United States Patent 119

(1 3,808,747
Kenagy ’ (451 May 7, 1974
{54] MECHANICAL FINISHING AND MEDIA [56] References Cited
THEREFOR UNITED STATES PATENTS
[75] Inventor: William L. Kenagy, Huntingdon 3,239,970  3/1966 BiShOp ....cccooevveeerierevnrerenenas 51/313
Valley, Pa. 3,428,443 2/1969 Davis...... .. 51/313 X
90,824 6/1869 Dicki .. 51/164.5 X
[73] Assignee: The Wheelabrator Corporation, 2,978,850 4;1961 GleSZEr 51;164.2 X
- Mishawaka, Ind.
[22] Filed: May 24, 1972 Primary Examiner—Harold D. Whitehead
21] Appl. No.: 256,598 '
(211 Appl. No.: 256, . 1571 ABSTRACT
'Relf;ted U.S. Application Data This invention is addressed to mechanical finishing
[63] Continuation of Ser. No. 44,475, June 8, 1970. and media therefor wherein the finishing media are
formed of geometric shapes of bauxite particles which
[52] U.S- Cl. ............................................... 51/164.5 have been Sintered at a temperature Within the range
[51 ] Int. Clo.oeonicccivcrrerenenreeens B24b 31/14 of 2.900°-3.100° F.
[58] Field of Search........................... 51/164.5, 313 ’ ’

2 Claims, 8 Drawing Figures




PATENTEDMAY 7874

Fra.l | Fra. 2

B

<>
o222
S~
&
«
Q
<
O
(o]
[

Ty
=

S =
= =
= =
Sy

= =2
= 2
127 & <
.

< =
= =
= =
= =2
= e

LSRN AR I LR R RN RN DR

by T

3.808,747

 INVENTOR

2 Will,lw j(z'enazg

Qttys



3,808,747

1

MECHANICAL FINISHING AND MEDIA
THEREFOR

This is a continuation of application Ser. No. 44,475,
filed June 8, 1970.

This invention relates to mechanical finishing of arti-
cles formed of metal, plastics, ceramics and the like,
and more particularly to media for use in mechanical
finishing operations.

The mechanical finishing of articles formed of metal,
plastic, ceramic and like materials is frequently ef-
fected commercially in mechanical ﬁmshmg eqmpment
such as rotating barrels or vibratory finishing equip-
ment in which the articles to be finished are subjected
to cleaning, descaling, deburring, grinding, radiusing,
fine finishing, lustering and burnishing in the presence
of finishing media. The articles to be finished are usu-
ally placed in the work container with the finishing me-
dia, with or without various chemical cleaning addi-
tives. Thereafter, the work container is put in motion
whereby the media abrade against the articles to
thereby provide a finished article.

In order to effect the desired finishing, the finishing
media must effect a certain amount of stock removal to
provide the desired surface on the finished article, with
the extent of stock removal depending upon the origi-
nal surface condition of the article to be finished and/or
upon the desired finish. In any event, an abrasive mate-
rial must be present as a component of the finishing
media and/or as an additive for which the media serve
as a carrier whereby the abrasive or cutting action of
the media can be controlled within close limits to pro-
vide a uniform finish on the articles pracessed. Control
of the abrasive qualities of the finishing media can be
achieved by the type and amount of abrasive contained
in the finishing media and/or by the type, amount and
size distribution of abrasive additives employed in con-
junction with the finishing media.

Finishing media containing an abrasive as a compo-
nent in the media heretofore known exhibit a wear
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down or attrition rate which is proportional to the cut- -

ting or abrasive action they provide. The finish obtain-
able with such media depends upon the type of abrasive
and its grain size as well as upon the amount of abrasive
material contained in the media. For example, a vitri-
fied preformed abrasive body containing only coarse
abrasive granules wears away quite rapidly and yields
a relatively coarse finish. On the other hand, a similar
body containing a wide distribution of abrasive particle
sizes does not cut as rapidly and provides a finer finish,
but will last much longer.

Similarly, finishing media containing only abrasive
material, such as random-shape fused aluminum oxide
chips which have a large or coarse crystal structure is
worn away by attrition quite rapidly and is susceptible
to fractures in processing, but yield a coarser finish
than similar media contammg a very fine, uniform crys-
tal structure.

