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ABRASIVE ARTICLE CONTAINING AN INORGANIC PHOSPHATE 

BACKGROUND.OF THE INVENTIO~ 

Field of the Invention 

This invention relates to abrasive products comprising abrasive particles, 

binder. and an inorganic phosphate grinding aid. and to methods of making and 

using same. The grinding aid may be an alkali metal metaphosphate. an alkaline 

earth metal metaphosphate. or a Group lllA metal orthophosphate. These abrasive 

1:5 products include bonded abrasives. coated abrasives. and nonwoven abrasives. 

Description of the Related Art 

In the competitive and economically significant field of abrasive products, a 

continuing desire exists ttl reduce manufacturing costs and increase performance of 

20 such products in efforts to seek and acquire competitive edge. 

Abrasive products are generally known having abrasi\'e pa11icles adherently 

bonded to a sheet-like backing For example. it is known to coal. in slurry form. a 

dispersion of ahrasive particles in a liquid or semi-liquid binder upon the surface of 

a sheet-form substrate. and then curing the binder to anchor the coating as a single 

25 layer to the substrate. Alternatively. another known approach is to generally stratify 

the abrasi\'e grains and binders into separate layers that are serially formed upon the 

sheet-form substrate. such as in coated abrasive a11icles. in such a way as to 

basically segregate the abrasive grains as a particulate monolayer sandwiched 

between underlying and overlaying binder layers. 

30 More specifically. coated abrasive products typically ha\'e a backing 

substrate. abrasive grains. and a bonding: system which operates to hold the abrasive 

grains to the backing. In a typical coated abrasive product. the backing is first 

coated with a layer of adhesive. commonly reterred to as a "make coat". and then 

the abrasive grains are applied to the adhesive coating. The application of the 

35 abrasive grains to the make coat involves electrosratic deposition or a mechanical 
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process which maximizes the tlrobability that the individual abrasive particles are 

positioned with their major axis oriented perpendicular to the.backing surface. As 

so applied. the abrasive particles optimally are at least partially embedded in the 

make coat. The resulting adhesive/abrasive grain layer is then generally solidified or 

5 set (such as by a series of drying or curing ovens) sufficient to retain the abrasive 

grains to the backing. After curing or setting the make coat, a second layer of 

adhesive. commonly referred 10 as a "size coat", is applied over the surface of the 

make coat and abrasive particles. and. upon setting. it further supports the particles 

and enhances the anchorage of the pa11icles to the backing. Optionally. a 

10 "supersize" coat. which may contain grinding aids. can be applied over the cured 

size coal. Jn any event. once the size coat and supersize cont. if used. has been 

cured. the resulting coated abrasive product can be convened into a variety of 

convenient fonns such as sheets. rolls. belts. and discs. As an optional 

enhancement. to mitigate any anticipated loading or clogging of the abrasive 

15 product with swarf (i.e .. debris liberated from the workpiece during the abrading 

operation). a coating of anti-stick stearate also can be applied over the exterior of 

the abrasive coating. once formed. as suggested in Kirk- Othmer Encyclopedia of 

Chemical Technology. Fourth Ed .• Vol. I, (p. 29). 

Jn many abrasive articles the binder includes a particulate filler as an 

20 adjuvant. Typically. the binder will comprise between 40 to 70 percent by weight 

particulate tiller. The addition of the tillt:r either increases the toughness and 

hardness of the binder and/or reduces the cost of the finished article, e.g .• by 

decreasing the amount of binder required. The filler is typically an inorganic 

particulate material, generally having a particle size less than about 40 micrometers. 

25 Examples of common tillers in the abrasive industry include calcium carbonate. 

calcium oxide, calcium metasilicate. alumina trihydrate. silica. kaolin. quartz. and 

glass. 

There exists a subclass of fillers. referred to as grinding aids. cutting aids. or 

generically as "active fillers". An active filler is typically a particulate material the 

30 addition of which to the binder has a significant affect on the c~emical and physical 

processes of abrading which leads to improved performance. It is believed that 
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active fillers will either (I} decrease the friction between the abrasive grains and the 

workpiece being abraded. and/or (2) prevent the abrasive grains from "capping", i.e. 

prevent metal panicles from becoming welded to the tops of the abrasive grains. 

and/or (3) decrease the inte1face temperature between the abrasive grains and the 

s workpiece. and/or (4) decrease the required grinding force. 

Grinding aids can be especially effective in abrading stainless steel, exotic 

metal alloys slow to oxidize. and so forth. Jn some instances. a coated abrasive 

product containing a grinding aid in the binder can abrade up to 100% more 

stainless steel than a corresponding coated abrasive product in which the binder is 

JO devoid of a grinding aid. The reasc.ln, in theory, being that the activity of grinding 

metal by abrasive articles produces freshly formed. hot, and uncontaminated metal 

surfaces. If the newly formed. unconiaminated metal surface is not rapidly 

"contaminated". metal will transfer and adhere to the abrasi\'e particle surface(s) 

causing "cap1>ing" which decreases grinding performance. One purpose and 

J :5 ftmction of grinding aids is to prevent capping by rapidly contaminating the freshly 

formed metal surface. Grinding aids are normally incorporated into the bond 

resin(s) of the abrasive a11icle. Grinding aids (active fillers) can be classified as 

physically active or chemically active. Cryolite. sodium chloride. and potassium 

tetrafluoroborate are known physically active grinding aids that melt between 500 

20 and I .000°C which can form thin films on freshly formed metal. Chemically active 

grinding aids include iron py~ite, polyvinyl chloride. and polyvinylidene chloride 

which decompose when heated forming chemicals that rapidly react with the freshly 

formed metal surface. 

Also. combinations of grinding aids in abrasive articles (grinding wheels) 

25 may produce more than a cumulative grinding effect. U.S. patents describing use of 

the combination of a sulfide sah and an alkali metal salt include U.S. Patent Nos. 

2.408,319: 2.811.430: 2. 939. 777: 3.246. 970: and 5.061.295. Other patents that 

combine an inorganic salt containing tluorine. e.g. cryolite. and a salt such as 

ammonium chloride include U.S. Patent Nos. 2,949,351 and 2,952,529. 
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Another type of grinding aid enhancement is described in U.S. Patent No. 

5,44 I ,549 (Helmin) wherein the grinding aid effect of potassilim tetratluoroborate is 

enhanced by the additil)n of specific thermoplastics. Other descriptions of grinding 

aids include: 

5 U.S. Pat. No. 2.216. 135 (Rainier). which teaches a grinding wheel having as 

a grinding aid an anhydrous. water-soluble non-oxidizing inorganic alkali or alkaline 

earth metal salts whose melting points are within the range of 700 to I 200°C. 

These materials include sodium chloride. potassium chloride. anhydrous sodium 

carbonate. sodium sulfate, potassium sulfate. lithium sulfate, sodium pyrophosphate, 

w potassium pyrophosphate, calcium chloride. calcium bromide. magnesium sulfate, 

barium chloride. barium bromide. magnesium chloride. m11gnesium bromide or 

strontium chloride. 

U.S. Pat. No. 2.243.049 (Kistler). which teaches an abrasive body (grinding 

wheels) containing finely divided strongly acidic or potentially acidic inorganic 

15 compounds. Acid sulfates, phosphates or pyrophosphates are satisfactory. as are 

the ammonium. sodium. potassium. calcium. or barium salts thereof. Phosphorus 

pentoxide is also possible. The grinding aid constitutes abour 7% of the bond. 

When used on metal work suliaces. the grinding aid reduces loading and increases 

the grain etliciency 40 to I 00%. 

20 U.S. Pat. No. 2,6Q0,38S (Richlin). which teaches a metal cleaning cloth or 

felt impregnated with abrasive. sodium bisulfate and a humectant. Substitutes for 

the sodium bisultate include ammonium chlo1idc, ammonium phosphate. aluminum 

chlo1ide. antimonious chloride. pot11ssium bisulfate, oxalic acid, phosphoric acid and 

tanaric acid. 

U.S. Pat. No.3,030.198 (Kibbe). which discloses a grinding wheel 

containing potassium hexafluorophosphate as a grinding aid. 

U.S. Pat. No. 3.032.404 (Douglass et al.). which discloses a grinding wheel 

containing as a grinding aid finely divided solid heavy metal phosphide. It is 

preferable to also include potl'ISsium aluminum fluoride in the grinding wheel. 
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U.S. Pal. No. 3. 770.40 l(Sheels el al.). which describes an abrasive body 

(grinding wheel) comprised of grit-sized particles of alumina or silicon carbide held 

together by a water-insoluble aluminum phosphate bonding matrix. 

U.S. Pat. No. 5.096,983 (Gerber). which teaches the use of up to 5.00/o of a 

5 water soluble salt such as sodium phosphate lo retard the room temperature and 

eventual hardening of phenolic resole resins which are mixed with magnesium oxide 

with or without an ester fonctional hardening agent. 

U.S. Pat. No. 5.116.392 (Selgrad et al.). which teaches a grinding aid 

having the formula: uM 1 • M! • wHal • xChal • zPh. where M 1 is a pure metal or 

Ill mixture of alkali metal. alkaline earth metal and/or Al; M2 is a pure metal or mixture 

of Zn. Mn. Fe except for Fe as chloride; Hal is a pure halogen or mixture ofF, Cl, 

Br. I: Chai is chalcogenides. 0 and/or S; Ph is phos1>hate or more highly condensed 

phosphates of the formula P,O. where r = I to I 0, preferably I to 2. s = 4 to 20. 

preferably 4 to 7; and u. v. w. x or z = 0 to 95%. 

15 U.S. Pat. No. 4. 770.67 I (Monro~ et al.) describes adding various types of 

grinding aids onto the surface of alpha-alumina-based ceramic abrasive grits in 

coated abrasives. In one example. Monroe et al. describe K:?HPO.a as a grinding aid. 

Also. commonly assigned U.S. Pat. Appln. Serial No. 08/214,394, filed 

March 16. 1994. describes abrasive articles having a peripheral (outermost) coating 

20 comprised of grinding aid particles and a binder. where the grinding aid particles are 

individually coaled wilh an inert. hydrophobic. hydrocarbon-containing substance, 

such as a tatty acid or fatty acid salt. The individually-coated grinding aid particles 

also may be incorporated into erodible grinding aid agglomerates, with a binder to 

adhere the grinding aid pa11icles together. and these agglomerates can be 

25 incorporated into the make. size and/or supersize coats of a coated abrasive. 

Although a number of examples of grinding aid particles are disclosed in U.S. 

Appln. Serial No. 08/214.394. alkali metal or alkaline ea11h metal phosphates are 

not named. 

