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Business and Activity Section
(a) Generated Commitments - No changes in agreements with partners or cofounders.  Itemized purchases as follows:
· Water jet cutting of metal samples - $275.00
· Water jet cutting for (50) rectangular coupons and (50) circular coupons.  The rectangular coupons are 1” x 3” and the circular coupons are 1-1/4” diameter.
· Heat tape - $111.00
· The heat tape is used to wrap around the foam crevice cell and maintain the experiment at the appropriate temperature.
· Additional costs will be incurred next quarter to acquire enough heaters to run multiple experiments.

· Bentonite anion sample analysis - $120.00

· Analysis of the bentonite to determine the amount of Chloride (Cl-) and Fluoride (F-) ions in the mixed aqueous bentonite solution.

· ASTM A36 1018 metal rods (Quantity 12) - $89.31

· These rods are 12” long and 1/4” diameter.  They will be used to create LPR probes to be used in the foam crevice cell experiments.  Three rods will be used to create each LPR probe.  They will be machined to exact 1/4” diameter and placed in a plastic holder and mold, which will be filled with inert epoxy.  This will be placed in the foam crevice cell to get real time corrosion data.
· Ace Glass thermocouple seals (Quantity 4) - $52.80
· These bushings and rubber seals will be used to create a good seal around the thermocouples inserted into the foam crevice cell.
(b) Status Update of Past Quarter Activities - All tasks reported below funded by PHMSA.
       Work completed by graduate student Grant Birmingham:

· Metal coupon sample fabrication.
· A local shop was contacted and provided water jet cutting of the samples from the steel plate.  A total of 100 coupons were cut from the metal plate.  There is a significant amount of original metal left if additional samples need to be cut.  Additional surface preparation of the metal coupons included:

1. Ultrasonic cleaning in acetone.

2. Sandblasting to 120 grit finish.

3. Washing in a mixture of 50/50% Xylene/Iso Propanol for 15 minutes at 140°F.

4. Coupons were dipped into reverse osmosis water at 140°F.

5. Coupons were then washed in 1000 mL of 40/60% hydrochloric acid/reverse osmosis water mixed with 30 grams of 1,3 Dibutyle-2-Thiourea, for 5 minutes at 140°F.

6. Wash coupons in acetone.

7. Air dry in fume hood.
· Weights of the samples were recorded before and after the acid treatments (step #5).

· Currently, 36 samples have been completed through the sandblasting step.  These samples will be finished with all of the preparation steps in this quarter.  Additional samples will be prepared in the future as needed.

· Sodium bentonite sample analysis.
· The sodium bentonite that was acquired free of charge contained unknown chemical compositions and possible additives.  Four mixtures were created to determine the most effective bentonite solution for the corrosion experiments.  The mixtures are described below:

1. 10 g of bentonite was mixed with acetone to dissolve.  The acetone was allowed to evaporate entirely and the remaining bentonite was mixed with 300 mL of reverse osmosis water.

2. 10 g of bentonite was mixed with 300 mL of R.O. water.

3. 10 g of bentonite was mixed with 300 mL of R.O. water.  The bentonite was allowed to settle to the bottom and the remaining water was drawn off and disposed.  Fresh R.O. water (approximately 270 mL) was added to the remaining bentonite.

4. 10 g of bentonite was mixed with 300 mL of R.O. water.  Similar to mixture #3, the bentonite was allowed to settle to the bottom and the remaining water was drawn off and disposed.  Fresh R.O. water (approximately 270 mL) was added to the remaining bentonite.  This process was repeated once more.

· These four mixtures were taken to the UAA Applied Science, Engineering, and Technology (ASET) laboratory for analysis of metal composition and anion content.  The metal analysis revealed large amounts of sodium (Na), aluminum (Al), and silicon (Si) which were expected.  The anion analysis proved difficult for the ASET lab to complete and only mixture #4 was analyzed.
· A local environmental engineering firm, SGS, was contacted to provide sample analysis of mixtures #2 and #3.
· All four of the mixtures had similar metals contents, with #4 displaying lower metal content than the others.  The anion analysis (combined from the SGS and ASET analysis) revealed that the most promising bentonite mixture to use will be the “washed” mixture.  This was due to the reduced amount of chloride (Cl-) and fluoride (F-) ions present.
· Insulating foam plugs formed for the crevice cell.
· A local insulation company, Arctic Insulation and Manufacturing, donated a pour in place expanding foam for the research.  This consists of two chemical compounds, A and B, which are mixed in a 1:1 ratio.
· Several molds were created using the 3D plastic printing facilities at UAA.  Multiple iterations were conducted to get adequate foam plugs for the crevice cell:

1. The first mold interior was coated with a silicon spray.  This proved extremely difficult to remove from the foam plug due to the bonding of the foam to the printed mold.  It is hypothesized that the silicon accelerated and enhanced the bonding of the foam to the mold.
2. The second mold interior was covered with aluminum tape to prevent bonding of the foam to the mold.  This, similarly, did not work.
3. The third mold interior was covered with paraffin wax.  The wax was heated according to the instructions and poured into the mold and allowed to harden.  This resulted in an effective way to remove the mold from the foam plug.  Unfortunately, the foam chemicals were not mixed in the correct amounts and the foam plug cell structure deteriorated over the next 24 hours, resulting in a useless, shriveled lump of foam.

4. The fourth and fifth molds were again coated with paraffin wax according to the instructions.  The foam chemicals were mixed in the proper portions and poured.  The foam plugs created in these molds are effective and will be used in the foam crevice cell.  Additional foam plugs will be created for further experiments.  See figure 1.
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Figure 1:  Foam plugs created in the plastic molds.

