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Comparison of electrochemical techniques during the corrosion of X52 pipeline steel in the presence of sulfate reducing bacteria (SRB) R. Galvan-Martinez, G. Garcia-Caloca, R. Duran-Romero, R. Torres-Sanchez, J. Mendoza-Flores and J. Genesca*



This work compares three electrochemical techniques, linear polarization resistance (LPR), electrochemical impedance spectroscopy (EIS) and electrochemical noise (EN), used in the study of corrosion of X52 steel samples in an environment containing



a culture of sulfate reducing bacteria (SRB). The study emphasizes the different electrochemical information obtained when using these techniques in microbiologically influenced corrosion (MIC) studies.



1 Introduction



2 Experimental



The use of different electrochemical techniques in the study of the phenomenon of corrosion provides us the necessary parameters to predict the useful life of a metallic structure in relatively short times. One of the types of corrosion that affect the underground pipelines is the corrosion induced by microorganisms (MIC). MIC accelerates corrosion due to the interaction between the microbial activity and the electrochemical corrosion processes [1]. Sulfate reducing bacteria (SRB) are the main microorganisms responsible for the MIC [2 – 5]. Two main theories try to explain the influence of microorganisms on the corrosion process. The first theory is based on the cathodic depolarisation mechanism proposed by Von Wolzogen Kuhr and Van der Vlught [4, 6 – 10]. The second theory, proposed by Iverson [11 – 13], considers the formation of a phosphorous soluble compound. The present work shows the results obtained by electrochemical techniques, during the corrosion of X52 steel in an environment containing a culture of SRB.



2.1 Materials



* J. Genesca, R. Galvan-Martinez, Universidad Nacional Auto´noma de Me´xico (UNAM), Facultad de Quı´mica, Depto. de Ingenierı´a Metalu´rgica, Ciudad Universitaria. Me´xico DF, CP 04510 (Meacutexico), E-mail: [email protected] G. Garcia-Caloca, R. Duran-Romero, J. Mendoza-Flores, Instituto Mexicano del Petro´leo, Direccio´n Ejecutiva de Exploracio´n y Produccio´n, Corrosio´n, Eje Central La´zaro Ca´rdenas # 152, Me´xico D.F., 07730 (Me´xico) R. Torres-Sanchez, Universidad Michoacana de San Nicola´s de Hidalgo, Instituto de Investigaciones, Metalu´rgicas. Edificio “U”, C.U. Morelia, Michoacan (Me´xico)



A 1-litre glass cell with a three-electrode array was used. All metallic samples used as working electrodes in the experiments were made of API X52 steel [14]. Before each test, all samples were polished up to 600 grit SiC paper, cleaned and degreased with acetone. All electrochemical potentials reported in this work are referred to a saturated calomel electrode (SCE). A sintered graphite rod was used as auxiliary electrode. 2.2 Electrochemical techniques All the electrochemical experiments were performed with a Solartron SI 1280B potentiostat. These electrochemical measurements were: a) Corrosion potential (Ecorr) against time. b) Potentiodynamic Linear Polarization Resistance (Rp). The potential range used was þ 0.015 V referred to Ecorr and a sweeping rate of 0.1667 mV s1. In all corrosion rate (Vcorr) calculations a value of 0.026 V for the Stern-Geary constant was considered. Rp measurements were carried out at different exposure times. c) Electrochemical Impedance Spectroscopy (EIS). A frequency range of 0.01 Hz to 10 KHz and amplitude of 10 mV were used. 5 points per decade of frequency were recorded. EIS data analyses were carried out in the Zview software version 2.1. EIS measurements were carried out at different exposure times. d) Electrochemical Noise (EN). The sampling frequency used was 1 Hz. Each EN measurement consisted of 1040 data points. The data was analyzed with the ENAnalyse software [15]. EN measurements were carried out at different exposure times. Electrochemical measurements were made at different time intervals during exposure time. The total exposure time was
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Table 1. Chemical composition of liquid Postgate C medium for sulfate reducers bacteria Chemical Product



Composition (per liter)



Sodium Lactate Sodium Sulfate Ammonium Chloride Yeast extract Potassium Phosphate Monobasic Sodium Citrate  2 H2O Calcium Chloride  6 H2O Magnesium Sulfate  7 H2O Iron (II) Sulfate  7 H2O



6,0 g 4,5 g 1,0 g 1,0 g 0,5 g 0,3 g 0,06 g 0,06 g 0,004 g



10 days. After experimentation the exposed steel samples were prepared [16] for analysis in a scanning electron microscope (SEM).