Finishing media formed of a major portion of a cal-
cined or raw bauxite which has been sintered at high
temperatures are known to the art. However, such
media have suffered from the disadvantage that none
have provided an optimum balance between cutting
ability and rate of attrition, Thus, those media which
are characterized by a low rate of attrition have insuffi-
cient cutting ability, and those having an acceptable
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cutting ability are characterized by a high rate of attri-
tion.

Attempts have been made in an effort to overcome
the foregoing disadvantage, but without success. For
example, it has been proposed to form finishing media
to include abrasive fines, such as fused aluminum ox-
ide, to improve the cutting ability. However, such
media exhibit an attrition rate which varies in direct
proportion to the amount of abrasive fines present,
with the result that a high cutting ability is accompa-
nied by a high attrition rate.

It is accordingly an object of the present invention to
provide finishing media having improved cutting ability
and increased resistance to attrition which are capable
of prov1dmg a fine finish.

It is another object of the invention to provide new
and lmproved finishing media having a dense, uni-
formly fine crystal structure having a long usuable life
which maintains its original configuration over ex-
tended periods of use.

It is a further object of the present invention to pro-
vide new and improved finishing media and a method
for their preparation wherein the finishing media are
characterized by a long life, improved shape retention
characteristics and increased resistance to fracture in
processmg and use.

" It is yet another object of the present invention to
provide new and improved finishing media and a new
and improved mechamcal finishing process for using
same wherein the ﬁmshmg media are susceptlble to
use, with or without chemical and processing additives,

in high energy processing equipment.

These and other objects and advantages of the inven-
tion will appear hereinafter, and, for purposes of illus-
tration, but not of limitation, embodiments of the in-
vention are shown in the accompanying drawings.

FIG. 1 is a view of the configuration of one embodi-
ment of ﬁnishing media embodying the features of the
present invention;

FIG. 2-is a view of an alternatxve shape of ﬁmshmg
media of the invention;

FIG. 3 is a view of another shape for media of the in-
vention,;

FIG. 4 is a view of yet.another shape for media of the
invention;

FIG. § is a view of spherical media embodying the
features of the invention;

FIG. 6 is a view of yet another conﬁguratlon of media
of the invention;

FIG. 7 is a view of another configuration for media
of the invention; and,

FIG. 8 is a schematic diagram of a finishing process
according to the invention.

The concepts of the present mventlon reside in pre-
formed all-abrasive ﬁr_ushmg media formed of geomet-
ric shapes of bauxite which have been sintered ata tem-
perature within the range of 2,900° to 3,100° F. It has
been found that finishing media prepared in this man-
ner exhibit a high resistance to wear by attrition and yet
provide exceptional cutting ability as compared to fin-
ishing media heretofore formed of mixtures of bauxite
and aluminum oxide. The media according to present
invention will also yield finer finishes than obtainable
with ano other all-abrasive preform. In addition, finish-
ing media embodying the concepts of this invention
have significantly improved mechanical properties,
such as increased tensile strength, which enables use to
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be made of the finishing media of the invention in high
energy finishing equipment without significant fracture
of the media. Since media according to this invention
are equally suitable for fast cut, fine finish and good
metal coloring and burnishing, and still look equally
well on all metals and alloys, they are truly all-purpose
media.

In accordance with the practice of the invention, the
media are prepared by first reducing bauxite, which
can be in the form of raw bauxite, but is preferably
bauxite which has been calcined in accordance with
conventional procedures, to a particle size within the
range of 3-20 microns. The reduction in the grain size
is preferably achieved by ball milling, but it will be ap-
preciated by those skilled in the art that other methods
of reducing the particle size may similarly be employed.

Thereafter, the pulverized bauxite particles are
formed into the desired geometric shape, sintered by
heating to a top temperature between 2,900° F and
3,100° F., holding such temperature for 0.1 to 5 hours.
This sintering temperature and time are dependent on
the properties of the bauxite and may vary as the physi-
cal and chemical properties of bauxite vary.

The preformed geometric shapes which are to sin-

tered under the foregoing conditions can be formed by -

any of a variety of provedures known to those skilled
in the art including, but not limited to extrusion, mold-
ing, die pressing or casting. In accordance with the pre-
ferred procedure, the pulverized bauxite particles are
admixed with a small amount of a fugitive binder com-
ponent which burns out during the sintering process to
leave bauxite as the only component in the body. Bind-
ers which will burn out during the sintering process are
well known to the art, and are represented by polyviny!
alcohol. However, other binders such as bentonite and-
for a variety of other clays mixed with water can also
be used in accordance with the practice of the present
invention, but do not burn out during the sintering pro-
cess.

