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Abstract

:

The work is focused on the combined process of obtaining bimetallic parts that involve laser-directed energy deposition (LDED) additive technology and the conventional casting process. In this research, molybdenum powder was deposited by LDED on a cast 25L steel substrate. The choice of materials is motivated by demands for replacing the traditional technique of brazing molybdenum with a copper interlayer on low-carbon steel to eliminate shortcomings. The influence of powder particle morphology on the quality of deposited layers was studied. Spherical molybdenum powder PMS-M99.9 facilitated stable deposition of good layers and was found to be suitable for the LDED. Quality diagnostics were performed by studying microstructure, hardness, and wear resistance properties. Preferential parameters of the LDED of molybdenum were found through parametrical analysis. Microstructural studies showed that LDED of PMS-M99.9 powder results in a homogeneous stable layer with a strong bond to the steel substrate, which was confirmed by mutual diffusion of Mo and Fe in the boundary. It is also demonstrated that the found working parameters of LDED assure high hardness, wear, and fretting wear resistance. The three studied coatings (LDED of powders PMS-M99.9 and PM-M; VM1 brazing) had the same friction coefficient value of ~0.25. Compared to others, PMS-M99.9 coating had the lowest volumetric wear, while abrasive wear was measured to be the highest.
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1. Introduction


The development of modern industry in the direction of increasing the service life of components and mechanisms is inextricably linked with the development and improvement of processing technologies and the creation of new materials and methods for modifying surfaces. To increase the wear resistance of the surface of metallic materials, various methods are used (thermal, chemical–thermal, and mechanical). Laser hardening and cold gas dynamic spraying are among the most promising technologies [1,2,3,4,5]. As technological progress continues, industries demand more complex parts combining intricate shapes and advanced physical and chemical properties. A probable solution may be found in rapidly developing additive technologies (ATs) such as powder bed fusion using a laser beam (PBF-LB) and laser-directed energy deposition (LDED) [6,7,8,9].



The list of metal materials suitable for additive manufacturing (AM) is growing intensively. Furthermore, AM technologies for ceramics are also developing [10,11]. Special attention is paid to process diagnostics by determining the brightness temperature and restoring the true temperature in the laser exposure zone [12,13,14,15].



Using LDED technology, it is possible to manufacture products through a combined method, for example, to apply a deposited layer with the required performance characteristics to the surface of products on a workpiece made by casting or PBF-LB. Such bimetallic products are in demand in modern industries; for example, in the aerospace industry, coatings that provide high wear resistance and withstand high operating temperatures are very common. However, for the practical application of LDED, it is necessary to carry out diagnostics of the quality of the resulting coatings, considering the operating conditions of the products. The quality criteria of the deposited coatings are flawless microstructure in the deposited layers, microhardness values, accuracy of the coating, wear resistance, and fretting wear behavior of the deposited layers.



Currently, in the field of development and research of the LDED technology to improve the performance of products, active research is being carried out by scientists from various international groups. Ding et al. [16] conducted comparative studies of the microstructure and properties of Inconel625 coatings on mild steel (27SiMn) obtained by ultra-high-speed laser cladding (UHSLC) and regular laser cladding (LSLC). It is reported that UHSLC has a cladding rate of 30 m/min which is 15 times higher than that of LSLC. As a result, the hardness, wear resistance, and corrosion resistance of Inconel625 coatings were greatly improved by increasing the speed of laser deposition.



With the development of aerospace technology and an increase in industrial production capacities, the temperatures of pre-turbine gases and the requirements for engine blade materials have increased [17,18,19].



Due to the limitation of the melting point, nickel-based superalloys cannot meet the urgent need to improve the performance of aircraft engines; thus, other types of high-temperature materials must be developed [20].



Mo-Si-B alloys are considered promising as high-temperature structural materials for next-generation aircraft engines and hypersonic vehicles due to their extremely high melting point (above 2000 °C), excellent heat resistance, good high-temperature oxidation resistance, and creep resistance [21].



The use of Mo-Si-B alloys will make it possible to increase the temperature of the pre-turbine gases of aircraft engines by 300–400 °C, which will significantly increase the efficiency of aircraft engines [22,23].



