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@ Production of resin bonded abrasive products.

A method of producing resin bonded abrasive products
particularly cut-off wheels is described. The method com-
prises firstly preparing a blend of a suitable abrasive material
and a thermosetting resin bond which will soften on heating
to a temperature at which the rate of cross-linking is not
substantial. The biend is then heated to soften the resin bond
and a compaction pressure of less than 3 kg/cm? is applied to
the softened blend to effect consolidation thereof. The temp-
erature of the blend is then raised to cure the bond and pro-
duce the resin bonded product.
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The prescnt invention relates to the production of
resin bonced abrasive products.

Resin bonded abrasive products are conventionally
produéed bv cold pressing a blend of particulate
abrasive 'material and synthetic resins with or
withgut fillers to give a green(unoufed)produot of the
required shape, size and density and subsequently
heat%ng the green product to cure the synthetic resin
ther;by to provide a firmbond between the abrasive
particles. The pressures normally required for.the
cold pressing are in the range of 35 - 500 kg/sq. cm.,
fneiexact value depending on the properties required
for the bonded product.

Examples of resin bonded abrasive products
manufactured by the above process are grinding
wheels and especielly cut-off wheels i.e. abrasive
Qheels having a high diameter to thickness ratio
(e.g. from 40:1 to 200:1). An application of large
diameter cut-off wheels is the cutting off of hot steel
billets produced by the continuous castiﬁg process.

It will be appreciated that even at the 1oyer
end of the above pressurc range, the manufacture
of cut-off wheels having a diameter of 2 metres
requires the use of a press capable of abplying
a total pressure of about 1000 metric tonnes. Such
a pres:s involves high capital expenditure.

A method of producing resin bonded abrasive products
using a warm pressing operstion is also known. For
example, U.S. Patent No. 4,110,935 suggests that a

blend of abrasive and resin may initially be pressed
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under a pressure of at least 3 kg/cm2 and at » temperature
of 10-100°C prior to curiﬁg'of the resin, although, as
far as we are aware, such low pressures have not been
used commerciaslly for nrocducing resin bonded sbrasive
products. -

It has now been found that resin bonded abrasive
produpts may be conveniently produced at pressures
lower than those suggested for use in warm pressing
operaticns, and substentially lower than those used in
cold pressing operations, thereby avoiding the néed for
the expensive presses used for cold pressing.

According to the present invention there is provided
a method of producing a resin Bonded abrasive proauct
comprising preparing a blend of a particulate abrasive
material and a predominantly powdered thermosetting resin
bond, which bond will soften by heating to a temperature
below that at which the rate of cross-linking is substantial,
heating the blend to soften the resin, spplying a pressure
below 3 kg/cm2 to the heated hlend to effect compaction
of the abrasive particles, and further heating the blend
to cure the resin to produce the bonded abrésive product.

The invention also provides bonded abrasive
preducts made in accordsnce with the process defined
in the preceding paragraph.

The invention_is particularly applicable to the
production of grinding wheels and cut-off wheels.,-

The term "pzedominantly powdered resin bond!

is used in the same sense herein as is normally
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understood in the art. In other words, the bond comprise
a ligquid phace, which may itself be a thermosetting resin,
and a major amount by weight of a powder which will
incluae, or consist vholly of, a particulate thermosett-
ing resin or resins. In addition to including the
particulate resin, the powder may additionally include
inorganic fillers, or organic modifiers such as epoxies,
rubbgr, polyvinyl butyral, or the like, as is well known
in tPe art, to give the desired properties for the
fini%hed product.

{The important feature of the invention is the
utilisation of the basic properties of predominantly pow-
dered resin bonds which soften on heating to a degree
which enables compaction of the composite under a low
pressure, i.e, less than 3 kg/cmz. When a blend of such
a2 resin bond and abrasive material is heated at a temp-~
erature at which the rate of cross-linking of the softened
resin is low, the degree of this softening allows the
abrasive particles to be compacted and consolidated
together with the application of substanfially lower
pressures as compared to those which are used in the
cold pressing operations described above. Although
the same predominantly pcwdered resin bond could be
used as the bond in the conventional cold pressing
method, its flow characteristics are such that, without
softening by heating, the high pressures of the cold
pressing method are still required to achieve adequate
consolidation of the uncured resin bonded abrasive

product,

The exact pressure used in the method of the invention
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will be dependent on the flow characteristics of the
particular predominantely pdwdered resin bond system used.
The presSure will however be less than 3 kg/cmz, preferably
1ess;than 2.5 kg/cm2 and will most usually be less than

