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ABRASIVE ARTICLE AND METHOD OF FORMING 

TECHNICAL FIELD 

The following is directed to methods of forming abrasive articles, and particularly, single-layered abrasive 

articles. 

5 BACKGROUND ART 

A variety of abrasive tools have been developed over the past century for various industries for the general 

function of removing material from a workpiece, including for example, sawing, drilling, polishing, cleaning, 

carving, and grinding. In particular reference to the electronics industry, abrasive tools suitable for slicing 

single crystal ingots of material to form wafers is particularly pertinent. As the industry continues to mature, the 

10 ingots have increasingly larger diameters, and it has become acceptable to use loose abrasives and wire saws for 

such works due to yield, productivity, affected layers, dimensional constraints and other factors. 

Generally, wire saws are abrasive tools that include abrasive particles attached to a long length of wire that can 

be spooled at high speeds to produce a cutting action. While circular saws are limited to a cutting depth of less 

than the radius of the blade, wire saws can have greater flexibility allowing for cutting of straight or profiled 

15 cutting paths. 

Various approaches have been taken in conventional fixed abrasive wire saws, such as producing these articles 

by sliding steel beads over a metal wire or cable, wherein the beads are separated by spacers. These beads may 

be covered by abrasive particles which are commonly attached by either electroplating or sintering. However, 

electroplating and sintering operations can be time consuming and thus costly ventures, prohibiting rapid 

20 production of the wire saw abrasive tool. Most of these wire saws have been used in applications, where kerf 

loss is not so dominating as in electronics applications, often to cut stone or marble. Some attempts have been 

made to attach abrasive particles via chemical bonding processes, such as brazing, but such fabrication methods 

reduce the tensile strength of the wire saw, and the wire saw becomes susceptible to breaking and premature 

failure during cutting applications under high tension. Other wire saws may use a resin to bind the abrasives to 

25 the wire. Unfortunately, the resin bonded wire saws tend to wear quickly and the abrasives are lost well before 

the useful life of the particles is realized, especially when cutting through hard materials. 

Accordingly, the industry continues to need improved abrasive tools, particularly in the realm of wire sawing. 

SUMMARY OF INVENTION 

According to a first aspect, an abrasive article includes a substrate comprising a wire, abrasive particles affixed 

30 to the substrate, the abrasive particles having a first coating layer overlying the abrasive particles, and a second 

coating layer different than the first coating layer overlying the first coating layer. The abrasive article further 

including a bonding layer overlying the substrate and abrasive particles. 
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According to another aspect, a method of forming an abrasive article includes providing a substrate comprising 

an elongated body having an aspect ratio of length: width of at least about 10:1, treating the substrate to form a 

binding film, placing abrasive particles comprising a second coating layer including a low temperature metal 

alloy (LTMA) material on the binding film, treating the substrate to bond the abrasive particles to the substrate, 

5 and forming a bonding layer over the abrasive particles. 

In yet another aspect, a method of forming an abrasive article includes providing a substrate comprising an 

elongated body having an aspect ratio of length:width of at least about 10:1, treating the substrate to form a 

binding film, placing abrasive particles on the binding film, the abrasive particles comprising a first coating 

layer including a metal, and a second coating layer overlying the first coating layer including a low temperature 

10 metal alloy (LTMA) material, and heating the substrate to form a diffusion bonding region between the second 

coating layer of the abrasive particles and portions of the substrate. 

Another aspect is directed to an abrasive article having a substrate made of an elongated body having an aspect 

ratio of length:width of at least about 10:1, abrasive particles affixed to the substrate, and a discontinuous 

coating including a metal material defining coated regions comprising a low temperature metal alloy (LTMA) 

15 material surrounding and overlying a majority of the abrasive particles and gap region between the abrasive 

particles. 

BRIEF DESCRIPTION OF DRAWINGS 

The present disclosure may be better understood, and its numerous features and advantages made apparent to 

those skilled in the art by referencing the accompanying drawings. 

20 FIG. 1 includes a flow chart providing a process for forming an abrasive article in accordance with an 

embodiment. 

FIG. 2 includes a cross-sectional illustration of a portion of an abrasive article in accordance with an 

embodiment. 

The use of the same reference symbols in different drawings indicates similar or identical items. 

25 DESCRIPTION OF EMBODIMENTS 

The following is directed to abrasive articles, and particularly abrasive articles suitable for abrading and sawing 

through workpieces. In particular instances, the abrasive articles herein can form wire saws, which may be used 

in processing of sensitive, crystalline materials in the electronics industry, optics industry, and other associated 

industries. 

30 FIG. 1 includes a flow chart providing a process of forming an abrasive article in accordance with an 

embodiment. The process can be initiated at step 101 by providing a substrate. The substrate can provide a 

surface for affixing abrasive materials thereto, thus facilitating the abrasive capabilities of the abrasive article. 
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In accordance with an embodiment, the process of providing a substrate can include a process of providing a 

substrate in the form of a wire. In fact, the wire substrate may be connected to a spooling mechanism. For 

example, the wire can be fed between a feed spool and a receiving spool. The translation of the wire between 

the feed spool and the receiving spool can facilitate processing, wherein the wire is translated through desired 

5 forming processes to form the component layers of the finally-formed abrasive article while being translated 

from the feed spool to the receiving spool. 

In accordance with an embodiment, the substrate can be an elongated member having an aspect ratio of 

length: width of at least 10:1. In other embodiments the substrate can have an aspect ratio of at least about 

100:1, such as at least 1000:1, or even at least about 10,000:1. The length of the substrate is the longest 

10 dimension measured along a longitudinal axis of the substrate. The width is a second longest (or in some cases 

smallest) dimension of the substrate measured perpendicular to the longitudinal axis. 