Commonly assigned U.S. Pat. Appln. Serial No. 08/545,874 (Ho et al.), 

30 filed on even date with the present application. describes coated abrasive articles 

having an abrasive grain layer fom1ed on a make coat. which. in turn. is coated with 
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a size coat or a size coal and a super size coat. where the abrasive grain layer is 

comprised of abrasive grnins and composite grains which coi1tain inorganic 

nonabrasive particles bonded together by a metal salt of a fatty acid or colloidal 

silica. or combinations thereof 

Commonly assigned U.S. Pat. Appln. Serial No. 08i386.887 (Gagliardi et 

al.) relates to abrasive a11icles. and in particular to abrasive articles comprising a 

combination of grinding aids. Jn particular. the Gagliardi et al. application relates to 

abrasive articles comprising a combination of potassium tetratluoroborate and a 

halogenated polymer in a binder. as well as abrasive articles comprising a 

JO combination of potassium tclratluroborate in halogenated binder. 

Ti1anium alloys. in panicular. such as designed for aerospace applications, 

are extremely ditlicult to grind. even with conventional grinding aids. Although the 

high strength of these alloys is a major cause of poor grinclability. chemical adhesion 

of the titanium to the ahrasive grain is also thought a factor contributing to poor 

15 abrasive performance. These ditnculties have been alleviated somewhat by use of 

cenain grinding fluids. such as coolants or lubricants. used to tlood the grinding 

interface between the abrasive article and workpiece. Materials used as grinding 

fluids for titanium include soluble cutting oils such as highly chlorinated cutting oils 

and buffered inorganic tripotassium phosphate solutions. the latter of which being 

20 described by I.S. Hong et al., "Coated abrasive machining of titanium alloys with 

inorganic phosphate solutions". Trans. ASLE. 14 (1971 ). pages 8-11 . Additionally, 

a comparative study of grinding aid lubricants in\'olving the use of among four 

inorganic salts NaNO~. KNO~. Na_,po.,. and K::PO~. is described by Caldwell et al., 

"Grinding a titanium alloy with coated abrasives." ASME Paper 58-SA-44, June 

25 1958. Although widely used in butlered solutions. the tripotassium phosphate salts 

have proven difticult to incorpornte into resin-bonded systems due to their 

hygroscopic nature. 

A variety of"phosphates" exist as salts of acids of phosphorus. The 

conventional nomenclature and associatt:d chemical formulae of several common 

30 anions for these salts include the following: 

orthophosphate = PO/ 
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monohydrogen orthophosphate= HPO .. t 
dihydrogen onhophosphate = H1P0-1" 

metaphosphate = PO_;· 

pyrophosphate = P20/". 

5 This terminology is applicable for purposes of this application. 

SUMMARY OF THE INVENTION 

The present invention provides abrasive articles having improved abrading 

efficacy and perfonnance by containing an inorganic phosphate.. The term 

10 ••inorganic phosphate ... as used herein. refers to an alkali metal metaphosphate, an 

alkaline eanh metal metaphosphate. and/or a Group HIA metal orthophosphate. 

The present invention relates to an abrnsive anicle comprising (a) a plurality of 

abrasive particles. (b) at least one binder to which said plurality of abrasive particles 

are adhered; and (c) an inorganic phosphate selected from the group consisting of 

15 an alkali metal metaphosphate. an alkaline earth metal metaphos1Jhate, and a Group 

UlA metal m1hophosphate. 

In one aspect of the invention. the presence of an alkali metal 

metaphosphate or an alkaline earth metal metaphosphate in an abrasive article has 

been discovered to increase abrading etlicacy and performance of the abrasive 

20 article. For purposes of this invention. alkali metals are comprised of the Periodic 

Table Group IA (i.e .• Na. K. Li, Rb. Cs. and Fr). Alkaline eanh metals are 

comprised of the Periodic Table Group llA (i.e .. Be. Mg. Ca. Sr. Ba and Ra). all 

exhibiting the oxidation slate. + 2. Therefore. inorganic meta11hosphate compounds 

within the scope of this invention can be generally represented by the formula 

25 M"(PO.;)~., where the metal atom M is selected from among the Periodic Table 

Group IA. or Group llA, and x and y will have values that provide an electrically 

neutral compound between the particular M, •. ion(s) and the metaphosphate ion(s) 

(i.e. P03"). M is the same type of metal atom for any given inorganic phosphate 

compound of the subject formula. 

30 In yet another as)lect of the invention. the presence of a Group IIIA metal 

orthophosphate in an abrasive ai1icle hns been discovered to increase abrading 
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efficacy and performance c.if a coated abrasive a11icle. especially in titanium 

grinding. when added to a peripheral coating of a coated abrasive. as compared to 

conventional fillers such as calcium carbonate. For purposes of this invention. a 

Group 111A metal means a me1al selected from the Periodic Table Group IHA (i.e., 

5 Al. B. Ga. In. and Tl). By "011hophosphate". it is meant the anion having the 

formula PO./". 

In another aspect of this invention. there is a coated nbrasive article 

including a subs1ra1e having abrasive grains adherently bonded thereto by at least 

one binding material. and a peripheral coating layer comprising particles of an 

JO inorganic phosphate. To illusrrare. the present invention relates to a coated abrasive 

article comprising a subsrrate having a plurality of abrasive particles adherently 

bonded thereto by a binder. and a peripheral coating layer comprising a plurality of 

particles which comprise an inorganic phosphate. wherein said inorganic phosphate 

is selected from the group consisting. of an alkali metal metaphosphate. an alkaline 

15 earth metal metaphosphate. and a Group lllA metal orthophosphate; and a coated 

abrasive article comprising a cured abrasive slurry coating comprising a plurality of 

abrasive grains: a plurality of pa11icles comprising an inorganic phosphate selected 

from the group consisting of an alkali metal metaphosphate. an alkaline earth metal 

metaphosphate. and a Group IllA mernl orthophosphate; and a binder. 

More parricularly. in this aspei:t. the inorganic phosphate can be 

advantageously used in a peripheral ~oaring layer of a coated abrasive article or 

slurry-coated abrasive article. For purposes of this application. a "peripheral 

coating layer" means the outermost coating. i.e. the coating having an exposed and 

uncoated major surface. as disposed on the working side of a coated or slurry-

25 coated abrasive article construction. The "working side" of the coated abrasive 

article being a side of the construction where the abrasive grains are adherently 

bonded 1u the backing. The peripheral coating generally is a size coat (without an 

overlaying supersize coat}. a su1">ersize coat. or an abrasive slurry coating, with the 

proviso that the layer in all cases represents the outermost laye1~ of the abrasive 

30 article construction and is leti uncoated by any other separate coating whether it is 

derived from the same composition or not. 
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In the instance of the peripheral coating also constituting an abrasive slurry 

coating. the abrasive pa11icles are co-dispersed wi1h the inorga·nic phosphate 

panicles in a liquid or semi-liquid binder J>recursor and the resulting dispersion cast 

or coated upon the substrate. and then the binder J>recursor is cured. and the 

!l resulting comingled abrasive particle and grinding aid-containing hardened coating 

is left exposed and uncoated on its outer major surface. The abrasive slurry in this 

regard can be formed inro a single thickness layer, or alternatively, the abrasive 

slurry can be shaped before completing hardening of the hinder medium to impart a 

surface topography therein including three-dimensional geometric shapes to provide 

JO a structured abrasive 

The peripheral coaling includes a binder. preferably a thermoset binder or 

resin. which serves as the continuous phase or medium by which the grinding aid 

particles. and any other dispersed additives and/or abrasive particles. are attached 

within and bound into the layer. The term "thermoset" resin. as used herein. means 

I!\ a cured resin that has been exposed to an energy source (e.g., heat and/or radiation) 

sufficient to make the resin incapable of flowing. The term "thermosetting" means 

an uncured thermoser resin. The term "thermoplastic resin" means a polymer 

material that is solid.· that is possesses significant elasticity at room temperature and 

turns into a viscous liquid-like material at some higher temperature. the change 

20 being reversible. Also. the term "dispersed". or variants of this term, as used herein, 

does not necessarily denote a uniform distribution of the inorganic phosphate­

containing grinding aid throughout the resinous binder of the peripheral coating, 

although uniform dispersions of such are contemplated in this invention. 

A peripheral coating containing the inorganic phosphate grinding aid erodes 

25 during the abrading process so that fresh grinding aid is introduced to and 

replenished at the abrading interface. The peripheral coating may contain other 

non-abrasive additives to manage the erndability of the grinding aids in the 

peripheral coating. The peripheral coating preferred for this invention contains an 

epoxy binder and water insoluble sodium metaphosphate as grinding aid. 

30 It is to be undel'stood that the abrasive article of the invention includes not 

only coated abrasive articles and abrasive slurry-coated abrasives. but also bonded 
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abrasives. and nonwoven abrasives. Bonded abrasives comprise a shaped mass of 

abrasive panicles adhered together with n binder. which can be organic. metallic or 

vitrified. which. in the present invention, would also include a dispersion in the 

binder oft he inorganic phosphate grinding aid. Thus. a bonded abrasive article of 

5 the present invention can comprise a shaped mass. wherein said shaped mass 

comprises a plurality of nbrnsive particles and an inorganic phosphate selected from 

the group consisting of an alkali metal mecaphosphate, an alkaline earth metal 

metaphosphate. and a Group lllA metal orthophosphate, adhered together with a 

binder. The bonded abrasive can be molded and shaped into a wide variety of 

10 useful grinding shapes before completely curing the binder. such as including a 

grinding wheel shape or a conical sha1>c. A nonwoven abrasive of rhe invention 

involves dispersion of the inorganic metaphosphate grinding aid in a binder along 

with abrasive grains. adhered to the lib~rs of a lofty, open nonwoven web. 

The inorganic phosphate grinding aid can be added to a binder of an 

15 abrasive article as individual pa11icles or in agglomerare form where. in the latter 

form. individual particles of the filler are bound together with an agglomerate 

binder. such as a thermosetting resinous binder. The agglomerates. if used. should 

be erodible. By "erodible". it is meant that the agglomerate has the ability to break 

down in a controlled manner. for example. by fracture due to mechanical stress 

211 and/or by dissolving fully or in part under wet grinding conditions. "Wer" means 

grinding conditions where a .water spray or flood is used. One preferred binder for 

such agglomerates is a metal salt of fatty acid. such as zinc stearate. Therefore. the 

present invention relates to an erodible grinding aid agglomerate comprising (a) a 

plurality of particles com11rising an inorganic phosphate. said inorganic phosphate 

25 being selected from the group consisting of an inorganic phosphate selected from 

the group consisting of an alkali metal metaphosphate. an alkaline earth metal 

metaphosphate. and a Group IIIA metal orthophosphate. and (b) a binder adhering 

said inorganic phosphate particles together. 

The inorganic phosphate is contained in an amount etlective to increase the 

30 amount of workpiece surface removed by grinding a workpiece. such as a titanium 

workpiece. with an abrasive article of the invenrion as compared to the use of the 
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same abrasive article construction exct:pl as devoid of the inorganic metal 

phosphate constituem. 

