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6 Claims. (CI. 51-280) 
This invention relates to the manufacture of 

various articles of bonded granular abrasive. 
The principal object of the invention is di 

rected to the production of articles such as grind 
ing wheels, discs, segments, etc. wherein a syn 
thetic resin is utilized as the bond and wherein 
the resin bond is combined with a modifying 
filler of such a nature as to produce abrasive 
articles of exceptional quality. 
As a result of the practice of our present in 

vention there are produced abrasive articles of 
Superior cutting ability, greater durability, and 
improved resistance to heat generated during 
grinding. Another prime advantage resulting 
from the practice of our present invention is that 
the abrasive articles produced can be economi 
cally used at either low peripheral speeds of 5000 
to 6000 Surface feet per minute as are normally 
required for vitreous bonded abrasive articles, 
or at high peripheral speeds of 9000 to 15,000 
Surface feet perminute as are employed with rub 
ber or synthetic resin bonded abrasive articles. 

It is common practice to use fine filling mate 
rials in abrasive wheels bonded with synthetic 
resins. These filling materials exert a harden 
ing effect on the binder; they distend the binder 
So as to produce more bulk for the same weight 
and they increase the resistance of the resin 
bond to distortion or Softening under the ele 
wated temperatures evolved during grinding. To 
accomplish these results, various fillers have been 
Suggested and are being used in commercial prac 
tice, the most common ones being finely pulver 
ized abrasives, such as alumina, pulverized flint, 
and silica, natural or synthetic cryolite, iron 
oxide, graphite, etc. 
We have discovered that the incorporation of 

finely divided lead oxide and particularly lead 
monoxide or litharge, in a synthetic resin bonded 
abrasive article produces results surprisingly far 
Superior to any fillers heretofore used. Whether 
the advantages derived from the use of lead oxide 
are due to mechanical or chemical action is at 
present not definitely known, but we believe the 
results are due to both. 
Lead oxide reacts with phenolic bodies quite 

readily to form basic lead phenolates, Pb(OH) 
OC6H5, which in themselves are glass-like resin 
ous bodies. There is a substantial amount of free 
phenol present, in the synthetic resins commonly 
used as binders in abrasive bodies; free phenols 
in any quantity produce plasticity under ele 
Wated temperatures such as are encountered dur 
ing grinding. Various materials have been sug 

55 gested for tying up these free phenols, more 

specifically aldehydes, such as formaldehyde, 
furfural, or methylene producing bodies, such 
as trioxymethylene, 
etc. An excess of formaldehyde or trioxymethyl 
ene tends to make the product bloat and split 
during the baking operation, while the use of fur 
fural tends to produce products which in them 
Selves are deleterious in a grinding wheel, 
such as hydrofuramide. An excess of hexameth 
ylenetetramine tends to produce plasticity in the 
finished products at elevated temperatures, and 
is also Open to the objection of added nitrogen 
being evolved during the baking operation. In 
the practice of the process of the present in, en 
tion the lead oxide combines with the free phenol 
present, giving a more highly polymerized prod 
uct. The basic lead phenolate produced may also 
act as a secondary catalyst in the final poly 
merization of the binder from the “A” to the 
'C' stage during the heating or baking cycle. 
The lead oxide produces unforeseen results. 

When the lead oxide, is intermingled with the 
resinous bond in discreet particles throughout 
the mass, it very materially hardens and tough 
ens the layer of bond around the abrasive gran 
ules. This effect is peculiar in that while the 
cutting ability is not impaired, the wheel wear is 
greatly reduced, especially so in grinding opera 
tions. Where energetic use of the grinding wheel 
is necessary, such as snagging of heavy castings 
and high speed cutting off. Moreover, these ad 
vantages persist even when operating such wheels 
at greatly reduced peripheral speeds, such low 
speeds usually being impractical for the efficient 
operation of Organic bonded wheels made out 
side the Scope of our invention. 

Extended investigation using other oxides, such 
as those of iron, zinc, chrome, etc., in the same 
volumetric proportion compared with lead oxide 
failed to show any improvement even over the 
ordinary fillers now in common use. 

. As an example showing the superiority obtained 
in a cut-off wheel by the use of lead oxide, two 
wheels identical in size, abrasive content, bond, 
and bond content Were made up and tested. 
Wheel A contained lead oxide, and wheel B con 
tained powdered alumina in the same Volumetric 
proportions. These two, wheels were run under 
identical conditions, cutting off the same type of 
material. Wheel. A produced a total of 215 cuts, 
While wheel B produced a total of 125 cuts. The 

hexamethylenetetramine, 

O 

15 

20 

25 

30 

40 

45 

50 

ratio of wheel wear to metal removed remained : 
constant throughout the entire life of wheel A, 
Whereas the wheel wear of wheel B increased 
100% as the wheel wore down, due to reduced 55 
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2 
peripheral speed and its lower resistance to im 
pact and heat. 
While we prefer to use lead oxide in the form 