Laser-based AM technologies provide a high cooling rate while realizing a new way of three-dimensional shaping of Mo-Si-B alloys. Structures formed by LDED of Mo-Si-B alloys have higher oxidation resistance [24] and fracture toughness [25], indicating that AM is beneficial for this material. However, with Mo-Si-B alloys being very brittle, AM of Mo-Si-B alloys still faces significant challenges. Schmelzer et al. [26] were the first to publish successful results on probation Mo-Si-B alloys for LDED, reporting that they were able to obtain 3 mm of the deposited layer without cracks by induction heating of the substrate at 600 °C. It is noted that the microhardness of the layer was comparable to that of the cast alloy.



Zhou et al. [27,28] also successfully used the PBF-LB method for the three-dimensional molding of Mo-Si-B-Ti-C alloy powders prepared in a ball mill. Due to the fast solidification process, a fine-grained structure and uniform distribution of TiC nanoparticles were obtained, but the microhardness of the layer was lower than that of the cast alloy of the same composition due to the presence of microcracks inside the material.



Fichtner et. al. developed process parameters for LDED of Mo-Si-B alloys without cracks [29]. In [30], the Mo-Si-B alloy obtained by PBF-LB technology was studied, and the density and mechanical properties were determined at various process parameters and different ratios of the alloy components. It has been established that the Mo-Si-B alloy with the atomic composition (at.%) Mo (93.5), Si (4.5), and B (2.0), with a laser power of 250 W, scanning speed of 500 mm/s, and layer thickness of 60 microns, has the highest density value of 94.22 %.



Since pure molybdenum at room temperature is a brittle material, the authors studied the effect of Si and B additives on the bending strength. During the three-point bending experiment, it was found that the addition of elements Si and B gave the material some ductility, and the maximum bending force was 978.6 N. At present, studies of technological processes for the additive production of molybdenum-based alloys are still at the development stage and are not ready for wide practical use.



Due to the growing demands of the aerospace industry, there is also a need to develop a technology for the additive production of pure molybdenum on steel substrates [31]. In this regard, studies of PBF-LB of pure molybdenum are known [32]. The authors emphasize that the difficulties in obtaining a high-quality layer during PBF-LB are due to the high melting point of molybdenum and the high transition temperature of molybdenum from a plastic state to a brittle one. In the power density range from 0.44 J/mm to 0.64 J/mm, the authors managed to obtain even tracks with a small number of pores and microcracks. The maximum density of pure molybdenum obtained by PBF-LB molding was 99.1%.



The authors of [33] presented an overview of methods for obtaining multimaterial products, particularly via the LDED method. The prospects and problems of the methods are discussed. The main problems are the occurrence of defects in the deposited layers that occur at temperature gradients, as described in detail in [34].



The literature review showed that additive manufacturing of bimaterial objects is relevant and promising. However, at present, studies of AM processes of molybdenum-based alloys and studies in the field of LDED of pairs of materials such as molybdenum + low-carbon steel are still in the development stage and are not ready for industrial use.



This work is aimed at studying the LDED process of molybdenum on mild steel and diagnosing the quality of the deposited layers. In a previous study [31], the possibility of replacing the traditional technology of Mo soldering with carbon steel using copper solder with LDED was shown. In [31], the microstructure of brazed layers was studied, and the results were discussed. In the current work, the effect of powder morphology on the quality of the deposited layers is studied. Considering the operational requirements for the product, the structure, density, hardness, and wear resistance of the deposited coatings were studied.




2. Materials and Methods


2.1. Raw Materials


The choice of materials for the study was determined by the solution of a specific problem, which consists of replacing the traditional manufacturing technology of the bimetallic part “body” with a combined technology: conventional casting and LDED. The bimetallic part “body” is a body casting of steel grade 25L, to which a VM1 molybdenum plate is brazed with copper solder. It is designed to withstand high temperatures and maintain wear resistance. However, the working temperature may exceed the melting point of the copper solder leading to coating destruction. To tackle this problem, an alternative approach based on LDED of molybdenum powder on cast 25L substrate was proposed to exclude copper interlayer brazing. The chemical composition of the 25L steel is presented in Table 1.



Molybdenum powders PM-M (JSC “Polema”, Tula, Russia) and PMS-M99.9 (JSC “Polema”, Tula, Russia) of different morphology were used as raw materials in this study. The PM-M powder with irregularly shaped particles in the range of 20–63 μm was manufactured by mechanical disintegration. The PMS-M99.9 powder (particle size 40–100 μm) was produced by mechanical disintegration followed by plasma spheroidization. The chemical composition and properties of the raw powders are presented in Table 2 and Table 3 correspondingly.