· 1-Liter Cell acquisition.
· 1-Liter Cells were purchased for baseline control testing.  The arrival of these cells has been delayed by the purchasing and acquisition process.  The order has been finalized and they are being shipped soon.

· These cells will be used to conduct 30 day corrosion exposure experiments.  The primary method will be measuring weight loss of the metal samples.  A secondary method will be a Linear Polarization Resistance measurement.
· Apparatus design, construction, and testing.
· The Foam Crevice Cell apparatus design has been tested for temperature control.  The foam plugs were inserted into the crevice cell along with the plastic coupon holder.  The cell was filled with water and thermocouples were placed in the cell.  One thermocouple was placed as close to the center of the apparatus as possible.  The other thermocouple was placed inside the cell, but along the outer edge near where the heat tape was affixed to the cell.  Insulation was wrapped around the outside of the cell to conserve the heat.  See figure 2.
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Figure 2:  Foam cell temperature testing.

· The proposal suggested the experiment would be conducted at temperatures of 140°F, 200°F, and as hot as possible.  The initial test was to heat the cell up to 140°F, which worked and steady control was achieved.
· However, when heating the cell up to 200°F, the water inside the cell experience localized boiling.  This is likely due to the lack of mixing inside the cell.  Several attempts were made to adjust the controller ramping to equalize the temperature distribution.  These were unsuccessful.  Heating the solution up to 180°F was achieved with relative ease.  The proposed experiment may have to be adjusted to be conducted at 140°F, 180°F, and a final one as hot as possible.
· Foam slurry anion analysis.

· Existing foam from actual pipelines was provided to the AIC lab.  This foam was blended with R.O. water in a commercially available blender.  This mixture was heated for approximately 2 hours to approximately 120°F to “cook” the chloride and fluoride ions into the aqueous solution.

· This sample was taken to the ASET lab for analysis, and the results are pending.

· Rainwater or seawater synthesis.
· The experiment will be conducted with the most corrosive environment possible.  Depending on the results of the foam slurry anion analysis, either rainwater or seawater will be used.

· Research and reading has been conducted on how to best acquire or synthesize rainwater.  The 1985 “Development of a Standard Reference Material for Rainwater Analysis” will be the starting point for creating a standardized rainwater used in the experiments.
· Similarly, the ASTM D1141-98 standard for seawater has been researched.

· Further analysis of these solutions will be considered, and the most extreme solution will be synthesized for the experiments.
      Work completed by graduate student Undergraduate Capstone design team (Joyell Acuna,              

                  Garrett Prokosch, and John Wilkins):
· Foam degradation testing (See Figure 3)
· 24 hour immersion experiments were conducted on polyurethane foam blocks to determine the compatibility of the foam with various solvent carriers which are under consideration.  

· Ethanol, acetone, isopropyl alcohol, propylene glycol, and water (control) were investigated.

· Mass and volume change were determined for each. Qualitative structural assessment was conducted (i.e. loss of rigidity, tackiness).
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Figure 3: Foam degradation testing

· Bentonite solubility testing
· Ethanol, acetone, isopropyl alcohol, propylene glycol, and water (control) were investigated.

· The total dissolved mass of bentonite suspended in a saturated (and settled) solution was measured.
· Foam vapor permeability testing (See Figure 4)
· Ethanol, acetone, isopropyl alcohol, propylene glycol, and water (control) were investigated.

· Wet cup testing was completed to determine the permeability of the closed-cell polyurethane foam to the various potential carrier solvents listed above.
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Figure 4: Foam permeability testing

· Injector prototype test apparatus (See Figure 5)
· A basic test apparatus designed to simulate the geometry of a weld pack.  This apparatus will be used in the near future to test bentonite injector prototypes.

· The design consists of a polymer (ABS or PVC) pipe, insulated with polyurethane foam.

· Concrete tubes were used as a disposable outer mold.
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Figure 5: Weld pack simulation apparatus

(c) Description of any Problems/Challenges -
· Metal sample preparation.

· The metal samples prove difficult to sandblast.  The sandblasting machine needs continual adjustment and refinement to operate effectively.  It takes approximately 3 hours to sandblast 12 metal coupons to the appropriate finish.  This will probably improve with practice and time.
· Sodium bentonite sample analysis.

· The sodium bentonite is a particularly important part of the experiment.  As such, several samples were collected.  These samples took a significant amount of time and effort to prepare.  The analysis also had to be conducted at two different laboratories due to the turbidity of the solutions.  No further action is necessary.
· Foam plug molding.

· The foam plugs were difficult to mold due to the high capacity for the foam to bond to the plastics.  A solution was found using paraffin wax and no further action is necessary.
· Apparatus design and construction.

· This may prove to be slightly difficult in the future.  Current issues include maintaining a high temperature in the solution without inducing localized boiling.  This challenge will be resolved with further construction efforts.
(d) Planned Activities for the Next Quarter -

· Metal sample preparation continuation.

· Additional metal samples will be water jet cut and surfaces will be finished per applicable ASTM standards and references.
· Apparatus design and construction.

· The initial iteration of the foam crevice cell device will be tested in a 30 day exposure experiment.  Modifications will be designed and implemented as necessary afterwards.

· Rainwater or seawater synthesis.

· Actual synthesizing of rainwater or seawater will be completed.
· Corrosion solution preparation.

· The solutions that will be exposed to the metal samples will be created and tested for pH and molecular content.  Additional modifications will be made to approximate actual field conditions.
· 1-Liter Cell testing.

· Baseline experiments will be conducted for 30 days of exposure using 1-Liter cells and the finalized corrosion solutions.

· Injector design and prototype

· Design, prototype, and test an injector for the bentonite solution.
