCE
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Polymer & Particle/polymer

Development
Which polymers? DL S Results
| —N

Requirements ®
Stable Suspensions
Repulsion from D
aquifer grains

20 nm 52 nm 16 nm
NAPL-water
Partitioning
Inexpensive
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Good Candidate Polymers
* Hydrophobic Blocks

— Polystyrene
— poly methyl (or butyl) methacrylate
 Hydrophilic blocks Hydrophobic Block
— Sulfonated polystyrene (PMMA or PBMA)
Fe Attachment

(PAA)

Hydrophilic Block
‘ - - (PSS)

O,

N

M,=2000 M,=5700 M, =8340 ;
I!I!lll!'llilliglip;.
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TCE-Water Partitioning

Du-Nouy ring
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Polymer/Particle
partitioning similar
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Demonstrates desired
interfacial behavior
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Screening tool 16
— block length
— Block type 12
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Conc. ~0.2 wt%

M,=6000

-10 -8
Ln Conc. (M)

SO;H
M,=2600 M,,=48600
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Transport

e Triblock micelles ' ® NaCl
transport through % Folymer
saturated sand | 3
columns

M,=2000 M, =6300

— Little retardation
— Good efficiency

— Needs
optimization

Time (seconds)
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Fe® Core-Shell Nanoparticles

Triblock copolymers anchor Fe The hydrophobic blocks form a protective
nanoparticles via poly(AA) groups shell around the Fe nanoparticle




Summary

* Fe% nanoparticles are highly reactive, fully utilized, and
very efficient in TCE-water systems

» Polymer-particle hybrid particles have been synthesized
— Nano sizes (~100 nm)
— Good NAPL-water partitioning
— Good transportability

« PAA-PMMA-PSS triblock copolymers provide desired
transport and NAPL-water partitioning

o Polymer coated Fe0O particles synthesized but not yet
optimized
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