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The invention relates ta metal shot or pellets
of the type used for metal abrasive and- blast
cleaning, peening, polishing and the like, and
more particularly to an improved composition
of steel shot.

Prior to my invention, so far as I am aware,
no one has been able to make, commercially, steel
shot, although cast iron shot has been manu-
factured commercially for a great many years
and is in wide use. Steel, because of its higher
pouring temperature and higher viscosity, and
because of the presence of various alloying in-
gredients, presents greatly increased difficulties
when it is attempted to disintegrate the molten
metal into shot by the usual disintegrating
methods. Such methods consist, generally, in
applying, to a stream of molten metal, a blast
of break-up fluid, usually water, which cduses
the molten metal to be broken up into small liquid
globules; these are caught as solid pellets in a
bath of water.

The real difficulty I have encountered in the
use of steel is to make good usable shot and
to avoid making defective shot. Good usable

shot has the important characteristics of round- ¢

ness, solidity, proper micro-structure, freedom
from cracks and strains, long life and harden-
ability. Defective shot may have one or more
of the following defects: it may be hollow, it
may be shredded, it may have dimples, it may
have cracks, it may not be properly hardenable,
or it may not have proper micro-structure or
strength to resist fracture from impact or fatigue.
My present invention overcomes these diffi-
culties by using steel alloys which are able fo
withstand the disintegrating treatment and yet
produce the proper characteristics in the final
product. The essential alloying elements in my
steel, and the approximate percentages by weight
within which they must be used to overcome the
foregoing difficulties, are about as follows:

(Cl. 51—309)

10

20

45

TABLE A
. o " Per cent
Carhon _ e - 10 to 1.70
Silicon ... ; ~ .30 to 1.00 .
Manganese ..o mee .30 to 2.00
Iron . ot e o et o e e e Balance

In addition to the foregoing, other elements
may be incorporated, depending upon the prop-
erties desired in the finished product, as for ex-
ample, chromium 0 to 5.00%: molybdenum 0
to0 5.00% ; vanadium 0 to .40%; nickel 0 t0:2.50%,
and copper 0.to 1.00%.

T have found Ly test that there are certain

z.

limits to the alloying ingredients. Good steel
shot is very dependent upon proper silicon cén-
tent. - For example, if the silicon in the meta¥l at
the time of pouring for disintegration is above
1.00%, the particles formed after disintegration
are apt to be shredded. Ii1 fact, except for pour-
ing at exceptionally high temperatures, good
roundness could not be obtained for silicon ¢on-
tents above 0.80%. Added -silicon decréases
fluidity and surface tension so that the steel does
not draw itself into a round ball. On theé other
hand, a silicon content less than 0.30% givés a
round but hollow shot, regardless of the per-
centages of the other alloying ma,terlals or de-
oxidizers used.

Carbon content is also effectual in produeing
round solid material. Carbon increases silicon
tolerance. ‘The higher the earbon, the moie the
fluidity obtainable at any certain temperature.
Generally speaking, the higher the carbon con-
tent, the lower the pouring temperature neces-
sary, as well as the greater amount of silicon
that can be used and yet form rouhd steel par-
ticles. ) ) .

A number of specific examples of compesitions
following the teachings of my invention are given
below. These examples may he convenieritly
classified according to carbon content; #s high,
low and intermediate. “High” is applied to
steel shot having from 1.20 to 1.70% carbon.
“Low” is applied to steel shot having from 0.16
to 0.309% carbon. “Intermediate” is applied to
steel shot having from 0.30 to 1.20% ecarbon...

In the following tables the balance iron meéshs
substantially all iron except for the usual im-
purities in normal amounts.

Example No. 1 (shot with high carborn comtent)

Tests. indicate that good shot having the de-
siréd properties of roundness, solidity, freedom
from cracks or strains, and suitable micro-struc-
ture may be produced, having a high carbon con~
tent falhng ‘within the ranges shown in- Ta.ble
No. 1.

