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Abstract In this paper, preparation and characterization of porous anode layers with uniform phase distribution are discussed for solid oxide fuel cell (SOFC) application. The Ni/8YSZ cermet coatings were fabricated by atmospheric plasma spray (APS) process using oxidized nickel coated graphite (Ni-graphite) and 8 mol% yittria — stabilized zirconia (8YSZ) blend as feedstock. To control the microstructure of the coating, the nickel coated graphite with low density was used as a starting feedstock instead of conventional pure nickel (Ni) powder. To balance the conductivity, uniform porosity, and structural stability of the coatings, the effects of process parameters such as hydrogen gas flow rate, stand off distance and pore formation precursor (graphite) addition on the microstructures of the resulting coatings are investigated. The results show that the anode coatings with high conductivity, structural stability and porosity could be deposited with moderate hydrogen gas flow rate and short stand off distance. © 2007 Elsevier B.V. All rights reserved. Keywords: Cermic-matrix composites; Microstructure; Plasma spraying; Electrical properties; Porosity



1. Introduction Solid oxide fuel cell (SOFC) is a ceramic device which directly converts the chemical energies of fuel and oxidant gases into electrical energy without combustion as an intermediate step [1,2]. In general, a single fuel cell consists of two porous electrodes separated by a dense and gastight electrolyte. Among all the components of SOFC, anode plays the most important role in the oxidation of fuel to generate electrons and it acts as the main site for the removal of byproducts. Generally, high electrical conductivity and gas permeability of the anode materials are required to reduce the polarization loss of SOFC. So far, Ni/YSZ cermets, in which 8YSZ is a good ionic conductor and Ni is a good electronic conductor [3–8], is the ⁎ Corresponding author. Tel.: +82 2 2220 0388; fax: +82 2 2293 4548. E-mail addresses: [email protected] (S. Kim), [email protected] (O. Kwon), [email protected] (S. Kumar), [email protected] (Y. Xiong), [email protected] (C. Lee). 0257-8972/$ - see front matter © 2007 Elsevier B.V. All rights reserved. doi:10.1016/j.surfcoat.2007.11.041



most common anode material used for SOFC applications because of its low cost and relatively high electrochemical catalytic activity. In general, the percolation threshold for the conductivity of the Ni/YSZ cermet anode is about 30 vol.% of Ni content, above which the conductivity can increase sharply [3]. However, it is influenced by the microstructure of the anode such as porosity, pore size, pore distribution, and the feedstock powder size as well as contiguity of each component. Thus, considering the contiguity effect, J H Lee et al has indicated that it seems to be proper to retain the Ni content below 50 vol.%. [8]. Besides, high porosity is necessary for the SOFC anode layer to supply the fuel and remove the reaction products as well as to maintain the three-phase boundary (TPB — electrolyte, electrode and gas phase), which acts as an electrochemically active site for electrode reaction. Hence, the microstructure control of the anode plays an important role for improving the efficiency of SOFC. Although ideal microstructure of the SOFC anode can be manufactured by many methods such as tape casting, screen
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printing, slurry coating, physical vapor deposition and so on. K.A. Khor et al [9] discussed microstructure property modifications in plasma sprayed 20 wt. % yttria stabilized zirconia electrolyte by spark plasma sintering technique. Thermal spray, especially atmospheric plasma spray (APS) [10] seems to be an economically attractive and effective technique for industrial production of SOFC due to its advantages such as low cost, easy operation, high deposition efficiency, wide selection of materials, etc [11,12]. Wickmann et al [12] deposited nickel–graphite–YSZ for anode application. In order to increase the porosity, the effect of graphite and oxide addition was investigated. In this study, the anode layers of porous NiO–graphite–YSZ are deposited by APS using 40 vol.% NiO coated graphite + 60 vol.% 8YSZ with and without graphite addition. In addition, the effects of H2 gas flow rate, stand off distance, and graphite addition on the porosity and micro structural stability of Ni/YSZ coatings by APS are discussed. 2. Experiment 2.1. Feedstock characterization The starting feedstock powder consists of 8YSZ (8 mol% yittria stabilized zirconia), with particle size ranges from 45 to 75 μm (Sulzer Metco), Ni-graphite powder (mean particle size of 50 μm, Sulzer Metco.), and graphite addition (mean particle size b 10μm, Sulzer Metco.). To co-deposit the coating with YSZ successfully, low density nickel coated graphite powder, which is oxidized at 800 °C in air for 2 h (no graphite burns off) before deposition, is used instead of pure Ni powder in this study. The porosity of the coating is expected to increase due to the reduction of NiO by the fuel gas (volume shrinkage) and the burn-off of graphite (volatilization) during SOFC operation. The nominal composition and particle size of the initial feedstock are given in Table 1. Fig. 1 shows the scanning electron microscope (SEM) images of each phases of the blend feedstock powder. In Fig. 1 a, b, c and d are the SEM images of individual YSZ, Nickel coated graphite, graphite and oxidized nickel coated graphite respectively. It is clearly seen that YSZ has spherical morphology. The nickel coated graphite and graphite powders are irregular in shape with sharp dentric edges. Fig. 1e shows the morphology of the blended powder feedstock. All the constituents of the feed stock phases are clearly seen in Fig. 1e. The size and the morphology of the powders are not uniform. The densities of YSZ (5.1 g cm− 3) and NiO–graphite (5.8 g cm− 3) are apparently same.