known as litharge (PbO), we do not wish to limit 
5 ourselves to this form only, as other oxides of 

lead may be used, but perhaps not So advan 
tageously, for example lead suboxide (Pb2O), red 
monoxide (PbO), lead sesquioxide (Pb2O3), lead 
oxide red (Pb3O4), and lead peroxide (PbO2). 
The inclusion of lead oxide is feasible in any of 

the methods now in use, that is, the liquid resin 
and dry pulverized resin method, such as is set 
forth in the application of Emil E. Novotny, Serial 
No. 382,584, filed July 31, 1929, the furfura and 

l5 dry pulverized resin method and the furfury al 
cohol and dry pulverized resin method, such as 
are set forth, for example, in the patent to Emil 
E. Novotny and Joseph N. Kuzmick, No. 1,924,748, 
granted August 29, 1933, and also by the use of 

20 a straight liquid or semi-solid resin in a plastic 
SS. 
The proportions of lead oxide may vary, but 

..we have found that best results are obtained by 
using 25 to 150% on the bond content by weight, 

25 depending on the use the subsequent finished 
product will be put to. 
In the liquid and dry resin method, or solvent 

and dry resin method, the lead oxide may be 
added directly to the abrasive granules before 
mixing, or as an alternative, the lead oxide may be 
thoroughly commingled with the dry pulverized 
resin before mixing. In the liquid resin method, 
the litharge may be added at any time during the 
mixing of the resin and abrasive granules. 
As a specific example of an abrasive wheel made 

in accordance with our invention, we utilize the 
following proportions:- 

O 

30 

35 

Parts by weight 
Abrasive granules, silicon carbide or crystal 

40 line alumina, any desired size------------ 700 
Lead oxide------------------------------- 50 
Pulverized, potentially reactive phenolic sy 

thetic resin---------------------------- O 
Furfuryl alcohol-------------------------- 20 
The abrasive granules are charged into a suit 

able device, Such as a dough mixer, and the fur 
furyl alcohol added with stirring to thoroughly 
wet the granules. The pulverized synthetic resin 
and lead oxide are now added and quickly stirred 
in, the powdered resin and lead oxide previously 
being commingled together. The mix when ready 
to discharge Will be loose and granular, each 
granule of abrasive being coated with a finely 
Commingled mixture of resin and lead oxide. The 
mix is spread and leveled in an annular mold of 
desired dimensions, equipped with a follower 
plate for pressing. The mass in this for is 
preSSed Cold in a hydraulic ran press at a prese 
Sure of approximately 2000 lbs. per square inch, 
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2,088,719 
The article is discharged from the mold and 
placed in an oven and baked to convert the syn 
thetic resin bond to the infusible stage. 
We do not, however, preclude the use of hot 

pressing, or heat treating of the described granu 
lar mix after mixing, followed by hot or cold 
pressing, inasmuch as the same benefits are de 
rived by the use of lead oxide regardless of wheth 
er the hot or cold methods are used. 
We claim: 
1. An abrasive article consisting of abrasive 

granules bonded together. With a synthetic resin 
and lead oxide, the lead oxide being intimately 
intermingled and reacted with the synthetic resin 
bond and being SO combined thereWith as to form 
toughened and hardened coatings Over the abra 
Sive granules. 

2. An abrasive article consisting of abrasive 
granules bonded together with a synthetic resin 
and lead oxide, the proportion by weight of the 
lead oxide being from 25% to 150% on the Syn 
thetic resin content, the lead oxide being in 
timately intermingled and reacted with the Syn 
theic resin bond and being so combined thereWith 
as to form toughened and hardened coatingS OWer 
the abrasive granules. 

3. An abrasive article consisting of abrasive 
granules coated with and bonded together by a 
cured synthetic resin combined with lead pheno 
late. f. 

4. In the method of forming an abrasive arti 
cle bonded with a potentially reactive heat hard 
ening synthetic resin the steps which consist, in 
mixing abrasive granules with a potentially reac 
tive phenolic synthetic resin having free phenol, 
and incorporating a finely divided lead oxide 
filler with the mix which is intermingled With 
the synthetic resin in discreet particles through 
out the mass to produce a bond for the abrasive 
granules, the lead oxide combining with the free 
phenol in the synthetic resin to produce lead 
phenolate. 

5. in the method of making an abrasive article 
bonded with a potentially reactive heat hardening 
synthetic resin the steps which consist, in inter 
mingling finely divided lead oxide with the Syn 
thetic resin and abrasive granules, the lead oxide 
being intermingled with the resinuous bond in 
discreet particles throughout the maSS, forming 
the article under pressure and heat hardening 
the same, the lead oxide being reacted and Con 
bined with the resin to form toughened and hard 
ened coatings over the abrasive granules. 

6. The method of claim 5 wherein the pro 
portion by weight of the lead oxide is from 25% 
to 150% on the synthetic resin content. 

JOSEPH. N. KUZMTCPK. 
JEROME. KUZMCK. 
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