Furthermore, the substrate in the form of elongated member can have a length of at least about 50 meters. In 

fact, other substrates can be longer, having an average length of at least about 100 meters, such as at least about 

500 meters, at least about 1,000 meters, or even 10,000 meters. 

15 Furthermore, the substrate can have a width that may not be greater than about 1 cm. Other substrates can be 

smaller, having an average width of not greater than about 0.5 cm, such as not greater than about 1 mm, not 

greater than about 0.8 mm, or even not greater than about 0.5 mm. Still, the substrate can have an average width 

of at least about 0.01 mm, such as at least about 0.03 mm. It will be appreciated that the substrate can have an 

average width within a range between any of the minimum and maximum values noted above. Moreover, in the 

20 case that a substrate is a wire having a generally circular cross-sectional shape, it will be appreciated that 

reference to width is reference to a diameter. 

In accordance with an embodiment, the substrate can include an inorganic material, such as a metal or metal 

alloy material. Some substrates can include a transition metal element as recognized in the Periodic Table of 

Elements. For example, the substrate may incorporate elements of iron, nickel, cobalt, copper, chromium, 

25 molybdenum, vanadium, tantalum, tungsten, and a combination thereof. In accordance with a particular 

embodiment, the substrate can include iron, and more particularly maybe steel. 

In certain instances, the substrate can have a coating overlying an outer surface of the substrate, and more 

particularly, can be directly bonded to an outer surface of the substrate. Certain coatings can include an 

inorganic material, including for example a material including a metals or metal alloys. In particular 

30 embodiments, the substrate can include a material made of a transition metal element or a combination of 

transition metal elements. 

In certain embodiments, the substrate can be an elongated member, such as a wire, that may include a plurality 

of filaments braided together. That is, the substrate can be formed of many smaller wires wound around each 

other, braided together, or fixed to another object, such as a central core wire. Certain designs may utilize piano 

35 wire as a suitable structure for the substrate. 
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In further reference to the process of providing a substrate, it will be appreciated that the substrate can be 

spooled from a feed spool to a receiving spool at a particular rate to facilitate processing. For example, the 

substrate can be spooled at a rate of not less than about 5 m/min from the feed spool to the receiving spool. In 

other embodiments, the rate of spooling can be greater, such that it is at least about 8 m/min, at least about 10 

5 m/min, at least about 12 m/min, or even at least about 14 m/min. The rate of spooling can be within a range 

between any of the minimum and maximum values noted above. It will be appreciated the spooling rate can 

represent the rate at which the finally-formed abrasive article can be formed. 

After providing a substrate at step 101, the process can continue at step 102 by treating the substrate to form a 

binding film. The process of forming a binding film can include a deposition process, including for example, 

10 spraying, printing, dipping, die coating, deposition and a combination thereof. The binding film can be bonded 

directly to the external surface of the substrate. In fact, the binding film can be formed such that it overlies a 

majority of the external surface of the substrate, and more particularly, can overlie essentially the entire external 

surface of the substrate. In particular instances, the binding film can be formed as a single, continuous layer of 

uniform thickness, which can be bonded directly to the surface of the substrate. However, in certain 

15 embodiments, the binding film can be a temporary film facilitating further processing, including maintaining the 

position of abrasive particles when applied to the substrate. 

In accordance with an embodiment, the binding film can be formed from a flux material. The flux material can 

be an inorganic material, organic material, or a combination thereof. For example, the flux material can be an 

organic material, and more notably, include an activator component comprising an organic material. Suitable 

20 inorganic materials can include metal halides (e.g., zinc chloride or ammonium chloride), hydrochloric acid, 

phosphoric acid, or hydrobromic acid. Other inorganic activator components can include salts, and particularly 

salts of mineral acids with amines are also used as aggressive activators. In one particular embodiment, the 

activator component can include a fluoride. In another embodiment, the flux material can include organic 

activator components such as carboxylic acids (e.g. fatty acids (most often oleic acid and stearic acid), 

25 dicarboxylic acids, amino acids, organohalides, and a combination thereof. 

The flux material can be in the form of a generally uniform layer overlying the tacking film, and more 

particularly in direct contact with the tacking film. The flux material can be in the form of a liquid or paste. 

According to one embodiment, the flux material can be applied to the tacking film using a deposition process 

such as spraying, dipping, painting, printing, brushing, and a combination thereof. 

30 After treating the substrate at step 102, the process can continue at step 103 by placing the abrasive grains on the 

binding film. In some instances, depending upon the nature of the process, the abrasive particles can be in direct 

contact with the binding film. More particularly, the abrasive particles can be in direct contact with the flux 

material that can have a natural viscosity and adhesive characteristic that facilitates holding the abrasive 

particles in place during processing, until further processes are conducted to permanently bond the abrasive 

35 particles in place relative to the binding film. 

Suitable methods of providing the abrasive particles on the binding film can include spraying, gravity coating, 

dipping, die coating, electrostatic coating, and a combination thereof. Particularly useful methods of applying 
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the abrasive particles can include a spraying process, conducted to apply an substantially uniform coating of 

abrasive particles onto the additional layer comprising the flux material. 

In an alternative embodiment, the process of providing the abrasive particles can include further placing some 

content of the binding film material on the abrasive particles, which can facilitate adhesion between the abrasive 

5 particles and the substrate and binding film on the external surface of the substrate. The alternative process can 

include formation of a mixture comprising a flux material and the abrasive particles, and thereafter, application 

of the mixture on the substrate and/or binding film. 

The abrasive particles can include materials such as oxides, carbides, nitrides, borides, oxynitrides, oxyborides, 

diamond, and a combination thereof. In certain embodiments, the abrasive particles can incorporate a 

10 superabrasive material. For example, one suitable superabrasive material includes diamond. In particular 

instances, the abrasive particles can consist essentially of diamond. 