Other advantages. in addition to the grinding enhancement. attributable to 

the use of an inorganic phosphate additive in an abrasive article include (I) its 

5 excellent rheology in both aqueous phenolic and aqueous epoxy systems, allowing 

its incorporation imo either size and/or supersize coats; .and (2) ease to incorporate 

into an abrasive article. 

15 

In another aspect. the invention provides a method for making a coated 

abrasive article. comprising the steps of: 

(a) applying a first binder resin precursor to a substrate: 

(b) at least partially embedding a plurality of abrasive pa11icles in said 

first binder resin precursor: 

(c) at least partially cming said first binder resin precursor to form a 

make coat; 

( d) applying. over said make coat and said plurality of abrasive particles. 

a second binder resin precursor and an inorganic phosphate selected from the group 

consisting of an alkali metal metaphosphate. an alkaline ea11h metal metaphosphate. 

and a Group JllA metal orthophosphate; and 

( e) curing said second binder resin precursor 10 fi.mn a peripheral 

211 coating. and completely curing said first binder resin precursor. 

Jn yet another aspect, the invention provides a method for making a coated 

abrasive a11icle. comprising the steps of: 

(a) applying a first binder resin precursor to a substrate; 

(b) at least panfally embedding a plurality of abrasive particles in said 

25 first binder resin precursor: 

( c) at least partially curing said first binder resin precursor to form a 

make coat; 

(d) applying. over said make coat and said plurality of abrasive particles. 

a second binder resin precursor; and 

30 (e) at least partially curing said second binder resin precursor to fonn a 

size coat~ 
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5 

(t) applying. over said size coat. a third binder resin 1>recursor and an 

inorganic phosJlhate selected from the group consisting of an alkali metal 

metaphosphate. an alkaline earth me1al metaphosphate. and a Group IIIA metal 

orthophosphate; and 

(g) curing said third binder resin precursor to form a peripheral coating, 

and completely curing said first and second binder resin precursors. 

Jn a different aspect of the invention, there is a method of making a slurry­

coated abrasive article comprising the steps of: 

(a) applying a coating to a substrate. the coating comprising a binder 

JO resin precursor. a plurality of abrnsive particles. and an inorganic phosphate selected 

from the group consisting of an alkali metal metaphosphate. an alkaline ea11h metal 

metaphosphate. and a Group lllA metal 011hophosphate: and 

(b) curing said hinder resin precursor. 

The present invention. in another aspect. relates to a method of using the 

15 abrasive articles of the invention to grind titanium. comprising: 

(a) providing an abrasive article comprising an inorganic 

phosphate selected from the group consisting of an alkali metal me1aphosphate. an 

alkaline earth metal metaphosphate, and a Group JIIA metal onhophosphate in a 

peripheral coating layer thereof; and a workpiece comprising titanium; 

20 (b) frictionally engaging said peripheral coaling layer of said 

abrasive article with a surface of said workpiece: and 

(c} moving at least one of said abrasive article and said 

workpiece relative to each etlective ro reduce the surface of said workpiece. 

The incorporation of an inorganic phosphate into a peripheral coating of an 

25 abrasive article. in particular. endows the abrasive article with an unexpected 

abrading efticiency when compared to a similar abrasive containing conventional 

nonabrasive fillers for peripheral coatings. without unduly increasing. cost. 

DETAILED DESCRIPTION OF THE INVENTION 

30 The coated and slurry-coated abrasive products of the present invention 

generally include conventional backings and binders for the coatings. as modified to 
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contain an inorganic phcisphate grinding additive. As will be shown. abrasive 

products of this invention have been t'i:nmd to demonstrate high performance in 

abrading workpieces. preferably metal workpieces, such as titanium. 

The coated abrasive products of this invention can make use of backings, 

s make coats. abrasive grains. size coats, supersize coats. and optional adjuvants, 

such as grinding aids. fillers. and other c1dditives. which are known or conventional 

in making coated abrasive products; such materials or substances and their forms 

and use are described. for example, in Kirk-Othmer, loc. cit, p. 17-37. McKetta, 

J.J .. Cunningham. W.A.: Encyclouedia of Chemical Processin~ and Design. Marcel 

Jo Dekker. Inc .. p. 1-JCJ; and said U.S. Pat. Nos. 5,011.512 and 5.078.753. 

The backing used as a base or substrate for abrasive products of this 

invention generally will be made of a sheet or tilm of a material that is compatible 

with the make coat or abrasive shm)' coat and other elements or components of the 

abrasive product and that is capable of maintaining its integrity during fabrication 

1.5 and use of the abrasive product. Examples of backing materials are paper. fiber. 

polymeric film. woven and nonwoven fabric or cloth, and vulcanized fibre. Specific 

weights. tensile strengths. and charac1eristics of some of such backings are set forth 

on p. 4 of the McKetta and Cunningham text. loc. cit. Still other examples of 

backings include U.S. Patent No. 5.316.812 and Emopean Patent Application No. 

20 O 619 769. The backing may also con1ain a treatment or treatments to seal the 

backing. for example. to make them wmerproot: and modify physical properties 

thereof Alsu. reterence is made to t.:.S. Pat. No. 5,011.512 describing specific. 

woven. polyester cloth backings of certain weights and saturated with a calcium 

carbonate-filled late.'IClphenolic resin coating (useful also as a make coat). The 

25 backing may also have an attachment means on its back surface to secure the 

resulting coated abrasive lo a support pad or back-up pad. This attachment means 

can be a pressure sensitive adhesi\'e Cll' a loop fabric for a hook and loop 

attachment. Alternatively. there may be a intermeshing attachment system as 

described in the said U.S. Pat. No. 5,201.101. The back side of the abrasive article 

30 may also contain a slip resistant or frictional coating. Examples of such coatings 
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include an inorganic particulate (e.g .. calcium carbonate or qua11z) dispersed in an 

adhesive. 

The binder used to bind the inorganic phosphate component in a peripheral 

coating of an abrasive article. such as a size. supersize. or abrasive slurry coat, (also 

5 referred to as a ··peripheral coating binder") generally will be resinous binder or 

adhesive. The resinous adhesive generally will be selected such that it has the 

suitable properties necessal)' for an abrasive article binder. Examples of typical 

resinous adhesives useful in this invention include thermoseuing resins or 

thermoplastic resins. The peripheral coating binder may be the same as or different 

HI from the binder adhering the abrasive particles. 

Sui1able examples of thermosening resins for use in this invention include, 

for example. phenolic resins. aminoplast resins having pendant a.P-unsaturated 

carbonyl groups, urethane resins. epoxy resins. ethylenically-unsaturated resins. 

acrylated isocyanurate resins. urea-formaldehyde resins, isocy11nurate resins, 

15 acrylated urethane resins. acryla1ed epoxy resins. bismaleimide resins. fluorene 

modified epoxy resins. waxes. and mixtures thereof These binders may also be 

useful to bond the abrasive grains together to form a bonded abrasive. or bond the 

abrasive grains to a backing to from a coated abrasive. 

Phenolic resins are widely used in abrasive article binders because of their 

20 thermal propenies. availability. cost and ease of handling. There are two types of 

phenolic resins. resole and novolac. and they can be used in this invention. Resole 

phenolic resins have a molar ratio of formaldehyde to phenol. of greater than or 

equal to I: l, typically between 1.5: 1.0 to 3.0:0. Novolac resins have a molar ratio 

of formaldehyde to phenol ofless than to one to one. Examples of 

2.5 commercially-available phenolic resins include those available from Occidental 

Chemical Corp., Tonawanda. NY. under the trade designations "Durez." and 

"Varcum": those available from Monsanto Co .• St. Louis, MO. under the trade 

designation "Resinox": and those available from Ashland Chemical Inc., Columbus, 

OH. under the trade designations "Arofene" and "Arotap". 

30 The aminoplast resins which can be used as binder in the make, size and 

supersize coats have at least one 1lendu111 a.B-unsaturated carbonyl group per 
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molecule or oligomer. These materials are further described in U.S. Pat. Nos. 

4.903.440 and 5.236.472. 

Epoxy resins usefiil as binders in make. size or supersize coats have an 

oxirane ring and are polymerized by the ring opening. Such epoxide resins include 

5 monomeric epoxy resins and polymeric epoxy resins. These resins can vary greatly 

in the nature of their backbones and substituent groups. For example. the backbone 

may be of any type normally associated with epoxy resins and substituent groups 

thereon can be any group free of an active hydrogen atom 1hat is reactive with an 

oxirane ring at room 1emperature. Representative examples of acceptable 

10 substituent groups include halogens. ester groups. ether groups. sulfonate groups. 

siloxane groups. nitro groups and phosphate groups. Examples of some preferred 

epoxy resins include 2.2-bis[4-(2.3-epoxy- propoxy)phenyl]propane (diglycidyl 

ether of hisphenol) and mate1ials commercially available from Shell Chemical Co., 

Houston. TX. under the trade designa1ions "Epon 828." ··Epun I 004." and .. Epon 

15 IOOIF" and from Dow Chemical Co .• Midland. Ml. under the trade designations 

.. DER 331." ··oER 332.'' and ··oER 334". Aqueous emulsions of the diglycidyl 

ether of bisphenol A have from about 50 to 90 wt. % solids. preferably 50 to 70 wt. 

% solids. and ti.inher comprise a nonionic emulsifier. An emulsion meeting this 

description is available from Shell Chemical Co .• Louisville. KY. under the trade 

2ll designation "CMD 3520 I" . Such aqueous epoxy emulsions are described as binder 

for grinding aids in EP 486.308 (Lee et al.). Other suitable epoxy resins include 

glycidyl ethers of phenol formaldehyde novolac (e.g., available from Dow Chemical 

Co .• under the trade designations .. DEN 431" and "DEN 438"'). 

Ethylenically-unsaturated resins which can be used in the make, size or 

25 supersize coats include both monomeric and polymeric compounds that contain 

atoms of carbon. hydrogen and oxygen. and optionally, nitrogen and the halogens. 

Oxygen or nitrogen atoms or both are generally present in ether, ester, urethane, 

amide. and urea groups. The ethylenically-unsaturated compounds preferably have 

a molecular weight of less than about 4,000 and are preferably esters made from the 

30 reaction of compounds containing aliphatic monohydroxy groups or aliphatic 

polyhydroxy groups and unsaturated carboxylic acids. such as acrylic acid. 
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methacrylic acid, itaconic acid, crotonic acid. isocrotonic add. maleic acid. and the 

like. Representative examples of ethylenically-unsaturated resins include those made 

by polymerizing methyl methncrylate, ethyl methacrylate, styrene, divinylbenzene. 

vinyl toluene, ethylene glycol diacrylate. ethylene glycol dimethacrylate. hexanediol 

5 diacrylate. trierhylene glycol cliacrylate. trimethylolpropane triacrylate, glycerol 

triacrylate. pentaerythritol triacrylate, pentaerythritol trimethacrylate, 

pentaerythritol tetraacrylate. or pentaerythritol tetramethacrylate. and mixtures 

thereof 

Other ethylenically-unsaturated resins include those of polymerized 

JO monoallyl. polyallyL and polymetlmllyl t!sters and amides of carboxylic acids. such 

as diallyl phthalate. diallyl adipate. and N.N-diallyladipamide. Still other 

polymerizable nitrogen-containing compounds include tris(2-acryl-

oxyethyl )isocyanurate. 1,3. 5-t ri-( 2-m~thacryl-oxyethyl)-s-triazine. acrylamide. 

methylacr~·lamide. N-methylacrylamide. N.N-dimethyl-acrylamide. 