Table 1 The starting anode materials feedstock Number



NiO–graphite 50 vol.%



1



Mean particle size of 45–75 μm 50 μm 60 vol.% blended powder with optimized 8YSZ size



2



8YSZ 50 vol.%



Carbon (particle size b 10 μm) / 40 vol.%



Fig. 1. SEM images of the feedstock materials.



2.2. Atmospheric plasma spraying For material deposition, the method should be easy to fabricate the coating and cost effective [13]. Among all other fabrication techniques, APS technique seems to be a cost effective method and large area can be covered by using the same. One more important advantage is that APS is free from shape of the substrate and Planar, Tubular and single chamber can be coated easily. Hence APS has been selected. Different particle sizes of 8YSZ (b 45 μm, 45–75 μm, and N 75 μm) were selected for experiments. It was found that 45–75 μm was the optimum size for experiments with good flowability. The coatings were deposited by APS using the blended powder of NiO–graphite + 8YSZ (with optimized particle size) with and without graphite addition. Plasma secondary gas (H2) flow rate and stand off distance (between the torch and the substrate) are used as the principal parameters, which control the heat enthalpy supplied (heat input) to the powders. The main spray process parameters are summarized in Table 2. The coatings were deposited by DC atmospheric plasma spray system (Sulzer Metco 9 MB). The feedstock powder was vertically injected into the plasma gas downstream at the plasma jet centerline at
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Table 2 The APS process parameters Plasma gas composition Ar [SCFH]



H2 [SCFH]



100



5/10/15



Arc current [A]



Distance [mm]



Powder feed rate [g min− 1]



500



90/100/110



20



heated to 1000 °C at a heating rate of 10 °C/min and held at the same temperature for 30 min and the measurements were performed on cooling. The current applied for this process is 100 mA/cm2. The ASR data has been converted into electrical conductivity.



⁎SCFH: Standard Cubic Feet per Hour (1 SCFH = 0.47 lpm).



3. Results and discussion



20 g min− 1 feed rate. Also, it was injected into the plasma jet at 45° tilted against the vertical centerline of the nozzle to minimize the effect of gravitational force on powder trajectory. Stainless steel 304 was used as a substrate for the experiments. Apparently 150 μm coatings were deposited.



3.1. Microstructure



2.3. Characterization of coating The microstructures of the coatings were observed using scanning electron microscopy (SEM). The energy dispersion spectroscopy (EDS) and X-ray diffraction analysis were used for phase composition analysis of the coating. The longitudinal section is used to identify phase constituents of the coating using a X-ray diffractometer (Rigaku, Japan) with CuKα radiation at 40KV and 50 mA (XRD). In order to distinguish the different phases, backscattered electron (BSE) images are also taken in COMPO mode, which minimizes topography and maximizes atomic number effects. Porosity of the coatings was measured using an image analysis method, and calculating the porosity rate according to the coating cross-sectional area fraction of the pores on the image by Image Pro-Plus software (Media Cybernetics, USA). Electrical resistance was measured by a DC 4 probe method using Platinum wires with current source (Keithley 224) and multimeter (Keithley 2000) under the flowing of 4 vol.% of H2/Ar. The coatings were removed from the substrate (for electrical conductivity measurement, NaCl was deposited on the substrate prior to deposit the coating. Later the coating was detached from the substrate by supersonic washing) and platinum paste was applied on it. The samples were sintered during 1 h at 800 °C. After sintering the platinum electrodes were attached along with platinum paste followed by one hour sintering at 800 °C. The samples with electrodes were put in ASR (Area specific resistivity) furnace at 0.5 × 105 Pa and