In one embodiment, the abrasive particles can include a material having a Vickers hardness of at least about 10 

GPa. In other instances, the abrasive particles can have a Vickers hardness of at least about 25 GPa, such as at 

least about 30 GPa, at least about 40 GPa, at least about 50 GPa, or even at least about 75 GPa. Still, abrasive 

15 particles for use in the embodiments herein can have a Vickers hardness that is not greater than about 200 GPa, 

such as not greater than about 150 GPa, or even not greater than about 100 GPa. It will be appreciated that the 

abrasive particles can have a Vickers hardness within a range between any of the minimum and maximum 

values noted above. 

The abrasive particles can have an average particle size that is determined in part by the desired end use of the 

20 abrasive article. In certain instances, the abrasive particles can have an average size that is not greater than 

about 500 microns. In other instances, the average particle size of the abrasive particles can be smaller, such 

that the average particle size is not greater than about 400 microns, not greater than about 300 microns, not 

greater than about 250 microns, not greater than about 200 microns, not greater than about 150 microns, or even 

not greater than about 100 microns. In accordance with an embodiment, the average particle size of the abrasive 

25 particles can be at least about 0.1 microns, such as at least about 0.5 microns, or even at least about 1 micron. It 

will be appreciated that the abrasive particles can have an average particle size within a range between any of 

the minimum and maximum values noted above. Such values may or may not account for additional coatings 

overlying the abrasive particles. 

The abrasive particles may include a first coating layer over the exterior surfaces of the abrasive particles, such 

30 that the abrasive particles have a core/shell structure, wherein the core comprises abrasive particles described 

above, and a first coating layer overlying the core in the form of a shell layer. Suitable materials of the first 

coating layer can include metal or metal alloy materials. In accordance with one particular embodiment, the 

first coating layer can include a transition metal element, such as titanium, vanadium, chromium, molybdenum, 

iron, cobalt, nickel, copper, silver, zinc, manganese, tantalum, tungsten, and a combination thereof. Certain first 

35 coating layers can include nickel, such as a nickel alloy, and even alloys have a majority content of nickel, as 

measured in weight percent as compared to other species present within the coating layer composition. In more 

particular instances, the first coating layer can include a single metal species. For example, the first coating 
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layer can consist essentially of nickel. Alternatively, the first coating layer can include copper, and may be 

made of a copper-based alloy, and even more particularly, can consist essentially of copper. 

The abrasive particles can be formed such that the first coating layer can overly at least about 50% of the 

exterior surface area of the abrasive particle (i.e., the core). In other embodiments, the coverage of the first 

5 coating layer for each abrasive particle can be greater, such that the first coating layer overlies at least about 

75%, at least about 80%, at least about 90%, at least about 95%, or essentially the entire exterior surface of the 

abrasive particle. 

The first coating layer can be in direct contact with the abrasive particle (i.e., the core) and may be bonded 

directly to an external surface of each of the abrasive particles. In particular embodiments, the first coating 

10 layer can be electroless plated directly to an external surface of the abrasive particles. 

For certain abrasive articles according to the embodiments herein, the first coating layer can be present in an 

amount of at least about 5% of the total weight of each of the abrasive particles. In other embodiments, the 

amount of the first coating layer can be greater, such that each of the abrasive particles is made to include at 

least about 10%, at least about 20%, or even at least about 30% of the first coating layer for the total weight of 

15 each of the abrasive particles. Still, in certain instances, the amount first coating layer present on each of the 

abrasive particles may be limited, such as not greater than about 100%, not greater than about 60%, not greater 

than about 55%, not greater than about 50%, not greater than about 45%, not greater than about 40%, or even 

not greater than about 38% of the total weight of each of the abrasive particles. It will be appreciated that the 

amount of the first coating layer present on each of the abrasive particles can be within a range between any of 

20 the minimum and maximum percentages noted above. 

According to one embodiment, the first coating layer can have an average thickness of not greater than about 12 

microns. In other instances, the thickness of the first coating layer can be less, such as not greater than about 10 

microns, not greater than about 8 microns, not greater than about 6 microns, or even not greater than about 5 

microns. Still, the average thickness of the first coating layer can be at least about 0.2 microns, at least about 

25 0.5 microns, such as at least about 0.7 microns, or even at least about 1 micron. It will be appreciated that the 

average thickness of the first coating layer can be within a range between any of the minimum and maximum 

values noted above. 

The first coating layer can be formed to have an average thickness of not greater than about 80% of an average 

particle size of the abrasive particles as measured by the core. According to one embodiment, the first coating 

30 layer can be formed such that it has an average thickness of not greater than about 70%, not greater than about 

60%, not greater than about 50%, such as not greater than about 40%, or even not greater than about 30% of the 

average particle size of the abrasive particles. In yet other embodiments, the average thickness of the first 

coating layer can be at least about 1 %, at least about 5 %, at least about 10%, or even at least about 12% of an 

average particle size of the abrasive particles. It will be appreciated that the average thickness of first coating 

35 layer can be within a range between any of the minimum and maximum values noted above. 
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The abrasive particles may further include a second coating layer overlying the first coating layer. The second 

coating layer can be directly bonded to the first coating layer. More particularly, at least a portion of the second 

coating layer can be spaced apart from the external surface of the abrasive particles by the first coating layer, 

such that the abrasive particles comprise a core made of the abrasive particles, a first shell made of the first 

5 coating layer and a second shell overlying the first shell made of the second coating layer. 

In accordance with an embodiment, the second coating layer can be formed from a metal, metal alloy, metal 

matrix composite, and a combination thereof. In one particular embodiment, the second coating layer can be 

formed of a material including a transition metal element. For example, the second coating layer can be a metal 

alloy including a transition metal element. Some suitable transition metal elements can include, for example, 

10 lead, silver, copper, zinc, tin, titanium, molybdenum, chromium, iron, manganese, cobalt, niobium, tantalum, 

tungsten, palladium, platinum, gold, ruthenium, and a combination thereof. According to one particular 

embodiment, the second coating layer can be made of a metal alloy including tin and lead, such as a 60/40 

tin/lead composition. In another embodiment the second coating layer can be made of a material having a 

majority content of tin. In fact, in certain abrasive articles, the second coating layer can be made of a material 

15 consisting essentially of tin. 

