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This entry introduces some common tool wear suppression methods of diamond-cutting ferrous metals.
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| 1. Introduction

Natural single crystal diamond has many advantages such as high hardness, high thermal conductivity, low friction
coefficient, low adhesion, high wear resistance and so on. It can be machined extremely sharp cutting edges, and the
diamond-cutting has ability to form very thin chips2E | |n the process of ultra-precision machining of non-ferrous
metals, optical components, molds and other parts, by utilizing a sharp single crystal diamond tool, optical surface quality
can be obtained only by one-time processing. Therefore, natural single crystal diamond tool is considered to be an ideal
precision tool in the field of ultra-precision machining4/&! |

Ferrous metals refer to iron, chromium, manganese and their alloys, such as bearing steel, stainless steel, die steel, etc.
These are the most widely used metal materials around the world so farlll. However, natural diamond tools produce
extremely severe wear when machining ferrous metals, which greatly restricts the development of ultra-precision cutting
technology for ferrous metals/®lZl8] = Researchers have not agreed on the mechanism of diamond tool wear when cutting
ferrous metals, but it is concluded that the chemical wear of diamond tool is the key factor cannot be ignored. On the one
hand, the high chemical affinity between workpiece materials and diamond tool is considered a prerequisite for tool
chemical wear. On the other hand, complex thermal effects during cutting process tend to accelerate the process of tool
chemical wear. These factors lead to diamond in a metastable state tends to transform into stable layer graphite
simultaneously under the catalysis of ferrous metals/2/LALLL2]

There are two ways to reduce the wear of diamond tools: one is to reduce the thermal effect of the cutting area as much
as possible, and the other is to reduce the chemical affinity between the tool and the workpiece. Specifically, the methods
mainly involve three aspects, process modification, workpiece modification and tool modificationtl23! .

The specific methods are as follows:

Cryogenic turning

Turning in protective gas atmosphere
Process modification o .

Improve lubricating ability

Ultrasonic elliptical vibration cutting

Plasma nitriding
Methods—| Workpiece surface modification

Surface boronizing

Protective coatings

Tool modification
Ion implantation

| 2. Process modification

In the process of diamond-cutting ferrous metals, tool wear suppression methods include: cryogenic turning, turning in
protective gas atmosphere, improving lubricating medium, ultrasonic elliptical vibration cutting, etc.



The purpose of cryogenic turning is to reduce the cutting temperature and decrease the thermal impact between tool and
workpiece. Studies have shown that the high temperature will significantly accelerate the wear rate of diamond tools2914]
. The cryogenic methods include: liquid nitrogen, dry electrostatic and cold plasmalt&li8IlLZl The liquid nitrogen is
performed by spraying liquid nitrogen (temperature is about -200 °C) directly to the cutting zone. Although the cooling
effect of liquid nitrogen is obvious, simultaneously it may lead to the deformation of workpiece. Dry electrostatic and cold
plasma are similar in principle, both of them utilize ionized compressed air to generate active particles, and spray them
into the cutting zone to realize the aim of cryogenic turning.

Turning in protective gas atmosphere refers to the completion of the cutting process in a carbon-rich gas atmosphere. To
a certain extent, the carbon-rich gas can inhibit the diamond graphitization process, thereby reducing the wear of the
diamond tool. The carbon-rich gas mainly used for researching includes CH,, CoH,, CO», etc. The effect of CH4 is most
obvious, but the danger of explosion limits its application?829] |n addition, studies have shown that inert gas (helium,
argon) cannot inhibit tool wear in the process of diamond-cutting ferrous metals? .

There are two ways to improve lubricating ability: First, by mixing compressed air and lubricating oil and spraying mixture
to the cutting zone under a certain pressure, the minimum quantity lubrication (MQL) has been used widely in the field of
ultra-precision machining to improve the cooling and lubricating ability of cutting fluid22 . Second, researchers prepared a
new cutting fluid by adding an appropriate amount of carbon nanoparticles to the cutting fluid. It can form a carbon
protective film on the surface of the diamond tool to inhibit tool wearl2l! .

Ultrasonic elliptical vibration cutting, an intermittent cutting method. The tool is vibrated by elliptical trajectory, and it can
realize complete separation of the tool and chip during each vibration cycle, so that the process of chemical wear of
diamond tool will be interrupted periodically. Further the temperature of cutting is reduced, and the cryogenic effect of the
interface between the tool and the workpiece is more obvious, so the wear of diamond tool is much smaller than
turning?? . However, it should be pointed out that ultrasonic cutting efficiency is limited seriously, also residual vibration
patterns on the machined surface are inevitable.

| 3. Workpiece surface modification

Workpiece surface modification generally refers to the improvement of the material properties of the ferrous metal surface
layer by thermochemical process, further a compound layer is formed on the surface of the material. The compound layer
has minimal affinity for the diamond tool and is easy to be machined, at the same time the material matrix portion remains
in its original state. The method achieves the reduction of the wear of the diamond tool. The main methods of workpiece
surface modification include: plasma nitridation and surface boronizing treatment®3l23] = However, due to the uneven
depth of the modified layer or the incomplete removal of the modified layer in process of turning, it may lead to differences
in residual stress and microhardness between the workpiece surface and the matrix. To a certain extent, the performance
of workpiece may be degraded.

| 4. Tool modification
Tool modification mainly involves two aspects: protective coatings and ion implantation.

The protective coating is coated on the surface of the tool to prevent the diamond tool from directly contacting the
workpiece. Currently, the coatings applied to the diamond tool mainly include: TiN, TiC, TiAIN. However, these coatings’
adhesive strength is relatively restricted, further the edge radius of diamond tool will be increased, which will reduce the
cutting performance of tool [31126],

lon implantation4refers to the injection of high-energy nitrogen ions, chromium ions and titanium ions on the surface of
diamond tools to improve the surface properties of diamond tools, further this method enhances the wear resistance of
diamond tools. However, the defects introduced into the diamond tools may be inevitable, and the actual feasibility is a
little poor.
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