15 N-vinylpym)lidone. and N-vinylpiperidone. 

Aery lated urethanes are diac1)'late esters of hydroxy terminated isocyanate 

extended polyesters or polyether$. Examples of commercially-available acry1ated 

urethanes which can be used in the make. size and supersize coats include those 

available from Radcure Specialties Inc .. Atlanta. GA. under the trade designations 

20 "UVITHANE 782." "C'MD 6600." "'CMD 8400." and "CMD 8805" Acrylated 

epoxies which can be used are diacrylate esters of epoxy resins. such as the 

diacrylate esters of bisphenol A t:pos.y resin. Examples of acrylated epoxies include 

those commercially available from Radcure Specialties Inc .. Atlanta, GA. under the 

trade designations "CMD 3500," "CMD J600." and "CMD 3700". 

25 Bismaleimide resins which alsll can be used in the make. size or supersize 

coats are further described in U.S. Pat. No. 5,3 I 4,513 (Miller et al.). 

Suitable thermoplastic resins for use in this invention to bind the alkali metal 

or alkaline earth metal metaphosphate in a peripheral coating of a coated abrasive 

article include halogenated polymers. Examples of halogenated polymers useful in 

311 this invention include polyvinyl halides (e.g. polyvinyl chloride) and copolymers 

thereof. and polyvinylidene halides such as disclosed in U.S. Pat. No. 3,616,580; 
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highly chlorinated paratlin waxes such as those disclosed in U.S. Pat. No. 

3,676.092: completely chlorinated hydrocarbon resins such as· those disclosed in 

U.S. Pat. No. 3. 784,365: and fluorocarbons such as polytetratluoroethylene and 

polytritluorochloroethylene as disclosed in U.S. Pat. No. 3.869.834. The more 

5 preferred halogenated polymers are polyvinyl chloride. a vinyl chloride/vinyl acetate 

copolymer. and polyvinylidene chloride. 

An example of a usefi.il polyvinyl chloride is commercially-available under 

the trade designation "GEON I 03 EPF-76''. which can be obtained from the 

Specialty Polymers & Chemicals Div. of B.F. Goodrich of Cleveland. Ohio. An 

10 example of a useti.al vinyl chloride/vinyl t1ce1ate copolymer is commercially available 

from Occidental Chemical Corp .. Dallas. TX. under the trade designation "OXY-

0565". 

Preferred halogenated polymers are solids having an average particle size of 

between I micrometers and 150 micrometers. and more prelerably between I 0 

15 micrometers and 100 micrometers. The polymer particles can be round. or can be 

another selected shape. 

The halogenated polymer binch:!r. such as polyvinyl chloride or a copolymer 

thereof. preforably is used in latex form or is plasticized. An example of polyvinyl 

chloride latex is that commercially available from B.F. Goodrich. Cleveland. OH. 

20 under the trade designation ''GEON 660-X 14 ... In addition. a preferred abrasive 

article includes a peripheral coating rnmprising the inorganic phos1>hate, a 

plasticized polyvinylchloride. and a thermosetting binder. Usefi.d thermosetting 

binders include epoxy binders. phenolic binders. melamine formaldehyde binders. 

acrylate binders. and latex binders, such as those described above. Plasticized 

25 materials. or ··plastisols". are stable, pourable. cream-like dispersions of resin 

powders. e.g .• polyvinyl chloride. in a plasticizer. Paste systems of polyvinyl 

chloride resins are formulated so that the plasticizer wets the resin particle at room 

temperature but only very slowly penetrates and solvates the resin. Upon heating. 

the paste systems fuse to provide a well plasticized resin. Plasticizers suitable for 

311 polyvinyl chloride generally are low viscosity. organic esters. for example. dioctyl 

phthalate. di-2-ethylhexyl phthalate. diisononyl phthalate. and triphenyl or diphenyl 
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alkyl phosphate. and generally are I 00% solids systems. Examples of such 

plasticizers useful for forming a plastisol with the halogenated· polymer. such as 

polyvinyl chloride. include. for example. a diisononyl phthalate plasticizer. 

commercially available from Exxon Chemical Co .. Houston. TX. and a diphenyl 

5 alkyl phosphate plasticizer. commercially available from Mlmsanto Co .• St. Louis, 

MO. under the trade designation "Santicizer 141 ··. These systems generally do not 

require an organic solvent and the total cure or fusion time is very short since no 

volatile solvents have to be removed prior to curing or fusion. 

The types of abrasive particles or grains useful in this invention include 

10 aluminum oxide. dianmnd like carbun. fused alumina zirconiu. titanium diboride. 

chromia. inm oxide. silica. tin oxide. garnet. ceria. flint. diamond. silicon carbide, 

cubic boron nitride (CBN). boron carbide. and the like. The term aluminum oxide 

includes alumina. heat treated alumina. and sintered alumina. such as sol-gel alpha 

alumina-based abrasive grains. 

15 Alpha aluminum-based ceramic materials useful to this invention include 

those abrasive grains such as disclosed in U.S. Patent nos. 4.314.827; 4.S l S,397; 

4.574.003: 4.623.364; 4.744.802: 4,770,671; 4.881.951; 5,011.508; S.291.59t 

5.201.916: and 5.304.3.~ I; and European Patent Application No. 228,856. 

Examples of fiised alumina zirconia include abrasive grains such as disclosed in U.S. 

20 Pat. Nos. 3. 78 I .408 and 3.893.826. 

25 

The abrasive grains to be used in this invention 1ypically have an average 

particle size ranging from about 0.1 to 1500 micrometers. usm11ly between about 

0. I to 750 micrometers. It is preferred that the abrasive particles have a Mohs' 

hardness of at least cibout 8. more preferably above 9. 

The term abrasive grains also encompasses single abrasive panicles bonded 

together to form an abrasive agglomerate. Abrasive agglomerates are described in 

U.S. Pat. Nos. 4.311.489; 4.652.275; and 4. 799. 939. 

1t is also within the scope of this invention to have a surface coating on the 

abrasive grains. The surface coating may have many different fonctions. In some 

30 instances the surface coatings increase adhesion to the binder or alter the abrading 

characteristics of the abrasive grain or particle. Examples of surface coatings 
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include coupling agents. halide salts. metal oxides such as silica. refractory metal 

nitrides. and refractory metal carbides. 

The abrasive grains of this invention also can embrace abrasive particles 

mixed or agglomerated with each other or diluent particles. The particle size of 

5 these diluent particles preferably is on the same order of magnitude as the abrasive 

grains or particles. Examples of such diluent particles include gypsum. marble. 

limestone. flint, silica g1inding aids. glass bubbles. glass beads. aluminum silicate, 

and the like. 

A preferred inorganic metaphosphate for use in this invention is sodium 

JO metaphosphate (i.e., NaPO.\), a crystalline material. that is also referred to in the 

field as "phosphate glass" or "Maddrell's salt". These terms are used 

interchangeably in this arplication to denominate NaPO.~. Sodium metaphosphate is 

essentially water insoluble. C'ompatibilily with aqueous epoxy or phenolic resins can 

be enhanced by coupling agents and/or wetting agents. A cnupling agent can 

15 provide an association bridge between the binder 1>recursor and the inorganic 

metaphosphate. filler par1icles. and/or abrasive particles. Examples of coupling 

agents include silanes. titanates, and zircoaluminates. and their manner of use for 

this function is described. for example. in U.S. Pat. No. 4.871,376 (DeWald). The 

abrasive bond preferably contains from about 0.01 to 3 wt.% coupling agent. 

20 One system used to enhance rheology for these resin/phosphate glass 

systems is an equal parts mixture of a titanaie available from Kenrich 

Petrochemicals. Inc .• Bayonne. NJ. under the trade designation ··ucA 38", and 

nonyl-pheno>\ypoly{ ethylene-oxy)ethanol available from Rhtme-Poulenc, Inc., 

Cranbury. NJ, under the trade designation "IGEPAL C0-660". An aqueous slurry 

25 of an insoluble sodium metaphosphate can be treated with 0.625 pans ofa LICA 

38/IGEPAL C0-660 mixture per IOO pans of the phosphate glass. This treatment 

is applied in-situ prior to the addition of other components of the formulation such 

as thermosettahle resin precursor. red iron oxide. tiller, and so fo11h. Subsequently. 

this formulation is applied as a peripheral coating layer. 
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The filler may also contain a coupling agent. Examples of such coupling 

agents suitable for this invention include organosilanes. zircoaluminates. and 

titanates. 

Insoluble phosphate glass-fimy acid salt paniculate can be made by mixing 

.5 the phosphale glass with an aqueous dispersion of a fatty acid salt. This mixture is 

thoroughly mixed and water added as necessary to facilitate dispersion of the 

materials. Then. ammonium hydroxide is added until this mixture gels. The gelled 

mass is dried at about 80 to I oo::ic. crushed. and screened to the desired size. 

The inorganic phosphate grinding aid filler of the invention, as used in 

10 coated or slurry-coated abrasives. generally is incorporated into a peripheral coating 

being a size or supersize emu or an abrasive sluny. as applicable. in an amount of 

I 0 to 90 wt. %. and preterably 20 to 70 wt. %. of the total coating weight (wet 

basis). and the peripheral coating binder generally is included in an amount of 

between I 0 and 40 wt. ~·o, preterahly between 15 and 35 ,..,t. % based on total 

15 coating weight (wet basis) of th~ size. supersize. or abrasive slurry. The mixing 

ratio. by dry weight (solids). of phosphate glass additive to peripheral coating 

binder in 1he periphernl coating layer is about I :O. 75 to abour :?.25: l. respectively, 

for this invention. 

The inorganic phosphate grinding aid parricles generally have an average 

2D particle size of between I and 150 micmmeters. and preferably between 5 and 100 

micrometers. more preterably 5 to 50 micrometers. 

Binders used to hind and consolidate a plurality of the inorganic phosphate 

panicles used in the agglomerate form thereof include fatty acid metal salts. silica. 

and the thermosetting resins discussed above. The fatty acid is. in general. a long 

25 straight or substantially straight-chain hydrocarbon including a carboxylic acid 

group and at least 8 carbon atoms. preferably 8 10 20 carbon atoms. The fatty acid 

can be saturated or unsamrated. If the fatty acid is saturated. its salt can be 

represented by the formula CH~CCH."?).~C'02M. where x can be between 6 and 18 and 

the metal atom M can be selected from the group consisting of zinc. calcium. 