In accordance with an embodiment, the second coating layer can be a low temperature metal alloy (LTMA) 

material. It will be appreciated that a LTMA material includes a material having a particular melting point, such 

as not greater than about 450°C. LTMA materials can be distinct from high melting temperature materials, 

including for example, braze materials, which can have significantly higher melting points, typically greater 

20 than 500°C. Furthermore, brazing materials may have different compositions. Still, in accordance with an 

embodiment, the LTMA material of the embodiments herein may be formed of a material having a melting 

point of not greater than about 400°C, such as not greater than about 375°C, not greater than about 350°C, not 

greater than about 300°C, or not greater than about 250°C. Still, the LTMA material may have a melting point 

of at least about 100°C, such as at least about 125°C, at least about 150°C, or even at least about 175°C. It will 

25 be appreciated that the LTMA material can have a melting point within a range between any of the minimum 

and maximum temperatures noted above. 

For certain embodiments, the second coating layer can overlie at least about 50% of an exterior surface area of 

the first coating layer on each of the abrasive particles. In other instances, the second coating layer can cover 

more area, including for example, at least about 60%, at least about 70%, at least about 75%, at least about 80%, 

30 at least about 85%, at least about 90%, or even essentially all of the entire exterior surface area of the first 

coating layer on each of the abrasive particles. 

For certain abrasive articles according to the embodiments herein, the second coating layer can be present in an 

amount of at least about 10% of the total weight of each of the abrasive particles including the core of abrasive 

particle material and the first coating layer. In other embodiments, the amount of the second coating layer can 

35 be greater, such that each of the abrasive particles includes at least about 15%, at least about 20%, or even at 

least about 25% of the second coating layer for the total weight of each of the abrasive particles including the 

first coating layer. Still, in particular instances, the amount second coating layer present on each of the abrasive 

particles may be limited, such as not greater than about 500%, not greater than about 400%, not greater than 
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about 300%, not greater than about 200%, not greater than about 100%, not greater than about 80%, or even not 

greater than about 60% of the total weight of each of the abrasive particles including the first coating layer. It 

will be appreciated that the amount of the second coating layer present on each of the abrasive particles can be 

within a range between any of the minimum and maximum percentages noted above. 

5 According to one embodiment, the second coating layer can have an average thickness of not greater than about 

12 microns. In other instances, the thickness of the second coating layer can be less, such as not greater than 

about 10 microns, not greater than about 8 microns, not greater than about 6 microns, or even not greater than 

about 5 microns. Still, the average thickness of the second coating layer can be at least about 0.2 microns, at 

least about 0.5 microns, such as at least about 0.7 microns, or even at least about 1 micron. It will be 

10 appreciated that the average thickness of second coating layer can be within a range between any of the 

minimum and maximum values noted above. 

The second coating layer can be formed to have an average thickness of not greater than about 80% of an 

average particle size of the abrasive particles as measured by the core and excluding the first coating layer. 

According to one embodiment, the second coating layer can be formed such that it has an average thickness of 

15 not greater than about 70%, not greater than about 60%, not greater than about 50%, such as not greater than 

about 40%, or even not greater than about 30% of the average particle size of the abrasive particles. In yet other 

embodiments, the average thickness of the second coating layer can be at least about 2%, at least about 5%, at 

least about 8%, or even at least about 12% of an average particle size of the abrasive particles. It will be 

appreciated that the average thickness of second coating layer can be within a range between any of the 

20 minimum and maximum values noted above. 

According to one embodiment, the first coating layer can have an average thickness greater than an average 

thickness of the second coating layer. However, in other instances, the first coating layer can have an average 

thickness less than an average thickness of the second coating layer. And yet for other abrasive particles, the 

first coating layer comprises an average thickness substantially equal to an average thickness of the second 

25 coating layer, such that the average thickness of the first and second coatings are not greater than about 5% 

different based upon the coating layer having the greater thickness. 

After placing the abrasive particles on the binding film at step 103, the process can continue at step 104 by 

treating to bond the abrasive particles to the substrate. Treating may include processes such as heating, curing, 

drying, and a combination thereof. In one particular embodiment, treating includes a thermal process, such as 

30 heating at a temperature sufficient to induce melting of the binding film and second coating layer, while 

avoiding excessive temperatures to limit damage to the abrasive grains and substrate. For example, treating can 

include heating the substrate, binding film, and abrasive grains to a temperature of not greater than about 450°C. 

Notably, the process of treating can be conducted at a treating temperature that is less, such as not greater than 

about 375°C, not greater than about 350°C, not greater than about 300°C, or even not greater than about 250°C. 

35 In other embodiments, the process of treating can include heating at a temperature of at least about 100°C, at 

least about 150°C, or even at least about 175°C. 
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It will be appreciated that the heating process can facilitate melting of materials within the binding film and 

second coating layer of the abrasive particles comprising to bond the abrasive particles to the substrate. 

Notably, in the context of coated abrasive particles, diffusion bonding regions can be formed between portions 

of the coating on the abrasive particles and portions of the substrate , and more particularly, between portions of 

5 the second coating layer and the portions of the substrate . The diffusion bonding regions can be characterized 

by an interdiffusion between at least one chemical species (e.g., metallic element) of the substrate and at least 

one chemical species (e.g., metallic element) of the second coating layer overlying the abrasive particles. 

Further details of the diffusion bonding regions will be described herein. 

