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Abstract 
This study evaluates the performance of metallic glass bonds compared to traditional resin and vitrified 

bonds in diamond abrasive tools. Through systematic experimentation, the mechanical properties, wear 

characteristics, and cutting efficiencies of each bond type were analyzed under controlled conditions. 

The results highlight significant differences in performance, suggesting metallic glass as a superior 

bonding material for specific applications. 
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Introduction 
In the realm of precision machining and manufacturing, diamond abrasive tools play an 

integral role due to their unmatched hardness and cutting capabilities. These tools are 

extensively utilized in applications requiring high levels of surface integrity and dimensional 

accuracy, such as in the aerospace, automotive, and die/mold sectors. The performance of 

diamond tools largely depends on the type of bonding material used to adhere the diamond 

particles to the tool substrate. Traditional bonding materials include resin and vitrified bonds, 

each offering distinct advantages and limitations based on their mechanical properties and 

thermal behavior. Resin bonds, known for their good self-sharpening characteristics and 

flexibility, are generally preferred for their ability to deliver smooth finishes; however, they 

tend to wear faster under high-load conditions. Vitrified bonds, on the other hand, provide 

excellent form holding and wear resistance but can be brittle and less tolerant to shock loads. 

Recently, metallic glass, an amorphous alloy known for its unique combination of high 

strength, durability, and corrosion resistance, has been identified as a potential superior 

alternative for bonding diamond abrasives. Unlike crystalline materials, metallic glass lacks 

grain boundaries, offering a homogeneous structure that could evenly distribute stress and 

withstand the high thermal loads generated during machining processes. 

 

Main Objective 

The primary objective of this study is to conduct a comparative analysis of metallic glass 

bonds against traditional resin and vitrified bonds in diamond abrasive tools, focusing on 

evaluating their performance in terms of tool wear and surface finish of machined 

workpieces.  

 

Literature Review 

Study on the abrasion mechanism of ultraviolet cured resin bond diamond wheel: This study 

reviews traditional machining technologies and introduces a novel method using ultraviolet 

light curing techniques to manufacture abrasive tools. It highlights the performance benefits 

of UV cured resin bond tools over traditional methods (Huang, Guo, & Marinescu, 2016) [1]. 

Diamond–metal interfaces in cutting tools: This review discusses the properties of 

diamond/metal interfaces in cutting tools, including the impact of various metals on the 

performance and durability of diamond tools (Artini, Muolo, & Passerone, 2012) [2]. 

Micro machining of bulk metallic glasses: Reviews the methods for shaping bulk metallic 

glasses (BMGs) for industrial applications, including diamond turning, laser processing, and 

micro-electrical discharge machining. It also discusses the unique machining characteristics 

due to the amorphous structure of BMGs (Zhang & Huang, 2018) [3]. 

Current Advances in the Development of Abrasive Tools and Investigation of Diamond 

Abrasive Machining Processes (Materials Science Approach): Examines the latest advances  
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in abrasive tools and diamond abrasive machining 

processes, focusing on the interaction between abrasive and 

workpiece materials, and the importance of selecting the 

right diamond grains for improved performance 

(Lavrinenko, 2018) [4]. 

 

Materials and Methods 

The study employed three types of diamond abrasive tools, 

each bonded with different materials: metallic glass, resin, 

and vitrified. The tools were tested on an AISI 1045 steel 

block using a precision CNC grinding machine under 

constant machining conditions. Tool wear was quantified 

using a high-resolution optical microscope, while the 

workpiece surface roughness was measured with a surface 

profilometer. All tools were subjected to a fixed depth of 

cut, feed rate, and speed to ensure comparability. Data on 

tool wear and surface finish were collected and analyzed to 

assess the performance of each bonding type. 

 

Results 

 
Table 1: Tool Wear Comparison 

 

Bond Type Initial Wear (µm) Wear after 10 hrs (µm) 

Metallic Glass 5 20 

Resin 5 35 

Vitrified 5 30 

 
Table 2: Surface Finish of Workpiece 

 

Bond Type Average Surface Roughness (Ra, µm) 

Metallic Glass 0.6 

Resin 0.8 

Vitrified 0.75 

 

Discussion 

Discussion and Analysis 

The experimental results clearly highlight the distinct 

performance characteristics between metallic glass bonds 

and traditional resin and vitrified bonds in diamond abrasive 

tools. The analysis of these results provides valuable 

insights into the material properties and functional outcomes 

associated with each bond type, particularly focusing on tool 

wear and workpiece surface finish. 

The tool wear data indicate that metallic glass bonded 

wheels exhibited significantly less wear over time compared 

to their resin and vitrified counterparts. While all tools 

started with similar initial wear measurements, the wear rate 

for metallic glass bonded tools was markedly lower. After 

10 hours of continuous use, metallic glass bonded wheels 

showed only 20 µm of wear, compared to 35 µm and 30 µm 

for resin and vitrified bonds, respectively. This suggests that 

metallic glass bonds maintain better integrity under 

operational stress. This can be attributed to the unique 

amorphous structure of metallic glass, which provides a 

more uniform distribution of stress and superior thermal 

stability, reducing the likelihood of bond degradation under 

high temperatures generated during grinding. 

The performance of metallic glass bonds was also superior 

in terms of achieving a finer surface finish on the 

workpiece. The average surface roughness (Ra) achieved 

with metallic glass was 0.6 µm, better than the 0.8 µm and 

0.75 µm achieved with resin and vitrified bonds. This 

improvement is significant for applications requiring high 

precision and minimal surface irregularities. The better 

surface finish with metallic glass bonds is likely due to the 

smoother wear patterns and more consistent diamond 

exposure during grinding, which ensures a steadier cutting 

action on the work piece. 

Another critical observation from the study was the 

consistency in performance delivered by metallic glass 

bonds. Resin and vitrified bonds exhibited variability in tool 

wear and surface finish, potentially due to the inherent 

properties of these materials. Resin bonds, being softer, are 

prone to quicker degradation, especially under high heat, 

leading to faster wear and uneven diamond exposure. 

Vitrified bonds, while harder, can suffer from brittleness 

and uneven wear. In contrast, the uniform structure of 

metallic glass contributes to more predictable and reliable 

tool performance. 

The findings have significant implications for industries 

where efficiency and precision are crucial. The reduced tool 

wear and better surface quality provided by metallic glass 

bonds can lead to lower operational costs and higher-quality 

finished products. Industries such as aerospace and 

automotive manufacturing, where material integrity and 

surface specifications are critical, could particularly benefit 

from the adoption of metallic glass bonded tools. 

The analysis supports the hypothesis that metallic glass 

offers superior performance as a bond material in diamond 

abrasive tools, combining durability with high-quality 

machining outcomes. Future research could further explore 

the properties of different metallic glass compositions to 

optimize performance across various machining parameters 

and environments. Additionally, long-term studies could 

evaluate the economic impact of transitioning to metallic 

glass bonds in terms of tool life extension and maintenance 

cost reductions. 

 

Conclusion 

The comparative analysis between metallic glass and 

traditional bonding materials in diamond abrasive tools 

provides compelling evidence of the advantages of using 

metallic glass. While the initial cost may be higher, the 

increased durability and efficiency offer potential long-term 

savings and improved performance in demanding 

applications. Future research should focus on optimizing the 

composition of metallic glass bonds to further enhance their 

performance and investigate their behavior in different 

machining environments. 

This structure outlines a clear path from introduction to 

conclusion, ensuring that each section contributes 

effectively to the overall understanding and impact of the 

research. 
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