Jo lithium. aluminum. nickel. lead. barium and the like. lf x is 16, then a stearate salt is 

formed: likewise if x is 14. a palmicate salt is formed; if x is 6, an octanoate salt is 
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formed. The farty acid can also be unsaturated. as in the case of a undecylenate 

salt, CH~=(CH2)11C02M amt an oleate salt. CH~(CH2)1CH=CH(CH2)7C02M. 

Stearic acid is the preterred fatty acid. A mixture of fatty acids can be used. such as 

that commonly encountered in currently-available commercial sources of "stearic 

5 acid". 

The softening points of the above-described fatty acid salts are greater than 

I 00°C. It is preferred in this invention to use metal salts of a fatty acid that have a 

high softening point. During abrading applications a considerable amount of heat 

can be generated. This heat may soften the loading-resistant coating to the point 

10 that the performance of the coated abrasive is substantially reduced and may cause 

the coating to smear cm the workpiece heing abraded. Metal stearates have a 

softening point in the range of 110-2 l 2°C. 

The metal salt of a fatty acid is in general insoluble in water and sparingly 

soluble in organic solvents. such as ketones. esters. alcohols. and mixtures thereof. 

15 However. if an appropriiite surt'actant is employed. the metal salt of a fatty acid can 

be rendered dispersible in water. his prefen·ed to use water as the solvent instead 

of organic solvents to minimize the environmental concerns associated with solvent 

removal. In general, the amount of the surfactant contained is between 0.01 to 

JO wt.% of the total formulation of phosphate salt particulate. metal salt of fatty 

20 acid. and surfactant. that is to be used to make the agglomerate. Ty1>ical examples 

of surfactants which can be.used are polyoxethylene alkylphenolether. sodium 

alkylsultale. polyoxyethylene alkylesteq>olyoxyethylene alkylether. polyhydric 

alcoholesters. polyhydric esterethers. sulfonates. or sulfosuccinates. The surfactant 

can be added directly to the agglomerate-forming formulation. or the metal salt of 

25 the fatty acid can be pretreated with the surfactant and then added to the 

formulation. 

The agglomerate composite particulate grains with the inorganic phosphate 

salts can be prepared by stirring or otherwise mixing a dispersion of the inorganic 

phosphate salt particles. e.g .• NaP0;1. in an aqueous solution or dispersion of the 

30 binder therefor. e.g., zinc stearate. Zn(C111H.is02h. gelling the resulting mixture of 

particulate and binder, drying such mixture. and grinding. crushing. or otherwise 
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pulverizing or shaping and classifying tht: resulting dry solid to form a composite 

particulate or grain produc1. 

Colloidal silica or silica sol are also useful as binders tbr the inorganic 

phosphate particulates for making the agglomera1e form thereof These sols are 

5 stable dispersions of amorphous silica particles in water. Commercial products 

contain silica particles with diameters of about 3-100 nm and specific surface areas 

of 50-270 m2/g. wi1h silica contems of 15-50 wt.%. They contain small amounts 

(<I wt.%) of stabilizers. most commonly sodium ions. Their pH should be above 7 

to maintain the negative charges on the silica particles that prevent aggregation. 

JO This surface charge is neutralized by soluble sails that ionize and form a double 

layer around the silica surface. which then allows aggregation; therefore. sols are 

only stable at low salt concentration. 

15 

Also. the fatly acid metal binders and colloidal silica binders of the invention 

can be combined and used together as a binder for the agglomerate. 

The agglomerales of the inorganic me1aphosphates particles generally have 

an average size of between 20 and 750 micrometers. more prefornbly between JOO 

and 700 micrometers. In some instances. it is preferred that the agglomerate grains 

be the same size or about the same size as the abrasive grains. 

1t is within the scope of this invention to have (I) coated agglomerate grains 

20 along side of abrasive; (2) agglomerate grains coated underneath abrasive grains; 

(3) agglomerate grains cuated over abrasive grains; and ( 4) combinations thereof. 

The agglomerate grains including. the inorganic phosphate generally 

comprise 5 to 90 wt. % phosphate salt J>aniculate and IO to 95 wt. % binder. and 

preferably 10 to 80 wt.% phosphate salt particulate and 20 to 90 wt% binder. 

25 The phosphate salt-containing agglomerates composite grains can funher 

comprise optional additives. such as. for example. fillers (including grinding aids). 

fibers, lubricants. wening agems. thixotropic materials. surfacrnnts, J>igments. dyes. 

antistatic agents. coupling agents. plasticizers. and suspending agents. The amounts 

of these materials are selected 10 provide the properties desired. 

3D It is also within the scope of this invention to incorporate inorganic 

phosphate into both an agglomerate admixed into a peripheral coating and also 
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directly with the main binder of a peripheral coating. In either instance. the particle 

size preterred is 30 microns or less. 

The bond system of the coated abrasive anicle. viz. any of the make coat, 

size coat. abrasive slurry coat, or supersize coat. and the like. as applicable, also can 

5 contain such adjuvanrs with the primary component thereot: i.e .. the binder 

precursor. 

For example, although not rec1uired, grinding aids. in addition to the 

phosphate salt in the peripheral coating, can be used in the coated and slurry-coated 

abrasive articles of the invention. if desired. A grinding aid is defined as a 

w particulate material that the addition of which has a significant eftect on the 

chemical and physical processes of abrading which results in improved 1>erformance. 

In general. the addition of a grinding aid increases the useti.il life of the coated 

abrasive. Grinding aids encompass a wide variety of different materials and can be 

inorganic or organic based. Examples of chemical groups of grinding aids include 

JS waxes, organic halide compounds. halide salts and metals and their alloys. The 

organic halide compounds will typically break down during abrading and release a 

halogen acid or a gaseous halide compound. Examples of such materials include 

chlorinated waxes like tetrachloronaphthalene. pentachloronaphthalene. and 

polyvinyl chloride. Examples of halide salts include sodium chloride. potassium 

20 cryolite. sodium c1yt)lile. ammonium cryolite. potassium tetrnlluoroborate. sodium 

tetrafluoroburate. silicon tluorides. potassium chloride. magnesium chloride. 

Examples of metals include. tin. lead. bismuth. cobalt, antimony. cadmium. iron. and 

titanium. Other miscellaneous grinding aids include sulfur, organic sulfur 

compounds. graphite and metallic sulfides. It is also within the scope of this 

25 invention to use a combination of different grinding aids. The above mentioned 

examples of grinding aids are meant to be a representative showing of grinding aids. 

and they are not meant to encompass all grinding aids usable in the present 

invention. 

Examples of antistatic agents which can be incorporated into the make. size. 

JO supersize. or abrasive slurry coatings are graphite. carbon black. vanadium oxide. 
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and humectants. These antistatic agents are described. for example. in U.S. Pat. 

Nos. 5.061.294; 5,137542; and 5.203.884. 

Another 01>tional adjuvant for the make, size and/or supersize binder 

precursors are modifying. pa11icles which have the eftect of lowering the binder 

5 precursor viscosity and reduce the rate of sedimentation of abrasive and/or filler 

particles in the binder precursors. Modifying pa11icles are described in U.S. Patent 

No. 5,368,61 C) (Culler). Preforred modifying particles include silica particles such 

as those available from the Degussa Corp .• Ridgefield Park, NJ. under the trade 

designations .. OX-SO ... "R-S 12", and ··P-820", the first being an amorphous silica 

w having an average particle size of 40 millimicrometers and surface area of 50 m2/g, 

the second being a hydrophobic fumed silica having an average particle size of7 

millimicrometers and surface area of 260 m2/g. and the third being a precipitated 

silica having an average pm1icle size of 15 millimicrometers and surface area of 100 

m2/g. The modifying particle generally is an inorganic particulate of relatively small 

15 particle size. preternbly having. an average particle size less than about 100 

millimicrometers. more preterably les5 than abom 50 millimicrometers. Modifying 

particles are preferably present in the slurries and binder precursor dispersions from 

about 0.0 I dry weight percent to about 30 dry weight percent. more preferably 

from about 0.05 to about I 0 weight percent. and most preferably from about 0.5 to 

21> about 5 weight percent. 

The manipulative steps of the prncess for making a coated abrasive articles 

of the invention can be es:;entially the same as those currently practiced in the art. 

Coated abrasives generally consist of a backing. abrasive grains. and at least one 

binder to hold the abrasive grains to the backing. In general. the coated abrasive 

2.5 comprises a backing having a fast bond sysrem. commonly referred to as the make 

coat present on the front side of the backing. At least partially embedded into the 

make resin are the abrasive particles. Over the make coated abrasive particles is a 

second bond system. commonly retern:d to as a size coat. In some instances, a 

third coatin~ or a supersize coat comprises the grinding aid and a binder. Methods 

30 ofmaking the coated abrasive is described in US Patents 4,734.104 and 4,737,163. 
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To make the coated abrniiive of the invention. the make coat is applied in a 

liquid or floi,.vable form to the front side of the backing. Next a plurality of abrasive 

grains are projected. preferahly hy electrostatic coating, into the make coat. The 

resulting constmction is at least partially cured. Notably. if a thermoplastic resin is 

5 used alone for any bond system. the thermoplastic resin can be dried in order to 

solidify. Thus. for the purpose of this application. the term .. cure'" refers to the 

polymerization. gelling. or drying procedure necessary to convert a binder precursor 

into a binder. Therefore ... at least panially curing., refors to ar least partially 

polymerizing. gelling. or drying a binder precursor. 

10 Then. the size coat is applied in a liquid or flowable form over the abrasive 

grains/make coat. The size coat. and if necessary, the make coat are folly cured. 

The make and size coats can be applied by any number of techniques such as roll 

coating. spra~· coating. cum1in coating. and the like. An optioned supersize coat 

containing resin binder can be ti.1rther coated upon the size coat 10 reinforce the 

15 abrasive particle retention. if desired. The make and size coats can be cured either 

by drying or hy exposure to an energy source such as thermal energy, or radiation 

energy including electron beam. ultraviolet light and visible light. The choice of the 

energy source will depend upon the particular chemistry of the resinous adhesive. 

In any event. the peripheral (outermost) coating of the coated abrasive article 

20 construction. whether it is the size or supersize. must contain the phosphate salt 

additive. 

The abrasive anicle of the invention involving forming an abrasive slurry 

coat as the peripheral coat itself can be made by the steps of mixing a resinous 

binder precursor. rhe phosphate salt additive, and any other adjuvants, and then 

25 coating the resulting dispersion upon a substrate. followed by curing the binder to 

harden the coating.. The abrasive slurry coat can take the t<.mn of a single thickness 

coating. 