After treating to bond, an option step (not illustrated in Fig. 1) can be undertaken to remove a portion of or all 

10 of the binding film material from the external surface of the substrate. Suitable processes for removal of the 

binding material can include washing, scrubbing, wiping, spraying, drying, heating, and a combination thereof. 

The surface of the article formed after the treating process at step 104 can be cleaned or rinsed to remove 

unwanted materials (e.g., residual flux material from the additional layer). 

After treating at step 104, the process can continue at step 105, by forming a bonding layer over the abrasive 

15 particles and the substrate. Formation of the bonding layer can facilitate formation of an abrasive article having 

improved wear resistance. Furthermore, the bonding layer can enhance abrasive particle retention for the 

abrasive article. In accordance with an embodiment, the process of forming the bonding layer can include 

deposition of the bonding layer on the external surface of the article defined by the abrasive particles, the 

external surface of the substrate, and the diffusion bonding regions surrounding the abrasive particles. In fact, 

20 the bonding layer can be bonded directly to the abrasive particles, the external surface of the substrate, and the 

diffusion bonding regions. 

The formation of the bonding layer can include processes such as plating, spraying, dipping, printing, and a 

combination thereof. In accordance with one particular embodiment, the bonding layer can be formed by an 

electroplating process. In an alternative embodiment, the bonding layer may be formed via an electroless 

25 plating process. 

The bonding layer can be formed such that it overlies, and more particularly directly contacts the second coating 

layer of the abrasive particles and the external surface of the substrate. According to one particular 

embodiment, the bonding layer can overlie at least 90% of the exposed surfaces of the abrasive particles and the 

external surface of the substrate. In other embodiments, the coverage of the bonding layer can be greater, such 

30 that it overlies at least about 92%, at least about 95%, or even at least about 97% of the exposed surfaces of the 

abrasive particles and the external surfaces of the substrate. In one particular embodiment, the bonding layer 

can be formed such that it overlies essentially all the exposed surfaces of the abrasive particles and the substrate, 

wherein the bonding layer can completely cover the components of the abrasive article defining the exterior 

surface of the abrasive article. 

35 The bonding layer can be made of a material such as an organic material, inorganic material, and a combination 

thereof. Some suitable organic materials can include polymers such as UV curable polymer, thermosets, 
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thermoplastics, and a combination thereof. Some other suitable polymer materials can include urethanes, 

epoxies, polyimides, polyamides, acrylates, polyvinyls, and a combination thereof. 

Suitable inorganic materials for use in the bonding layer can include metals, metal alloys, cermets, ceramics, 

composites, and a combination thereof. In one particular instance, the bonding layer can be formed of a material 

5 having at least one transition metal element, and more particularly a metal alloy containing a transition metal 

element. Some suitable transition metal elements for use in the bonding layer can include lead, silver, copper, 

zinc, tin, titanium, molybdenum, chromium, iron, manganese, cobalt, niobium, tantalum, tungsten, palladium, 

platinum, gold, ruthenium, and a combination thereof. In certain instances, the bonding layer can include 

nickel, and may be a metal alloy comprising nickel, or even a nickel-based alloy. In still other embodiments, the 

10 bonding layer can consist essentially of nickel. 

According to one embodiment, the bonding layer can have an average thickness of at least about 10% of an 

average particle size of the abrasive particles, excluding the first and second coating layers. In another 

embodiment, the bonding layer can have an average thickness of at least about 20%, at least about 30%, at least 

about 40%, or even at least about 50%. In still another embodiment, the bonding layer can have an average 

15 thickness of not greater than about 100%, not greater than about 90%, not greater than about 85%, such as not 

greater than about 80%, or even not greater than about 75% of the average particle size of the abrasive particles. 

In more particular instances, the bonding layer can have an average thickness of at least about 1 micron, such as 

at least about 2 microns, at least about 5 microns, at least about 10 microns, or even at least about 20 microns. 

Yet, in some embodiments, the bonding layer can be formed such that it has an average thickness of not greater 

20 than about 100 microns, not greater than about 90 microns, not greater than about 80 microns, not greater than 

about 70 microns. 

In accordance with one embodiment, the bonding layer can be made of a material, including for example 

composite materials, having a hardness that is greater than a hardness of the material of the diffusion bonding 

regions and/or the second coating layer. For example, the bonding layer can have a Vickers hardness that is at 

25 least about 5% harder than a Vickers hardness of the diffusion bonding regions. In fact, in other embodiments, 

the Vickers hardness of the bonding layer can be at least about 10%, such as at least about 20%, at least about 

30%, at least about 40%, at least about 50%, at least about 75%, or even at least about 100% harder as compared 

to a Vickers hardness of the diffusion bonding regions and/or the second coating layer. 

Additionally, the bonding layer can have a fracture toughness (Klc) as measured by indentation methods, that is 

30 at least about 5% greater than an average fracture toughness of the material of the diffusion bonding regions 

and/or the second coating layer. In a particular embodiment, the bonding layer can have a fracture toughness 

(Klc) that is at least about 8% greater, at least about 10% greater, at least about 15% greater, at least about 20% 

greater, at least about 25% greater, at least about 30% greater, or even at least about 40% greater than a fracture 

toughness of the material of the diffusion bonding region and/or the second coating layer. 

35 Optionally, the bonding layer can include a filler material. The filler can be various materials suitable for 

enhancing performance properties of the finally-formed abrasive article. Some suitable filler materials can 
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include abrasive grains, pore-formers such as hollow sphere, glass spheres, bubble alumina, natural materials 

such as shells and/or fibers, metal particles, and a combination thereof. 