1.8 #g/cmz. In fact the preferred pressure range is 0.1

to £.8 kg/cm2 with a pressure of about 0.3 kg/cm2 being
suifable for most cases. The low pressures required may
be ?pplied by means of weights or compressed springs or

by iow pressure hydraulic or pneumatic methods, or by any
othér convenient method.

! The predominantly powdered resin bond may be any such
bon% which softens on heating to a temperature lower than
that at which the rate and degree of cross-linking will
interfere with the compaction process. Within these
criteria, the bond mayihave a wide variety of flow charac-
teristics, and may soften at a greater or lesser temperature
to suit the particukﬂ*applicatioh, bearing in mind that the
cured bond may have to withstand the forces encountered in
high speed grinding a cutting operations.

The bond used may be based on powdered phenolic
novalac resins, together with liquid phenolic resiqg
(e.g. resoles) or wetting agents which can-combine with
the resins. Examples of such wetting agents are furfufal
or furfural in combination with cresols or xylenols, or
plasticisers which are compatible with the resins at
proces: temperatures. In the case of dense wheels utili-
sing furfural or plasticiser based wetting agents, calcium
oxide is added to combine with the volatiles produced in
the bord during the curing process.

Powdered phenolic resins are available with a wide
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range oif flow characteristics, which makes such resins
particularly useful for the invention. Typical examples

of such powdered phenolic resins have flow characteristics
varying between 15 mm (low flow) and 100 mm (high flow) as
determined by a common flow test used by phenolic resin
manufacturers and grinding wheel Producersc. The flow test’
uses a 0.5 g pellet of resin placed on a level glass plate
in an oven, held at 120°C for 5 mins, and the plate is then
tilted at an angle of 60°C. The length of the pellet in mm.
after 10 minutes is = measared and constitutes the flow value.

Resins with flow values as specified above are readily
available and can be utilised in the invention. In the case
of bonds formulated with high flow resins it will be apparent
that lower temperatures and pressures will be required to
consolidate the bond in the process of the invention, than
would be required for low flow resins.

It is also common practice in producing resin bonded
grinding wheels to include fillers which influence the
strength of the wheel and contribute to improved grinding
performance. These materials reduce the fiow of the bond to
a degree which varies with the broportion of the filler
used,. and also the particle size of the filler. It will be
readily apparent that the use of high filler contents for
wheels made by the process of the invention necessitates the
use of higher flow resins to offset the restriction on flow
of the high filler contents to maintain the pressure required
in the compaction process at a low level,

Any particulate abrasive material of suitable grit
size or combination of grit sizes may be used for the

invention. Examples of varicus types of abrasive are
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various types of fused alumina, silicon carbide, fused
zirconia-alumina, and sintered abrasive either

individually or in combination as commonly used

o
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fo% the productioun of grinding wheels.

i  Thc blend ol the péfticulate abrasive material
ané predominantly powdered resin bond may be produced
in\any convenient way. In one method, the abrasive
matﬁrial is firstly wetted with the liquid components
of the bond, and then the powdered resin, optionally
including fillers, is added and blended so that the
powder adheres uniformly to thé liquid coating on
the abracive. Alternatively in the productiqn of
dense or low porosity grinding wheels where the
bond countent is high, the formulation may be such
that bétween the bond coated abrasive particles there
exist resin particles vetted with 2 liquid which is
a non-solvent for the resin at room temperature, but
which combines with the resin during curing.

Once the blend has been prepared, the next step is
to shape and compact the blend prior to curing of the
resin. For this operation the blend may be introduced
into a suitable mould, in which it is softened by heating
and compacted to give a body of the required shape.

The mould for producing a wheel may comprise a ring
and a pin on a metal plate and, after the cavity is
filled with the blend, a plunger is placed on the
mould and the assembly heated to a temperature at
which the bond softeps and flows under the applied
low pressure. Generally this temperature will be in
the range of 60—10000, the exact value depending on
the {low cheracteristics and cross-linking rate of
the bond.