Fig. 2. Cross-sectional microstructure of as-sprayed anode coating.



As sprayed coatings were polished and characterized by Scanning Electron Microscopy (SEM) and optical microscopy (OM) for their microstructural analysis. The average thickness of the coating was 150 µm. The cross-sectional microstructure (backscattered electron image) of the as-sprayed SOFC anode coating is shown in Fig. 2. It is clearly seen from the Fig. 2 that the deposited coating consists of four obvious regions with different contrasts. The gray (A), black (B), dark grey (C) and bright (D) regions indicate the Ni, graphite phase of NiO– graphite, graphite and pores and 8YSZ phases respectively. The fraction of 8YSZ increases (the fraction of Ni phase correspondingly decreases) with H2 gas flow rate. This is due to the increased plasma temperature (resulting plasma jet enthalpy)



Fig. 3. Nominal chemical composition (a) and phase constituent (b) of assprayed coatings with respect to H2 gas flow rate.
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Fig. 4. The SEM cross sectional microstructures of as-sprayed coatings by APS with H2 gas flow rate of (a) 10 SCFH and (b) 15 SCFH.



with the H2 gas flow rate. Thus, the melting degree of the spraying particles influences their deposition behaviors (melting point, Ni b NiO b YSZ). The fraction of completely molten YSZ increases with H2 gas flow rate (heat input) to increase the flattening ratio and deposition efficiency of the YSZ particles during impact onto the substrate. The constituent phase distribution in the as-sprayed coating is inhomogeneous. In fact, it seems to be a layered structure which will be discussed in the following section. Fig. 3. shows the nominal chemical composition and phase constituents (XRD patterns) present in the coatings prepared from different hydrogen gas flow rates. The total fraction of 8YSZ in the coating increases (the total fraction of Ni phase correspondingly decreases) with increasing hydrogen gas flow rate. This is due to the increased thermal conductivity of plasma jet (resulting from higher plasma jet enthalpy) while increasing the hydrogen gas flow rate. Thus, the melting degree of the particles influences their deposition behavior (melting point, Ni b NiO b YSZ). The fraction of the completely molten YSZ present in the coating increases with the increase of hydrogen
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gas flow rate which increases the flattening ratio and the deposition efficiency of the YSZ particles during impact on the substrate. It is worth mentioning that no detectable phase transformation or generation of new phases appear under the different hydrogen gas flow rate conditions in the coatings. Melting and deposition behavior of feedstock powders were performed in order to study the melting extend of the powders at different plasma processing conditions. The cross sectional micro structural SEM images of the coatings prepared from 10 and 15 SCFH hydrogen gas flow rates are shown in Fig. 4a and b respectively. The measured porosity values of the coatings for different H2 gas flow rate as shown in Table 3. Also it can be seen that the fraction of molten particles increases with the increasing hydrogen gas flow rate. Thus, the dense coatings with low porosity result from the high melting degree of the impact particles. Thus the high porosity can be obtained from the low melting degree of particles. However, as discussed above, it is proper to control the Ni content at 30–50 vol.% to balance the conductivity (high Ni content) and matrix stability (high 8YSZ content). Hence from the Fig. 4a and b, it is concluded that the moderate hydrogen gas flow rate which is 10 SCFH seems to be an optimized parameter. Optical micrographs of the as-sprayed coatings prepared at different stand off distances are shown in Fig. 5. The hydrogen gas flow rate was maintained as 10 SCFH. It is seen from the figures that the porosity (as shown in Table 3) decreases with increasing spraying distance. Moreover, the coatings tend to show layered structure feature with the increasing stand off distance. This may be attributed to ability difference of particle traversing plasma for YSZ and NiO (graphite), due to different particle size and density. Within the length of the flames, the melting degree of inflight particles increases with the stand off distance, due to extended duration of heating. Then the porosity decreases with the increase in the density of coatings. Thus, it is unreasonable for H. Weckmann to attribute the decreased porosity to the resolidification and fast solidification under long spraying distance conditions [14]. With the increase of spraying distance, the accumulation of completely molten NiO or Ni drops in the 8YSZ framework is enhanced. Thus, the coatings tend to be layered structure, which is beneficial for lowering anode polarization resistance [15]. However, the poor mechanical performance of layered coatings should be noted. Furthermore, it is noted that the layered structure of the coating may also result from the change of the beads of NiO–graphite and 8YSZ with the spraying distance [16]. The heavier particles will “drop” further below the gun centerline as spraying distance