In one particular embodiment, the bonding layer can include a filler in the form of abrasive grains. The abrasive 

grains of the filler can be significantly different than the abrasive particles, particularly with regard to size, such 

5 that in certain instances the abrasive grain filler can have an average grain size that is substantially less than the 

average size of the abrasive particles bonded to the tacking film. For example, the abrasive grain filler can have 

an average grain size that is at least about 2 times less than the average particle size of the abrasive particles, 

which can be measured by the size of the core of the abrasive particles, excluding the first and second coating 

layers. In fact, the abrasive filler may have an average grain size that is even smaller, such as on the order of at 

10 least 3 times less, such as at least about 5 times less, at least about 10 times less, and particularly within a range 

between about 2 times and about 10 times less than the average particle size of the abrasive particles. 

The abrasive grain filler within the bonding layer can be made from a material such as carbides, carbon-based 

materials (e.g. fullerenes), borides, nitrides, oxides, oxynitrides, oxyborides, and a combination thereof. In 

particular instances, the abrasive grain filler can be a superabrasive material such as diamond, cubic boron 

15 nitride, or a combination thereof. It will be appreciated that the abrasive grain filler can be the same material as 

that of the abrasive particles bonded to the tacking film. In other instances, the abrasive grain filler can include 

a different material than the material of the abrasive particles bonded to the tacking film. 

FIG. 2 includes a cross-sectional illustration of a portion of an abrasive article in accordance with an 

embodiment. As illustrated, the abrasive article 200 can include a substrate 201, which is in the form of an 

20 elongated member such as a wire. As further illustrated, the abrasive article can include abrasive particles 203 

overlying and attached to an external surface of the substrate 201. Notably, the abrasive particles 203 can 

include a core 204 comprising the abrasive grit material (e.g., diamond grit), a first coating layer 205 overlying 

the core, and a second coating layer 206 overlying the first coating layer 205. The abrasive particles 203 can be 

bonded directly to the surface of the substrate 201, and can be in direct contact with a surface of the substrate, 

25 and may not necessarily have an intervening layer. 

In particular embodiments, the abrasive particles 203 can be bonded to the substrate 201 at diffusion bonding 

regions 207 comprising an interdiffusion of the material of the second coating layer 206 and the substrate 201. 

According to one embodiment, the diffusion bonding regions 207 are localized to regions around the abrasive 

particles 203. Moreover, the diffusion bonding regions 207 are preferentially located at the interface of the 

30 abrasive particles 203 and the substrate 201, and can define gaps 208 between the abrasive particles 203, 

wherein the gaps 208 are regions along the abrasive article absent the diffusion bond region composition. 

Furthermore, the gaps can be defined as regions between abrasive particles 203, wherein the bonding layer 209 

is in direct contact with the substrate 201. 

As such, an abrasive article according to an embodiment can be characterized by a discontinuous coating 

35 preferentially surrounding the abrasive particles 203 and leaving gaps or an absence of a material in regions 

between the abrasive particles 203. In particular instances, the discontinuous coating can be defined by the 

material of the second coating layer 206 and diffusion bonding regions 207, which can include a material from 
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the second coating layer 206 and the substrate 201. In certain embodiments the discontinuous coating can 

define coated regions 220 comprising a low temperature metal alloy (LTMA) material surrounding and 

overlying a majority of the abrasive particles 203 and gap regions 208 between the abrasive particles 203. In 

certain instances, the gap regions 208 can account for a minority of the surface area of the outer surface of the 

5 substrate 201, including for example, not greater than about 48%, not greater than about 40%, not greater than 

about 35%, not greater than about 30%, not greater than about 25%, not greater than about 20%, not greater than 

about 15%, or even not greater than about 12% of the total outer surface area of the substrate 201. Still, the gap 

regions 208 can make up at least about 1%, such as at least about 3%, or at least about 5% of the total surface 

area of the outer surface of the substrate 201. 

10 The abrasive article 200 can include a bonding layer 209 overlying the external surfaces of the abrasive particles 

203 and can be bonded directly to the second coating layer 206 of the abrasive particles 203 and portions of the 

external surface of the substrate 201 within gaps 208 between the diffusion bonding regions 207. 

The above-disclosed subject matter is to be considered illustrative, and not restrictive, and the appended claims 

are intended to cover all such modifications, enhancements, and other embodiments, which fall within the true 

15 scope of the present invention. Thus, to the maximum extent allowed by law, the scope of the present invention 

is to be determined by the broadest permissible interpretation of the following claims and their equivalents, and 

shall not be restricted or limited by the foregoing detailed description. 

The Abstract of the Disclosure is provided to comply with Patent Law and is submitted with the understanding 

that it will not be used to interpret or limit the scope or meaning of the claims. In addition, in the foregoing 

20 Detailed Description of the Drawings, various features may be grouped together or described in a single 

embodiment for the purpose of streamlining the disclosure. This disclosure is not to be interpreted as reflecting 

an intention that the claimed embodiments require more features than are expressly recited in each claim. 

Rather, as the following claims reflect, inventive subject matter may be directed to less than all features of any 

of the disclosed embodiments. Thus, the following claims are incorporated into the Detailed Description of the 

25 Drawings, with each claim standing on its own as defining separately claimed subject matter. 
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CLAIMS: 

1. An abrasive article comprising: 

a substrate comprising a wire; 

abrasive particles affixed to the substrate, the abrasive particles comprising: 

a first coating layer overlying the abrasive particles; and 

5 a second coating layer different than the first coating layer overlying the first coating layer; 

and 

a bonding layer overlying the substrate and abrasive particles. 

2. An abrasive article comprising: 

a substrate comprising an elongated body having an aspect ratio of length: width of at least about 10:1; 

10 abrasive particles affixed to the substrate; 

a discontinuous coating including a metal material defining coated regions comprising a low 

temperature metal alloy (LTMA) material surrounding and overlying a majority of the 

abrasive particles and gap region between the abrasive particles. 

3. The abrasive article of any one of claims 1 and 2, wherein the substrate comprises an inorganic 

15 material. 

4. The abrasive article of any one of claims 1 and 2, wherein the substrate comprises a material 

selected from the group of materials consisting of metals, metal alloys, and a combination thereof. 