Alternatively. the abrasive slurry. before curing the binder. can be shaped to 

form a so-called "structured abrasive article" meaning an abrasive article wherein a 

Jo plurality of shaped abrasive composites (binder plus abrasive particles, inorganic 

phosphate. and other additives distributed in the binder) are formed in the surface 
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topography of the abrasive slurry. Slmry-shaping tooling equipment and modes of 

operation thereof can be used to shape the abrasive slurry in tllis regard, for 

example. such as those described in U.S. Pat. No. S. I 52,917 (Pieper et al.), and 

U.S. Pat. No. S,43S.81Ci (Spurgeon e1 al.). 

5 In a strnctured abrasivt! of this invention. abrasive composites are shaped. 

preferably precisely shaped. and com1>rise a plurality of abrasive pa11icles, a binder, 

and the alkali metal or alkaline earth metal phosphate additive. The abrasive 

particles usable in abrasive composites of a structured abrasive of this invention are 

as described above. Suitable binders include cured binder precursors which include 

lO acrylate monomer(s). acrylated epoxies, acrylated isocyanates. acrylated 

isocyanurates. acrylatecl urethanes. and combinations thereot: such as those 

described above. 

15 

The precisely shaped composites may have the following shapes: pyramids. 

truncated pyramids. Cl)nes. ridgt!s, or truncated cones. preferably pyramids. 

One general method for making a structured abrasive article of this 

invention involves introducing an abrasive slurry comprising a binder precursor, 

abrasive pa11icles, and the inorganic phosphate onto a production tool. wherein the 

production tool has a specified pattern. 

The binder precursor is then at least partially gelled or cured. before the 

20 intermediate a11icle is removed from the outer surface of the production tool. to 

form a structured coated abrasive article. which is then removed from the 

production tool. 

If the production tool is made from a transparent mate1'ial. e.g .. a 

polypropylene or polyethylene thermoplastic. then either visible or ultraviolet light 

25 can be transmitted through the production tool and into the abrasive slurry to cure 

the binder precursor. This step is fonher described in U.S. Pat. No. 5.435.816 

(Spurgeon et al.). Alternatively, if the backing is transparent to visible or ultraviolet 

light. visible or ultraviolet light can be transmitted through the backing to cure the 

binder precursor. 

30 By at least panially curing on the production tool. the abrasive composite 

has a precise shape and )lredetermined pattern. However. the production tool can 
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be removed before a 1>recise shape has been achieved resulting. in an abrasive 

composite that does not have a precise shape. The binder precursor can be further 

cured off the production tol)I. 

The phrase ··production tool" as used herein means an article containing 

5 cavities or openings therein. For example. the production tool may be a cylinder. a 

flexible web. or an endless belt. A backing is introd\.lced onto the outer surface of 

the production tool after the cavities hiive been filled so that the abrasive slurry 

contained in the cavities wets one major surface of the backing to form an 

intermediate article. The binder J>recursor is then at least partially cured or gelled. 

111 before removing the intermediate a11ide from the outer surface of the production 

tool. Alternatively. the abrasive slurry can be introduced onto the backing so that 

the abrasive slurry wets one major surface of the backing to form an intermediate 

article. The intermediate a11icle is then introduced to a production tool having a 

specified pattern. 

)5 The production tool cHn be a belt. a sheet, a continuous sheet or web, a 

coating roll. a sleeve mounted on a coating roll or die. The outer surface of the 

production tool can be smooth or have a surface topography or pattern. The 

pattern will generally consist of a plurality of cavities or tea1ures. The resulting 

abrasive particle will have the inverse of the pattern from the production tool. 

211 These cavitiei; can have any geometric shape such as a rectangle. semicircle. circle. 

triangle. square. hexagon. pyramid. octagon. etc. The cavities can be present in a 

dot-like pattern or continuous rows. (.)J" the cavities can butt up against one another. 

The production tool can be made from metal or be mncle from a 

thermoplastic material. The metal tool can be fabricated by any conventional 

25 technique such as engraving. hobbing. electroforming. diamond turning and the like. 

The following description outlines a general procedure for making a 

thermoplastic production tool. A master tool is first provided. If a pattern is 

desired in the production tool. then the master tool should also have the inverse of 

the pattern for the production tool. The master tool is preferably made out of 

30 metal. e.g .. nickel. The metal master tool can be fabricated by any conventional 

technique such as engraving, hobbing, electrofonning. diamond turning. etc. The 
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thermoplastic material is then heated optionally along with the master tool so that 

the thermoplastic ma1erial is embossed with the master tool pallern. After the 

embossing. the thermoplastic material is cooled to solidit~·-

A peripheral coating comprising a binder and an inorganic phosphate 

s optionally can be at least partially coated over the abrasive composites. For 

example. if the abrasive composite is in the shape of a truncated pyramid. the 

peripheral coating could be coated on the tops of the truncated pyramid. 

Another use of the inorganic phosphate in this invention is its inclusion in 

erodible agglomerates or bonded abrasives, such as those genernlly described in 

JO U.S. Pat. Nos. 4,JI l.48C). 4.652.275. and 4.79C).939. 

Th1: inorganic phosphu1c. and/or as included in erodible agglomerates. also 

can be incorr>0rated into lofty. open nonwoven abrasives. such as those prepared 

according to the teachings of U.S. Pm. Nos. 2.958593~ 4.CJtJ 1.362: and U.S. Pat. 

No. S.025.5%. In genernl. nonwoven abrasives include open. lofty. three-

15 dimensional webs of organic fibers bonded together at points where they contact by 

an abrasive binder. These webs may be roll coated, spray coaled. or coated by 

other means with hinder J>recursor compositions including the inorganic phosphate 

grinding aid pa11icles. and/or erodible agglomerates including same. and 

subsequently su~iected to conditions sutlicient to cure the resin. 

20 A general procedure for making a nonwoven abrasive incorporating the 

inorganic phosphate includes mixing 1og.e1her binder precursor. abrasive particles.. 

the inorganic phosphate(and/m erodible grinding aid agglomerates including the 

combination). and other or>tional additives or supplemental binder (such as a PVC 

plastisol) to form a homogeneous mixture. This mixture is then sprayed or coated 

25 into a fibrous. lofty, nonwoven substrate. The binder precursor is then cured to 

form the nonwoven abrasive. 

The abrasive products of the present invention are not limited as to the types 

of work1>iece that can be abraded therewith. By "abrading", the term as used herein 

generally can mean any of grinding. polishing. finishing. and the like. The 

:m workpiece surfaces made of wood, metal. metal alloy. plastic. ceramic. stone, and 

the like. can be abrncled by the coated abrasive products of 1he present invention. 

-28-



W097/14S34 PCT/US96/143S4 

The abrasive products of this invention are panicularly well-suited for metal 

grinding operations. especially titrtnium grinding. 

Also. the abrasive products of the present invention can be readily converted 

into various geometric shapes to suit the contemplated application. such as discrete 

:5 sheets. disc forms. endl~ss belt forms. conical forms, and so forth, depending on the 

particular abrading operation envisioned. The abrasive articles can be flexed and/or 

humidified prior to use. 

In the following examples. objects and advantages of this invention are 

further illustrated by various embodiments thereof but the details of those examples 

JU should not be construed tu unduly limit this invention. All part~ and percentages 

therein are hy weight unless otherwise indicated. 

EXAMPLES 

In the examples. either of two ditlerent Abrasive Etliciency Test Procedures. 

15 I or II. were used to evaluate coated abrasive products (belts or discs) described in 

the examples. The abrasi\'e testing procedures and methods for making the belts 

and discs will first be described. 

Abrasive Efliciency Test Procedure I 

20 Fibre discs of coated abrasive products. each disc having a diameter of 

17.8 cm. with a 2.2 cm diameter center hole and backing thickness of0.76 nun. 

were installed on a swing-arm testing machine. The fibre discs were first 

conventionally flexed to cuntrollably break the hard bonding resins. mounted on a 

beveled aluminum back-up pad. and used to grind the edge of a titanium disc 

25 workpiece. Each disc was driven at 1710 rpm while the portiun of the disc 

overlaying the beveled edge of the back-up pad contacted with workpiece at 4.0 kg 

pressure. unless indicated mherwise in 1he following examples. Each disc was used 

to grind the same workpiece for a total of8 minutes or JO minutes as indicated in 

the following examples. and the workpiece was preweighed and then weighed after 

30 every I minute of grinding. 
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Abrasive Etliciencv Test Procedure JI 

The abrasive producl to be evaluated was conve11ed into two 7.6 cm x 

335 cm endless abrasive belts which were tested on a constant-load surface grinder. 

Two belt samples from each example abrasive product were 1ested. A pre-weighed, 

5 titanium workpiece. approxima1ely 2.5 cm x 5 cm x 18 cm. was mounted in a 

holder. positioned vertically. with the 2.S cm x 18 cm face confronting an 

approximately 36 cm diameter. 60 Shore A durometer serrated rubber. contact 

wheel and one-on-une lands over which entrained the coated abrasive belt. The 

workpiece was then reciprocated vertically through a 18 cm path at the rate of 

10 20 cycles per minute. while a spring-loaded plunger urged the workpiece against the 

belt with a lnad of 11.0 kg as the belt was driven at about 2.050 m per minute. 

After J 5 seconds of grinding time had elapsed. the workpiece holder assembly was 

removed and reweighed. and the amount of stock abrasively removed from the 

workpiece was calculated by subtracting the weight thereof after abrading from the 

15 original weight. Then a new, pre-weighed workpiece and holder were mounted on 

the equipment. The cut results rep011ed in the tables below for Test Procedure II 

are an average value uf lhe two b~lt smnples therel)ftested thr each example. The 

experimental error on this test was about+/- 10%. The total cut is a measure of the 

total amount of titanium remClved during the test. The test was deemed ended after 

20 three (3) minutes of grinding. 

For purposes of Test Procedures I and II described herein. in general, the 

initial cut is the amount of the wurkpiece removed upon completion of the first 

prescribed interval of grinding~ the tinnl cm is the amount of workpiece removed in 

the last interval of grinding: and the total cut is the total amount of workpiece 

25 removed over the entire grinding procedure for the subject workpiece. 

MATERIALS DESCRIPTION: 

The following materials and descriptions thereof are used in the examples. 
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Epoxv Resins 

BPAW: a composition containing a diglycidyl ether ofbispheiml A epoxy resin 

coatable from water containing approximately 60% solids and 40% water. This 

composition. which had the trade designation "CMD 35201 ".was purchased from 

s Shell Chemical Co .. Louisville. KY. This composition also comained a nonionic 

emulsifier. The epoxy equivalent weight ranged from about 600 to about 700. 

EPR: A composition containing a diglycidyl ether ofbisphenul A epoxy resin 

coatable from an organic solvent. This composition. which had the trade 

10 designation "EPON 8:?8". was purchased from the Shell Chemif.'.a) Company. 