Table 3 The porosity of the coating by APS at different H2 gas flow rate and distance H2 flow ratea (SCFH)



Porosity



Distanceb (mm)



Porosity



5 10 15



22% 25% 19%



90 100 110



25% 20% 23%



a



Constant distance (90 mm), bConstant gas flow rate (10 SCFH).
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measured porosity of the coatings with graphite addition (after oxidation in air and reduction in hydrogen at 800 °C for 4 h) is 38%, which is much higher than that of the coatings prepared without graphite addition in this study. The effect of graphite powder seems to be similar as nickel coated graphite which performs as a pore formation precursor. However, further research is needed to clarify the deposition mechanism of graphite. Moreover, the performance evaluation of NiO– graphite/8YSZ anode coatings deposited on actual SOFC porous anode should be the main objective of the future research. Fig. 7a, b and c are the SEM images of the as sprayed, after oxidized and hydrogen reduced coatings respectively. During oxidation, the graphite phases present in the coating layer get oxidized. Hence the porosity has been increased due to the removal of graphite phases in the form of carbon dioxide. It is clearly seen from the Fig. 7b that the distribution of pores is not uniform which shows the non uniform distribution of graphite phase in the coating. The triple phase boundaries consist of pores, YSZ particles and nickel on which the oxidation of hydrogen occurs in SOFC cell. NiO particles in the coating were reduced into Ni particles and the conductivity of coating was thereby changed from that of a ceramic insulator to



Fig. 5. The cross sectional microstructures of as-sprayed coatings by APS (H2 flow rate = 10 SCFH) with the spraying distance of (a) 90 mm, (b) 100 mm and (c) 110 mm.



increases and hence the NiO/YSZ beads will eventually separate from the original setting to produce the layer structures. Fig. 6 shows the cross sectional microstructure of the coating prepared from the powder mixed with carbon black. The



Fig. 6. Cross sectional microstructure of coatings with carbon black addition by APS (after oxidation in air and reduction in H2 at 800 °C for 4 h respectively).
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electrolyte. The YSZ present in the coating forms a conduction network for negative oxygen ions and Ni forms a conductive network for electrons. During the hydrogen reduction test, the NiO phase present in the coatings gets reduced and the remaining are YSZ and Ni phases. In Fig. 7c, the grey color of the microstructure indicates YSZ and Ni phases and the pores are in black color which are uniformly distributed in the coating. In summary, the porosity of the coatings by APS is mainly dependent on two factors: the molten degree of impact particles (associated with the H2 gas flow rate and spraying distance) and pore formation precursor addition. However, the ratio of NiO/ 8YSZ, which balances the conductivity and stability of anode coatings, is also significantly associated with the plasma jet enthalpy. Thus, the optimization of deposition parameters needs to consider the contradiction between porosity and NiO/8YSZ ratio. 3.2. Electrical conductivity Fig. 8 shows the temperature dependent performance of the electrical conductivity for the coatings. Increasing temperature decreases the electrical conductivity. The coating contains both metal and ceramic phases. For metal phase, increasing temperature electrical conductivity decreases. The results are reciprocated for ceramic phase. It is clear that increasing hydrogen flow rate decreases the electrical conductivity of the coatings. The secondary gas flow rate has different effects on the microstructures of the coatings. They are (i) the increased hydrogen flow rate decreases the total nickel content in the coating which they reduce the electrical conductivity, (ii) more closed pores are formed while increasing the hydrogen flow rate and reduces the electrical conductivity (iii) the increased hydrogen flow rate increases the connectivity of the nickel phase present in the coating which increases the electrical conductivity. In this case the effect of total nickel phase content and more closed pores may dominant the effect of nickel connectivity. The value of electrical conductivity at 800 °C is 190 Siemens/cm. The reference anode shows the electrical conductivity range from 160–800 Siemens/cm. It shows the lowest electrical