Fig. 1. Corrosion potential (Ecorr) vs time. M ¼ Postgate C environment, M þ MO ¼ Postgate C environment inoculated with SRB



2.3 Test environment A pure culture of mesophilic SRB was used in this work. This SRB culture was isolated from a pipeline at the Geothermal Power Plant of “Los Azufres”, located in the Mexican State of Michoacan. Liquid Postgate C medium [17] was used in all experiments as test environment. The chemical composition of Postgate C medium is shown in Table 1. Before each experiment the medium was purged with nitrogen gas (N2) in order to remove dissolved oxygen (O2). After O2 removal the medium was inoculated with a SRB culture. All the experiments were performed in the glass cell, placed inside an N2 atmosphere anaerobic chamber, at 25 8C and at atmospheric pressure (Mexico City). The pH experimental results were taken at the beginning and final (10 days) of the experimentation. The pH is 7.5 at the beginning and 6.2 at the final of the experimentation. A little change of the pH was observed, this behavior can be attributed to the secondary metabolite produced by SRB, the hydrogen sulfide (H2S). The H2S can dissolve in aqueous solutions turning them in acid corrosive solution.



3 Results and discussion 3.1 Electrochemical Techniques Corrosion potential (Ecorr) Fig. 1 shows the variation of the Ecorr with time of the X52 steel sample in the Postgate C medium in presence and absence of SRB. It can be seen that the corrosion process that takes place on the surface of the metal is affected by the presence of SRB. 3.1.2 Linear polarization resistance (Rp) Fig. 2 shows the variation of corrosion rate (Vcorr) with time of the X52 steel sample immersed in Postgate C medium, in presence and absence of SRB. For the Postgate C without SRB condition (M Rp) it is possible to observe that, as the exposure time increases the estimated Vcorr decreases from a value of 0.2 mm y1 to a value of
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Fig. 2. Corrosion rate (Vcorr), calculated by LPR and EN, against time. X52 steel in Postgate C environment (M) and Postgate C environment inoculated with microorganisms (M þ MO)



0.03 mm y1 approximately. This behavior can be attributed to the fact that at the beginning of the experimentation, the surface of the steel was clean and consequently active. After a period of time, a layer of corrosion products forms on the surface of the working electrode, isolating the metal from the environment and decreasing Vcorr. On the other hand, the Postgate C environment inoculated with SRB (M þ MO Rp), shows a different behavior. During the first four days of experimentation, the calculated Vcorr was in the order of 0.03 mm y1. After this Vcorr increased up to a value of 0.07 mm y1 approximately. This behavior can be attributed to the formation of a biofilm on the surface of the working electrode that isolates the steel from the environment and maintains a low value of Vcorr. After day 4 the biofilm formed brokes and the measured Vcorr increases. 3.1.3 Impedance of X52 steel in Postgate C environment Fig. 3 and 4 show the Nyquist and Bode representations of the impedance measurements, taken on a X52 steel sample
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diameter of the semicircles increases with time. This trend correlates with the behavior of the measured values of Vcorr, shown in Fig. 2, and can be attributed to formation of a layer of corrosion products on the surface of the working electrode. Fig. 4a and 4b are Bode representations of the data shown in Fig. 3. Fig. 4a and 4b show that the measured EIS data could be analyzed by means of a circuit containing a single time constant element (capacitor). 3.1.4 Impedance of X52 steel in Postgate C environment inoculated with BSR



Fig. 3. EIS data (Nyquist) as a function of exposure time. X52 steel in Postgate C environment



immersed in Postgate C environment. These figures show the impedance data obtained at three selected exposure times. Nyquist representation of the impedance in Fig. 3 shows three semicircles. It is possible to observe in this Figure that the