TABLE NO. 1

Per cent
Carbon oL 1.20 to L.70
Silicon _ ..l . ... 035tc 1.00
Matiganese . e 6.30 to 1.50
Chromium —___..____.._______... 0 tc 0,60
Molybdenum o i ¢ to 1.60
Vanaditm o v macie e Q-te 030
[070)0) oY S S 0 to 1.00
Nickel oo 0 to 1.00
B 4 ) + S SO Balance
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Specific examples of steel shot falling within

the ranges of Table No. 1 are given in Tables

Nos. 2,3,4,5and 6.
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TABLE NO. 2
Per cent
CarbON e e 1.35
SHeoN e 0.50
Manganese - 0.70
Chromium - o 0.35
Molybdenum, .. __ ——— 1.50
Vanadium 0.20
TrON e e Balance
TABLBE NO. 3
Per cent
CarBON e o 1.50
Silicon e ___ N - 0.50
Manganese —eeeecccmccmc e e 1.50
IrON e -——- Balance
TABLE NO. ¢
- - . Per cent
Carbon —— e 139
Silicon oo e 0.92
Manganese oo oo 0.61
IrON oo e Balance
TABLE NO. 5
S Per cent
Carbon S LR 1.63
SiliCON e 65
Manganese oo 64
Copper e - 1.00
Iron e Balance
TABLE NO. 6
L i ) Per cent
Carbon oo ____ 1.32
Silicon . —__ e 87
Manganese oo ___ 67
Nickel e 1.00
Iron oo Balance

As an example of hardness obtained with the
specific composition of Table No. 2, good usable
shot was made having a hardness of 63 Rock-
well “C.”

Example No. 2 (shot with low carbon content)

Tests indicate that usable shot may be pro-
duced having a low carbon content. Such shot
falls within the ranges shown in Table No. 7.

TABLE NO. 7
Per cent
Carbon e e e e e .15t0 .30
Silicon <o 30to .80
Manganese - — .40 t0 1.00
Nickel e .80t01.20
Iron Balance

A specific example of steel shot falling within
the ranges of Table No. 7 is given in Table No. 8.

TABLE NO. 8
. Per cent
Carhon o e 21
Silicon A8
Manganese eeooo. _— —— 94
Nickel .. 1.00
TION e e e Balance

With the composition set forth in Table No. 8
good non-cracked material was produced but the
material did not have as much hardenability as
the material of Table No. 2. However, material
was produced having a Rockwell “C” hardness of
45, with excellent breakdown characteristics.

E’:mmple No. 3- (shot with intermediate carbon
--content)
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',Steel shot with an intermediate carbon content

was also produced. The composition and per-
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centage range of such material is given in Tabhle
No. 9.

TABLE NO. 9
o _ Per cent
Carbon -l..... S e - .30t01.20
Silicon . 3010 1.00
Manganese — e .40 to 2.00
NicKel oo e 0to 1.00
Iron e Balance

The composition of Table No. 9 produced usable
crackless material having a hardness range of
from 48 to 65 Rockwell “C.”

Specific examples of steel shot falling within
the ranges of Table No. 9 produced and tested

are given in Tables Nos. 10, 11 and 12.
TABLE NO. 10
) Per cent
Carbon e .53
Silleon o 50
Manga,nese - e ——————— .60
Nickel oo 1.00
B & (o) o NN O Balance
TABLE NO. 11 :
Per cent
CarbOn o e e 1.00
Sillcon o .50
Manganese .o .60
Nicke] - — - 1.00
B o) S Balance
‘ o TABLE NO. 12

Per cent
Carbon o .85
Sileon o e Ko
Manganese o .64
IrON el Balance

The following composition range in Table No.
13, falling within the range of Table No. 9, has
produced excellent shot. having the best all
around characteristics. Such shot has a hard-
ness range of from 48 to 52 Rockwell “C.”

TABLE NO. 13

Per cent
CarboOn - .60 to .80
Silicon o 40 to .60
Manganese . oo .40 to .60
00N e e Balance

In all of the above tables, the pellets may be
suitably heat treated to give proper strain relief,
hardness and micro-structure. The stated hard-
ness values are those obtained after such heat
treatment.

Thus practical, usable shot is produced having
the important characteristics of roundness, solid-
ity, micro-structure, freedom from cracks and
strains, long life and hardenability. The prac-
tice of the invention avoids forming the shot with
dimples or cracks. It avoids producing shot
which is either hollow or shredded. It produces
the proper micro-structure to give proper hard-
ness and longevity.

By the practice of this invention usabjle shot
may be obtained ranging in size throughout the
entire range of commercial sizes, for example,
from shot as small as No. 100 (.0054 inch diam-
eter) to as large as No. 10. (.156 inch diameter).

While certain novel features of the invention
have been disclosed herein, and are pointed out
in the annexed claims, it will be understood that
various omissions, substitutions and changes may
be made by those skilled in the art without de-
parting from the spirit of the invention. :

What is claimed is: i

1. Steel pellets such as used in blast cleamng,
blast peening and the like, and of a size between
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0.0054 to 0.156 inch diameter characterized by
good roundness and solidity, freedom from dim-
ples, and freedom from cracks and strains and
having a hardness ranging between about 45 to
about 656 Rockwell C classification, said pellets
containing a plurality of ingredients of which the
following, in the proportions stated, are the only
elements necessary to obtain said characteristics:
from about 0.35 up to about 1.20% carbon, from
about 0.30 up to about 1.00% silicon, and suit-
able strengthening alloying metal selected from
the group consisting of manganese 0.30 to about
2.00%, molybdenum 0.00 to about 5%, nickel
from 0.0 to about 2.5%, copper from .0 to about
1.00%, and the balance iron.