Fig. 7. SEM image of the (a) as sprayed, (b) Oxidized, (c) Hydrogen reduced coatings prepared from Spray dried and blended powders.



that of a metal conductor. The above process also increases the porosity which enables the flow of gases in the cell. The hydrogen reduction in the coating can yield channels through which hydrogen gas can propagate and be oxidized with oxygen ions that come from the cathode and propagate through the YSZ



Fig. 8. Electrical conductivity of coatings prepared from blended powders at different hydrogen gas flow rate as a function of operation temperature.
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conductivity of 160 Siemens/cm at 800 °C [17–22] which is lower than the values presented in this work. 4. Conclusion In this study, the effects of hydrogen gas flow rate, stand off distance, and the pore formation precursor (graphite) addition on the porosity and micro structural stability of Ni/8YSZ coatings prepared by atmospheric plasma spray are investigated. The porosity decreases slightly with increasing the hydrogen gas flow rate and stand off distance. This is due to the increase of the molten degree of impact particles after extended duration heating. In addition, the ratio of Ni/8YSZ in the resulting coatings is also associated with the molten degree of NiO and 8YSZ particles. Hence, the ideal high conductivity (Ni content), structural stability (8YSZ content) and porosity of the NiO/8YSZ coatings could be obtained under moderate hydrogen gas flow rate (10 SCFH) and short stand off distance (90 mm). Furthermore, the porosity of the coatings with pore formation precursors (graphite) after oxidation and reduction could be increased. Acknowledgement This work was supported by the Korea Science and Engineering Foundation (KOSEF) grant funded by the Korea government (MOST) (No.2006-02289). References [1] N.Q. Minh, T. Takahashi, Science and technology of ceramic fuel cell, Elsevier, 1995. [2] N.Q. Minh, J. Am. Ceram. Soc. 76 (3) (1993) 563.



[3] W.Z. Zhu, S.C. Deevi, Mater. Sci. Eng. A 362 (1-2) (2003) 228. [4] J. Li, Z. Lu, J. Miao, Z. Liu, G. Li, W. Su, J. Alloy. Compd. 414 (1-2) (2006) 152. [5] S.D. Kim, H. Moon, S.H. Hyun, J. Moon, J. Kim, H.W. Lee, Solid State Ionics 177 (9-10) (2006) 931. [6] H. Abe, K. Murata, T. Fukui, W.J. Moon, K. Kaneko, M. Naito, Thin Solid Films 496 (1) (2006) 49. [7] Y.L. Liu, C.G. Jiao, Solid State Ionics 176 (5-6) (2005) 435. [8] J.H. Lee, H. Moon, H.W. Lee, J. Kim, J.D. Kim, K.H. Yoon, Solid State Ionics 148 (1-2) (2002) 15. [9] K.A. Khor, X.J. Chen, S.H. Chan, L.G. Yu, Mater. Sci. Eng. A 366 (2004) 120. [10] Gilyoung Kim, Hanshin Choi, Changmin Han, Sangho Uhm, Changhee Lee, Surf. Coat. Technol. 195 (1) (2005) 107. [11] R. Zheng, X.M. Zhou, S.R. Wang, T.L. Wen, C.X. Ding, J. Power Sources 140 (2) (2005) 217. [12] H. Weckmann, O. Finkenwirth, R. Henne, et al., Microstructure of Nigraphite/YSZ composite coating on porous metallic substrates obtained by Atmospheric Plasma (APS), Conference Proceedings ITSC 2005, DVS, Dusseldorf, Germany, 2005. [13] Changhoon Lee, Hanshin Choi, Changhee Lee, Hyungjun Kim, Surf. Coat. Technol. 173 (2-3) (2003) 192. [14] H. Choi, H. Joo, K. Lim, H. Jo, C. Lee, Mater. Sci. Forum 534-536 (2007) 405. [15] A.C. Muller, D. Herbstritt, E.J. Tiffee, Solid State Ionics 152-153 (2002) 537. [16] F.G. Mora, J.M. Ralph, J.L. Routbort, Solid State Ionics 149 (3-4) (2002) 177. [17] W.Z. Zhu, S.C. Deevi, Mater. Sci. Eng. A 362 (1-2) (2003) 228. [18] J. Li, Z. Lu, J. Miao, Z. Liu, G. Li, W. Su, J. Alloys. Compd. 414 (1-2) (2006) 152. [19] S.D. Kim, H. Moon, S.H. Hyun, J. Moon, J. Kim, H.W. Lee, Solid State Ionics 177 (9-10) (2006) 931. [20] H. Abe, K. Murata, T. Fukui, W.J. Moon, K. Kaneko, M. Naito, Thin Solid Films 496 (1) (2006) 49. [21] Y.L. Liu, C.G. Jiao, Solid State Ionics 176 (5-6) (2005) 435. [22] J.H. Lee, H. Moon, H.W. Lee, J. Kim, J.D. Kim, K.H. Yoon, Solid State Ionics, 148 (1-2) (2002) 15.



























