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Inventions 

None 

Scientific Accomplishments 

Transport models were developed for diffusion with self-association or intersolute solvation 
through a membrane. Defining permeation breakthrough as the time at which a specified 
amount of penetrant has accumulated downstream of the membrane, numerical solutions for 
the transient portion of the cumulative flux expression were used to determine the effect of 
association or solvation on the breakthrough time. At low fractions of unassociated or 
unsolvated penetrant at the upstream surface, the breakthrough time increased with decreasing 
mobility of the associated or solvated species. However, the effect of finite kinetics resulted 
in breakthrough times that were either greater or less than those at local equilibrium, 
depending on the mobility of the associated or solvated species. These results can be 
explained in terms of local sources and sinks of penetrant. For materials of equivalent 
penetrant solubilities, those in which the equilibrium strongly favors the formation of immobile 
clusters or complexes will have measurably longer breakthrough times. 

The transport model developed to account for penetrant self-association is being applied to 
methanol and ethanol transport in crosslinked polybutadiene, measured from the liquid phase 
using FTIR-ATR spectroscopy. In applying the model to the data, the assumption of local 
equilibrium, often made in modeling diffusion with association, is being tested. The self- 
association model was modified for methanol transport in glassy polycarbonate. An overshoot 
was observed for unassociated methanol with the spectroscopic technique, while typical 
Fickian behavior was observed for the self-associated methanol. The observed behaviors can 
only be captured with a Fickian transport model when local equilibrium is relaxed in the bulk 
and at the external boundary. Two manuscripts are currently in preparation describing these 
results. 

FTIR-ATR spectroscopy was combined with a conventional gravimetric sorption balance to 
compare diffusion coefficients obtained from the two techniques from the vapor phase. 
Mutual diffusion coefficients for methyl ethyl ketone (MEK) in polyisobutylene (PDB) were 
measured with both methods at various solvent activities and temperatures in the range 40- 
60°C. The concentrations in the polymer were determined from the sorption balance. The 
diffusion coefficients from the two techniques agreed very well. In addition, the diffusion 
coefficients could be correlated with the Vrentas and Duda free volume model. 

Diffusion coefficients of toluene/methyl ethyl ketone (MEK) mixtures in polyisobutylene were 
measured at 50°C using vapor sorption FTIR-ATR spectroscopy. For three mixture 
compositions, the diffusion coefficients were determined using a diffusion framework for a 
ternary system. The "crossterm" diffusion coefficient for MEK was found to be very small- 
under the experimental conditions studied, while that for toluene was found to increase with 
increasing MEK concentration. On the basis of this finding, a binary diffusion model was used 
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to determine diffusion coefficients for MEK over a wider range of mixture compositions and 
the results compared well with those determined from pure MEK transport data. Relative 
transport rates during integral sorption experiments with mixtures were used to explain the 
results. 

The diffusion coefficient of the slower penetrant (toluene) is affected by the concentration 
gradients of both penetrants, while that of the faster penetrant (MEK) may be only affected by 
its own concentration gradient for certain mixture compositions; Physically, the faster 
penetrant in an integral sorption experiment may be influenced primarily by the free volume of 
the polymer while the slower penetrant appears to be influenced by the additional free volume 
introduced by the faster penetrant. A similar conclusion would be drawn for the transient 
portion of a membrane permeation experiment. Therefore, a barrier membrane designed to 
prevent the transport of a faster-diffusing penetrant can be characterized on the basis of a 
binary diffusion model applied to mixture data under certain conditions. Further studies are 
needed to elucidate the conditions over which this result can be applied generally. 

Diffusion coefficients of acetone, benzene, chloroform, cyclohexane and methyl ethyl ketone 
(MEK) in polyisobutylene (PIB) were measured at temperatures in the range 40 - 70°C using 
capillary column inverse gas chromatography (CCIGC). The measured diffusion coefficients 
for the PIB/MEK system, considered to be at infinite dilution of the solvent, agreed very well 
with those determined previously from gravimetric and FTIR-ATR spectroscopic techniques 
when extrapolated to the limit of zero MEK concentration. The Vrentas - Duda free-volume 
theory for diffusion was used to correlate the diffusion coefficients at infinite dilution as a 
function of temperature, and the effect of solvent size on the diffusion process in PIB was 
studied. In addition, diffusion coefficients of MEK/toluene and MEK/ethanol mixtures in PIB 
were measured at 50°C. The CCIGC model for binary systems was used to determine 
diffusion coefficients for each solvent individually over a wide range of mixture compositions. 
The resulting values were identical to those determined from pure component data, confirming 
the hypothesis that the diffusion coefficient at infinite dilution is independent of a second 
infinitely-dilute component, with or without solvation between mixture components. 

The diffusion of acetonitrile in conformational isomers of the aliphatic polyurethane, H12MDI 
(4,4'-dicyclohexylmethane diisocyanate) / BD (1,4-butanediol) / PTMO (poly (tetramethylene 
oxide)), was investigated at a fixed hard segment content of 29.9 wt%. The effective diffusion 
coefficient, measured experimentally using FTIR-ATR spectroscopy, decreased as the trans- 
trans percentage in the hard segment increased. The spectra for the polyurethanes revealed 
higher fractions of hydrogen-bound C=0 (carbonyl) groups at higher trans-trans percentages, 
which was consistent with higher values of hard segment Tg. During acetonitrile diffusion 
experiments, a shift from hydrogen-bound to free carbonyl groups in the hard segment 
domains occurred and hydrogen-bound C = N and NH peaks appeared suggesting that 
acetonitrile is solvating to the hard segments in the polymer. Based on these findings, the 
trend observed for the effective diffusion coefficient was attributed to tortuosity arid penetrant 
solvation in the polyurethane. Future work will couple these results with those from small- 
angle x-ray scattering (SAXS) on the same materials to separate morphology effects from 
solvation effects. 

Final Report - Barbari - p.3 



Technology Transfer 

Interactions with ARL scientists occurred during the entire project period. The primary 
interaction was with Dr. James Sloan, a visiting scientist from Aberdeen ProvingGround, 
Maryland. The Materials Center of Excellence at Johns Hopkins University, an ARL-funded 
center, supported a related project during this time titled "Characterization of Polymeric 
Barrier Materials Using Diffusion Probe Spectroscopy." The focus of the ARL project was 
on the transport characterization of phase segregated polymers such as polyurethanes and 
block copolymers. 
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