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The present invention is directed to a new and
improved polishing abrasive grain and to a
‘method of producing same,

An object of the invention is to provide an
abrasive grain of improved bonding properties.

Another object is to provide granules or abra-
sive grits with an unfused, unvitrified film or
coating which presents a rough, irregular matted
surface imparting greater tenacity to the adhe-
sive bond between the granules or grits and the
paper or cloth backing or support.

An additional object is to provide granules or
abrasive grits uniformly coated with an inert or
substantially inert material which is physically
and/or chemically bonded to the surface of the
grain by means of an unfused, unvitrified water
resistant microscopic coating or film of a metallic
metaphosphate.

A further object is to provide granules or abra-
sive grits with a water resistant film or coating
bonding finely divided pigments or polishing
powders to the surface of the abrasive material.

A still further object is to provide coated gran-
ules or abrasive grits affording strong capil’arity
to liquid or mobile adhesives which when applied
will adhere with greater tenacity and efficiency
to the granule, thereby yielding a finished article
of greater durability and strength and, therefore,
greater utility as an abrasive,

Other objects and advantages of the present

10

20

26

30

invention will be apparent to those skilled in the

art as the description proceeds.

It is well known that abrasive grains are used
for only a fraction of the time they might be
efficiently employed in view of their toughness,
hardness and sharpness. Ths reason for this is
that abrasive grains as ordinarily produced are
characterized by a smooth glassy surface to which
adhesives do not adhere readily and consequently
the abrasive grains are not retained in place long
enough to achieve maximum efficiency in grind-
ing. This fact is strikingly illustrated upon in-
spection of the refuse of grinding and polishing
operations, which almost invariably contains a
relatively high percentage of detached abrasive
grains whose sharp edges are substantial'y un-
impaired. :

Heretofore, abrasive grains have been treated

in various ways in an effort to increase their .

bonding properties and thereby improve .the
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grinding efficiency of abrasive articles made
therewith and while some measure of success has
been achieved, the results have not been entirely
satisfactory. ‘

For example, one method which has been pro-
posed involves etching the surface of the grains
by means of acids or acid salts, but this method
is objectionable because the above compounds
have a selective action on the matrix of the grain
in which the crystals are. set and bring about a
more rapid break-down of the grain during use.

Other methods of improving the adhesiveness
of abrasive grains which have been advanced,
comprise roughing the surface of the grain by
attrition; providing the grains with a fused
siliceous coating which presents rough edges
and/or prominences extending outwardly from
the surface of the grain; applying a ceramic ma-
terial to the surface of the grains and heating to
produce an unfused, unvitrified porous foram-
inous film; coating the grains with sodium sili-
cate carrying various inert materials; treating
the grains with an aqueous solution of the chlo-
rides, nitrates or sulfates of iron or aluminum
followed by heating to decompose these salts and
thereby leave a residue thereof on the surface of
the grain; and precoating the grains with resins
of various types. However, these methods are -
subject to the disadvantage of being troublesome,
time-consuming and expensive to carry out and
in some instances fail to provide any substantial
improvement in the adhesiveness of the abrasive
grain.

We have discovered that the adhesion between
abrasive grains and bonding materials is in-
creased to a surprising degree by providing the
surface of the grains with an insoluble or sub-
stantially insoluble metallic metaphosphate
coating carrying finely divided inert or sub-
stantially inert material. This coating is ap-
plied as an aqueous solution of the corre-
sponding mono-metallic " orthophosphate con-
taining the inert or substantially inert mate-
rial, and then the coated grain is heated to a
temperature sufficient to molecularly dehydrate
the orthophosphate but below the temperature
at which a substantial amount of fusion of the
coating takes place. As a preferred alternative
to this procedure, the aqueous solution of the
mono-metallic orthophosphate is initially applied
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as a coating to the grain and then the inert ma-
terial is adhesively bonded thereto by intimately

and uniformly mixing the two materials together. -

After completing this operation, the resulting
product is heated to a temperature sufficient to
convert the orthophesphate into the correspond-
ing metaphosphate.

The metallic salts useful for the above purpose
are the water soluble mono-metallic orthophos-
phates which are convertible by heating into in-
soluble or substantially insoluble metaphosphates.
These salts include mono-aluminum orthophos-
phate, mono-iron orthophosphate, mono-magne-

sium orthophosphate or a mixture of mono-,

sodium and mono-potassium orthophosphates in
the proportions to yield upon molecular dehydra-
tion a composition consisting of substantially
 80% sodium hexametaphosphate and 20% potas-
sium metaphosphate. However, it should be
.clearly understood that. the invention is not
restricted thereto since any and all mono-metal-
lic orthophosphates coming within the scope of
the above definition are contemplated.

