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Business and Activity Section


(a) Generated Commitments – 

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

The team prepared coated steel plates and put them in the accelerated corrosion test chamber for durability test and measured interface bonding strength after conditioning for 30 days. 


(b) Status Update of Past Quarter Activities - 
[bookmark: _GoBack]
Task 1: Development of nano-modified inorganic coating

The third set of screening test with three different nanomaterials (titanium oxide, iron oxide, and silicon dioxide) was conducted identify the most promising modifier. The nanoparticles were purchased in two different formats: power and dispersion in water. For the nanoparticles in powder, they were ultrasound in the water for four hours before mixing. For the nanoparticle in solution, the liquid component, powder, solution, and water (reduced amount due to water in the solution) were mixed together directly. After that, coating was applied on steel coupon with a foam brush. 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 160-200 micrometer (6-8 mils). 

The undergraduate student, Yujun Liang, at Montana State University and the graduate student, Milad Salemi, at Rutgers 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 1, respectively, for different immersion periods (2 days and 4 days). 

Potentiodynamic tests were conducted using EIS to measure polarization resistance following the specification of ASTM G59. The corrosion potential, corrosion current density, and anodic /cathodic Tafel slope were derived from the data. Based on the approximately linear polarization behavior near open circuit potential (OCP), polarization resistance values were derived from Stern-Geary equation. 

Where,  is polarization resistance;  is corrosion current density; and  and  are anodic/cathodic Tafel slopes.  

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, respectively.

The electrochemical measurements showed that the incorporation of nanoparticles increased the corrosion resistance of the inorganic coatings at different degrees. However, variations were observed in corrosion resistance as the soak time increases. Further investigation is needed to reduce the variation and get consistent testing results. 

The undergraduate student, Yujun Liang, 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) 2 days; and (b) 4 days
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Figure 2 Polarization resistance of coating samples


Task 3: Durability and adhesive strength testing of coating

The first batch of coated steel plates was put in the accelerated corrosion test chamber for 30 days. After that, the performance of coating was examined through visual observation and interface bonding strength. Four types of coating samples were included:
1) Three-layer coating with two inorganic coating layers with one nanosilane layer in the middle
2) One–layer inorganic coating modified with organic solutions
3) Organic coating with gloss surface (Sherwin Williams)
4) Organic coating with semi-gloss surface (Sherwin Williams)

The adhesion strength of coating will be evaluated according to ASTM-D7234. The PosiTest AT-M Manual Adhesion Tester by Deflesko was used to perform adhesion strength test, as shown in Figure 3.
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Figure 3 The Adhesion Tester and Dolly

The testing results on pull-off strength and failure status are show in Table 1. Figure 4 illustrates the failure for different samples, respectively, before and after accelerated corrosion test.

The graduate student, Milad Salemi, at Rutgers University worked on this task.
Table 1 Summary of Pull-off Strength and Interface Failure Pattern
	Corrosion System
	Pull-off Strength (MPa) and Coating Failure Status*

	
	Before Corrosion Cycle
	After One Month of Corrosion Cycle

	
	A
	B
	C
	D
	E
	A
	B
	C
	D

	3 - Layer Inorganic
	9.61
	6.28
	8.06
	7.07
	4.14
	6.59
	5.18
	3.65
	5.06

	
	CF
	CF
	CF
	CF
	CF
	CF
	CF
	CF
	CF

	1- layer Modified Inorganic
	11.58
	11.56
	12.06
	10.5
	5.06
	9.66
	8.9
	
	

	
	AF-GD
	AF-GD
	AF-GD
	AF-GD
	AF-GC
	CF
	CF
	
	

	Organic - Gloss
	13.33
	10.27
	12.65
	13.38
	7.65
	16.13
	18.29
	
	

	
	AF-GD
	AF-CS
	AF-GD
	AF-GD
	AF-CS
	AF-GC
	AF-GC
	
	

	Organic - Semi Gloss
	17.74
	15.08
	12.52
	12.65
	13.63
	17.27
	15.07
	
	

	
	CF
	CF
	CF
	AF-GD
	CF
	CF
	CF
	
	


CF: Cohesive failure in the coating; AF-CS: Adhesive failure (coating-steel)
AF-GD: Adhesive failure (glue-dolly); AF-GC: Adhesive failure (glue-coating)
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Figure 4 Failure interface after bonding strength test



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 – 

More experiments are expected to find the optimum formulation of coating matrix for corrosion resistance and long-term durability. This takes more time than what was originally expected in the proposal.

(d) Planned Activities for the Next Quarter – 

Task 1:
· Prepare coating samples without discrete carbon fiber.
· Prepare coating samples with combination of inorganic coating and nano-silicate film 

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

Task 3
· Continue testing durability and interface bonding strength of coated steel plates with new coating formulations in the accelerated corrosion chamber

Task 4
· Prepare steel plates reinforced with coating and fiber sheet for bending test
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