Fig. 5a is the Nyquist representation of the impedance measured on a X52 sample immersed in Postgate environment inoculated with the SRB culture, at day 1 and 2 of exposure. Fig. 5b is the Nyquist representation of the impedance data measured at days 4 and 10. As it can be seen in these figures, the semicircle detected at the beginning of the experimentation, disappears as the time of exposure increases. Nyquist plots at day 4 and 10 show a straight line at low frequencies which can be related to a diffusion process represented by a Warburg impedance. This feature could be associated to the



Fig. 4a and 4b. EIS data (Bode) as a function of exposure time. X52 steel in Postgate C environment



Fig. 5a and 5b. EIS data (Nyquist) as a function of exposure time. X52 steel in Postgate C environment inoculated with SRB. Fig. 5a days 1 and 2. Fig. 5b days 4 and 10
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Fig. 6a and 6b. 6a and 6b. Impedance data (Bode plots) at day 1 and 2 of exposure. Postgate C environment inoculated with SRB



diffusion through the biofilm of electroactive species, from the bulk of the solution to the surface of the metal. Fig. 6a and 6b are Bode representations of the modulus of the impedance and the phase angle data for days 1 and 2. These Figures demonstrate the existence of two time constants in the electrochemical process. These two time constants can be the consequence of a charge transfer process and a diffusion process, both occurring at the same time during the total corrosion process. 3.1.5 Equivalent circuits analysis Fig. 7a and 7b show the two electrical equivalent circuits used in this work for the analysis of EIS data. Rs is the resistance of the solution, Rct is the charge transfer resistance, Cdl is the capacitance of the electrochemical double layer, Rfilm is the resistance of the film formed on the surface of the steel and Cfilm is the capacitance of this same film. In Fig. 7a a short Warburg element was considered (Ws) in the circuit. Zview software was used in all the numerical analyses. Tab. 2 shows the best fitting parameters obtained in the numerical analyses. In this table is possible to observe that, in the Postgate C environment without SRB, as the exposure time increases the estimated Rct also increases, which means that the Vcorr decreases as a function of immersion time. The same behavior can be observed in the first two days for the Postage C inoculated with SRB, but in the day 4 and 10, the corrosion of the X52 steel seems to be dominated by a diffusion process. This behavior could be attributed to the diffusion of electroactive species through the biofilm formed on the surface of the working electrode. Fig. 8 is an example of the good correlation between the calculated data and the experimental data. It is necessary to mention that in the analyses of EIS data obtained in the Postgate C environment inoculated with SRB, at days 4 and 10, a Warburg element was considered. This was done in order to consider a diffusion process affecting the total corrosion process.
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Fig. 7a and 7b. 7a and 7b. Equivalent circuits used in EIS data analyses. Fig. 7a – Equivalent circuit used in the analysis of EIS data of X52 steel immersed in Postgate C environment and also in Postgate C environment inoculated with SRB at days 1 and 2. Fig. 7b – Equivalent circuit used in the analysis of EIS data of X52 steel immersed in Postgate C environment inoculated with SRB, days 4 and 10



3.1.6 Electrochemical Noise (EN) In order to analyze the measured electrochemical noise data noise resistance (Rn) was calculated at selected periods of exposure time. Rn was estimated from the potential and current time records, as the ratio of the standard deviation of the measured potential to the standard deviation of the measured cur-
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Table 2. Parameters obtained in the equivalent circuit analyses Postgate C environment inoculated with SRB, days 1 and 2 EIS data



Rs (  cm2)



Rct (  cm2)



Day 1



20.09



5615



Day 2



21.55



9468



Cdl (lF  cm2) 429.68 2621.5



Rfilm (  cm2)



Cfilm (lF  cm2)



298.6



91.7



125.1



592.1



Postgate C environment inoculated with SRB, days 4 and 10 EIS data



Rs (  cm2)



Rct (  cm2)



Cdl (lF  cm2)



Rfilm (  cm2)



Day 4



23.3



187.3



819.67



45.29



Day 10



22.46



194.3



876.35



69.75



Cfilm (lF  cm2) 579.08 1039.2



Warburg Resistance (  cm2) 5632 1391



Postgate C environment Rct (  cm2)