The above mono-metallic orthophosphates,
particularly mono-aluminum orthophosphate, are
rather unique in that, notwithstanding the fact
they are employed in the form of aqueous solu-
tions of relatively high viscosity, they are char-
acterized by their unusual ability to thoroughly
and uniformly wet the surface of abrasive grains.

As to the inert material, any finely divided
substances which are unreactive or substantially
unreactive with the above mono-metallic ortho-
phosphates at temperatures below the fusion
point of the corresponding metaphosphate may
be employed. Illustrative examples of such ma-
terials are red.oxide of iron, chromic oxide, man-
ganese dioxide, titanium oxide, Kentucky ball
clay, boron carbide, silicon carbide, diamond dust,
crushed firebrick, feldspars and the like, but of
these red oxide of iron is preferred.

, The particle size of the finely divided inert

material may be varied widely so long as there’

is a substantial difference between it and the
abrasive grain to be coated. In general, it is
.desirable to confine the inert material to a par-
ticle size which falls within the range of from
5 to 20 microns.

The improved grinding and polishing material

prepared in accordance with the present inven-

tion is composed of a mass of granules, each of
which comprises a core of abrasive materials such
as fused aluminum oxide, silicon carbide, corun-
dum, emery or garnet, and an insoluble or sub-
stantially insoluble metallic metaphosphate coat-
ing which adhesively binds one or more of the
above inert or substantially inert materials to the
surface of the grain. This coating, which is
microscopic in thickness and is apparently physi-
cally and/or chemically bonded to the grain, pre-
sents an unfused, unvitrified, rough irregular
matted surface, which, in contrast to the glass-
like smooth surfaces of the untreated grain, en-
ables the bonding material to grip the grains
firmly and adhere tenaciously thereto, thus re-
taining the granules in service in an abrasive
structure for a much longer period of time.

As an illustration of the preferred method of
carrying out the present invention, reference is
made to the following specific example.

" EXAMPLE I v
350 Ibs. of #46 aluminum oxide abrasive grain

and 1400 grams (3.08 }bs.) of an aaqueous solu-
tion of mono-aluminum orthophosphate (sp. g.
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1.4 at 25° C.) were mixed together in a ¢cément
mixer for 15 minutes, whereupon 1590 grams
(3.5 Ibs.) of finely divided Fe203 was introduced
and the mixing continued for 30 minutes. The
resulting product was dried by heating and then
caleined in a gas fired rotary calciner which was

heated to a temperature of approximately 700° C

" The calcination step effected molecular dehy-
dration of the mono-aluminum orthophosphate,
thus converting. this material into water insol-
uble aluminum metaphosphate which tena-
ciously bonded the Fe:0:; to the surface of the
grain.

The coated product was cha,ractenzed by a

- bright red color, an unfused, unvitrified, rough

irregular matted surface and by the following
screen analysis which compared favorably with
the required screen test specifications for polish-
ing grain.

Screens Per Cent :
OB | g, | o
. S. rain on !
Series Screen fications
430 | . None
+40 14 0-15
445 72 60-100
+50 13 0-40
+60 ) T .

In addition to the above properties, it was
found that the coated grain had markedly im-
proved adhesive properties as compared with un-
treated grain .and that consequently grinding
wheels prepared therewith using resin bonds dis-
played 17% greater efficiency than similar wheels
prepared with uncoated grain.

EXAMPLE II

369 lbs. of #8 aluminum oxide abrasive grain
and 2100 gms. (4.63 1bs.) of 1.35 gravity mono-
aluminum orthophosphate solution were mixed
together in a cement mixer for 10 minutes and
then 1600 grams (3.53 lbs.) of finely divided
PFe203 was added and the mixing continued for
10 more minutes. The product thus obtained
was dried by heating for approximately 30 to 45
minutes and then passed through a gas fired
rotary calciner which was maintained at a tem-
C. This. operation
brought about molecular dehydration of the
mono-aluminum phosphate to the corresponding
metaphosphate and thereby adhesively bonded

? the finely divided Fe203 to the surface of the

grain.

The coated grain was characterized by a bright
red color and an unfused, unvitrified, rough ir-
regular matted surface which substantially im-
proved the honding properties of the grain. In
addition, the product was also characterized by
having a coating which was substantially free
of water soluble salts since no turbidity was pro-
duced when a sample of the coated grain was
added to water and the resulting mixture vigor-
ously agitated.