5. The abrasive article of any one of claims 1 and 2, wherein the substrate comprises a metal 

comprising a transition metal element, wherein the substrate comprises steel. 

20 6. The abrasive article of any one of claims 1 and 2, wherein the substrate comprises a coating 

overlying an outer surface of the substrate. 

7. The abrasive article of claim 6, wherein the substrate comprises a coating layer directly bonded to 

an outer surface of the substrate. 

8. The abrasive article of claim 1, wherein the substrate comprises an elongated member having an 

25 aspect ratio of length: width of at least about 10:1. 

9. The abrasive article of any one of claims 1 and 2, wherein the substrate comprises an elongated 

member having an aspect ratio of length: width of at least about 100:1. 
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10. The abrasive article of any one of claims 1 and 2, wherein the substrate comprises an average 

length of at least about 50 m. 

11. The abrasive article of any one of claims 1 and 2, wherein the substrate comprises an average 

width of not greater than about 1 cm. 

5 12. The abrasive article of any one of claims 1 and 2, wherein the substrate comprises an average 

width of at least about 0.01 mm, wherein the substrate comprises an average width of at least about 0.03 mm. 

13. The abrasive article of any one of claims 1 and 2, wherein the substrate consists essentially of a 

wire. 

14. The abrasive article of any one of claims 1 and 2, wherein the substrate comprises a plurality of 

10 filaments braided together. 

15. The abrasive article of claim 1, wherein the first coating layer comprises a material selected from 

the group of materials consisting of metals, metal alloys, and a combination thereof. 

16. The abrasive article of claim 1, wherein the first coating layer comprises a transition metal 

element. 

15 17. The abrasive article of claim 1, wherein the first coating layer comprises a metal selected from the 

group of metals consisting of titanium, vanadium, chromium, molybdenum, iron, cobalt, nickel, copper, silver, 

zinc, manganese, tantalum, tungsten, and a combination thereof. 

18. The abrasive article of claim 1, wherein the first coating layer consists essentially of nickel. 

19. The abrasive article of claim 1, wherein the first coating layer consists essentially of copper. 

20 20. The abrasive article of claim 2, wherein the discontinuous coating comprises a first coating layer 

comprising a material selected from the group of materials consisting of metals, metal alloys. 

21. The abrasive article of claim 2, wherein the first coating layer comprises a metal selected from the 

group of metals consisting of titanium, vanadium, chromium, molybdenum, iron, cobalt, nickel, copper, silver, 

zinc, manganese, tantalum, tungsten, and a combination thereof. 

25 22. The abrasive article of claim 2, wherein the first coating layer consists essentially of nickel or 

consists essentially of copper. 
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23. The abrasive article of claim 1, wherein the first coating layer overlies at least about 50% of an 

exterior surface area of each of the abrasive particles. 

24. The abrasive article of claim 1, wherein the first coating layer overlies essentially the entire 

exterior surface area of each of the abrasive particles. 

5 25. The abrasive article of any one of claims 1 and 2, wherein the coating layer is in direct contact with 

an external surface of each of the abrasive particles. 

26. The abrasive article of any one of claims 1 and 2, wherein the coating layer is electroplated directly 

to an external surface of each of the abrasive particles. 

27. The abrasive article of any one of claims 1 and 2, wherein the first coating layer comprises at least 

10 about 5 % of the total weight of each of the abrasive particles. 

28. The abrasive article of any one of claims 1 and 2, wherein the first coating layer comprises not 

greater than about 60% of the total weight of each of the abrasive particles. 

29. The abrasive article of claim 1, wherein the first coating layer comprises an average thickness 

greater than an average thickness of the second coating layer. 

15 30. The abrasive article of claim 1, wherein the first coating layer comprises an average thickness less 

than an average thickness of the second coating layer. 

31. The abrasive article of claim 1, wherein the first coating layer comprises an average thickness 

substantially equal to an average thickness of the second coating layer. 

32. The abrasive article of claim 1, wherein the first coating layer comprises an average thickness of 

20 not greater than about 12 microns. 

33. The abrasive article of claim 1, wherein the first coating layer comprises an average thickness of at 

least about 0.2 microns. 

34. The abrasive article of claim 1, wherein the second coating layer comprises a material selected 

from the group of materials consisting of metal, metal alloys, metal matrix composites, and a combination 

25 thereof. 

35. The abrasive article of claim 1, wherein the second coating layer comprises a transition metal 

element. 
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36. The abrasive article of claim 1, wherein the second coating layer comprises an alloy of transition 

metal elements, wherein the second coating layer comprises a metal selected from the group of metals consisting 

of lead, silver, copper, zinc, tin, titanium, molybdenum, chromium, iron, manganese, cobalt, niobium, tantalum, 

tungsten, palladium, platinum, gold, ruthenium, and a combination thereof. 

5 37. The abrasive article of claim 1, wherein the second coating layer comprises a metal alloy of tin and 

lead, wherein the second coating layer comprises tin, wherein the second coating layer consists essentially of tin. 

38. The abrasive article of claim 1, wherein the second coating layer comprises a low temperature 

metal alloy (LTMA) material. 

39. The abrasive article of claim 1, wherein the second coating layer has a melting point of not greater 

10 than about 450°C. 

40. The abrasive article of claim 1, wherein the second coating layer directly contacts an exterior 

surface of the first coating layer. 

41. The abrasive article of claim 1, wherein the second coating layer overlies at least about 50% of an 

exterior surface area of the first coating layer on each of the abrasive particles. 

15 42. The abrasive article of claim 1, wherein the second coating layer comprises at least about 10% of 

the total weight of each of the abrasive particle and the first coating layer. 

43. The abrasive article of claim 1, wherein the second coating layer comprises an average thickness of 

not greater than about 12 microns. 