Cdl (lF  cm2)



Rfilm (  cm2)



Cfilm (lF  cm2)



EIS data



Rs (  cm2)



Day 1



15.48



Day 4



18.33



6730



883.12



6510



451.53



Day 10



17.95



11 100



684.4



8970



416.67



608.6



456.1



429.9



174.87



Fig. 8. Example of EIS data fitting (Nyquist and Bode) using the equivalent circuit in Fig. 7a. Dots ¼ measured data, continuous line ¼ fitting results



rent times the total exposed area of one sample [15, 18 – 20]. Then, Vcorr was calculated dividing the Stern – Geary constant (B) by Rn. Fig. 2 compares the values of Vcorr estimated by the EN technique to the values of Vcorr estimated by the LPR technique, a very good correlation can be observed. A second approach to EN data analysis was the calculation of the noise Impedance spectra (Zn). Zn was calculated dividing, at each analysed frequency, the power spectral density
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(PSD) of the potential by the PSD of the current. PSD was obtained using the Maximum Entropy Method (MEM) [15]. Fig. 9 compares, in a Bode plot, the impedance data obtained by the EIS technique and the equivalent Zn results obtained in the EN analysis. The information in this figure corresponds to day 1 of exposure in Postgate C environment, inoculated with SRB. Good correlation of the information at low frequencies can be observed.
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Fig. 9. Bode representation of EIS data (continuous line) and noise impedance data (line and markers)



Fig. 10. SEM photography, showing the morphology of the SRB



3.2 Scanning electron microscope (SEM) Fig. 10 shows that the SRB used in this experiment do not have locomotion apparatus, their morphology is curved rod and have a length of 4 lm approximately. These are general characteristics of SRB [21]. Fig. 11 is a microphotograph of the biofilm formed on the surface of the steel, SRB can be observed suspended in the biofilm.



4. It was demonstrated the usefulness of using three electrochemical techniques in the study of the electrochemical processes taking place during the corrosion of X52 steel, in an environment containing SRB. The comparison of the results, obtained from the same corroding system by three different electrochemical techniques, provides a useful tool for the judgement of the validity of the measured data. It also helps in the full understanding of the charge transfer processes taking place on the surface of the metal. These two advantages are not easily addressed by a single electrochemical technique. 5. EIS data analysis shows that the corrosion phenomenon taking place on the surface of the steel immersed in Postgate C environment inoculated with SRB, is affected by the formation of a biofilm that affects the diffusion of electroactive species form the bulk of the environment towards the metal surface. 6. A MIC phenomenon can be regarded mainly as a pitting corrosion process. However, the electrochemical data obtained in the LPR, EIS and EN tests, do not give clear indication of localized attack. This observation can be related to the fact that the corrosion process taking place on the surface of the steel is a combination of localized and uniform corrosion.



5 Acknowledgments The authors would like to thank the National Council of Science and Technology (CONACYT) for the grant awarded to Mr. Galvan-Martinez, required to develop this work.



4 Conclusions 1. The highest corrosion rates (Vcorr) were recorded in the Postage C environment and the decrement of the measured Vcorr is associated to the formation of a film of corrosion products on the metal surface. 2. When SRB is present in the Postage C environment, the formation of a compact biofilm on the surface of the metal originates clear differences on the recorded electrochemical behavior. These differences can be attributed to the influence of the microbial activity on the corrosion processes. 3. It is demonstrated that data obtained with the electrochemical noise (EN) technique has a good correlation to the data obtained by EIS and LPR techniques.
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Fig. 11. SEM photography, showing the biofilm formed on the surface of the X52 steel immersed in Postgate C environment inoculated with SRB



cyan



6 References [1] R. Javaherdashti, Anti-Corros. Method. M. 46, 3 (1999) 173. [2] B. J. Little, R. I. Ray, R. K. Pope, CORROSION/2000, paper no. 00394, NACE International, Houston 2000. [3] W. Lee, Ph. D. Thesis, Montana State University, 1990. [4] S. W. Borenstein, Microbiologically Influenced Corrosion Handbook, Industrial Press Inc., Woodhead Publishing Ltd. 1994, 1 – 40. [5] M. A. Gariboglio, S. A. Smith, Corrosio´n e Incrustacio´n Microbiolo´gica en Sistemas de Captacio´n y Conduccio´n de



magenta



yellow



black



12. 08. 2005 t:/3b2/Wuk/Fahnen/w3871.3d pS# 6



Materials and Corrosion 2005, 56, No. 10



[6] [7] [8] [9] [10] [11] [12] [13] [14] [15]