The following table further illustrates the vari-

- ous operating conditions and materials which
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have been succéssfully used in the preparation
of coated abrasive grains having substantially
improved bonding properties, it being understood
that the phosphate solutions and inert materials
were successively applied, and the coated product
dried and calcined in substantially the manner
indicated in the above examples, -
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Table

I

Abrasive

Phosphate

Inert Material

Calcination

Conditions Properties of Prqduet

100 grams of aluminum
oxide abrasive grain #24
grit.

100 grams of aluminum
oxide abrasive grain
#20 gnt

................... 4c.c. of20%aqueoussolu— JEVERN« 1) VO
tion of Mg(HaPO4)a.
0 7, S 2 ¢. ¢. of 30% aqueous solu- |_..__ [ T,

100 grams of silicon car-
bide abrasive grain.

2 ¢. ¢. of an aqueous solu-
tion of Al (HzPOc)a (Sp
Gr. 1.35 at 25° C.).

1 c. ¢. of an aqueous soln-
tion of Fe (HzPOu); (Sp.
Gr. 1.35 at 25° C.)

tion of “Plastic Phos-
phate.”
1.5 ¢, c. of aqueous solu-

1.5 grams of Kentucky

Ball Clay.

1.5 grams of FesOs-_—-

tion of Al(HzP04g 3 (Sp.
Gr. 1.35 at 25° C.).

Heated for 20 mia-

Dark gray colored granules having an
utes at §50° C.

unfused, unvitrified rough irregular
matted surface. Granules did not
produce turbidity when added to
water.

Bright red granules having a water
resistant unfused, unvitrified, rough
irrﬁgular matted surface.

0.

Heated for 30 min-
utes at 550° C.

Heated in muffle fur-
nace to 700° C.
Heated for 30 min- Do.
“utes at 550° C
..... (¢ < S, Do.

It will be noted that in all instances the coated
grain displayed an unfused, unvitrified rough ir-
regular matted surface which was resistant to
the action of water, thus indicating that the
“Plastic Phosphate” had been rendered substan-
tially water insoluble and also that the above
orthophosphates had been molecularly dehy-
drated to the metaphosphate form.

The expression *“Plastic Phosphate” used in

_the above table covers a mixture of 80% sodium
hexametaphosphate and 20% potassium meta-
phosphate. It is distinguished from the other
coating materials in that it need not be formed
in situ but may be applied directly to the abra-
sive grain. However, it may be formed on the
grain by employing equivalent amounts of thc
corresponding 'mixture of monosodium - and
monopotassium crthophosphates and then heat-
ing the latter to the metaphosphate forming
temperature. Therefore, it. is understood that
the present invention covers both of thes. pro-
cedures.

" The various conditions of operation will now
be discussed in greater detail.

‘The present method of improving the bondmg
properties of abrasive grains has been applied
to grains varying in particle size from 8 to 240
mesh, but it is to be understood that the inven-
tion is not restricted to this size rangé since par~
ticle size is not a critical variable provided the
grain is substantially larger than the inert ma-
terial to be bonded thereto.

The bonding material, that is, the “Plastic
Phosphate” and the water soluble mono-metallic
orthophosphate, is preferably employed in an
amount just sufficient to coat all the particles
of the abrasive grain with a thin film of the cor-
responding metaphosphate. 'This factor will
vary with the phosphate, the thickness of the
coating and the size of the grain. In general,
however, from about 0.5% to about 5% by weight
of the bonding phosphate is sufficient to give sat-
isfactory grain coverage. Within the foregoing
range, about 1.6% by weight is preferred.

The inert or substantially inert material to be
adhesively bonded to the surface of the grain by
the phosphate coating is preferably employed in
an amount varying from about 0.5% to about
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having a specific gravity at 25° C. of from 1.2
to 1.7 and within this range a specific gravity
of 1.35-1.5 is preferred. ‘

The drying operation is generally carried out
with agitation at '100° C. to 200° C., but higher or
lower temperature may be used if desired.

The calcination step is carried out at a tem-
perature sufficient to molecularly dehydrate the
mono-metallic orthophosphate to metaphos-
phate hut below that tcmperature at which a
substantial amount of fusion of the metaphos-
phate takes place. Since the limits of the tem-
perature range vary with the mono-metallic
orthophosphate selected and morcover since this
information is either available in the literature
or is readily ascertainable by one skilled in the
art, no attempt will be made to more specifically
define the calcination temperature range. In
general, however, a temperature of about 550° C.
is preferred.

With reference to the use of “Pla*tlc Phos-
phate,” it is essential to calcine the coating,
whether difectly applied to the abrasive grain or
formed in situ, so as to convert the mctaphos-
phates into a substantially water insoluble form.