To confirm the compliance of the raw powders with the required parameters specified in the standards for additive technologies [6,7], as well as to verify the parameters declared by the manufacturer, an input control of the powder materials was carried out. Granulometric analysis of powders was carried out on an Occhio 500 Nano optical morphometer (Occhio S.A., Liege, Belgium) with software for statistical image analysis (Figure 1). Morphological and elemental analyzes were performed on a Tescan Vega 3 LMH scanning electron microscope (SEM) (Tescan, Brno, Czech Republic) equipped with an energy-dispersive X-ray microanalyzer (Oxford Instruments, Abington, UK).



The size distribution of powder particles is described by the Gaussian normal distribution law. It was found that the average particle size of the PM-M powder was dmed = 53.55 µm, and the volume of particles that did not correspond to the size of the main fraction declared by the manufacturer (from 20 to 63 µm) was 24.65%. The irregular shape of the particles was confirmed by SEM (Figure 2a). A high content of unintended fine particles affects negatively the flow focusing and makes it difficult to transport the powder to the nozzle. Therefore, the PM-M powder was sieved to meet the requirements for LDED powders.



The average particle size of the PMS-M99.9 powder was dmed = 76.79 µm, and the total content of particles that did not correspond to the size of the main fraction declared by the manufacturer (from 40 to 100 µm) was 9.75%. The shape of the powder particles was spherical with a high sphericity index of more than 90% (Figure 2b). The PMS-M99.9 powder was suitable for the LDED process; therefore, no additional sieving was performed.




2.2. LDED Equipment


LDED process was carried out on an installation equipped with a multimode ytterbium fiber laser IPG (IPG Photonics, Fryazino, Russia) with a power of 3000 W. The LDED equipment design is presented in Figure 3.



The design of the installation included a working chamber with a size of 400 × 400 × 400 mm3, a laser module, a module for preparing a gas–powder mixture with the ability to use powder fractions from 40 to 200 µm, a welding head (nozzle), a five-coordinate kinematic system based on linear motors and systems control with software that allows controlling the flow of the gas–powder mixture, optical units, and laser radiation in accordance with the motion paths created by the three-dimensional CAD model.




2.3. Sample Characterization


The microstructure and microrelief of the surface of the samples were studied using a Carl Zeiss Axio Observer D1m (Carl Zeiss Microscopy Ltd., Cambridge, UK) optical microscope and a PHENOM G2 PRO (SEM) with a built-in energy dispersive EDX analyzer (Thermo Fisher Scientific, Waltham, MA, USA).



Sample density was determined by hydrostatic weighing on a Mettler Toledo XP504 balance with an accuracy of 0.001 g/cm3. Ethyl alcohol was used as the working fluid.



To analyze the microhardness, a Qness Q10A microhardness tester (Qness GmbH, Golling, Austria) was used with a maximum indenter load of 10 kilograms, which makes it possible to determine the hardness using the Vickers method with a measurement error HV = 0.01.




2.4. Fretting Wear Tests


Fretting wear is a mechanical wear of bodies in contact under conditions of small oscillatory movements. Wear resistance studies were carried out on a friction machine (Figure 4), which included electromagnetic vibration device 1 for testing of friction pairs during reciprocating movement of one of the samples. The loading system in the form of a balanced lever 4 transfers the normal load to the contact zone 5, which is regulated by loads of various masses. The systems for registration and control of experimental parameters include a sinusoidal signal amplifier (MMF VEB METRA) and a system for recording and monitoring parameters, a piezoelectric force sensor 3 with a resolution of Δ = 4 mN and a signal controller, and a laser displacement sensor 2 (Dmax = ±250 μm, resolution Δ = 0.01 µm) with a controller.



The evaluation of tribological properties (friction coefficient and wear resistance) of the two types of laser-deposited molybdenum powder and brazed molybdenum layer was carried out on a friction machine in a reciprocating mode. The sphere/plane scheme was used as a model contact. The sphere was a ceramic wear-resistant ball with a diameter of ø10.6 mm made of Al2O3, while samples with a deposited molybdenum layer were used as a plane counterpart (Figure 5). The testing parameters are presented in Table 4.



