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Injectability Premise

o even the most reactive
material can only
degrade contaminant

r-l] that comesinto contact
-
Lo e requires a balance

between reactivity,
mobility, and cost

e application scenarios
— biocompatible in situ
remediation
— Infrastructure
limitations
— subsurface limitations
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Transition Metal Reactivity

e lrON

— thermodynamically unstable
e NO nNative iron deposits
e Must be synthesized

— corrosion
e bimetallic
e COMpositional variation
e Microstructual/phase variation
e pit/crevice
e Stray currents
e dislocationg/strain
e morphologic

- flake
— turnings

— enhanced corrosion occurs when a potential difference
results between nelghboring areas
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Macroscopic Corrosion

anode / ‘\ cathode
|v|n+

e_
H O++e-->H T H0

M + OH, <==>MOH + H, --> Hz(gas)

MOH(surf) <==> MO (surf) + H*(sol) pre?erabfaij/ protonation

CCI -->CH,
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Bimetallic Corrosion

cathode

anode
, more noble metal
V\NI /

~

- bimetallics
e Create enhanced corrosion
at the anode by increasing
the corrosion potential
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Transition Metal Reactivity

e anodic - electron loss by metal
M+ OH,<==>MOH + H, (K))
MOH(surface) <==> MO (surface) + H*(solution) (K.,)

K.+ pK
I PZC=p 12p2

e Cathodic
H,O"+e-->H_, +HO
Hads i Hads =2 H2(gas)

http://www.onmaterials.com Clint Bickmore — OnMaterials @2004



— build up
e VVApOr
I e Chemical precursors

I o Synthesis

— carbonyl iron powder
— with reduction

— break down

e Mechanical energy
_ ductility
— Cryogenic

— chemical reduction
e electrolysis
¢ hydrogen
e Sodium borohydride

BASF OM CIP
d50 4 pm  d90 9 um
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Characterization

Reaction occurs at the Solid/Liquid interface
-~ What do we need to know about the material ?
e Chemical reactivity
— bench
— column
e Specific surface area
- N, BET
o ESD
e NOt all surface areais beneficial — oxide passivation

e Morphology
e COMpoOSition
e colloidal stability
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Equivalent Spherical Diameter
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e Model the sphere

SSA= specificsurfacearea
A A

mass pxV
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Stokes Settling
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Morphology

e Shape

e aggregation

e MICroscopy
— resolving limit
— micron scale

see D.J. Shaw Introduction to
Colloid and Surface Chemistry

e €lectron microscopy

thanksto Prof. Thiel @ SUNY Albany
College of Nanoscale Science and Engineering

\ NASA EZVI

ASAT EZVI
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OnMaterias
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OnMaterials 50kx
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OnMaterials 100kx
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Reactivity

I e Reactivity
— heat
— bimetallic
I — carbon balance
e Signature

— normalize to surface area

Kinetics of Halogenated Organic Compound Degradation by |ron Metal
Timothy Johnson, Michelle Scherer, and Paul Tratnyek
Environ. Sci. Technol. 1996, 30,2634-2640

e Lifetime
— efficacy
aka reactive capacity
— reduction of water
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Concentration {ufh)

OnMaterials Bench Testing

Chlorinated Solvent Concentration vs. Time
OnMaterials ZLoy8 Powder

400
,./
350
\
250 \ TCE
\ DCM
200 1,1,1 TCA
\ ----- 1.1 DCA
\ """ CA
150 \
100 \
50 \
O ' \--
0 200 400 600 800 1000 1200 1400
Time (hr.)

http://www.onmaterials.com

1600

CCM concentration (i)

400

350

300

250

200

150

100

50

DCM concentration vs. time
Zloy3Pd zVI

1000 1500

Time (hr.)

Clint Bickmore — OnMaterials @2004



Injectability
I o Colloid Concepts

— Brownian Motion
e thermal kinetic energy
I o effect of particle size
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Brownian Motion
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|njectability
I o Colloid Concepts

[
[
_ Colloidal stability
e flocculation
— diffuse double layer
[
o
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Surface Chemistry

pK 1+ pK,
2

PZC=

Electrostatic forces
M+ OH,<==>MOH + H, (K))
MOH(surface) <==> MO (surface) + H*(solution) (K.,)
the surface chemistry of zvi in water is complicated by
the fact the water is a reactive medium

deviations from the iso-electric point (PZC)
. Increase the attraction of elther
hydroxyl ions or
_ hydroniumions _
this has the effect of increasing the diffuse double layer

http://www.onmaterials.com Clint Bickmore — OnMaterials @2004



DLVO Theory
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Diffuse Double Layer
\g)

"L/average thickness of adsorbed layer = &

adsorbed amount =T (mg m'E]

counter-ion atmosphere
= diffuse part ofthe

electrical double layer adsorbed polymer chains

from Prof. Brian Vincent @

e Van der Waals interactions e steric stabilization
e double layer thickness - polyelectrolyte
— typical thickness1to 10nm - surfactant
_ function of — effect on reactivity
e iONiC concentration - pH sensitive

e IONIC charge
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|njectability
I o Colloid Concepts

I _ Colloidal stability
e flocculation

— diffuse double layer
e iSO€electric point (zero point of charge)
e double layer overlap

— heteropolar attraction

— steric stabilization

e cffect of 1onic concentration

— compresses double layer
— increase in ionic concentration decreases colloidal stability

e Magnetic field
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Gold on Kaolin

Fig. 10.4 A negatively charged gold colloid is adsorbed on the edges of kaolin inl an ;widiﬁcd
suspension. (From H. van Olphen, An Introduction to Clay Colloid Chemistry, Wiley-
Interscience, New York, 1977.)

i35
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Site Modeling

e Rectangular Site
— 100 ft by 30 ft with a 20 ft screened interval
— 30% pore volume
- 500 uM TCE (66 PPM or ~ 50 Ibs)
- 500 pM TCM - chloroform (60 PPM or ~45 |bs)

e HOw much iron do you use?
— efficacy

— mobility
— reactivity - r‘\
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Injectability Parameters

I e Advantages o Disadvantages
- small particle size - large particle size
— discrete particles — aggregated particles
- low density — high density
I — active “neat” surface

e Minimal hydroxide,
oxide, etc.

— bimetallic particles
e Change pathways
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