2. Steel pellets such as used in blast cleaning,
blast peening and the like, characterized by good
roundness and solidity, freedom from cracks and
strains, and ky good hardenability, said pellets
having a hardness rangiag between 45 to about
65 Rockwell C classification containing a plural-
ity of ingredients of which the following, in the
proportions stated, are the only elements neces-
sary to obtain said characteristics: from about
0.30 up to about 1.70% carbon, from akout 0.30
up to about 1.00% silicon, from about 0.30 up to
about 2.00% manganese, from zero up to about
5.00%. chromiurm, from zero up to about 5.00%
molybdenum, from zero up to about 0.40% vana-
dium, from zero up fto about 2.50% nickel, from
zero up to about 1.00% copper, and the balance
iron.

3. Steel pellets such as used in blast cleaning,
blast peening and the like, characterized by good
roundness and solidity, freedom from dimples,
{reedom from cracks and strains, and by good
hardenability, said pellets containing a plurality
of ingredients of which the following, in the pro-
portions stated, are the only elements necessary
to obtain said characteristics: about 1.35% car-
bon, from avout 0.35 up to about 1.00% silicen,
about £.70% manganese, about §.35% chromium,
about 1.50% molybdenum, about 0.20% vanadium,
about 1.00% copper, from zero up to about 1.00%
nickel, and the balance iron, said pellets having
an average hardness ranging up to about 65
Rockwell C classification.

4. Steel pellets of a diameter less than about
0.15"” in diameter such as used in blast cleaning,
blast peening and the like, characterized by good
roundness and solidity, freedom from dimples,
freedom from cracks and strains, and by good
hardenability, said peliets containing a plurality
of ingredients of which the following, in the pro-
portions stated, are the only elements necessary
to obtain said characteristics: from about 0.30
up to about 1.20% carbon, from about 0.30 up
to about 1.00% silicon, from about 0.40 up to
about 2.00% manganese, from zero up to about
1.00% nickel, and the balance iron, said pellets
having a hardness ranging between about 45 to
65 Rockwell C classification.
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8. Steel pellets such as used in blast cleaning,
blast peening and the like, characterized by good
roundness and solidity, relative freedom from
dimples, relative freedom from cracks and strains,
and by good hardenability, said pellets having a
size less than about 0.1’ and containing a plu-
rality of ingredients of which the following, in
the proportions stated, are the only elements
necessary tc obtain said characteristics: about
0.80% carbon, about 0.60% silicon, about 0.60%
manganese, and the balance iron, said pellets
having a hardness ranging between about 45 to
about 65 Rockwell C classification.

6. Steel shot for blast cleaning, blast psening
and the like having the characteristics of round-
ness, relative freedom from dimples, solidity,
proper rmicrostructure, relative smoothness and
uniformity of surface, hardenability and long life,
a size between 0.0054 to 0.156 inch in diameter,
a hardness ranging betv.ecen about 45 to 65 Rock-
well “C” classification, said shot having 2 com-
position substantially as follows: carbon 0.35 to
1.20 percent for good hardenability; silicon 0.30
to 1.00 percent; manganese 0.30 to 2.00 percent;
a strengthening ailoy element selected from the
group consisting of: chromium 9 to 5.00 percent,
copper 0 to 1.00 percent; molybdenum 0 to 5.0
percent; nickel 0 to 2.50 percent; and vanadium
0 to0 0.40 percent; and the balance iron.

7. A steel shot for use in blast cleaning, blast
peening and the like, said steel shot being solid,
round pellets smaller in size than about 0.1 di-
ameter and having been produced directly from
molten metal by shot disintegration methods, said
steel shot having a chemical composition of about
0.35% to about 1.20% carbon content for good
hardenability and about 0.30% to about 1.00%
silicon content with the ratio of silicon to carbon
being in a proportion between about 0.7 to about

“ 1.0 and about 0.9 to about 1.0 for a round solid
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shot, and a suitable strengthening metal selected
from the group consisting of 0.30-2.00% man-
ganese, 0-5.00% chromium, 0-2.50% nickel,
0-5.00% molybdenum, and the balance substan-
tially all iron.

THOMAS J. HUTCHISON, Jr.
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