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Business and Activity Section


(a) Generated Commitments – 

The team prepared the second set of nano-modified coating samples and conducted electrochemical impedance spectroscopy (EIS) test and potentiodynamic test.

A number of accessories were acquired form McMaster to build the accelerated corrosion test environment for durability test. 

The PosiTest DFT – Ferrous coating thickness gauge was acquired from DeFelsko. One organic steel coating was bought from Sherwin Williams for comparison testing.


(b) Status Update of Past Quarter Activities - 

Task 1: Development of nano-modified inorganic coating

The second set of screening test with different nano-materials was conducted identify the most promising modifier for further study. The coating samples were prepared with different nano-additives, including titanium oxide, iron oxide, zinc oxide, nanoclay, silicon dioxide, in addition to the control sample. The nano-particles were ultrasound in the water for four hours before mixing with the coating matrix. The coating is prepared by mixing the liquid component, powder, and water that is dispersed with nano-particles to a plastic consistency. After that, coating was applied on steel coupon with a foam brush. In addition, Polyvinyl alcohol (PVA) was used to substitute partial content of water in the mixing that produces another formulation of geopolymer matrix. The coatings were applied in three layers after the proper curing (24-48 hours) was achieved for each layer. The total coating thicknesses were controlled at 400 micrometer (16 mils). 

The undergraduate student (Peng Lei) at Montana State University worked on this task.

Task 2: Corrosion testing of coating

Electrochemical measurements were conducted using Electrochemical Impedance Spectroscopy (EIS) testing following the specification of ASTM G3-1. The coating samples were immersed in 0.3% NaCl solution before EIS testing. The EIS testing results in Nyquist curves were shown in Figure 3, respectively, for different immersion periods (0 day, 1 day, 2 days, 4 days, and 8 days). It is noted that the coating sample with iron oxide results in much greater dielectric resistance as compared to other samples, thus was not shown in the figure.

Potentiodynamic tests were conducted using EIS to measure polarization resistance following the specification of ASTM G59. Polarization resistance can be related to the rate of general corrosion for metals at or near their corrosion potential. Polarization resistance measurements are an accurate and rapid way to measure the general corrosion rate. Figure 2 compares the polarization resistance of different coating samples.

The electrochemical measurements showed that the incorporation of nanoparticles increased the corrosion resistance of the inorganic coatings at different degrees. In general, Silicon dioxide and iron oxide showed better corrosion resistance than the control sample and the other nano-modified samples, especially after several days of immersion. This could be caused by the secondary reaction when the coating sample was immersed in the NaCl solution. The reaction product could reduce the porosity of coating matrix and increase corrosion resistance. Further investigation is planned to validate this hypothesis. 

The undergraduate student (Peng Lei) at Montana State University is working on this task.
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Figure 1 Nyquist curves of nano-modified coatings after immersion of (a) 0 day; (b) 1 day; (c) 2 days; (d) 4 days; and (8) days
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Figure 2 Polarization resistance of coating samples

Task 3: Durability and adhesive strength testing of coating

A custom corrosion chamber was built to achieve an accelerated corrosion process, as shown in Figure 3. The components of the chamber include the following:
1- A 100 Gallon chamber (tank)
2- Nozzles installed on the perimeter of the chamber to spray salt water
3- A pump that feeds the salt water into the tubing system
4- Infrared light casing containing two 250W infrared bulbs that can generate heat and dry the specimen.
5- Ultra Violet light casing containing to Philips T8 15W tubes that radiates UVC rays in the range of 250nm wavelength.
6- An inclined rack to hold the steel coupons. The rack was custom built into the chamber and the inclination slope was achieved according the ASTM – B1117 recommendation which states the specimens should be placed in 15 to 30 degree inclination.
7- Timer switches to control the cycles of the UV, heat, and salt spray actions.
8- Temperature and humidity meter

[image: C:\Milad\Corrosion (Accelerated)\Pictures\pics\DSC_0757.JPG]
Figure 3 Customized corrosion chamber showing saltwater spray phase

The first set of testing specimens include two inorganic coating systems: one is the sandwiched structures with one nano-silica film between two inorganic coatings; another one is one layer of inorganic coating using Phenolphthalein solution and Tetraethyl Orthosilicate to partially replace water in the mixing process. The coating thickness of sandwiched coating is around 160-180 micrometers; while the coating thickness of one-layer coating is around 70-80 micrometers. One organic epoxy coating from Sherwin Williams (with gloss and semi-gloss surfaces) was included in the test for comparison. The coating thickness is around 160-180 micrometers.

The steel coupons that were used in the accelerated corrosion test were chosen to have the dimension of 12×4×0.5 inches. The coating thickness was measured using PosiTest DFT costing thickness gauge. The scratches were scribed on the surface of coating and the creepage measurement over time will be performed according to ASTM-D1654. The adhesion strength of coating will be evaluated according to ASTM-D7234. The PosiTest AT-M Manual Adhesion Tester by Deflesko will be used to perform adhesion strength test.

The proposed test cycle was customized to have appropriately harsh environment to achieve accelerated corrosion and deterioration of the coating surface and steel. The testing procedure and cycle was developed based on four major references:
1) FHWA-HRT-12-044 FHWA 100-Year Coating Study
2) Chong, Shuang-Ling. "A Comparison of Accelerated Tests for Steel Bridge Coatings in Marine Environments." Journal of Protective Coatings & Linings14, no. 3, 1997.
3) ASTM- B1117 Operating Salt Spray (Fog) Apparatus
4) ASTM – D4587 Standard Practice for Fluorescent UV-Condensation Exposures of Paint and Related Coatings

The proposed cycle includes 12 hours of Freezing, 4 hours UVC radiation + infrared heating, 8 hours of saltwater spray. Freezing at -23°C (-10°F), infrared induced temperature on black surface probe up to 60°C. The target test duration is 15 weeks.

[bookmark: _GoBack]It is believed that the accelerate corrosion testing environment can better simulate the field condition than the pure dry/wet testing cycle by submerging the specimen into salt water. The graduate students (David Caronia and Milad Salemi) at Rutgers University were working on this task.


Task 4: Strength testing of fiber-reinforced coating composite

N/A

Task 5: Analytical study of pipeline strengthening system

N/A

Task 6: Guidelines of coating application

N/A

Task 7: Final report

N/A

(c) Description of any Problems/Challenges – 

N/A

(d) Planned Activities for the Next Quarter – 

Task 1:
· Prepare coating samples with silicon dioxide and iron oxide
· Prepare coating samples with nano-silica film and polymer solutions

Task 2:
· Continue EIS and potentiodynamic test on coated samples and analyze testing results

Task 3
· Test durability of coated steel plates in the accelerated corrosion chamber
· Measure interface bonding strength of coating 
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