Kurztitel



Agua (Aspectos Teo´ricos y Aplicados), Serie: Investigaciones Aplicadas, Coleccio´n Hidrologı´a Subterra´nea, Buenos Aires 1993, 25 – 46. S. Dexter (Editor), Biologically Induced Corrosion, NACE-8, NACE, Houston 1986, 3 – 7. W. P. Iverson, Mater. Performance, 1984, 23, 28. M. B. McNeil, B. J. Little, Corrosion 1990, 46, 599. N. Nemati, G. Voordouw, CORROSION/2000, paper no. 00126, NACE International, Houston 2000. R. Torres-Sa´nchez, J. Garcı´a-Vargas, A. Alfonso-Alonso, L. Martı´nez-Go´mez, Mater. Corros., 2001, 52, 614. S. W. Borenstein, G. J. Licina, CORROSION/94, paper no. 611. NACE, Houston 1994. G. J. Olson, W. P. Iverson, F. E. Brinckman, Symposium on Biological Processes Related to Petroleum Recovery, American Chemical Society, Seattle 1983, 769 – 772. D. H. Pope, CORROSION/2000, paper no. 402, NACE International, Houston 2000. API, “Specification for Line Pipe”, API Specification 5L, 42nd ed, API, 2000. R. Cottis, S. Turgoose, Electrochemical Impedance and Noise, Corrosion Testing Made Easy Series (Ed. Barry C. Syrett), NACE, Houston 1999, 3 – 7, 51 – 93, 113 – 131.



# 38436 / WILEY-VCH / W+K / Artikel W 3871



cyan



7



[16] R. M. Atlas, Handbook of Media for Environmental Microbiology (Ed. L.C. Parks), CRC Press Inc., Miami 1993, 272. [17] J. L. Ojeda-Sahagun, Me´todos de MicroscopA`a Electro´nica de Barrido en Biologı´a, Universidad de Cantabria, Santander 1997. [18] A. Aballe, A. Bautista, U. Bertocci, F. Huet, CORROSION 2000, paper no. 00424, NACE International, Houston 2000. [19] F. Mansfeld, Z. Sun, E. Speckert, C. H. Hsu, CORROSION/ 2000, paper no. 00418, NACE International, Houston 2000. [20] D. A. Eden, CORROSION/1998, paper no. 98386, NACE, Houston 1998. [21] J. G. Holt, N. R. Krieg, P. H. A. Sneath, J. T. Staley, S. T. Williams, Bergeyy¨s Manual of Determinative Bacteriology, 9th ed., Williams and Wilkins, 1994, 335 – 340.



(Received: March 15, 2005) (Final version: April 20, 2005)



magenta



yellow



black



W 3871



12. 08. 2005 t:/3b2/Wuk/Fahnen/w3871.3d pS# 7



8



Galvan-Martinez et al.



Materials and Corrosion 2005, 56, No. 10



Schlagworte: Kurztitel Kurztitel Kurztitel Kurztitel Kurztitel Kurztitel Key words: biofilm electrochemical techniques microbiologically influenced corrosion SRB X52 Steel



# 38436 / WILEY-VCH / W+K / Artikel W 3871



cyan



magenta



yellow



black



12. 08. 2005 t:/3b2/Wuk/Fahnen/w3871.3d pS# 8



























[image: Comparison of electrochemical techniques during the corrosion of X52 ...]
Comparison of electrochemical techniques during the corrosion of X52 ...












[image: conventional dc electrochemical techniques in corrosion testing]
conventional dc electrochemical techniques in corrosion testing












[image: comparison of techniques]
comparison of techniques












[image: Effects of turbulent flow on the corrosion kinetics of X52 ...]
Effects of turbulent flow on the corrosion kinetics of X52 ...