During the experiments, the values of the friction coefficients were recorded. Wear volume and wear damage were visually assessed using an Olympus LEXT OLS 5000 optical confocal microscope (Olympus, Tokyo, Japan). Comparative studies of wear resistance during fretting were carried out on samples of three types that imitate the protective layer of the “body” part, made according to traditional technology and LDED of powders PMS-M99.9 and PM-M with preferential parameters.



The procedure for measuring volumetric wear consists of the following steps (Figure 5):



1. Imaging wear spots on an optical confocal microscope;



2. Determining the area for wear measurement;



3. Setting the middle line, relative to which the volume will be calculated;



4. Calculating wear volume in special software.




2.5. Abrasive Wear Tests


The obtained samples with molybdenum coating were tested for abrasive wear on the Calowear machine (CSM Instruments, Peseux, Switzerland) according to the scheme in Figure 6.



The principle of measurement is based on forming a spherical crater on the surface of a specimen. A steel ball with a diameter of Ø25 mm in an abrasive medium rotates in contact with the surface of the specimen. An RDDM-grade diamond (15 carats) with a grain size of 0 to 1 µm was used as an abrasive. The normal force applied to the sample in the contact was 0.2 N. The rotation speed was 9.9 min−1. The formed spherical crater was studied with an optical microscope, and wear volume V was calculated according to Equation (1).


  V =  (    π  d 4    64 R    )   



(1)




where V is the wear volume in mm3, R is the ball radius in mm, and d is the crater diameter in mm.





3. Results and Discussion


3.1. Determination of Preferential Parameters for LDED


The quality of the LDED process depends on a large number of operating parameters. By changing the operating parameters, it is possible to control the geometry and quality of the deposited beads and layers. The main variable parameters of the LDED process for single beads were powder consumption, laser radiation power, carrier gas consumption, and scanning strategy, scanning step, and step along the vertical axis for 3D objects.



The parameters of the LDED process were determined on the basis of the microstructure of the cross-section samples, their microhardness, and the geometry of single beads: width, height, and penetration depth. As a result, preferential parameters of LDED of molybdenum on 25L steel were found to be laser power P = 480 W, scanning speed V = 400 mm/min, powder consumption Fpow = 4 g/min, carrier gas Fcgas rate = 4 L/min, shielding gas Fshgas rate = 10 L/min and laser spot diameter = 1.2 mm. Figure 7 shows cross-sections of the obtained samples, while Table 5 presents the microhardness values of each sample. For the 3D objects, a hatch distance of 1.0 mm along with a vertical step Δz = 0.25 mm was chosen. The optical system provided a 1.2 mm laser spot with Gaussian distribution of energy within. The focal spot of the powder was 900 µm, and the working distance (the distance between the nozzle and substrate surface) was 11 mm.



The microstructure of the deposited layers from PM-M powder is full of pores (Figure 8a) while spherical powder resulted in homogeneous layers with a density from 9.8 to 10.0 g/cm3 (Figure 8b).



The quality of the deposited coatings is greatly determined by the adhesion strength of the coating and the substrate. For this purpose, the microstructure of the boundary regions of the deposited layer of molybdenum and steel 25L was studied (Figure 9). Unlike for PMS-M99.9 powder, pores and transverse cracks were observed in the area of melt pool boundary in the deposited layer of PM-M powder on 25L steel substrate (Figure 9 and Figure 10).



SEM studies of the microstructure and distribution of elements of the transition layer showed a good metallurgical bond between the deposited layer and the steel base. This was confirmed by a gradual decrease in the percentage of Mo and an increase in the content of Fe in the direction from the surface of the deposited layer to the core (Table 6). The mutual diffusion of Mo and Fe on the Mo–steel boundary also supports this conclusion (Figure 11 and Figure 12).



Both round and dendrite crystals of Mo of different degrees of dispersion can be observed in Figure 11a. The dendrites were mostly columnar; however, in some cases, there were dendrites with axes of second order. Figure 12 shows elements distribution maps of Fe and Mo in the area of the melt pool boundary.




3.2. Fretting Wear


The results of the study, obtained by simulating the operation of a nominally fixed friction joint, make it possible to determine the qualitative and quantitative characteristics of the interface in terms of ensuring the integrity of the joint. Comparative studies of wear resistance during fretting showed that the coefficient of friction of all three coatings was almost the same at ~0.25 (Figure 13).



