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Abstract



Modified Nafion films were studied.  Several setups and procedures were used for carbon dioxide absorption.  Results from this study shows that the setup with the steel cell would be more appropriate especially for further study.

Introduction


Environmental control and life support systems are required elements of any habitats or vehicles used for manned exploration of sea or space.  Among the functions of these systems is the removal of carbon dioxide.  Carbon dioxide removal is typically achieved by sorption methods, either chemical (chemisorption) or physical (physisorption), and a variety of strategies have been developed to date. Lithium hydroxide has long been used and remains the most commonly employed chemisorption reagent.  Despite the historical and continued usage of this system, the sorption reaction is difficult to reverse and LiOH scrubbers are thus essentially nonregenerable, prohibiting their use on prolonged missions.  Certain molten quaternary ammonium salt hydrates possess interesting CO2 absorption properties including large absorption capacities and rapid desorption (Quinn).  Presented are the results for studies of modified Nafion films for possible use as carbon dioxide scrubber. 

Experimental

Reagents

Tetraethylammonium acetate tetrahydrate (Aldrich), sodium chloride (Fisher Scientific), ammonium chloride (Fisher Scientific), zinc selenide, Nafion 5 wt. % solution (Aldrich), acetone, potassium nitrate, nitrogen and carbon dioxide were used as received from the vendors.

Apparatus


The diagram of the setup and connections of the initial experiments using the cell is shown in Figure 1.  A detailed diagram of the cell is shown in Figure 2.  Tygon tubing was used for gas inlet and gas outlet.  Tygon tubing was connected to pressure tight steel fitting with copper wire. The cell is constructed out of steel.  A small box with top was constructed on top of the FTIR surrounding the cell and small opening for the tubing and wiring.  Heat tape was used for curing of the Nafion film and the thermocouple and variable autotransformer were used to maintain the appropriate temperature for curing.  The cell was mounted to a BioRad FTS40 FTIR spectrometer.  A ZnSe crystal (trapezoid shape) was mounted inside cell.  Diagram of inside the cell is shown Figure 3.  There is a cylinder opening and then at the bottom is a small well revealing the crystal which the dimensions are about 2.52cm x 0.3cm x 0.15cm. 
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Figure 1. Block diagram of the setup. 
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Figure 2. Diagram of setup of the cell attachment to IR.
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Figure 3. Top view of inside the cell without top.
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Figure 4. Diagram of gas hydrator. 

Procedure


First recorded a background and then place 50 microliters of Nafion in well of the cell in Figure 3 and then recorded a scan every 5~10 minutes for an hour to monitor the changes taking place in the Nafion structure while the water and alcohol evaporate.  Recorded a new background and then flowed CO2 inside cell.  Recorded a spectrum every 5~10 minutes until CO2 absorbance is constant.  Then flushed out the CO2 by using N2.  Recorded a new background and flowed water-saturated or hydrated CO2.  Hydrated the CO2 by inserting the gas with Tygon tubing with frit attached at the end directly into the DDW (distilled deionized water) and then have an outlet tube going to the IR as shown in Figure 4.

Results and Discussion
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Figure 5. Hydration of Nafion using hydrated N2 and H20, absorbance at wavenumber 1633 cm-1.


Figure 5 shows a plot of the hydration of the Nafion using hydrated N2 and bulk liquid DDW (distilled deionized water).  The hydrated nitrogen shown in blue and pink had a slight increase in the beginning and then leveled off.  The bulk liquid DDW had an immediate increase in OH bend water feature.  The nitrogen was hydrated as shown in Figure 4.  The bulk liquid was inserted into the cell by syringe into the outlet tube (Figure 2).
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Figure 6. Graph of hydrated Nafion using H20, absorbance at wavenumber 3207 cm-1.


Figure 6 shows the plot for the hydrated Nafion using the bulk liquid DDW but at the wavenumber 3207 cm-1, which is the OH stretch water feature.  The hydrated nitrogen was not plotted at this wavenumber because of the high slope on that end of the spectrum.  This plot shows an immediate high absorbance of the liquid and then a gradual increase over the period of the run. Figures 5 and 6 are the same run but different plots of wavenumbers.  The thickness of the film was calculated to be around 0.041 cm.  Thickness was calculated using

t = VsC

      _(_

       A

where t is the thickness of the Nafion film, Vs is the volume of Nafion solution, C is the concentration of Nafion solution, ( is the density (Leddy), and A is the area covered by Nafion.
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Figure 7. Graph of different gases and compositions applied to the Nafion and its absorbance at 2350 cm-1 over time.


Figure 7 shows a plot of different stimuli applied to the Nafion film and their results in CO2 absorbance at 2350 cm-1.  The first part in blue is where dry CO2 was flowed into the cell.  It shows a gradual increase and then a dip around 50 minutes.  The second part (pink) is where hydrated CO2 was flowed into the cell.  It shows a continued but slight decrease.  Then nitrogen (in yellow) was flowed into the cell showing a marked decrease.  Bulk liquid DDW was inserted into the cell, which decreased it to zero because it was blocking the CO2 from reaching the Nafion and crystal.  Then CO2 flowed into the cell with the DDW already in the cell; the CO2 flow aided in the evaporation of the DDW.  The CO2 absorbance was much higher than that before (blue and pink).  Upon disassembly of cell top revealing the inside showed that a substance had formed.  The substance is believed to be sodium carbonate or sodium bicarbonate that formed during the flowing of CO2 with the DDW.  The forming of the sodium carbonate probably mechanically degraded the Nafion film allowing the CO2 to get directly to the crystal causing the higher absorbance.  The thickness of this film was calculated to be about 0.041 cm, which was the same as the previous film.


A new mount and crystal were used (Figure 8) because of the accessibility to the crystal.  
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Figure 8.  Black mount for crystal.

Drops of Nafion not touching were deposited on the surface of the crystal.  The thickness of the film was calculated using SigmaScan software to be around 0.021 cm.  Sigma scan measured the area of the circular film.  The thickness was calculated using this formula: 

t (thickness of Nafion) = weight of Nafion



density of Nafion



         area

Drops of 1M NH4Cl were placed on the Nafion for ion exchange.  The NH4Cl caused the Nafion to peal from the crystal.  So the crystal was cleaned using acetone and then tetraethylammonium acetate (TEAA) was applied to the Nafion for a couple of hours to ensure exchange.  Then the crystal was blotted dry and 1M potassium nitrate was applied for two hours.  During this ion exchange the baseline of the instrument kept shifting and did not become stable.  The crystal was rinsed with DDW and blotted dry.  Then TEAA was deposited on the Nafion for an hour, blotted dry and sodium chloride was applied on the Nafion for an hour.  The crystal was cleaned with acetone and a layer of Nafion was attempted to be applied on the whole surface of the crystal but the Nafion kept cracking and peeling during drying.  The Nafion was dried in room atmosphere.  The Nafion was then applied in thinner layers for about four layers and in between each layer allowed to dry.  The thickness was calculated to be 0.0023 cm.  The Nafion was cured overnight at 80( C.  TEAA was applied to the Nafion overnight. The black mount was put into a container purged with CO2 and then sealed the container.  It was left overnight and then recorded a scan.  It resulted in a double peak of CO2 not a single peak that would be expected if were dissolved in the Nafion.  The double peak is probably a result of CO2 in the FTIR bench.  
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