Once the abrasive blend has been compactec, the
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composite produced is heated to a highcr temperature to
cure the resin and produée'a resin bonded abrasive
product. Preferably the pressure applied during
compac%ion is maintained during the curing operation.
In this case, the softening, compaction and curiﬁg
are conveniently effected in a single oven with a
programmed temperature control allowing the temperature
of the oven to be raised firstly to the softening/
compaction temperature and, after a predetermined time,
secondly to the curing temperature which is égain
maintained for a predetermined time prior to cooling
of the body. Alternatively, of course, the tempecrature
of the oven may be slowly and continuously raiscd %o
the curing temperature, the oven being at a temperature
at which the resin is soft for a sufficient time to
effect the desired compaction.

A number of variations may be applied to the
basic principle described above.

The mould and also the plunger can be preheated
to the required temperature prior to éﬁding the
blend and the low pressure can be applied after the
relatively short period required for the blend to attain
the mould temperature.

Alternatively, the bottom plate of the mould
can be a thin metal plate and, after distributing the
blend into the mould, the barrel ard pin can be removed
leaving the blend in a thin laver on the plate. A
number of similar plates carrying evenly spread layers
of blend can be stacked on top of each other and covered

with a plate on top of which are placed  furbther plates
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of a weight sufficient to provide the low pressure
required for consolidatién. The whole assembly is

then heated in an oven initially at the temperature
reduired for consolidation to take place, and once this
haé been achieved the temperatﬁre is raised to completely
cure the wheels. In order to ensure that all wheels
reéeive the required degree of consolidation at least
t%ree spacers of a predetermined thickness may_be

piaced between each pair of supporting plates‘in the
stack, so that when the required degree of consolidation
hfs taken place the top plate rests on the spacers.

B& using spacers of identical thickness, a high degree
of control of the thickness variation within the wheel
can also be achieved. |

Alternatively the blend can be distributed onto
the mould base plate which isthen placed in a
microwave preheating oven for the period required
to raise the temperature to the required degree. The
plate is then removed from the microwave oven, a further
plate placed on top of the blend the required low
pressure is applied to achieve the required degree of
consolidation and the wheel is finally cured between the
plates or bats.

In all of the above cases, the finally formed cured
wheel may be produced directly in the mould, or
alternatively the cured disc may bhe machined to size.

Alternatively the blend may be spread onto a
plate, sirilar in size to the desired wheel size,
covered with a similar sized plate, and after the low

temperature and pressure have been applied to consolidate
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the bond, the excess mix which exudes from between the

" plates is 'removed by a scraper whilst it is still soft-and

plastic before subsequently completing the curing cycle.
By this process the bore of the wheel can be formed

by placiﬂg a pin through a hole in the plate to give
the desired hole size. Metal bushes to give the
desired arbor size can also be incorporated into the
wheel arbor to eliminate the necessity for finishing the
bore. The process described can be applied equally to
the production of both reinforced and non-reinforced
resin bonded bodies, e.g. cut-off wheels. The
rei&forcement, which will be one or more fabric layers,
may be placed externally and/or internally of the wheel.
The reinforcing layers commonly used are discs of
phenoiic resin impregnated woven or non-woven glass
fabric.

In the conventional manufacture of cut-off wheels,
modifications have been introduced to improve their
cutting ability. For example the wheels\are produced
with a taper from periphery to arbor or with moulded-in’
paper tapers to reduce the friction of the wheel faces
during the cutting, as described in U.K. Patent No. 1,057,705

Alternatively it is known to produce rough faces
for the wheel by the use of knurled or grooved mould
plates or bats or by moulding two open mesh reinforcing
fabrics with a separating polyvester film (such as Mylar
(Trade Mark) polyester) or paper layer as in U.K. Patent
No. 1,236,135, or by moulding and curing between
PTFE co=ted glass fabrics to reproduce the fabric pattern

on the wheel faces. It is also known to use black



10

15

20

25

30

!