Figure 14 shows the results of destructive processes in the contact area of a nominally fixed friction joint during wear under fretting conditions (frequency = 20 Hz, load = 5 N, and number of cycles = 105).



It was revealed that, on the specimens made by brazing and LDED of PM-M powder, the value of volumetric wear (Table 7) was significantly higher compared to the molybdenum coating obtained by LDED of the PMS-M99.9 powder. This phenomenon can be explained by the lower hardness of the molybdenum plate compared to the deposited molybdenum layers. The layer obtained by LDED of the PM-M powder also had significantly greater wear since the structure of the deposited molybdenum had defects in the form of pores and cracks.




3.3. Abrasive Wear


Figure 15 and Figure 16 present the results of comparative studies of abrasive wear tests of all three types of specimens: LDED of PM-M powder, LDED of PMS-M99.9 powder, and brazing.



The results of abrasive wear tests show that the volumetric wear of the PMS-M99.9 LDED coating was more than 2.5 times lower than that of PM-M powder (Figure 17, Table 8). The poor wear resistance of the LDED PM-M coating is explained by the presence of microstructural defects due to the irregular shape of particles of the raw material. Moreover, being harder, the PMS-M99.9 LDED coating outperformed the brazed Mo coating.



Thus, the “body” part made by LDED of the PMS-M99.9 spherical powder provided better performance properties compared to the traditional manufacturing technology.





4. Conclusions


Studying the process of LDED of molybdenum powders PM-M of irregular shape and PMS-M99.9 of spherical shape showed that PMS-M99.9 is suitable for the LDED technology and provides depositing stable layers with homogeneous microstructure and density in the range 9.8–10.0 g/cm3. LDED of powder with irregularly shaped particles resulted in microstructural defects such as pores and cracks.



Preferential parameters of LDED of PMS-M99.9 including laser power P = 480 W, scanning speed V = 400 mm/min, powder consumption Fpow = 4 g/min, carrier gas Fcgas rate = 4 L/min, shielding gas Fshgas rate = 10 L/min, hatch distance = 1 mm, vertical step Δz = 0.25 mm, and laser spot diameter = 1.2 mm provided Mo layers with a homogeneous flawless microstructure and a strong metallurgical bond with substrate, as confirmed by mutual diffusion of Mo and Fe on the Mo–steel boundary. Moreover, LDED improves hardness, abrasion, and fretting wear resistance.



Comparative abrasive wear tests for 10 min showed that the wear resistance of the LDED of PMS-M99.9 powder was 2.54 times higher than PM-M powder and 1.38 higher than brazed molybdenum.



Comparative fretting wear tests showed that the friction coefficient of all three types of specimens had the same value of ~0.25. The lowest volumetric wear was measured for the LDED PMS-M99.9 powder.
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Figure 1. Integral curves and histograms of particle size distribution of powders: (a) PM-M; (b) PMS-M99.9. 
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Figure 2. Particle morphology of (a) PM-M powder and (b) PMS-M99.9 powder. 
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Figure 3. The design of LDED equipment: 1—table, 2—substrate, 3—mountings, 4—X–Y movement system, 5—laser module, 6—laser head, 7—coaxial nozzle, 8—powder feeding channels, 9—shield gas supply, 10—laser and powder flow jet, 11—deposited bead, and 12—X–Y–Z movement and rotation system. 
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Figure 4. The scheme of the fretting wear test machine: 1—electromagnetic vibration device, 2—laser displacement sensor, 3—piezoelectric force sensor, 4—lever, and 5—contact zone. 
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Figure 5. Stages of volumetric wear measuring after fretting wear tests. 
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Figure 6. Abrasive wear test scheme. 
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Figure 7. Cross-section images of single beads at different LDED parameters. Bead numbers are according to the Table 5. 
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Figure 8. Microstructure of the cross-section of the deposited layers after LDED (×50): (a) powder PM-M; (b) powder PMS-M99.9. 
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Figure 9. Microstructure of the Mo-steel boundary after LDED (×100): (a) powder PM-M; (b) powder PMS-M99.9. 
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Figure 10. Microstructure of the Mo-steel boundary after LDED (×500): (a) PM-M powder with 1—pores and 2—cracks; (b) PMS-M99.9 powder. 
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Figure 11. (a) Microstructure of the deposited Mo layer; (b) single EDX spectrum map. 
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Figure 12. EDX distribution maps of (a) Mo and (b) Fe on the Mo–steel boundary. 
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Figure 13. Dependence of friction coefficients on the number of cycles. 
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Figure 14. Contact area and the restored cross-section of the wear spot. 
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Figure 15. The development of destructive processes in the contact area during abrasive wear tests. 
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Figure 16. The 3D imaging of contact spot after 10 min of abrasive wear tests: (a) LDED of PMS-M99.9 powder, (b) brazing, and (c) LDED of PM-M powder. 
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Figure 17. The dependence of the volume of material removed from the wear time. 
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Table 1. The chemical composition of the 25L steel substrate.
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Material