~ This is preferably accomplished by heating the
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2% by weight, but larger or smaller amounts may

also be used. In fact, in its broadest aspect, the
invention contemplates omitting the inert mate-
rial altogether, in which case the inercased ad-
hesiveness of the grain is derived from the meta-
phosphate coating. ,

With regard to the concentration of the solu-
tions of “Plastic Phosphate” or mono-metallic
orthophosphate, it is desirable to use solutions

70

coated product for about 30 minutes at a tem-
peraturg of about 550° C,

Where “inert material” is refcrred to in the
claims, it is to be understood that this expres-
sion likewise covers substantially inert materials
such as iron oxide, chromium oxide, manganese
oxide and equivalent matcrials.

-While we have described our invention in de-
tail, it should be understood that many changes
may be made therein without departlng from
spirit of same,

What we claim is:

1. Abrasive grain coated with a substantially
water insoluble, unfused, unvitrified film which
bonds finely divided inert materials to the sur-
face of the grain, said film consisting essentially
of a material selected from the group consisting
of aluminum metaphosphate, ferric metaphos-
phate, magnesium metaphosphate and “Flastic
Phosphate.” . .

2, Aluminum oxide abrasive grain coated with
a substantially water insoluble, unfused, unvitri-
fled film which bonds finely divided inert mate-
rials to the surface of the grain, said film con-
sisting essentially of a material selected from the
group consisting: of aluminum metaphosphate,
ferric metaphosphate, magnesium metaphosphate
and “Plastic Phosphate.” )

3. Silicon carbide abrasive grain coated with a

. Substantially water insoluble, unfused, unvitrified

film which bonds finely divided inert materials
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to the surface of the grain, said film cohsistiné )

""grain said film consisting essentlally of “Plastic

essentially of a-material selected from the group .

consisting of aluminum metaphosphate, ferric

metaphosphate, magnesium metaphosphate and

“Plastic Phosphate.”

4, Aluminum oxide abrasive grain coated withj
a substantially water insoluble, unfused, unvitri-

fied film which bonds from 0.5% to 2% by weight

of finely divided inert materials to the surface
of the Ttain, said film consisting essentialiy of
a material selected from'the group consisting of
aluminum metaphosphate, ferric metaphos-

phate, magnesium metaphosphate and “Plastic

Phosphate.”
5. Aluminum oxide abrasive grain coated with

a substantially water insoluble, unfused, unvitri- -

Phosphate.”
‘14 Silicon - carbide abrasive grain coated with

a substantlally water insoluble, unfused, unvitri-

fied film which bonds about 1.5% by weight of
finely divided felnc oxlde to the surface of the
grain, sald;fillm consistin g essentially of alumi-
num metaphosphate :

'15. The method of improvmg the bonding

' plopertues ‘of’ -abrasive “grains, which comprises .
-coating them’ ‘with ‘a material consisting essen-

-~ tially- of a: solutlon of a mono-metallic ortho-

15 .

A:phosphate carrymg finely divided inert material
~-and. then heatmg the coated grain to a temper-

ature sufﬁczent to molecularly dehydrate said

) 'orthophosphate to metaphosphate but beiow the

fied film which bonds from 0.5% to 29 by weight -~
of finely divided ferric oxide to the surface of the . -

grain, said film consisting essentially of a' ma-
terial selected from the group consisting of alu-
minum metaphosphate, ferric metaphosphate,
magnesium metaphosphate and “Plastic  Phos-
phate.”

6. Aluminum oxide abrasive grain coated with
a substantially water insoluble, unfused; unvitri-
fied film which bonds from 0.5% to 2% by weight
of finely divided clay to the surface of the grain,
said film consisting essentially of a material se-
lected from the group consisting of aluminum
metaphosphate, ferric metaphosphate, magne-
sium metaphosphate and “Plastic Phosphate.”

7. Aluminum oxide abrasive grain coated with
a substantially water insoluble, unfused, uavitri-
fied film which bonds about 1% by weight of
finely divided inert materials to the surface of
the grain, said film ‘consisting essentially of a
material selected from the group consistingof
aluminum metaphosphate, ferric metaphos-
phate, magnesium metaphosphate and “Plastic
Phosphate.”

temperature at which substantial fusion of the

metaphosphate takes place, said mono-metallic

- orthophosphate being selected from the group
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8. Aluminum oxide abrasive grain coated with ~

a substantially water insoluble, unfused, unvitri-
fied film which bonds about 1.5% by weight of
finely divided ferric oxide to the surface of the
grain, said film consisting essentlally of alumi-
num metaphosphate.