\

: ’ 12, 0034898
pape%s on the wheel faces to prevent sticking to moulds
and %o supporting bats duriné curing,

?he above described modifications for cut-off
wheelg may bec utilised in the method of the invention
as apélied to the production of cut-off wheels,

One of the problems experienced in the production of
cut-off wheels according to processes of the prior art
is that variability resulting from uneven distribution of
the abrasive material in the blend is not eliminated by
application of high pressure in the cold press process.
In the process of the invention, where the blend will flow
under the application of low pressures, thereirill be a
tendency%%ﬁow to take place from the denser high pressure
area into the less dense low pressure area, reéulting in
a reduction of the variations within the wheel as
produced by uneven mould filling.

In the case of wheels produced by the cold pressing
process and which contain reinforcing layers,variability
is experienced due to the inadequate adhesion of the
reinforcing layers to the blend, particuiarly where low
density areas aré produced in the wheel as a result of
uneven mould filling. 7

This inadequate adhesion can re;ult in low
bursting speeds and rapid or irregular wheel break down
in operation. In extreme cases wheel breakage results.
In the case of wheels produced in accordance with the
invention, the resin impregnation of the reinforcing
fabric softens simultaneciusly with the predominantly
powdered resin bond, which togeiner with the application

of the low pressure used for consolidation will result



10

15

13. 0034898

in improved adhesion compared with the cold press
process. This will resdit in an impreovement in the
strength and safety of the wheel.

If will be appreciated from the foregoing
description that the method of the invention provides
a convenient and easy way of producing a wide range of
resin bonded abrasive bodies without the need for
expensive presses. It 1s a further advantage of the
invention that the method allows the use relatively
inexpensive moulds with a high life expebtancy. This
is to be contrasted with the cold pressing process in
which expensive heavy duty moulds are required in order
to withstand the high pressures involved. Such moulds
require freqﬁent replacement due to a high wear réte
resulting from epplication of abrasive .under high

pressure to the mould surface.
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?he invention is i1llustrated by the following Examples
describing the production of cut off wheels by the method of |,
the igvention and also by a conventional cold pressing method.
IT both types of method the mould for producing the
cut off wheels comprised a circular bottom plate, -an
annula; ring (or barrel) located in a shallow peripheral
annular recess on the upper surface of the bottom plate,
a centre pin centrally located on the upper surface of
the bottom plate, and a centrally apertured plunger plate
locatable over the centre pin and slidable within the

barrel. The plunger plate serves to apply pressure to

the contents of the mould to effect conscolidation thereof.

~ Example 1

This Example illustrates the production of a cut off
wheel having a diameter of 1220 mm, a thickness of 10 mm,
and an arborle of 152.4 mm. by the method of the
invention. The mould used had a bottom plate of diameter
1370 mm, a barrel having an inner diameter of 1235mm.,, and
a centre pin of 150 mm diameter.

The cut off wheel was prepared from the following

ingredients:-
30 grit white fused aluminium oxide 69.5 parts by
' weight
325 mesh iron pyrites : 16.0 parts by
weight
CS14 (medium flow powdered novolac resin) 10.0 parts by
weight

CL50 (50 poisc phenolic resole liquid resin) 4.5 parts by
weight

-~

The CS 14 and CL5Q resins are produced by The

Carborundum Co. Limited, Chemical Products Division.
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t.bond coated granular mix was prepared by first
wetti

s o e et e ® 8

g the abrasive grain'iﬁ a mixer with the liquid
pheno%ic resin. The powdered resin and fillers were then.
added jand mixing continued until the blended powdered bond
adhered to the abrasive grains to produce granular bond
coated grains which could be readily separated but which
adhered to each other ﬁnder the influence of high pressure
at room temperature.

The cut off wheel was prepared as follows.

A circular black tissue paper of 1235 mm diameter and
with an aperture to locate over the centre pin was placed
in the base of the mould followed by a 750 mm diameter
phenolic resin impregnated glass fabric flange ply
(external reinforcement for the finished wheel). One
third of the abrasive mix required to give a finished wheel
of 10 mm thickness was distributed in the mould and
levelled to give an evén layer. A full diameter ply of
phenolic resin impregnated glass fabric (internal
reinforcement for the finished wheel) was placed on top
of the layer and flattened. A second lafer of one third
of the abrasive mix was distributed on top of the glass
fabric and levelled. A further full diameter phenolic
resin impregnated glass fabric was placed on the secoud
mix layer followed by the final one third of the nmix,
which was then levelled to form an even layer. Next,

a flange ply similar tc that used in the base of the
mould was located on top of tha upper mix layer and =2

circular black tissue paper laid over the flange plv.