[image: DEVELOPMENT AND OPTIMIZATION OF A ...]
DEVELOPMENT AND OPTIMIZATION OF A ...












[image: DEVELOPMENT AND OPTIMIZATION OF A ...]
DEVELOPMENT AND OPTIMIZATION OF A ...












[image: Solute segregation and microstructure of directionally ...]
Solute segregation and microstructure of directionally ...












[image: phase, microstructure and mechanical properties of ...]
phase, microstructure and mechanical properties of ...












[image: Solute segregation and microstructure of directionally ...]
Solute segregation and microstructure of directionally ...












[image: Tracing the Microstructure of Sensemaking]
Tracing the Microstructure of Sensemaking












[image: The microstructure, high performance magnetic hardness and ...]
The microstructure, high performance magnetic hardness and ...












[image: AUTOMATIC DISCOVERY AND OPTIMIZATION OF PARTS FOR ...]
AUTOMATIC DISCOVERY AND OPTIMIZATION OF PARTS FOR ...












[image: Modeling, Optimization and Performance Benchmarking of ...]
Modeling, Optimization and Performance Benchmarking of ...












[image: Ebook Empirical Market Microstructure: The ...]
Ebook Empirical Market Microstructure: The ...












[image: Local Search and Optimization]
Local Search and Optimization












[image: Influence of the microstructure on the residual stresses ...]
Influence of the microstructure on the residual stresses ...












[image: Tortuosity characterization of 3D microstructure at nano ...]
Tortuosity characterization of 3D microstructure at nano ...












[image: concrete microstructure properties and materials pdf]
concrete microstructure properties and materials pdf












[image: MICROSTRUCTURE FORMATION IN THIN SLAB ... - Semantic Scholar]
MICROSTRUCTURE FORMATION IN THIN SLAB ... - Semantic Scholar












[image: A market microstructure explanation of IPOs ...]
A market microstructure explanation of IPOs ...












[image: Microstructure of tool steel after low temperature ion nitriding]
Microstructure of tool steel after low temperature ion nitriding












[image: The Effect of Microstructure in (Artificial) Financial ...]
The Effect of Microstructure in (Artificial) Financial ...















Development and microstructure optimization of ...






spark plasma sintering technique. Thermal spray, especially ... shape of the substrate and Planar, Tubular and single chamber can be coated easily. Hence APS ... 






 Download PDF 



















 2MB Sizes
 1 Downloads
 251 Views








 Report























Recommend Documents







[image: alt]





DEVELOPMENT AND OPTIMIZATION OF A ... 

Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company, for the United States Department of Energy under Contract ...














[image: alt]





DEVELOPMENT AND OPTIMIZATION OF A ... 

DEVELOPMENT AND OPTIMIZATION OF A CRYOGENIC-AEROSOL-BAED ... Yield enhancement is a major issue in today's IC manufacturing business.