	
Elements Composition, % Mass




	
Fe

	
C

	
Mn

	
Si

	
S

	
P






	
25L steel

	
Balance

	
0.30

	
0.54

	
0.51

	
0.019

	
0.024
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Table 2. The chemical composition of the Mo powders PMS-M99.9 and PM-M.
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Material

	
Elements Composition, % Mass




	
Mo

	
Residual Elements 1, Total

	
O






	
PMS-M99.9

	
Balance

	
0.1

	
0.025




	
PM-M

	
Balance

	
0.2

	
0.025








1 Al, Fe, K, Ca, Si, W, Mg, Ni, Na, Mn, and Zn.
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Table 3. The properties of Mo powders PMS-M99.9 and PM-M.
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	Material
	Flowability, s
	Packed Density, g/cm3
	Tap Density, g/cm3





	PMS-M99.9
	10.4
	6.4
	7.14



	PM-M
	n/a
	3.96
	5.3










[image: Table] 





Table 4. Fretting wear tests conditions.
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	Displacement D, µm
	Frequency f,

Hz
	Load Fn, N
	Number of cycles N
	Atmosphere





	100
	20
	5
	105
	Air
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Table 5. Hardness of the Mo coatings depending on the LDED working parameters.
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	Bead No.
	Laser Power,

W
	Scanning Velocity, mm/min
	Powder Feed Rate,

g/min
	Hardness,

HV





	1
	360
	200
	2
	248 ± 3



	2
	360
	300
	2
	275 ± 12



	3
	360
	400
	2
	503 ± 10



	4
	360
	200
	4
	287 ± 15



	5
	360
	300
	4
	300 ± 5



	6
	360
	400
	4
	390 ± 16



	7
	480
	200
	4
	278 ± 8



	8
	480
	300
	4
	416 ± 24



	9
	480
	400
	4
	465 ± 11



	10
	480
	200
	6
	319 ± 26



	11
	480
	300
	6
	336 ± 15



	12
	480
	400
	6
	500 ± 30
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Table 6. Single EDX spectrum analysis in the Mo–steel boundary area (Figure 11b).
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Spectrum No.

	
Elements Composition, wt.%




	
Si

	
Mn

	
Fe

	
Mo






	
1

	
-

	
-

	
-

	
100.00




	
2

	
-

	
-

	
-

	
100.00




	
3

	
0.3

	
-

	
29.68

	
70.02




	
4

	
0.35

	
-

	
38.79

	
60.86




	
5

	
-

	
-

	
-

	
100.00




	
6

	
-

	
-

	
-

	
100.00




	
7

	
0.41

	
0.24

	
49.20

	
50.15




	
8

	
0.43

	
0.34

	
49.52

	
49.71




	
9

	
0.75

	
0.54

	
98.59

	
0.12




	
10

	
0.63

	
0.45

	
98.81

	
0.11
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Table 7. Volumetric wear values of Mo layer after fretting wear tests (µm3).
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	Test
	LDED

PMS-M99.9 Powder
	Brazing

VM1
	LDED

PM-M Powder





	1
	1,218,335
	2,396,864
	3,351,274



	2
	1,313,380
	2,746,736
	2,586,375



	3
	1,237,625
	2,495,547
	2,855,039
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Table 8. Volumetric wear values of Mo layer after abrasive wear tests.
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Volumetric Wear of Mo Layer (mm3)




	
Test Duration,

min

	
LDED

PMS-M99.9 Powder

	
Brazing

VM1

	
LDED

PM-M Powder






	
5

	
0.000759

	
0.000635

	
0.001548




	
10

	
0.001249

	
0.001722

	
0.003169
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