The binder component may be used in the form of a
liquid or a powder, and in an amount sufficient to main-
tain the preformed geometric shape as a coherent mass
prior to the sintering operation. For this purpose, the
amount of the binder can be varied within wide ranges,
although best results can be achieved when the binder
component is present in the mass in an amount up to
10 percent by weight binder, and preferably up to 3
percent by weight. If desired, pressures up to about 100
psi may be used to compact the bauxite particles in the
preformed bodies prior to sintering, although pressure
is not required. . :

It will be understood by those skilled in the art that
the new and improved finishing media of the invention
can also be preformed without'the aid of a binder com-
ponent by a variety of techniques, such as by dry press-
ing the bauxite particles in die forms or the like at pres-
sure up to about 100 psi. After the shapes are formed
by die pressing, they are then sintered at the tempera-
ture. described. However, it is generally preferred to
form the shape with the aid of one or more of the bind-
ers described since sintered bauxite bodies preformed
with the aid of a binder have superior porosities and
crystal structures, thereby providing finishing media
having increased tensile strength and wear life.

After the preformed bodies have been sintered, they
are allowed to slowly cool in a conventional manner to
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avoid fracture from. sudden cooling. Thereafter, it is
frequently desirable to condition in a vibrator, tum-
bling barrel or the like to remove sharp edges and/or
any extraneous matter adhering to the shapes as a re-
sult of the forming process. . o
The finishing media can be formed of any of a variety
of geometric shapes. For example, the media can bein
the form of spheres, cubes, cones, polygonal pyramids.
including pyramids having triangular, square, pentago-
nal, hexagonal, heptagonal, octagonal, etc. shaped
bases. In accordance with the most preferred embodi-
ment.of this invention, the novel finishing media are
formed with a hexagonal pyramid configuration.
Finishing media having a hexagonal pyramid configu-
ration are particularly preferred in the present inven-
tion since.this configuration provides a series of flat
surfaces which offer more contact points with the stock
to be processed to thereby increase the rate of cutting,
and yet minimize the attrition caused by the wear of
media on other media. In addition, the hexagonal
pyramid configuration provides a maximum antj-
wedging effect whereby media having this configura-
tion can enter a hole, crevice or other opening in the
stock to be finished by more than half of the distance
in height of the media without becoming wedged in the
opening. As the stock is turned in processing or in
being discharged from the work container, the configu-

ration of the media cause them to simply fall out of the

opening in the stock since the center of gravity of the
pyramid is near the bottom thereof. Furthermore, the
tapered sides of the hexagon offer less wedging surface
as compared to other geometric shapes. Because of the
anti-wedging effect exhibited by the hexagonal configu-
ration, it is necessary to provide only a few sizes of
media for a wide range of applications.

A hexagonal pyramid finishing body embodying the
concepts of the present invention is illustrated in FIG.
1 of the drawings. In accordance with the most pre-
ferred embodiment of the invention, the ratio between
the height of the pyramid and the length of the longest
diagonal or the base, as represented by a diagonal line
from point 1 to point 2 on the base, is within the range
of 0.1.to 4, and preferably 0.8 to about 1.2. Pyramids
having a base diagonal of 0.5 to 2 inches are preferred,
but it will be understood that the invention is not lim-
ited to such sizes.

Other suitable configurations are shown in FIGS. 2 to
6. For example, the media can have a cone configura-
tion as illustrated in FIG. 2, a triangular pyramid as il-
lustrated in FIG. 3, a rectangular pyramid as in FIG. 4,
a sphere as in FIG. 5 and a diamond as in FIG. 6. The
same size .considerations described above with refer-
ence to the hexagonal pyramid are similarly applicable
to the configuration of FIGS. 2 to 4. Use can also be
made of a triangular pyramid of the type shown in FIG.
7 wherein all sides a, b, ¢, d and e are equal. It will be
understood that a variety of other geometric configura-
tions as well as random configurations may similarly be
used instead of those specifically described.

In use, finishing media embodying the features of the
present invention are placed into a work container with
raw stock to be finished, and the work container is set
in motion, as by vibration and/or rotation. Refering
more specifically to FIG. 8, there is shown a schematic
illustration of the method of the invention using appa-
ratus of the vibratory type. The work container or tub
10 is fixed for vibration on mounting means 12. Thus,
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after the media or raw stock have been placed into con-
tainer 10, the container is subjected to controlled vi-
bration whereby the contents of the container are con-
tinually agitated. The constant agitation of the parts
and media produces a scrubbing action that operates
on all portions of the raw stock simultaneously. The
motion of the vibrator contents are generally indicated
by arrows 18.