Ly

The plunger was then placed on the upper layer of tissue

paper, and the barrel and centre pin removed.
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The assembly of unconsolidated wheel, plunger and
bottom plate was transferred fo a curing oven and a load
was applied to the plunger so as to apply a pressure of
0.5 kg cm'2 to the wheel area. The load may for example
be applied by weights.

The oven was heated for a period of six hours at
7OOC. During this heating the resin softened and the
plunger moved downwardly to consolidate tﬁe bond.
Consolidation was complete after six hours.

Curing of the resin was effected by raising.the

temperature of the oven to 175°C over a period of 20

hours and holding this temperature for 9 hours. Subsequently

the wheels were cooled to room temperature over a period
of 24 hours.

The arbor apertures of the cured wheels were then
ground to the required diameter of 152.4 mm and the
wheel periphery was ground concentric with the arbor to
1220 mm diameter.

Example 2

This Example describes the productioﬁ of a cut off
wheel of similar dimensions to that produced in Example 1
but using the conventional cold-pressing process.

The procedure of Example 1 was followed up to the
point where the plunger is placed on the mould, which was
then transferred to a press capable of taking a mould of
1370 mm diameter. A pressure of 70 kg em™2 of whéel sarea
(approximate total pressure 800 tonnes) was applied fer
15 seconds to consolidate the wheel,

Afier moulding, the centre pin and barrel were

removed, and the green wheel was transferred to an
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aluminium supporting batt and covered with a steel plate of a
, .

thickness sufficient to give a load of 0.03 kg cm?

of
wheel|area to maintain the wheel flat.

he wheel was cured in an oven in which the temperature
was i@creased at adow rate from room temperature to'70°C
over a period of 8 hours and then to a temperature of
175°C over 20 hours. .The oven was held at this temperature
for 9 hours., As in Example 1 the wheel was cooled to room
temperature over a period of 24 hours and then ground to

the required dimensions.

Properties of Cut Off Wheels

Wheels prepared by the methods of Examples 1 and 2
had similar densities of 2.33 grams/cc.

The wheels were evaluated by cutting through 20 cm
diameter Incalloy ingots with a cutting speed of 80 m/sec.

The wheel prcduced in Example 1 gave a.grinding ratio
(i.e. ratio of area of metal cut to area Af wheel worn)
of 1.18 compared with a value of 1.00 for wheels produced
by Example 2.

The freedom of cut was similar for both wheels, _
Additionally the'squareness of cut" was similar for both wheels.
The "squareness of cut" is an indication of the extent to
which the wheels cut the ingots at right angles to ingot
axes. Any deviation from a right angled cut indicates
wheel breakdown with formation of a champhered periphem.

These tests demonsirate that the method of the
invention produges cut off whe2ls having a performance at
least equivalent to those produced by <the conventional

cold-pressing operation.

=
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Examplc 3
This Fxample describeé.fhe production of a wheel
using the method of the invention and having a diameter
of 1800 mm, a thickness of 18 mm. and an arbor
hole of 450 mm diameter. As previously a mould was used
which gave an undersized arbor hole and oversize wheel
diameter so that the wheel could be finished by grinding.
The wheel was prepared from the ingredients listed
in Example 1 save that the 69.5 parts by weight of white
fused aluminium oxide was replaced by the folloﬁing
mixture of abrasives.
Brown fused aluminium oxide 20 grit 34.8 parts by weight
Brown fused aluminium oxide 24 grit 20.8 parts by weight

Brown fused aluminium oxide 30 grit 13.9 parts by weight

69.5 parts by weight

The wheel was to be externally reinforced with flange

plies of 1220 mm diameter and internally reinforced with

five plies of phenolic resin impregnated glass fabric
(PRIGF). As full diameter PRIGF plies were not commercially
available, semi-circular sections were cét from a roll of
the fabric to fit into the mould with a.g cm overlap.
The position of the overlap on the five layers of PRIGF
was staggered so that the overlays of each consecutive
layer were positioned at an angle of 60 degrees in a
clockwise direction. |

The abrasive, resin and filler were mixed together
as in Example 1.

