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ABSTRACT

The search for materials with higher properties and characteristics (wear resistance, oxidation/corrosion resistance) has stimulated the research of various materials. Among these are the nickel-based superalloys that have an important role in aeronautical and automobile industries and so on, due to their excellent performance at high temperatures. The studied superalloy is the Pyromet 31V used in exhaust valves in common engines and diesel engines of high power, because it has mechanical strength and corrosion resistance at temperatures of about 815 °C. The objective of this work is to study the influence of coatings on cutting tools and the application of cutting fluids in turning, to promote the optimization of the superalloy machining. The superalloy was machined using various parameters and afterwards a characterization of the chips, samples and tolls was made through an optical microscopy, SEM/EDS where the gamma line fase (γ') and tool wear were detected.
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INTRODUCTION

The development of metallic materials is intimately associated to technological advances. The necessity of materials to be more resistant to wear, corrosion/oxidation and tougher, has been the impulse for the research of many materials. Originally, the stainless steels and alloyed steels were used, but the necessity of an operation at higher temperatures, encouraged the development of the refractory alloys or “superalloys”.

The use of the nickel based alloys in the aeronautical and rocket engineering field is mainly because of their good performance at high temperatures, which is given for some of its intrinsic characteristics, such as having a high mechanical strength at elevated temperatures, a high resistance to fluidity, a high resistance to fatigue, and corrosion resistance. (EZUGWU et. al., 1999)(1) (SILVA et. al., 2001)(2). The nickel alloys have a chemical composition containing high levels of alloying elements, which are responsible for their mechanical and thermal properties, but these characteristics make its machining excessively difficult, causing some problems during the process (SILVA et. al., 2001)(2).

The main difficulties in machining these alloys can be summarized as (EZUGWU et. al., 2003)(3): High strength and hot hardness; the austenitic matrix of the nickel alloy promotes a fast hardening; the presence of hard carbides and abrasives in the microstructure; the low thermal conductivity, and the weldability of the workpiece material in the cutting edge of the tool. Therefore, to obtain satisfactory machining conditions, it is necessary to have a good understanding of the microstructure of the involved materials, the effects about the behavior of the cutting tools, and on the efficiency of the utilized machining processes (VIGNEAU, 1997)(4).

MATERIALS AND METHODS

Materials
The Pyromet 31V superalloy, used was produced by the process of hot rolling with final hardness between HRC 41.5 and 42.5 and under a laminate condition followed by a solubilization treatment (1040 °C for 1h with air-cooling) and aging (780 °C for 4 h with air-cooling), with hardness varying between 36 to 38 HRC. Tab. 1 below shows the composition of the alloy used in the tests.

Table 1: Nominal composition of the nickel Pyromet 31V superalloy (Internet: Cartech)(5)[image: image1.jpg]COMPOSITION | Ni [ Cr [ Fe [Ti [AI [ Nb [ Mn Si 3 Mo | B P C
PYROMET 31V

57,0 [ 227 | Rem* | 23 | 13 | 085 | 0.2Max | 0.2 Max | 0,015Max. | 20 | 0,005 | 0015 Max. | 0,04
(SAE HEV8)

*Rem.: Remaining





The workpieces dimensions were: Length = 185 mm and Diameter = 52 mm.
The tools used in the tests as indicated by the manufacturer (Sandvik) for superalloys machining, were coated hard metal pads TNMG 160408-23 Class S15 (GC 1005) and uncoated hard metal pads TNMG 160408-23 Class S15 (H13A). Coated tools (Sandvik GC 1005) were chosen because they present good resistance against plastic deformation. The tool uncoated H13A was selected to combine good abrasion resistance with good toughness in the superalloy turning (Sandvik, 2005)(6).

The tests were performed on a CNC MACH-9-Centur 30S, 25 to 3500 rpm, with power of 7.5 CV, ROMI.
The cutting fluid abundantly used was the Lubrax OP-38-EM that consists in an oil emulsion of naphthenic base. The cutting fluid flow during the tests was at approximately 4.8 liters/minute. For the tests developed with the Minimum Quantity of Fluid (MQF) technique the Accu-lube equipment was used, which is manufactured by ITW Chemical Products Ltd. The vegetable-based lubricant LB 1000 was used according to the manufacturer's instructions. The flow and pressure for the test were adjusted to 5 ml/h and 5 bar, respectively. The equipment was put about 30 mm from the tool and directed to the rake face.

Test Methodology

The tests were conducted so that, at each pass realized in the workpiece, it was removed from the lathe, its diameter and tool wear were measured, and chip samples were collected for analysis. The criterion chosen for the ending lifetime of the tool was the maximum flank wear (VBBmax), which equals 0.5 mm.
The material tested will be indicated in the case of the hot rolled alloy that passed by solubilization followed by aging as the alloy solubilized, while the other one that did not receive thermal treatment will be simply called as rolled alloy.

The parameters used for the machining were Vc = 75 e 90 m/min, f = 0.12; 0.15; 0.18 and 0.21 mm/rot and ap = 0.8 mm. The parameters used with MQF were Vc = 75 and 90 m/min. f = 0.15 mm/rot and ap = 0.8 mm for rolled alloy and Vc = 75 and 90 m/min., f = 0.12 mm/rot. and ap = 0.8 mm for the solubilized alloy.
Once the end of the tools lifetime is reached (VBBmax = 0.5 mm), they were identified and subsequently forwarded to the Zeiss stereoscope to check the wear values ​​measured by graduated magnifying glass. 
Preparation of the material
Samples of the two conditions of the used alloys were prepared, so they are analyzed by the Scanning Electron Microscope - SEM and for the constituents to be identified and quantified using the EDS (Energy Dispersive Spectroscopy). The proportion of reagent is defined in Eq. A:

HCl + HNO3 + H2SO4 (proportion 92:3:3 respectively)                  (A)

The best results were obtained with 35 seconds of etching at room temperature. For the revelation of the microstructure, the method of etching was immersion.
RESULTS AND DISCUSSION

Tool wear

Fig. 1 shows the aspect of wear found in coated tools. In general, the generated wear on cutting tools when working with nickel-based alloys are not derived from a single wear mechanism, but a combination of several of them.
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Figure 1: Aspect of wear on the coated tool TNMG 160408-23 class 1005
The aspects of wear occurring on the uncoated tool can be found and seen in Fig. 2. It is verified that, unlike what occurred with coated tools, the wear characteristic is predominantly by abrasion and diffusion, with greater intensity at the tool tip than on the rake face or flank face, besides the cratering effect on the rake surface of the material. 