It will be understood by those skilled in the art that
various other mechanical finishing apparatus may be
used in lieu-of the vibratory apparatus described above.
For example, use can be made of tumbling and rotating
barrels, centifugal equipment and the like. Apparatus
of this type all produce agitation of the contents of the
work container to thereby provide the desired abrasion
for finishing the stock material.

The finishing operation may be carried out by agitat-
ing the raw sotck and the media alone, although it is
generally preferred to include a liquid or powdered
suitable compound (combination of chemical addi-
tives) to provide the desired control of the finish and
to insure thorough flushing of abrading material from
the stock being finished. Water is usually present for
this purpose.

To further enhance the cutting ability of the media
and to facilitate control of the finishing operation, it is
frequently desirable to include in the work container an
auxiliary abrasive. Varions abrasive or polish prepara-
tions are available for this purpose, and include Lorco
abrasives, such as Lorco HS-9-3, Lorco 3X-2 and
Lorco Lustre All. Lorco HS-9-3 and Lorco 3X-2 are
compositions containing varying amounts of aluminum
oxide abrasive, silica flour, borax, soda ash, wetting
agent, white soap, sodium and combinations of phos-
phate salt, viscosity builders and rust preventatives.
Lorco Lustre All is a burnishing compoistion and gen-
erally contains soap and wood flour. Various other
commercially available preparations and burnishing
compositions in powdered or liquid form which are
well known to those skilled in the art may be used in
lieu of those specifically described. The agitation of the
owrk container is carried out over varying periods of
time, generally within the range of 1 minute to 5 hours,
depending upon the extent of stock removal desired,
the condition of the raw stock prior to finishing and the
surface desired on the finished stock.

Having disclosed the basic concepts of the invention,
reference is now made to .the examples which are pro-
vided by way of illustration, and not by way of limita-
tion, of the invention.

EXAMPLE 1

Calcinated bauxite is ball milled to provide bauxite
particles having a maximum cross section within the
range of 3-20 microns. Thereafter, 100 parts by weight
of the bauxite particles are thoroughly mixed with 1
part by weight of polyvinyl alcohol and 2 parts by
weight water. The resulting mixture is then slip cast in
the form of a hexagonal pyramid in plaster of paris
mold to facilitate rapid absorption of the water.

Thereafter, the bauxite body is removed from the
mold, and sintered at a temperature of 3,000° F. for a
period of 1 hour. The preformed finishing media are
then allowed to cool slowly, and are conditioned in a
vibratory finishing apparatus for 15 minutes. Substan-
tially no polyvinyl alcohol is found in the resulting
body.
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EXAMPLE 2

The procedure of Example 1 is repeated except that
the polyvinyl alcohol binder is replaced by bentonite
which is present in the mixture prior to sintering in a
ratio of 2.5 parts by weight of bentonite per 100 parts
by weight of bauxite.

EXAMPLE 3

The procedure of Example 1 is again repeated except
that the binding component is polyvinyl alcohol which
is employed without the use of water. In this example,
the polyvinyl alcohol is employed in an amount corre-
sponding to two parts by weight of polyvinyl alcohol
per 100 parts by weight of bauxite particles.

'EXAMPLE 4

Raw bauxite is ball milled to provide fine bauxite par-
ticles having a size distribution within the range of 3 to
20 microns. The resulting particles are placed in a die
form having a hexagonal pyramid configuration, and
dry pressed at 85 psi.

Thereafter, the preformed bauxite body is removed
from the die form and sintered at 3,050° F. for 3 hours.
It is found that media formed in this manner have a
somewhat greater porosity than those prepared with
the aid of a fugitive binder in Examples 1 and 2. Such
porosity can be significantly reduced by wet extrusion
followed by die pressing.

EXAMPLE 5

The procedure of Example 1 is again repeated except
that the plaster of paris mold has a rectangular pyramid
configuration. :
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EXAMPLE 6

This example illustrates the use of finishing media
prepared in accordance with the procedure set forth in
Example 1.

