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Understanding PVYD and DLC Coatings: Advanced Surface Engineering for Enhanced
Performance

As industries evolve, the demand for tools and components with superior performance, durability,
and efficiency grows. Surface engineering plays a pivotal role in meeting these needs, and Physical
Vapor Deposition (PVD) and Diamond-Like Carbon (DLC) coatings stand at the forefront of this
innovation. These coatings offer unparalleled benefits in reducing wear, friction, and corrosion while
extending the lifespan of tools and components across diverse applications.

This white paper delves into the technical details of PYD and DLC coatings, their mechanisms, and
their applications.

What is Physical Vapor Deposition (PVD)?

PVD is a vacuum-based coating technique used to deposit thin films of material onto a substrate. It is
widely utilized in industries requiring high precision and superior surface properties. The process
transforms the material into a vapor phase and subsequently deposits it as a thin layer on the target
surface.

The most common PVYD methods

1. Arc Evaporation
e Uses an electric arc beam to evaporate material from a solid target.
e Common for hard coatings like Titanium Nitride (TiN) and Titanium Aluminum Nitride (TiAIN).

2. Magnetron Sputtering

o Utilize ions generated from a glow discharge plasma field to eject atoms from a target
material.

e  Produce smooth, uniform coatings, enabling lower process temperature for temperature-
sensitive materials.

Cathodic Arc Deposition
Generates arc plasma with high energy on target materials to evaporate target material.
e Produces denser coatings with excellent adhesion, ideal for extreme wear environments.

Properties of PYD Coatings

¢ Hardness: Up to 3500 HV

o Adhesion: Excellent bonding between coatings and substrate materials.

e Thickness: Typically, 2-5 micrometers, providing an optimal balance between performance
and precision. Can be thicker for special applications.

e Thermal stability: Withstands high temperatures, often exceeding 800°C.
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What is Diamond-Like Carbon (DLC) Coating?

DLC coatings are a family of amorphous carbon films that exhibit similar properties found in
diamond, including extremely high hardness and low friction. DLC coatings can be applied through
advanced techniques like Plasma-Enhanced Chemical Vapor Deposition (PECVD), pulsed arc PVD, or
magnetron sputtering PVD.

DLC Coating Characteristics

1. Amorphous structure

e Consists of a mix of sp? (graphite-like) and sp* (diamond-like) bonding between carbon
atoms.

2. Low friction

e Achieves a coefficient of friction as low as 0.05 in dry environments, reducing wear and
energy consumption.

3. High wear resistance

o Offers excellent adhesive and abrasive wear resistance for surface protection.
4. Biocompatibility

e Suitable for medical applications like surgical instruments and implants.

Properties of DLC Coatings

Hardness: Typically ranges from 1500-3000 HV, can be up to 5000HV

Thickness: Typically, 1-3 micrometers.

Thermal stability: Effective up to 400°C; higher-temperature variants are available.
Chemical resistance: Inert against most acids and bases.

Applications across industries
1. Aerospace
PVD: Improve tool performance in machining heat-resistant alloys.
DLC: Reduces wear on moving parts like bearings and valves.
2. Automotive
PVD: Enhances durability of engine components like piston rings and injectors.

DLC: Reduces friction in fuel injection systems, improving fuel efficiency.
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3. Medicadl

PVD: Titanium Nitride (TiN) provides wear resistance for surgical tools.

DLC: Offers biocompatibility with improved lubricity and wear resistance for implants and stents.
4. Cutting and Forming Tools

PVD: Extends the life of drills, mills, and punches by resisting abrasive wear.

DLC: Ideal for applications when it comes to cutting and forming of non-ferrous metals, plastic
and composite materials, such as aluminum, carbon fiber.

5. Decorative

Both PVYD and DLC coatings provide wide range of colors and finishes with improved corrosion
resistance for high end decorative applications, such as sporting good, kitchen and bathroom
hardware fixtures, electronics and appliance, etc.

Benefits of PYD and DLC Coatings
1. Cost efficiency

Prolongs tool and component lifespan and increase production output speed, reducing overall
manufacturing costs.

Enhances energy efficiency in processes by reducing friction and wear.

2. Improved performance

Maintains performance under extreme conditions (e.g., high temperatures, heavy loads).
Ensures consistency in high-precision applications.

3. Environmental advantages

Reduces the need for lubricants and coolants, minimizing environmental impact.

Lowers carbon footprint by improving energy efficiency.

Conclusion

PVD and DLC coatings are transformative technologies that drive industries' efficiency, durability,
and performance. Their unique properties make them indispensable in addressing aerospace,
automotive, medical, and tooling application challenges. Companies investing in these advanced
coatings enhance the performance of their tools and components and gain a competitive edge in
sustainability and cost management.
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About eifeler

Founded in Germany in 1983 and operating as part of the voestalpine High Performance Division
within the voestalpine AG Group, eifeler is a leading provider of cutting-edge PVD coatings and
services. With operations commencing in the NAM in 2021, and 30 production sites strategically
located globally in major industrial hubs, our advanced PVD coatings optimize tool performance
significantly. Renowned for our job coating services' reliability, we prioritize customer satisfaction
through a customer-centric strategy, reinforcing our commitment to delivering superior surface
engineering solutions.

For more information contact us at:

USA and Canada: https://www.eifeler.com/northamerica/en/contact-us/

Mexico: https://www.eifeler.com/northamerica/es/contactenos-para-mayor-informacion/
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