CAAP Quarterly Report
 

Date of Report:           April 17, 2015
Contract Number:       DTPH5614HCAP03
Prepared for:               Government Agency: DOT 

Project Title:               Experimental Characterization and Monitoring of Early Stage Corrosion Degradation of Pipeline Steels"
Prepared by:                Iowa State University
Contact Information:  Professor Ashraf Bastawros, 

T.A.Wilson Professor of Engineering and Associate Chair for Resrach, Department of Aerospace Engineering

2271 Howe Hall, Rm 1200

Ames, IA 50011-2271

Phone: 515-294-3039          Fax: 515-294-3262

Email: bastaw@iastate.edu
For quarterly period ending:  March 31, 2015
Business and Activity Section
(a) Generated Commitments -  None to report
(b) Status Update of Past Quarter Activities - The main objective of the proposed work is to enhance the pipeline safety through understanding the early corrosion mechanisms in high strength pipeline steels that lead to stress corrosion cracking with a focus on measurable degradation parameters that can guide the development of advanced NDE measurement procedures. 

An experimental protocol will be developed to characterize the residual stress buildup using in situ substrate curvature measurements. The accompanying material property changes (modulus and flow stress) of the near surface layer will be probed by nano-indentation and nano-scratch experiment. A 4-point AC/DC probe will be also incorporated to measure the changes in electrical resistance of near surface layer as a function of the corrosion environment and history to enable further development of NDE corrosion detection techniques.

The focus of this quarter was on sample preparation, and preliminary electrochemical corrosion testing: 

1. Sample Preparation: 
 A set of samples from X70 Pipeline Steel has been prepared. The samples are saw-cut through the thickness parallel to the pipe axes. The cut ribbons were then ground to a final thickness of 2mm for the electrochemical testing and nano-indentation. Another set of samples was ground to a final thickness of 0.7 mm for corrosion induced stress measurements. All samples were successively ground on 320, 400, 600 and 800 grit papers. For stress measurements and nano-indentation a 1m Al2O3 slurry in aqueous solution was utilized. All fine grinding and polishing were conducted in an automated polisher (Buhler Ecomet -4) under a load of 30kPa (~5psi). 

2. Electrochemical Corrosion Testing:

Electrochemical tests on X70 steel samples are being carried out to identify exposure conditions for stress measurements. Applied potentials and solution compositions are to be selected that, on the basis of prior work, represent regions of susceptibility to transgranular and intergranular stress corrosion cracking. The graduate student working on the project has been trained in the necessary laboratory methods, including surface preparation and electrochemical polarization curve measurements. Based on preliminary results, use of “NS4” solutions frequently used to simulate pipeline corrosion results in excessively large ohmic resistance in the relevant potential ranges for SCC. We are instead focusing attention on bicarbonate solutions of higher conductivity, as used in older literature on pipeline SCC. Experiments are being conducted to determine whether polarization curves in these solutions suggest regions of potential where SCC susceptibility might be significant
3. Sample Preparation for Stress Measurements:

For the second quarter, we have started sample preparation for measuring the stress induced to corrosion of the pipes.  The stress measurement will allow us to understand the mechanism governing early stage damage of the pipes during corrosion.  We will utilize a specially designed experimental setup for stress measurement during electrochemical reactions.   The experimental setup consists of a curvature interferometer and modified electrochemical cell as shown in Fig 1.   The curvature interferometer is used to measure the stress in the specimen.  The specimen is mounted in the electrochemical cell such that only one side of the specimen is exposed to chemical reactions while the curvature changes in the specimen are measured through laser beams reflected from the unexposed surface of the specimen.  The specimens have been cut and ground to the dimensions required for the curvature measurement and currently, we are polishing one side of the specimen to mirror quality in order to facilitate curvature measurements.  [image: image1.emf]19se 8N oH
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1. Figure 1: Schematic of the stress measurement system.
4. Initial Nano Indentation Testing:

The prepapred X70 samples were tested by nano-indentaion to establish a reference level for its hardness and modulus. The effect of corrosion on reduction of mechanical properties will be in reference to these values.  A graduate student has been trained on utilizing the nano-indenter to examine the mechanical properties of the surface. In particular, the graduate student has been trained propping the variation of mechanical properties within a thin layer of the surface to deconvolution the extent of subsurface damage at the early state of corrosion.  

(c) Description of any Problems/Challenges – The need for wide samples of the X70 and X80 steels in sheet forms of few hundreds of micron thick. The availability of such stock steel in thin sheet form will alleviate the extensive sample preparation for a wide area (1”x4”) to simulate the corrosion process under external loading. 
(d) Planned Activities for the Next Quarter - The main focus of the next phase of work will be on
1. Parametric study for the electrochemical corrosion experiment  
2. Identification of the mechanical properties and the extent of the damage layer due to the early stage of corrosion by nanoindentation.

3. Perform preliminary assessment of the in situ measurements of the corrosion induced stresses. 

