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Goals of Transport Studies

Assistance to other tasks in determination of
movement of species by mass transport

—  Experimental
e Measurements of leaching rates of inhibitors or
other agents under range of conditions
e Interpretation in terms of structure-composition-
property
— Computational
* Mechanism-based modeling
=—n * [est expected dependencies of release and
2. transport
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Transport Challenges

« Accuracy of computational model depends on the
underlying assumptions and quality of parameter
values

— Understanding phenomena governing transport
— Measuring relevant transport parameters

 In-situ microscopy provides detailed information on
mass transfer at the micro-level

e Experimental and modeling efforts bridge the gap
etween mi croscopic and macroscopic approaches

e,
e

University of Virginia




Scenarios and Transport Models
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Vertical transporf
Horizontal transport

A S )
— \»1

1

.-'.'._.-“'.' "J""_.-'"' ‘_,. ""-.-"'"'_..-"" ,.-',.-'"'_.-"""- . .__,.-'____.--.-“_.-" .-':-.-"'f-"f_,.-""__,.-"'f.-"'“f-l

.h..._._a—l._l'_n__o—-._i'__l_a_l_l_.n.- ‘__.'__._,—I-’l-.h_.__._l'_L_-_\_ . '."'—:-"—-.n‘-'——'——rr—-' &L — -

Schematic of the mechanism of anodic undermining reproduced
from de Jong et al. (1986). A thin layer of substrate is dissolved,
leading to coating detachment. Notethe (1) locations of the

4 cathode and (2) theanode. (3) representsthe substrate, (4)

@ correspondsto the coating, and (5) indicatesthe direction
Dnveswyorvignia Of blister growth.




Transport Review
Modeling

 Blistering growth mechanism and modeling

— Framework in aluminum alloy coating system (Schneider,
Williams, Kelly, 2001)

— Growth modeling for steel-coating system (Nguyen et al .,
1997)

 Disbonded coating with cathodic protection

— Reactive transport modeling using finite element method
(Sridhar et al., 2001)

o Will extend UVa crevice mass transport model to
<~ £oating components and system
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Transport Review
M easurements

o Uptake of water into epoxy films (Williams et al., 2001)
— Lower ionic concentrations lead to higher water uptake

e Transport through conducting polymer composite

membranes (Davey et al., 2001)

— Sequenceflux K*> Na' > Ca?* > Mg?*, related to the hydration of
cation

o Transport in tumor control (Jain, 1994)
— Improve drug delivery (i.e., macromolecules)

o
"‘”’L» pik e
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Preliminary lonic Transport
M easurements

- Withdraw 20 ni solution samples
from permeate solution chamber
regularly; Fill the permeate chamber
with 20 nL ultrapure water;

Free-standing
Epoxy Film

- Detect the concentrations of
different ions by CE;

- Record the concentration-time data;

- Calculate apparent diffusion
Feed Solution Per meate coefficients of chemical species;
luti .
Chamber Csﬁalﬁ;'ggr - Compare the effects of different

o parameters.
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Analysis Procedure

 Measurement by Capillary Electrophoresis
« D=bVT/(C,A)

b ——the steady state ion flux, i.e., the slope of the concentration
vS. time curve obtained by curve fitting to experimental data.

V ——the volume of the half cell.

T —— the thickness of epoxy film.

C,——the concentration of the feed ion solution.

A ——the area of the film exposed to the solutions.
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= Feed Solution

0.02M NacCl, pH=2.0
0.02M NacCl, pH=10.0
2.0M NaCl, pH=2.0

2.0M NacCl, pH=10.0
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Concentration of CI(*10°M )

0 1x10° 2x10° 3x10° 4x10° 5x10° 6x10° 7x10°
Time (second)

- Transport of Cl- from feed chamber to per meate chamber
acr oss free-standing epoxy filmsusing NaCl solution
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. Feed Solution

W 0.02M Na,SO, ,pH= 2.0
20F @ 0.02MNa,SO, pH=10.0
A 20MNaSO, pH=2.0
¥ 2.0 MNa,SO, ,pH=10.0
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- Transport of SO,> from feed chamber to per meate chamber
acr oss epoxy freestanding filmsusing Na,SO, solution
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Concentration of Na(* 10°M)

0.30

. Feed Solution
0.95 B 0.02M NaCl, pH=2.0
' ® 0.02M NaCl, pH=10.0
+ A 2.0M NaCl, pH=2.0
020k X 2.0M NacCl, pH=10.0
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Time (second)

- Transport of Na* from feed chamber to permeate chamber
acr oss epoxy freestanding films using NaCl solution
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I Feed Solution
0.02M Na,SO,, pH=2.0
0.02M Na,SO,, pH=10.0
20M Na,SO,, pH=2.0
2.0M Na,SO,, pH=10.0
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Time (second)

- Transport of Na* from feed chamber to permeate chamber
T acr oss epoxy freestanding films using Na,SO,, solution
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Chloride Transport
pH, Concentration Effects

; > >
Feed Solution Dy orige(CM?/SEC) R
0.02M NaCl, pH=2.0 4.1*10° 0.99
0.02M NaCl, pH=10.0 2,010 0.99
2.0M NaCl, pH=2.0 1710 0.85

2.0M NaCl, pH=10.0 2¢10+ 0.93
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Sulfate Transport
pH, Concentration Effects

Feed Solution D irate(CM?/SEC) R
0.02M Na,SO,, pH=2.0 1*10° 0.91
0.02M Na,SO,, pH=10.0 5.1*10'10 0.71
2.0M Na,SO,, pH=2.0 9.7%10°12 0.99

2.0M Na,SO,, pH=10.0 3.0v1013 0.82
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Sodium Transport
pH, Concentration Effects

Feed Solution D gium (CM?/SEC) R?
0.02M NaCl, pH=2.0 2.2%1010 0.86
0.02M NaCl, pH=10.0 1.6¥1020 0.89
2.0M NaCl, pH=2.0 141022 0.72
2.0M NaCl, pH=10.0 1.3*1022 0.99
0.02M Na,SO,, pH=2.0 3551010 0.92
0.02M N&,SO,, pH=10.0 7.5%1010 0.74
2.0M Na,SO,, pH=2.0 401022 0.99

2.0M Na,SO,, pH=10.0 8.1¥1013 0.50

5] e
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Conclusionsto Date

* Anions (Cl-, SO,%) transport in film
— Lower concentrations in feed solution lead to
higher apparent diffusivity
e Dueto higher water uptake
— Lower pH leads to higher apparent diffusivity
e Dueto film damage
o Cation (Na") transport in film
— Lower concentrations lead to higher apparent
diffusivity
gwe — NO effect of pH on transport (scatter In
sy o vigna IMEASUrEMENtS)




Future Work

o Experiment
— Continuethe current work

— Extend to release & trangport of inhibitors and other
species in MURI Tasks

 Modeling
— Makeflexible model for individual layers

— Throwing power computational modeling
_-..— Total coating system evaluation
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