[image: Comparison of Dimensionality Reduction Techniques ...]
Comparison of Dimensionality Reduction Techniques ...












[image: The anesthetic techniques of local anesthesia during ...]
The anesthetic techniques of local anesthesia during ...












[image: conventional dc electrochemical techniques in ...]
conventional dc electrochemical techniques in ...












[image: A comparison of loop closing techniques in monocular SLAM]
A comparison of loop closing techniques in monocular SLAM












[image: Comparison of Diversity Combining Techniques for ...]
Comparison of Diversity Combining Techniques for ...












[image: A comparison of machine learning techniques for ...]
A comparison of machine learning techniques for ...












[image: A comparison of loop closing techniques in monocular ...]
A comparison of loop closing techniques in monocular ...












[image: Comparison of Diversity Combining Techniques for ...]
Comparison of Diversity Combining Techniques for ...












[image: Comparison of Existing Routing Techniques for Mobile Ad-Hoc ... - IJRIT]
Comparison of Existing Routing Techniques for Mobile Ad-Hoc ... - IJRIT












[image: Comparison of Existing Routing Techniques for Mobile Ad-Hoc ... - IJRIT]
Comparison of Existing Routing Techniques for Mobile Ad-Hoc ... - IJRIT












[image: conventional dc electrochemical techniques in ...]
conventional dc electrochemical techniques in ...












[image: Comparison of Square Comparison of Square-Pixel and ... - IJRIT]
Comparison of Square Comparison of Square-Pixel and ... - IJRIT












[image: The Influence of Admixed Micelles on Corrosion Performance of ...]
The Influence of Admixed Micelles on Corrosion Performance of ...












[image: Electrochemical Growth of Pd for the Synthesis of ...]
Electrochemical Growth of Pd for the Synthesis of ...












[image: 12 Techniques for Corrosion Investigation in ...]
12 Techniques for Corrosion Investigation in ...












[image: Corrosion of Iron Lab.pdf]
Corrosion of Iron Lab.pdf












[image: Hydrodynamic effect on the behaviour of a corrosion ...]
Hydrodynamic effect on the behaviour of a corrosion ...















Comparison of electrochemical techniques during the corrosion of X52 ...






2 shows the best fitting parameters obtained in the nu- merical analyses. In this table ... ing, at each analysed frequency, the power spectral density. (PSD) of the ... 






 Download PDF 



















 293KB Sizes
 3 Downloads
 308 Views








 Report























Recommend Documents







[image: alt]





Comparison of electrochemical techniques during the corrosion of X52 ... 

J. Genesca, R. Galvan-Martinez, ... G. Garcia-Caloca, R. Duran-Romero, J. Mendoza-Flores, .... In order to analyze the measured electrochemical noise data.














[image: alt]





conventional dc electrochemical techniques in corrosion testing 

Electrochemical methods in corrosion testing have been used ever since the electrochemical ... electrochemical techniques have been employed to both speed data ..... Conversion of polarization resistance to corrosion current requires ...














[image: alt]





comparison of techniques 

Zircon. Zr [SiO4]. 1 to >10,000. < 2 most. Titanite. CaTi[SiO3](O,OH,F). 4 to 500. 5 to 40 k,c,a,m,ig,mp, gp,hv, gn,sk. Monazite. (Ce,La,Th)PO4. 282 to >50,000. < 2 mp,sg, hv,gp. Xenotime. YPO4. 5,000 to 29,000. < 5 gp,sg. Thorite. Th[SiO4]. > 50,000














[image: alt]





Effects of turbulent flow on the corrosion kinetics of X52 ... 

Zview software v.2.1 was used in the ... nalyse [26] software was used in EN data analysis. Potentio- .... Table 1 shows the best results obtained in the numerical si- mulation of ..... [23] Specification for Line Pipe, API Specification 5L, 42nd Edi














[image: alt]





Comparison of Dimensionality Reduction Techniques ... 

In many domains, dimensionality reduction techniques have been shown to be very effective for elucidating the underlying semantics of data. Thus, in this paper we investigate the use of various dimensionality reduction techniques (DRTs) to extract th














[image: alt]





The anesthetic techniques of local anesthesia during ... 