15 

Houston. TX. The epoxy equivale111 Wt!ight ranged from about 185 to about 195. 

Phtnolir l~e§in 

RPI: a resole phenolic resin with 75% solids.(non-volatile). 

APR: an acidified resole phenolic resin formulation consisting of 96.3% resole 

phenolic resin. 3.4% PTSA (defined elsewhere herein}. and 0.3% AICb solution 

(defined elsewhere herein). 

20 Radiation Cm·able Resin Com1•onents & Addith•es 

MSCA: gamma-methacryloxypropyltrimethoxysilane. known under the trade 

designation "A-174". from Union Carbide Chemicals and Plaslics Co .. Danbury. 

CT. 

25 ASP: amorphous silica particles having an average surface area of 50 m2/g, and 

average particle size or 40 millimicrometers. commercially available from Degussa 

Corp., Ridgefield Park. N.J. under the trade designation ''OX-50". 

T ATHEIC: triacrylate of tris(hydroxyethyl} isocyanurate. 

JU 

TMPT A: trimethylol prnpane triacrylate. 
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PH I: 2.2-dimethoxy-1-2-diphenyl- J-ethanone. commercially available from Ciba 

Geigy Corp .• Hawthorne. NY. under the trade designation '"I RGACURE 651 ". 

5 Plastirizr1·s 

S-141: a diphenyl alkyl phosphate plasticizer. commercially available from 

Monsanto Co .• St. Louis. MO, Lmder the trade designation ··santicizer I 41 ". 

DiNP: diisononyl phthalate plasticizer, commercially available from Exxon 

HI Chemical C"o .• Houston. TX. 

15 

The-m10nlm1tif 

OXY-0565: a vinyl chloricleivin'.':i act:tme copolymer commercially available from 

Occidental Chemical Corp. Dallas. TX. under the trade designation ''OXY-0565". 

Cm·ing Age-ncs/Catalysts 

EM!: 2-ethyl-4-methyl imidazole. This curing agent, which Imel the designation 

"EMl-24". was comme.-cially available from Air Products. Allentown. PA. 

20 SbLAC: a C<.)mplexed. latent Lewis Acid made by dissolving SbFs in diethylene 

glycol followed hy forming a complex with an equivalent excess of 2.6-diethyl 

aniline. 

PTSA: 6::i% para-toluene sulfonic acid in water. 

25 

AICh: 28% aluminum chloride in water. 

Grinding Aids 

KBF~: 98% pure micmpulverized potassium tetratluoroborate. in which 95% by 

JO weight passes through a 325 mesh screen and a 100% by weight passes through a 

200 mesh screen. 
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5 

AIP0-1: aluminum phosphate. 

Ca(H2PO.ih: calcium dihydrogen phosphate. 

PhG: Phosphate glass. i.e .. sodium metaphosphate (NaPO;:). a water insoluble 

crystalline particulate. commercially available from Sigma Ch~mical Co .• St. Louis. 

MO. 

HI Na:;AIF,,: cryolite (trisodium hexalluoroaluminate). 

Additives 

JO: red iron oxide 

15 HP: a mixture of 85% 2-methoxy 1>rop11nol and l5% H~O commercially available 

from Worum Chemical Co .. St. Paul. l\1N. 

Disnersing Agent 

AOT: a dispersing agent (sodium di<.lclyl sullbsuccinate). which had the trade 

211 designation "Aerosol OT" was commercially available from Rohm and Haas 

Company. J>hiladelphia. PA: 

25 

Fillet· 

caco~: calcium carbonate 

Jn the following examples. various abrasive articles of the invention are 

described. General procedures for making these abrasive products will first be 

described. 
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Genen1I Prorl'.dt1rf' for Making Coalt>d Ahrasi\'tS Disrs 

A coated abrasive disc was prepared according to the following procedure. 

A 0.76 mm thick vulcanized fibre backing having a 2.2 cm diameter center hole was 

coated with a calcium carbonate-filled resole phenolic resin. comprising 69 pans 

5 resole phenolic resin (70 wt.% solids). 52 pans non-agglomerated CaCO~ (dry 

weight basis). and enough ofa solution of90 pans water/10 pmts ethylene glycol 

monoethyl ether to form a make coal having 83 wt. % total nonvolatile solid 

content. The wet coating weight of the make coat was approximately 161 g/m2
. 

Grade 36 (ave. diameter approximately 650 micrometers) silicon carbide abrasive 

HI grains were electrostatically coated onto the make coat at H weight of 

approximately 695 g/nr~. The resulting abrasive article was precmed for 150 

minutes at CJ3°C. A size composition wns applied over the abrasive grains and the 

make coat at an average weight of approximately 605 g/m~ tu form a size coat prior 

to testing. Unless indicated otherwise in the examples below. the size coat 

15 consisted of32% RPI. 51.7% CaCO.i and 16.3% HP. The resulting product was 

cured for 11.5 hours at 93"C'. Afier this step. the coated abrasive discs were flexed 

and humidified at 45% RI-I for one week. 

20 

General Prort"chtrl' for l\faking StrnC'tm·l'd Coattd Ahrasin A1·tides 

Th~ abrasive articles employing slurries of the invention were made 

generally in accordance with assignee's U.S. Patent No. 5.43.5.816 (Spurgeon et 

al.). First. a slurry \\•as prepared by thoroughly mixing: 22.3 pa1ts by weight binder 

resin composition (70/30/1 ofTMPT.AJTATHEIC'/PH l ). 0.85% ASP. 1.1% 

MSCA. 58.7% abrasive grains (of the type indicated in the examples) and 17.1% 

25 inorganic tiller (of the type indicated in the example). The slun)' used in preparing 

abrasive product was coated into a production tool with a rnndom pitch pattern. 

The height of this pattern was 14 mil(356 micrometers}. This pattern was the same 

pattern as described in the examples of U.S. Pat. Appln. Ser. No. 08/120.300 

(corresponding to PCT Publ. No 95/07797, published Ma1·ch 23. 1995). The 

30 production tool was made from polypropylene. 
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Next. a J-weiglu rayon cloth was pressed against the production tool by 

means of a roller so 1ha1 the slurry welted the front surface ofihe cloth. This 

J-weight rayon backing had a dried phenolic/latex presize. 

Ultraviolet light was then tn111smit1ed through the polypropylene tool and 

5 into the slurry. The ultraviolet light initiated the polymerization of the radiation 

curable resin contained in the slurry. resulting in the sluriy being transformed into 

an abrasive composite, with the abrasive composite being adhered to the cloth 

backing. The ultraviolet light sources used were two Fusion Systems "D" bulbs. 

which operated at 600 watts/in (236 watts/cm) of bulb width. Finally, the cloth/ 

JO abrasive composite or structured abrasive was separated from the polypropylene 

production tool. providing a coated abrasive a11icle. 

Exsmmll" l :md Comunr:Ui\'t> Exmnplts A-E 

The coated abrasives for Example I and Comparative Examples A-E were 

1; made according to the General Procedure for Making Coaled Abrasives Discs. 

These examples compare the abrading characteristics of a coated abrasive anicle of 

this invention using phosphate glass in a supersize peripheral coating as compared 

to other grinding aids and a control using no supersize. Alier cure of the make and 

size coats. supersizes were applied as shown in Table I with the following 

211 compositiun: 29.2% BPAW. 0.35% EM!. 53.3% of the supersize filler as indicated. 

14.1% water, 0.75% AOT. and 2.3% 10 (all percentages by wt.). Table I also 

indicates the total wt. % solids and coating rate for the various supersizes 

examined. The phosphate supersizes were tlinher diluted with water to decrease 

viscosity and enhance coat ability. Atier standard cure of the supersized discs. the 

25 discs containing Ca111(PO.i)r.(OH)i had noticeable cracks. Following flexing and 

humidi~ying of these supersized discs, 1he discs were tested for g1inding 

performance using Test Procedure 1 and the results are displayed in Table 2. The 

initial, final and total cuts (over 8 minutes) are reported in Table 2 in grams (g). 

The % of Comp. Ex. C value in Table 2 is based on the total cut value of the given 

30 example relative to the total cut value for Comparative Example C. 
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Table 1 

Filler Wt. •y., Solids Wet Wt. le/m2l 
Comp. Ex. A AIPO.i 66 375 
Comp. Ex. B KBF.i 76 ... ? .. _, _ _, 

Comp. Ex.(' NONE -- --
Como. Ex. D CaCl-hPO..i)~ 76 327 
Comp. Ex. E C'a111(P0..1}c.(OHh 63 452 

Ex.ample I PhG 76 331 

Table 2 
•y., of Comp. 

lnitbll Cut Final Cn• Total Cut Ex. G 

Comn. Ex. A 21 0.8 9.1 111 
Com11. Ex. B 2.4 I. I 11.4 139 

Com1>. Ex. C 1.9 0.8 8.2 100 

Com1>. Ex. D .., .. -··, 1.0 10.6 129 
Comp. Ex. E 2.0 0.7 85 104 

Example l 2.3 I. I l 1.7 143 

The disc of Example I with the phosphate glass-containing supersize 

· performed 143% of discs without supersize (i.e .• Comparative Example C), and was 

superior to all the grinding aids of Comparative Examples A. B. D and E. It is to be 

noted that Comparative Example A. with AIPO.i. is "comparative" in the limited 

sense as rela1ive to a preferred embodiment of the invention as exemplified by 

Ill Example I. Inclusion ofGrnup lllA mernl orthophosphates in a peripheral coating 

ofa coated abrasive article is wi1hin the scope of another nspect of the invention. 

Examnle 2 :md Conm:mnive Exam11ll-s F-H 

The coated abrasives for Example 2 and Comparative Examples F-H were 

15 made according to the General Procedure for Making Coated Abrasives Discs 

except the size coat was applied in a wet rate indicated in Table 3 and the size 

formulations each were ~O g RP I. plus the filler in the amount indicated in Table 3; 

the mixture being diluted 10 44 wt. % solids. Comparative Example H using CaC03 

filler was designated the control for this series of examples. No supersize was 

20 applied so that the size coat represented the peripheral coat of the coated abrasive. 

The type of tiller added 10 the size com is indicated in Table 3. 
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After final cur~ (no super size). nexing. and humiclitkurion of these discs. 
Test Procedure I was used to test che discs for grinding perforinance and the results 

are displayed in Table 4. The initial. final. and total cuts (over I 0 minutes) are 

reported in Table 4 in grams (g). The% of Comp. Ex. H value in Table 4 is based 
; on the total cut value of the given example relati\'e to the tornl cut value of 

Comp. Ex. H. 

JO 

Table 3 
Filler filler 11mo1111t (2) Wei wt. l~/m2) 

Comp. Ex. F AIP0-1° 37.5 16.I 
Comp. Ex. G Na~AIF,, 43.5 16.2 
Comp. Ex. 1-1 Ca CO~ 43.5 16.3 

Example 2 PhG 43.5 16.8 
* precoared with mineral oil 

Table4 
Initial Cut Final C11t Totnl Cut •y., of Com1>. 