The chips formed are characterized as being helical of medium to long size, with non-rare cases of dual chip formation. The long chips can damage the cooling, impeding an efficient penetration of the refrigerant. On uncoated tools, the generated chips were long and helical, and often curled in the workpiece, thus damaging the surface finish.
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Figure 2: Aspect of wear on the uncoated tool TNMG 160408-23 H13A
Results obtained from the preparation of the chips

Microstructural analysis
It was obtained the following micrographs of the chips generated in the machining process with Vc = 75 m min, f = 0.18 mm/rot and ap = 0.8 mm.
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                                               (a)                                              (b)

Figure 3: Micrograph of two chips generated both by a new tool in the first step of the machining process: (a) continuous large chip (b) continuous small chip

Fig. 3a has some characteristics regions of superalloy when machined. The green arrow indicates the region where the grains appears. It can be seen in Fig. 3 that these grains have a considerable symmetry, which can be qualified as equiaxed grains. This characteristic can be explained by the fact that this chip has been obtained with a new tool, generating this homogeneity in relation to the grains sizes, thus giving a good surface finish to the workpiece.
The blue arrow in Fig. 3 indicates the primary deformation zone, and the red arrow shows the secondary deformation zone. Through Fig. 4, it is possible to identify, as in Fig 3, the regions of the grains and the deformation regions generated in the machining of parts.
Unlike the grains in the previous figures, these have lower homogeneity in relation to the size of one another, not making it possible to classify them as equiaxed. This is explained by the fact that the tool is frayed in this step, thus demonstrating the influence of the tool on the surface finish of the workpiece.
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Figure 4: Micrograph of a discontinuous chip generated at the last step of the machining process (frayed tool)
Analysis of the formed chips 

It can be seen from the photograph of chip (Fig. 5), that for the hot rolled alloy machined with coated tool and abundant lubrication, and according to parameters Vc = 75 m/min, f = 0.12 mm/rot, ap = 0.8 mm the chip remained with a long form, varying tapes with double chip to helical.
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         (a)                               (b)
Figure 5: Chip obtained for Vc = 75 m/min, f = 0.12 mm/rot, ap = 0.8 mm:
(a) long, on tape and with double chips (b) long and helical

When comparing the chip with different feeds (0.12 and 0.15 mm/rot) the form of the chip remained the same (long and helical), varying only in size.
Now, when comparing not only different feeds (0.12 and 0.15 mm/rot), but also how the fluid was applied (MQF and abundant) and coated and uncoated tools, the form of the chip considerably varied, being long and helical for applying abundant fluid with uncoated tool, and medium and irregular feed of 0.12 mm/rot when used MQF with coated tool with feed of 0.15 mm/rot.
For different cutting velocities (75 and 90 m/min) and different feeds (0.12 and 0.15 mm/rot), in a machining with abundant fluid and coated tool, the forms of the chips varied from little helical and irregular into spiral and irregular.
Results obtained from the preparation of hot rolled and solubilized samples.
Microstructural analysis

The following pictures were obtained after the etching:
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          (b)

Figure 7: Images in SEM of samples (a) laminate and (b) solubilized

In the above images, it can be noticed the presence of precipitates that are called primary gamma phase (γ') that arise due to elements high fractions precipitation such as Ti and Nb according to the nickel austenite of the superalloy. This phase is responsible for increasing the mechanical strength at a high temperature. The carbon added in the composition of the superalloy serves to react with reactive and refractory elements, forming the primary carbides MC. This MC decomposes into M23C6 and the M6C when exposed to high temperatures, providing increased resistance to stress and stabilizing the grain boundaries.
Fig. 8 present the metal carbides of the superalloy in more details.
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Figure 8: Microscopy by SEM of the solubilized sample.
Through of the EDS it was possible to identify the chemical composition of the particles in the solubilized alloy, thus the particles with lighter points (a) are predominantly formed by niobium carbides and titanium carbides and the darker points (b) are complex carbides.
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Number (Z) | (clear points) | (dark points)
(@ 6 2333 1324
T 22 26.87 538
cr 24 069 2114
Fe 26 = 1270
Ni 28 124 4276
Nb 41 4787 477
Total = 100.00 700.00





Table 2: Chemical composition in weight of the superalloy Pyromet 31V: (a) clear points and (b) dark points
As seen in Tab. 2, precipitate (a) has a higher atomic number than (b), one of the main reasons for this difference in atomic number is the large fraction of Nb (Z = 41) present in the precipitate (a), about 47.87% in weight, while in precipitate (b) it corresponds only to 4.77 % in weight.
CONCLUSIONS

The visualization of the grains was possible, which can differentiate those that were generated by newer tools and those generated by more frayed tools. Another important detail seen in the micrographic analysis was the primary deformation region (generated by shearing) and the secondary deformation region (generated by attrition). Regarding the obtained chips, with the used parameters, it can be clearly concluded that the sizes do not vary much, being generally long chip, and that the helical form showed to be predominant.
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