The anesthetic techniques of local anesthesia during the rumenotomi in cattle. DASHAMIR MAMUTI1, PASKAL GJINO2. 1The Department of Veterinary, Tetovo, Macedonia. 2Faculty of Veterinary Medicine, Agricultural University of Tirana, Albania. Abstract. T














[image: alt]





conventional dc electrochemical techniques in ... 

which a metal dissolves in a certain environment and conditions is of primary importance in laboratory and field corrosion studies. Through the years several techniques used to determine such corrosion rate have been developed: weight loss measuremen














[image: alt]





A comparison of loop closing techniques in monocular SLAM 

Careful consideration is given to the distinctiveness of the features â€“ identical but indistinctive observations receive a low probability of having come from the same place. This minimises false loop closures. â€¢ Imageâ€“toâ€“map â€“ Corresponden














[image: alt]





Comparison of Diversity Combining Techniques for ... 

MRC, is not bounded as increasing signal-to-noise ratio (SNR). ... diversity gain, i.e. reliability of a wireless link, as compared to a conventional single-input ...














[image: alt]





A comparison of machine learning techniques for ... 

Aug 3, 2010 - search (TDR1) Prioritization Database [12], a new online resource to integrate ... automatic data-base curation of drugâ€“target interactions. In the.














[image: alt]





A comparison of loop closing techniques in monocular ... 

son's original system [5] where the pose of a handheld camera is tracked, while simultaneously ..... [1] H. Bay, T. Tuytelaars, and L. Van Gool. SURF: Speeded up ...














[image: alt]





Comparison of Diversity Combining Techniques for ... 

The revolutionary idea behind MIMO technology is that contrary to SISO ..... tional Foundation for Science and Technology Development. (NAFOSTED) (No.














[image: alt]





Comparison of Existing Routing Techniques for Mobile Ad-Hoc ... - IJRIT 

Mobile ad hoc networks re wireless networks formed by wireless devices in sharing or PAN ... Nodes in turn respond to these changes and direct packets on the.














[image: alt]





Comparison of Existing Routing Techniques for Mobile Ad-Hoc ... - IJRIT 

mobility, bandwidth issues of this specialized hoc architecture. However all protocols ... routes as computed by the packets as per the stored network map data.














[image: alt]





conventional dc electrochemical techniques in ... 

Applications of electrochemical techniques to corrosion processes have ..... polarization testing of materials is facilitated by the development of standard test ...














[image: alt]





Comparison of Square Comparison of Square-Pixel and ... - IJRIT 

Square pixels became the norm because there needed to be an industry standard to avoid compatibility issues over .... Euclidean Spaces'. Information and ...














[image: alt]





The Influence of Admixed Micelles on Corrosion Performance of ... 

The Influence of Admixed Micelles on Corrosion Performance of reinforced mortar.pdf. The Influence of Admixed Micelles on Corrosion Performance of ...














[image: alt]





Electrochemical Growth of Pd for the Synthesis of ... 

Nov 3, 2007 - and hydrogen storage.5-10 Pd is one of the most used catalysts for the gas sensors11-13 and has also been used as catalytic material for the ...














[image: alt]





12 Techniques for Corrosion Investigation in ... 

problem in the United States and other countries[1]â€“[4] and the major ... Analytical Techniques in Concrete Science and Technology ... steady-state methods. The term steady-state implies that measurement is made at the equilibrium condition of the 














[image: alt]





Corrosion of Iron Lab.pdf 

Whoops! There was a problem loading more pages. Retrying... Corrosion of Iron Lab.pdf. Corrosion of Iron Lab.pdf. Open. Extract. Open with. Sign In.














[image: alt]





Hydrodynamic effect on the behaviour of a corrosion ... 

Available online 27 December 2005. Abstract. Influence of hydrodynamic ... +33 4 72 43 81 87; fax: +33 4 72 43 87 15. E-mail address: [email protected] ..... trolyte conductivity evolution due to the greater account of iron.


























×
Report Comparison of electrochemical techniques during the corrosion of X52 ...





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