22 runs were made using hexagonal pyramid media
having a diagonal length of 1.5 inches and a height of
1.5 inches in a heavy duty vibrating finishing machine
having a net load capacity of 18 cu. ft. The runs were
carried out on “raw” bicycle crank forgings formed of
hardened steel and requiring .an average of 0.016 to
0.020 inches of stock removal for polishing prior to
chrome plating to provide an acceptable plating sur-
face. Of the 22 runs, 13 were made using 240 pieces of
large bicycle crank forgings in each run, and in the re-
maining 9 loads, 300 pieces of smaller bicycle pedal
cranks were used. Thus, a total of 3,120 large crank
forgings and a total of 2,700 smaller forgings or a'sum
total of 5,820 crank forgings were used.

The runs were carried out by first agitating the media
and stock containing 8 Ibs. of Lorco HS-9-3 in 5 gal-
lons of water for 2 hours. Thereafter, the stock and
media are recycled for 5~10 minutes to facilitate flush-
ing of abrading material from the parts and media.
Thereafter, the stock is fine finished for 30 minutes in
the presence of 5 Ibs. of Lorco 3X-2 in'5 gallons of
water in the presence of the same media, followed by
recycling for 5-10 minutes.

The stock material is then burnished for 15 minutes
in the presence of the media and 2 Ibs. of Lorco Lustre
Allin § gallons of water. Thereafter, the resulting stock
material is recycled and unloaded from the work con-
tainer.
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The media attrition rate for these 22 runs using
media embodying the concepts of the present invention
is 568 Ibs., or 25.82 Ibs. per load. When precisely the
same procedure is carried out using the best available
microcrystalline fused aluminum oxide chip, the attri-
tion rate is found to be 67.5 Ibs. per load. It is therefore
apparent, that the attrition rate of media of the present
invention is less than half the attrition rate for media
heretofore known. It is estimated that, because of the
efficacy of the media of the present invention, the time
required for the initial cutdown can be reduced by at
least % hour. In addition, the resulting finished prod-
ucts are found to have a substantially better finish
which is also reflected in the superior plated surface
formed thereon.

EXAMPLE 7

The procedures utilized in Example 6 are repeated in
this example except that of the 22 runs made, 15 runs
were made using 240 pieces of the large pedal cranks
in each run, and the remaining 7 runs were made with
300 pieces of the smaller pedal cranks. Thus, a total of
3,600 large forgings and 2,100 smaller forgings were
finished, to provide a sum total of 5,700 forgings pro-
cessed.

The amount of media initially used in the work con-
tainer is 1,535 Ibs., which amount was maintained at a
fairly constant rate throughout the 22 runs. The media
attrition for these runs is found to be 450 lbs., or 20.45
Ibs. per run.

After the runs are completed, the media are exam-
ined and not one fractured piece is discovered.

EXAMPLE 8
This example illustrates the use of the media remain-
ing after the completion of the 22 runs in Example 1.

Approximately 1,545 Ibs. of the media returned from
the runs described in Example 3 are employed in pro-
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cessing aluminum and zinc die casts in the form of gas-
oline pump hose nozzles wherein the finishing involved
is deburring, radiusing, and burnishing, which is carried
out in a vibratory container having a net capacity of 6
cu. ft.

Excellent results are obtained in that the cutting ac-
tion of the media is much faster than is obtainable with
media heretofore available. When the supply of media
is exhausted, it is established that the media retain their
original configuration over a long wear life. When the
individual media had become too small for use, they
nevertheless existed in their hexagonal pyramid form.

It will be apparent that I have provided new and im-
proved finishing media and a method for their prepara-
tion wherein the media are characterized by superior
cutting ability and high resistivity to attrition. In addi-
tion, the media of the present invention are resistant to
wedging in openings in the stock material being pro-
cessed, and retain their desired configuration through-
out their wear life.

It will be understood that various changes and modi-
fications can be made in the details of formulation, pro-
cedure and use, without departing from the spirit of the
invention, especially as defined in the following claims.

I claim: v :

1. Finishing media formed of a body having a hexago-
nal pyramid configuration in which the ratio of the
height of the pyramid to the length of the longest diago-
nal of the base is within the range of 0.1 to 4, with the
body consisting essentially of calcined bauxite particles
having diameters within the range of 3 to 20 microns
which have been sintered at a temperature within the
range of 2,900° to 3,100° F.

2. A method as defined in claim 1 wherein the ratio
of the height of the pyramid to the length of the longest

diagonal of the base is within the range of 0.8 to 1.2.
* * * * *
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