[image: alt]





Solute segregation and microstructure of directionally ... 

phase becomes Ni-rich and the Cr content remains unchanged. These partition ... segregation, porosity distribution and the mechanical properties of the end ...














[image: alt]





phase, microstructure and mechanical properties of ... 

ABSTRACT. Marbles are widely used in construction industry due to their strength and variety of colours. The North. West Frontier Province (NWFP) of Pakistan has enormous marble deposits and is therefore of immense economical significance. Super-whit














[image: alt]





Solute segregation and microstructure of directionally ... 

modification, becoming rich in -stabilizer. This leads to the formation of ferrite at the dendrite boundaries at the end of the solidification process: transformations :.














[image: alt]





Tracing the Microstructure of Sensemaking 

Sensemaking, foraging, intelligence analysis. ACM Classification Keywords. H5.m. Information interfaces .... reach out to a colleague for assistance (consult). In contrast, the senior analyst reported here went ... demonstrate increasing degrees of p














[image: alt]





The microstructure, high performance magnetic hardness and ... 

Electron diffraction analysis also indicates that the Co atoms together with Fe atoms form the ..... [7] Lee D, Hilton J S, Liu S, Zhang Y, Hadjipanayis G C and.














[image: alt]





AUTOMATIC DISCOVERY AND OPTIMIZATION OF PARTS FOR ... 

Each part filter wj models a 6Ã—6 grid of HOG features, so wj and Ïˆ(x, zj) are both .... but they seem to be tuned specifically to shelves in pantry, store, and book-shelves respectively. .... off-the-shelf: an astounding baseline for recognition.














[image: alt]





Modeling, Optimization and Performance Benchmarking of ... 

Modeling, Optimization and Performance Benchmarking of Multilayer (1).pdf. Modeling, Optimization and Performance Benchmarking of Multilayer (1).pdf. Open.














[image: alt]





Ebook Empirical Market Microstructure: The ... 

enjoying this book Empirical Market Microstructure: The Institutions, ... constultant to the New York Stock Exchange and the American Stock Exchange, and on ...














[image: alt]





Local Search and Optimization 

Simulated Annealing = physics inspired twist on random walk. â€¢ Basic ideas: â€“ like hill-climbing identify the quality of the local improvements. â€“ instead of picking ...














[image: alt]





Influence of the microstructure on the residual stresses ... 

Different ironâ€“chromium alloys (4, 8, 13 and 20 wt.%Cr) were nitrided in a NH3/H2 gas mixture at 580 Â°C for various times. The nitrided microstructure was characterized by X-ray diffraction, light microscopy and hardness measurements. Composition 














[image: alt]





Tortuosity characterization of 3D microstructure at nano ... 

is the volume fraction of the pores. The geometry factor tortuosity (s) was then defined as Leff/L shown in equation (1). The square of tortuosity is therefore called ...














[image: alt]





concrete microstructure properties and materials pdf 

concrete microstructure properties and materials pdf. concrete microstructure properties and materials pdf. Open. Extract. Open with. Sign In. Main menu.














[image: alt]





MICROSTRUCTURE FORMATION IN THIN SLAB ... - Semantic Scholar 

interface and numerical simulation, the variation of heat transfer coefficient at this ... solidification, which can reach values above 1,9ÂºC/s [5], due the small ...














[image: alt]





A market microstructure explanation of IPOs ... 

The firm sends a public signal Î¸ s to the investors about .Î¸ ... G depending on the received signal Î¸ .... It is also straightforward to check from Eq. (4) that. ,)( Î¸Î¸. =.














[image: alt]





Microstructure of tool steel after low temperature ion nitriding 

characterised by X-ray photoelectron spectroscopy, electron probe microanalysis, scanning and transmission electron microscopy, and grazing incidence and Braggâ€“Brentano X-ray diffractometry. In particular, the influence of the nitrogen surface conc














[image: alt]





The Effect of Microstructure in (Artificial) Financial ... 

properties generated by the simulated data on stable distributions. 1 Introduction .... the price pa,1 and the bid price is pb,1 with pb,1 > pa,1, so the price of the.


























×
Report Development and microstructure optimization of ...





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.
