44. The abrasive article of claim 1, wherein the second coating layer comprises an average thickness of 

20 not greater than about 80% of an average particle size of the abrasive particles. 

45. The abrasive article of claim 2, wherein the discontinuous coating includes a first coating layer and 

a second coating layer. 

46. The abrasive article of any one of claims 1 and 2, wherein the abrasive particles comprise a 

material selected from the group of materials consisting of oxides, carbides, nitrides, borides, oxynitrides, 

25 oxyborides, diamond, and a combination thereof. 

47. The abrasive article of any one of claims 1 and 2, wherein the abrasive particles comprise an 

average particle size of not greater than about 500 microns. 
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48. The abrasive article of claim 1, wherein the bonding layer directly contacts the second coating 

layer. 

49. The abrasive article of claim 1, wherein the bonding layer overlies a majority of an external surface 

of the substrate and an external surface of the abrasive particles. 

5 50. The abrasive article of claim 1, wherein the bonding layer overlies at least about 90% of the 

external surfaces of the substrate and abrasive particles. 

51. The abrasive article of claim 1, wherein the bonding layer comprises a material selected from the 

group of materials consisting of metals, metal alloys, cermets, ceramics, composites, and a combination thereof. 

52. The abrasive article of claim 1, wherein the bonding layer comprises a metal selected from the 

10 group of metals consisting of lead, silver, copper, zinc, tin, titanium, molybdenum, chromium, iron, manganese, 

cobalt, niobium, tantalum, tungsten, palladium, platinum, gold, ruthenium, and a combination thereof. 

53. The abrasive article of claim 1, wherein the bonding layer consists essentially of nickel. 

54. The abrasive article of claim 1, wherein the bonding layer comprises an average thickness of at 

least about 10% of an average particle size of the abrasive particles. 

15 55. The abrasive article of claim 1, wherein the bonding layer comprises an average thickness of not 

greater than about 100% of an average particle size of the abrasive particles. 

56. The abrasive article of claim 1, wherein the bonding layer comprise an average thickness of at least 

about 1 micron. 

57. The abrasive article of claim 1, wherein the bonding layer comprises an average thickness of not 

20 greater than about 100 microns. 

58. A method of forming an abrasive article comprising: 

providing a substrate comprising an elongated body having an aspect ratio of length:width of at least 

about 10:1; 

treating the substrate to form a binding film; 

25 placing abrasive particles comprising a second coating layer including a low temperature metal alloy 

(LTMA) material on the binding film; 

treating the substrate to bond the abrasive particles to the substrate; and 

forming a bonding layer over the abrasive particles. 
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59. The method of claim 58, wherein providing a substrate comprises providing a wire connected to a 

feed spool and a receiving spool, wherein providing a substrate comprises spooling the wire at a rate of not less 

than about 5 m/min from the feed spool to the receiving spool. 

60. The method of claim 58, wherein treating the substrate to form the binding film comprises 

5 applying a continuous coating of the binding film to an exterior surface of the substrate, wherein treating the 

substrate to form a binding film comprises a method selected from the group consisting of deposition, spraying, 

printing, dipping, die coating, and a combination thereof, wherein the binding film is bonded directly to a 

surface of the substrate, wherein the binding layer comprises a flux material. 

61. The method of claim 58, wherein treating the substrate comprises applying a flux material to an 

10 external surface of the substrate, wherein treating comprises forming a continuous layer of flux material over an 

external surface of the substrate. 

62. The method of claim 58, wherein placing the abrasive grains on the binding film comprises a 

process selected from the group consisting of spraying, gravity coating, dipping, die coating, electrostatic 

coating, and a combination thereof. 

15 63. The method of claim 58, wherein the second coating layer is bonded to the substrate at a diffusion 

bonding region defined by interdiffusion of elements of the second coating film and the substrate, wherein the 

diffusion bonding region is localized to regions around the abrasive particles, further comprising gaps in the 

diffusion bonding region at locations between the abrasive particles. 

64. The method of claim 58, wherein the abrasive particles comprise a second coating layer overlying 

20 a core material, wherein the second coating layer comprises a material selected from the group of materials 

consisting of metal, metal alloys, metal matrix composites, and a combination thereof, wherein the second 

coating layer comprises a transition metal element, wherein the second coating layer comprises a metal alloy of 

tin and lead, wherein the second coating layer comprises tin, wherein the second coating layer has a melting 

point of not greater than about 450°C. 

25 65. The method of claim 58, wherein treating the substrate to bond the abrasive particles comprises a 

process selected from the group consisting of heating, curing, drying, and a combination thereof, wherein 

treating comprises heating the second coating layer at a temperature of not greater than about 450°C, wherein 

treating comprises heating the second coating layer to melt the second coating layer and form a diffusion 

bonding region between the second coating layer and the binding film. 

30 66. The method of claim 58, wherein forming a bonding layer comprises a process of coating the 

bonding layer directly on the abrasive particles and the substrate, wherein the process of forming the bonding 

layer comprises a process selected from the group of processes including plating, spraying, printing, dipping, 

and a combination thereof, wherein the bonding layer comprises a material selected from the group of materials 
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consisting of organic materials, inorganic materials, and a combination thereof, wherein the bonding layer 

comprises fillers, wherein the fillers comprise secondary abrasive particles, wherein the bonding layer comprises 

a metal or metal alloy, wherein the bonding layer comprises nickel. 

67. A method of forming an abrasive article comprising: 

providing a substrate comprising an elongated body having an aspect ratio of length:width of at least 

about 10:1; 

treating the substrate to form a binding film; 

placing abrasive particles on the binding film, the abrasive particles comprising a first coating layer 

including a metal, and a second coating layer overlying the first coating layer including a low 

temperature metal alloy (LTMA) material; and 

heating the substrate to form a diffusion bonding region between the second coating layer of the 

abrasive particles and portions of the substrate. 
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