9. Aluminum oxide abrasive grain coated with
a substantially water insoluble, unfused, unvitri-
fied film which konds about 1% by weight of
finely divided ferric oxide to the surface of the
grain, said film consisting essentially of alumi-
num metaphosphate.

10. Aluminum oxide abrasive gram coated
with a substantially water insoluble, unfused,
unvitrified fiin which bonds about 1.5% by
weight of finely divided clay to the surface of the
grain, said film consisting essentially of alumi-
num metaphosphate.

11. Aluminum oxide abrasive grain coated with
a substantially water insoluble, unfused, unvitri-
fied film which bonds about 1.49% by weight of
finely divided ferric oxide to the surface of the
grain, said film cons1stmg essentially of ferric
metaphosphate.

12. Aluminum oxide abrasive grain coated with
2 substantially water insoluble, unfused, unvitri-
fied film which bonds about 1% by weight of
finely divided ferric oxide to the surface of the
grain, said film consisting essentza‘ly of mag-
nesium metaphosphate. :

13. Aluminum oxide abrasive grain coated with
a substantially water insoluble, unfused, unvitri-
fled film which bonds about 1% by weight of
finely divided ferric oxide to the surface of the
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(B

consisting of mono-aluminum orthophosphate,
mono-iron orthophosphate, mono-magnesium
orvhopnosphate and a IMiXgure oI mMono-poas-
sium- and mono-sodium orthophosphates in
amounts equivalent to “Plastic Pnospnate.”

16. The method of improving the bonding
properties of aluminum oxide abrasive grains,
whicn comprises coating said grains with a ma-
ferial consisting essenwially of a solution of a
mono-metatlic ortho-phosphate, appiying finely
aivided ferric oxide to the coated gramns and heat-
ing tne resulting product to a temperature suffi-
cient to molecwariy dehydrate said orthophos-
phate to metaphosphate but nelow the temper-
ature at whuch substantial fusion of the meta-
phosphate takes place, said mono-metallic
orthophosphate being selected from the group
consisting of mono-aiuminum orthopnosphate,
mono-1nod  orthophosphate, mono-magnesium -

~orthophosphate and a muxture of mono-potas-

sium and mono-sodium orthophosphates’ in
amounts equivalent to “Plastic Phospinate.”. -

17. The method of improving the bonding
properties of aluminum oxide abrasive grains,
which comprises coating said grains with a ma-
terial comsisting essentially of a - .solution of
mono-aluminum orthophosphate, applying finely
divided ferric oxide to the coated grains and
heating the resulting product to a temperature
sufficient to molecwiarly dehydrate said ortho-
phosphate to metaphosphate but below the fem-
perature at which substantial fusion of the meta-
phosphate takes place.

18. The method of improving the bonding
properties of aluminum oxide ‘abrasive grains,
which comprises coating said grains with a ma-
terial consisting essentially of a solution of mono-
iron orthophosphaie, applying finely divided fer-
ric oxide to the coated grains and heating the
resulting product to a. temperature sufficient to
molecw.arly dehydrate said orthophosphate to
metaphosphate but below the temperature at
which substantial fusion of the metaphosphate
takes place. .

19. The method of improving the bonding
properties of aluminum oxide abrasive grains,
which comprises cozting said grains with a ma-
terial consisting essentially of a soiution of mono-
magnesium - orthophosphate, applying finely
divided ferric oxide to the coated grains and
heating the resuiting product to a temperature
sufficient to molecularly dehydrate said ortho-
phosphate to metaphosphate but below the tem-
perature at which substantial fusion of the
metaphosphate takes place.

20, The method defined in claim 16 wherein the
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aqueous solution of mono-metallic orthophos-
phate has a specific gravity of 1.2 to 1.7 at 25° C.

21. The method defined in claim 16 wherein
the aqueous solution of mono-metallic ortho-
phosphate has a specific gravity of 1.35 to 1.50 at
25° C.

22. The method defined in claim 16 wherein
an aqueous solution of mono-aluminum ortho-
pnosphate having a specific gravity of about 1.4
at 25° C. is employed.

23. The method of improving the bonding
properties of silicon carbide abrasive grains,
which comprises coating said grains with an
aqueous solution of mono-aluminum orthophos-
phate having a specific gravity of 1.35 at 25° C.,
applying finely divided ferric oxide to the coated
grains and heating the resulting product to a
temperature sufficient to molecularly dehydrate
said orthophosphate to metaphosphate but below

the temperature at which substantial fusion of

the metaphosphate takes place.
JACOB 8. MASIN,
TULL C. ALLEN,
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