The mould was filled using the foliowing sequence
of operations,

1. Two overlapping semicircles cf black tissue paper.
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. One 1220 flange ply.

. One sixth of the total granular abrasive mix required.

. Two overlapping semicircles of PRIGF.

2
3
L
5. A further one sixth of the abresive mix.
6. Two overlepping semicircles of PRIGF.

7. A further one sixth of the abrasive mix,
8. - hwo overlapping semicircles of PRIGF.

S. ,A further one sixth of the abrasive mix.

10, fTwo overlapping semicircles of PRIGF.

|
11. 'A further one sixth of the abrasive mix.

H

!

12, 'Two overlapping semicircles of PRIGF.
13. !The final one sixth of the abrasive mix.
14, - One 1220 mm diameter flange ply.

15. Two overlappiné'semicircles of black tissue paper.
The mould containiﬁg the uncompressed wheel was
placed on a stand, the plunger plac«G in position and the

barrel and centre pin removed. ‘

The assembly was then transferred to a curing oven
and a load applied to the plunger to give a weight of
0.3 kg/cm."2 over the wheel area. The ﬁeighted,wheel~

was then consolidated and cured under the conditions

employed in Example 1. Tre arbor hole and the periphery

~were then ground to the required dimensions.

Three wheels prerared by the above method were test
speeded to destructi.n and burst at speeds of 170 to
174m/sec, This wa- well in excess of the minimum bursting
speed of 140 m/sz¢. as specified for a maximum operating
speed of 100 m/sec. by the German Grirnding Wheel

Committee is the accepted grinding wheel safety

standard auvtaority in Europe.
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A wheel as described was used to cut 80 mm diameter

billets at a temperature of 800-900°C on a converted cold

saw with a 250 KW motor. A cutting time of 1.7 seconds

was obteined and a grinding retio of 11.9 at an operating

speed of 100 m/sec.
!
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1. \ A method of producing a resin bonded abrasive product

comprising preparing a blend of a particulate abrasive

mateTial and a predominantly powdered thermosetting resin

bond,
\ .
below that at which the rate of cross-linking is substantial,

which bond will soften by heating to a temperature

heating the blend to soften the resin, applying a pressure
below 3 kg/cm2 to the heated blend to effect compaction of
the abrasive particles, and further heating the blend to

cure the resin to produce the bonded abrasive product.

2. A method as claimed in claim 1 wherein compaction is

effected with a pressure of less than 2.5 kg/cmz.

3. A method as claimed in claim 2 wherein compaction

is effected with a pressure of iess than 1.8 kg/cm2.

L, A method as claimed in claim 3 wherein compaction

is cffected with a pressure of about 0.3 kg/cmz.

5. A method as claimed in any one of claims 1 to &4
vherein the blend of the particulaté abrasive material
and the predominantly powdered thermosetting bond is .

softened at a temperature of 30 to 100°¢,

6. A method as claimed in any one of claims 1 to 5
wherein the powder of the thermosetting resin bond is

3
a phenolic novalac resin,

7. A method as claimed in any one of claims 1 to 6
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wherein the liquid of the thermosetting resin bond is

8 liguid phenolic resin.

8. A method as claimed in any one of claims 1 to 6

wherein .the liquid of the thermosetting bond comprises

furfural.

. A method as claimed in claim 8 wherein a xylenol

or cresol is additionally present.

10. A method as claimed in any one of claims 1 to 9
wherein the temperature of the blend is raised

continuously during the softening operstion.

11. A method as claimed in any one of claimes 1 to 10
wherein the pressure used for compacting the blend of
abrasive material and resin is maintained during the

curing operation.

12. A method as claimed in any one of claims 1 to 11
wherein external and/or internal reinforcement is

provided for the bonded abrasive product.

1%3. A method as claimed in any one of claims 1 to 12
wherein the abrasive material is selected from fused
alumina, silicon carbide and fused zircomia-alumina.
14, A method as claimed in any one of +ithe claims 1 to
1% wherein the resin bonded abrasive product produced

is a cut off wheel,
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