Ex. H 
Comi). Ex. F 2.1 0.9 12.5 116 
Como. Ex. G 2.2 0.9 11.4 122 
Como. Ex. H :?. I 0.8 10.8 100 

Exam11le 2 2.4 1.2 15.5 144 

The disc of Example 2 with phos1>hate glass in tht: phenolic size 
performed 144% of the disc wi1h Caro~ tiller in the phenolic size (i.e .. Comp. 

15 Ex. H) while the disc with cryolite (NihAIF,,) in the phenolic size (Comp. Ex. G) 

only performed 122% of Comp. Ex. 1-1. The remarks made supra relative to 

Comparative Example A are similarly applicable to Comparative Example F. 

20 

Examples 3-4 and Comruarativr F.xnmples 1-'K 

The following examples were conducted to examine the use of phosphate 
glass in plastisol-based supersize coats. The discs were made according to the 

General Procedure for Making lhe Coated Abrasives Discs. except that grade 50 

(ave. diameter approximately 430 micrometers) SiC was used as the abrasive grains. 
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Preparation of Plaslisols: 

Into a Hobart or Kitchen Aid "bread dough mixer" ,~·as placed 210 parts 

plasticizer (either DiNP or S-141 ). With stirring was added 280 parts OXY-0565. 

After 20 to 30 minutes of stin'ing. the mix was n~ady for the addition oftUi1her 

5 additives (e.g. inorganic filler. stabilizer. curable resin. and so forth). This gave 

100% solids with viscosities varying broadly. Plastisols used for supersizing in 

Comparative Example K and Exam1>les 3-4 had the specific formulations shown in 

Table 5. Comparative Example I had no supersize applied to the size coat. 

Comparative Examrle J had an <1queous epoxy supersize formulation applied at 

Ill 4.0 g/m2 comprising 29.~% BPAW. 0.1~% EMI. 53.3% KBF.i. 14.1% water. 

0.75% AOT. and 2.3% 10 (all percentages by wt.). 

Supersizing of discs: 

The supersize formulations. if any. were bnished over the cured size on 

15 discs. and cured at 90 10 IOO"(' Test Procedure I was used 10 test grinding 

performance and the results are displayed in Table 6. The initial. final. and total 

cuts (over I 0 minutes) arc reported in Table 6 in grams (g). The 0/o of Comp. Ex. I 

value in Table 6 is based on the total cut value of the given example relative to the 

total cut value of Comp. Ex. I. 

Table 5 

lnJCreditnt Com1>. Ex. K Ex.3 Ex. 4 
OXY-0565 40 30.5 25 

Di NP -- 23 --
S-141 31 - 17 
EPR 28.3 23 40 

Sb LAC' 0.7 0 .s I 
PhG -- ?" __ , 

17 

Comparative Example K had a wet coming rate of 6.7 g/m2
; Example 3 

had a wet coating rate of 7.1 glm2
; and Example 4 had a wet coating rate of 

25 5.0 g/m2
. 
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Table 6 
•y., of Comp. 

Initial Cut Finni Cut Total Cut Ex. I 
Comp. Ex. I l.6 O.S 7.0 100 

Comp. Ex . .I 1.7 0.8 8.3 118 
Comp. Ex. K 2.0 1.4 11.7 167 

Ex. 3 1.7 1.4 11.2 161 
Ex. 4 2.7 I. I 12.7 181 

The results summarized in Table 6 show that plastisols can be fonnulated 

with phosphate glass to perform relatively well as grinding aid supersizes on coated 

5 abrasives. 

Examplt> :; and C.cunm1rati\•(• Exiunnlr L 

The coated abrasives for Example 5 and Comparative Example L were 

made according to the General Procedure for Making Coated Abrasives Discs 

10 except that the make coat was applied at a rate of95 glm:i. Grade 100 SiC was 

applied to the make at a rate of 323 g/m~. and the size was a1>plied at a rate of 

242 g/m:i. Comparative Example L had no supersize, while Example 5 had a 

supersize formulation applied comprising 46 wt. % PhG and 54 wt. % APR applied 

at a wet rate of aboul 488 g/1112
. Following flexing and humiditying of these discs, 

15 the disc Test Procedure I was used to test the discs for grinding performance and 

the results are displayed in Table 7. The initial. final. and total cuts (over JO 

minutes) nre reponed in Table 7 in grams (g). The% of Comp. Ex. L were based 

on total cut oft he given example relative to the total cut of Comparative Example 

L. 

20 

Table 7 
Initial C11t Final Cut Total Cut % of Comp. Ex. L 

Comp. Ex. L I.I 0.4 4.5 100 

Ex.5 I. 7 0.6 7.0 155 
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The discs of Example 5 with phosphate glass in the phenolic supersize 

peripheral coat performed 1 ~5% of the discs of Comparative Example L lacking 

such a supersize coat. 

5 Examnles 6-7 and Comm1rnti\'t- Ex:unnle M 

The use of phosphate glass was also investigated in a structured abrasive 

article. The slurry composition for Example 6 had this composition: 32. 7% parts 

binder resin composition (70:30: I ofTMPTA/TATHEIC/PH I). 0.7% ASP. 1.5% 

MSCA. S0.4% Grade 180 SiC. and 14.7% PhG (all percentages by wt.). The slurry 

IO composition for Exampl~ 7 had this cmnposirion: 31.3% pans binder resin 

composirion(70:30:1ofTMPTAITATl-IE1C/PHI).0.8% ASP. 1.6%MSCA. 

55.5% Grade 180 SiC. and 10.8% bone ash (i.e .. an ash composed principally of 

Ca1u{P0-1)1.(0Hh) (all percentages by wt.). The structured coated abrasive article 

of each of Example 6 and Example 7 was made by the General Procedure for 

15 Making Structured Abrasive Articles No additional coatings were applied to the 

abrasive slurry coating. Comparativt: Example M was a Grade 150. J weight, cloth 

belt. commercially available from Minnesota Mining & Manufacturing Co., St. Paul, 

MN. under the trade designation "Tri-1\1-ite Resinbond'". The abrasive belts were 

tested on titanium under constant rale conditions according to Test Procedure II. 

20 The resuhs are summariz~d in Table S wilh the cut values rt!ported in grams (g) and 

compared to the total cut value of Comparative Example M. 

25 

Table 8 

Initial Cut Final Cut Total Cut •y., of Comp. Ex. M 

Comp. Ex. M IJ 0.4 75 100 

Ex.(, 0.7 0.7 9.7 130 

Ex. 7 cu~ 05 8.7 I 15 

The strncturecl abrasive of Example 6 containing the phosphate glass in 

the abrasive slurry peripheral coating was not only fully op1:rable but outperformed 

the comparative commercial product of Comparative Example M. Example 7 
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containing hone ash as 1he inor~anic phosphate additive also outperformed 

Comparative Example 1\1. 

Various moditica1ions and alterations of this invention will become 

apparent to those skilled in the m1 from the foregoing description without departing 

5 from the scope and spirit of rhis invention. 
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* C l M S * . 
What is claimed is: 

I. An abrasive article comprising: 

(a) 

(h) 

a plurality of abrasive panicles. 

at least one binder to which said plurality of abrasive 

panicles are adhered: and 

(c) an inorganic phosphate selected from the group consisting of 

an alkali metal metaphosphate. an alkaline earth metal metaphosphate. and a Group 

1IIA metal orthophosphate. 

The abrasive article of claim I. wherein said inorganic phosphate is 

incorporated into said hinder. 

3. The abrasive article of claim I. wherein said inorganic phosphate is 

15 sodium metaphosphate 

4 A coated abrasive article comprising a substrnte having a plurality of 

abrasive particles adherently bonded thereto by a binder. and a peripheral coating 

layer comprising a 1>lurality of particles which comprise an inorganic phosphate. 

20 wherein said inorganic phosphate is selected from the group consisting of an alkali 

metal metaphosphate. an alkaline earth metal metaphosphate. and a Group IIIA 

metal orthophosphate. 

5. A coated abrasive article comp1ising a cured abrasive slurry coating 

25 comprising a plurality of abrasive grains: a plurality ofpanicles comprising an 

inorganic phosphate selected from 1he group consisting of an alkali metal 

metaphosphate. an alkaline earth metal metaphosphate, and a Group IIIA metal 

orthophosphate; and a binder. 

30 o. The coated abrasive article of claim 5. wherein said cured abrasive 

slurry comprises a plurality of composites each having a thret:-dimensional shape. 
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7. An erodible grinding aid agglomerate comprising (a) a plurality of 

particles comprising an inorganic phosphate. said inorganic phosphate being 

selected from the group consisting of an inorganic phosphate selected from the 

5 group consisting of an alkali metal metaphosphate, an alkaline earth metal 

metaphosphate. and a Group lllA meral orthophosphate. and (b) a binder adhering 

said inorganic plmsphare particles together. 

8. A method for making a coated abrasive article. comprising the steps 

JO of: 

(a) applying a first binder resin precursor to a subsrrate; 

(b) at least partially embedding a plurality of abrasive pa11icles in said 

first binder resin precursor. 

(c) at least partially curing. said tirst binder resin precursor to form a 

15 make coat; 

25 

30 

(d) applying, over said make coat and said plurality of abrasive particles, 

a second binder resin precursor and an inorganic phosphate selected from the group 

consisting ofan alkali metal metaphosphate. an alkaline earth metal metaphosphate, 

and a Group IJlA mernl or1lmphospha1e: and 

(e) curing said second binder resin precursor to fhrm a peripheral 

coating. and completely curing said first binder resin precursor. 

9. A method fi.)r making a coated abrasive a11icle. comprising the steps 

of: 

(a) applying a first binder resin J>recursor to a substrate; 

(b) at least pa11ially embedding a plurality of abrasive particles in said 

first binder resin precursor: 

(c) at least partially curing said first binder resin precursor to form a 

make coat; 

(d) applying. over said make coat and said plurality of abrasive particles, 

a ·second binder resin precursor; and 
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(e) at least partially curing said second binder resin precursor to form a 

size coat: 

(t) applying. over said size coat. a third binder resin precursor and an 

inorganic phosphate selected from the group consisting of an alkali metal 

5 metaphosphate. an alkaline earth metal metaphosphate. and a Group IJJA metal 

orthophosphate: and 

](I 

15 

(g) curing said third binder resin precursor to form a peripheral coating, 

and completely cming said first and second binder resin precursors. 

10. A bonded abrasive article comprising a shaped mass. wherein said 

shaped mass comprises a plurality of abrasive particles and rm inorganic phosphate 

selected from the group consisting of an alkali metal metaplmsphate, an alkaline 

eanh me1al metaphosphate. and a Group I I IA metal orthophosphate. adhered 

together with a binder. 
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