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This invention relates to a2 process for the surface treat-
ment of steel and, in particular, 10 the treaiment of hot
wotked sieel having mill scale thercon.

It is well-known that hot worked stee] products acquire
a substantial amount of mill scale which must be removed
prior to most cold working operations. It has been the
practice of the art to remove this mill scale by acid pick-
Jing, hot caustic salt bath treatment, abrasive blasting
techniques or a combination of abrasive blasting followed
by acid pickling. Some hot formed sleels can be satis-
factorily cleaned of mill scale by abrasive blasting enly,

providing subsequent cold forming operaitons are not too :

drastic. Other steels such as stainless steel require acid
treatment even when blasted, to render jts surface passive
to comrosion as well as to clean the surface. In the case
of hot formed plain carbca steels which are to be sub-
jected to more drastic cold working operalions such as
cold rolling, abrasive blasling alone has not becn satis-
factory.

Specifically, when plain carbon steels cleaned by abra-
sive blasting alone are ¢old rolled, a heavy black “smut”
has appeared on the surface, and this is an intolerable sur-
face condition, This smut is believed 1o be caused by
small particles of embedded mill scale, work hardened
surface metal and amorphous iron on the surface breaking
loose from said surface of the steel during the cold rolling
operation and mixing with the rolling lubricants as here-
inafter more fully described. To overcome this situation,
the prior art has resorted to a pickling operation fotlowing
the blast cleaning. This pickling treatment, whick is or-
dinarily applied for about fiftecn seconds, cflects the re-
moval of these three surface defects whereby the appear-
ance of smut during the cold rolling opcration is essen-
tially eliminated.

The necessity for two cleaning operations of such a
diverse nature is highly undesirable. and it is an object of
this invention to provide a cleaning technique which elimi-
nates the need for separate blasting and pickling oper-
ations.

It is a further object of this invention to provide an im-
proved blasting technique for the surface cleaning of hot
worked steel which eliminates the appearance of smut in
¢old rolled products.

It is an additional object of this invention fo provide
an improved blasting technique which eliminates the need
for expensive acid pickling with its subsequent acid dis-
posal problem which finds particular application in the
surface treatment of hol worked steel sheet and strip
which is to be subsequently cold rolled.

These and other objects of this invention will appear
hereinafter, and it will be understood that the specific ex-
amples to be described are provided solely for purposes of
jllustration and not by way of limitation. ’

The process of the present invention is designed for the

" treatment of hot worked steel in preparation for a subse-

quent cold working operation such as cold rolling. The
process generally comprises subjecting the hot worked

- steel to a first blast operation while utilizing steel shot for

the blasting material, This is followed by a second blast-
ing operation wherein steel grit is emplcyed as the blast-
ing material. By this double blasling technique, unde-
sirable surface conditions are temoved from the steel
which, if not removed, would cause formation of smut on
the surface during cold rolling.

It is believed that several conditions contribule to smut
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formation, and the procedure of this invention serves to
overcome these conditions, It will be understood, how-
¢ver, that applicant docs not wish to be limited to any par-
ticular theory of operation. It is believed that the forma-
jon of smut is caused by at least three contributing surface
conditions. Thus, it has been observed that a flat hot
relied steel surface, when blast cleaned with a stee] abra-
sive, will be contaminaled with microscopic particles of
mill scale due to the impingement force of the abrasive
particles. In the cold rolling operation, there is a tend-
ency for these microscopic particles 1o be liberated and,
uvpon mixing with the rolling lubricants, smut will be
formed.

A second condition observed relales to the nature of the
surface resoiting from blast cleaning. Blast cleaning re-
sulte in a surface composed of numerous hills and valieys,
portions of which surface become work hardened during
the blast cleaning operation. These portions, particularly
the hill or peak portions which are further work bard-
ened during cold rolling, tend to disintcgrate in the cold
rolling operation and they mix with the rolling lubricants
to form smut.

A third condition observed concerns the effects of the
coiling operation at the end of the hot mill. It is be-
lieved that the scale on the steel surface during the coil-
ing is affected by the temperature of the sirip at this time.
Coiling temperatures above about 1150° F. create a
tougher scale as well as a deposit of molecular iron on
the virgin metal surface bgneath the scale layer. This
deposit results from the reversal of the reaction which
forms the FeO. This type of iron, which is sometimes
referred to as amorphous iron, beiomes chemically
btonded to the virgin steel surface. It appears to work
harden to a preat degree, and a good deal of this iron

5 can be removed by the single application of blast clean-

ing. However, tbe portion which remains will break
down during cold reduction, mix with the rolfing lubri-
cants and form smut.

The first blasting operation is desizned to remove sub-
stantially all of the mill scale by tte mass-velocity im-~
pact shalicring and abrasion action of the round steel
shot. The second blasting operalion scrves to remove
the more tenacious embedded scale, particles of work
hardened metal and amorphous iron from the surface of
the steel by a_cutting and scouring ¢leaning action of the
angular sharp edged steel grit. This corabined blasting
operation has been found to eliminate the need for pick-
ling hot formed steel so that the subsequent cold rolling
operation can be successfuliy carried out without the
appearance of detrimental amounts of smut on the sur-
face.
In the practice of this invention, strip cleaners of the
iype employing centrifugal blasting means are utilized
when the concepts of this invention are applied to the
treatment of sheet and strip. The Dill Patent Number
2,434,881 issved Ociober 28, 1947, describes a strip
cleaner of this type. A pair of strip cleaners, one utiliz-
ing shot and the other utilizing grit, can be arranged in
tandem and the cleaning operation carried out in a highly
effictent continuous manner,

In a preferred form of this invention, the steel grit em-
ployed in the second blasting operation is beat treated to
the extent that it will be harder than the shot employed
in the first blasting operation. It is also preferred to
employ shot having a diameter which exceeds the largest
dimensions of the steel grit.

As used herein, the term “stecl grit™ is to be distin-
guished from shot in that the shot generally exists in the
form of pellets of rounded or curvilinear shape. On the
other hand, grit is formed of steel pariizies of small
dimension having irregular shapes and with edges that
are relatively sharp by comparison with the generally
rounded surfaces of shot



. .3
_ The Cline Patent Number 2895816, issved Juiy 21, .

1959, provides an illustration of a typical procedure in-
volving the preparation of steel shot and grit.

Centrifugal blasting equipment has been found par-
ticularly suitable for use in comjunction with the con-
cepts of this invention. Where sheet and strip are being
cleaned, the stee! is adapted to be passed through a first
cleancr having centrifugal whetls dirccting shot onto both.
surfaces of the steel. This operation will serve to remove
substantially all of the mill scale through the mass-
velocity impact of the round shot and its shattering and
abrasion action. A second clcaner is located tandem the
first cleaner, and the centrifugal wheels therein direet grit
onto the surfaces of the stecl sheet or strip in order to
remove the remnants of the mifl scale, work hardenad
surface metal and amorphous iron. Greater than 95 per-
cent of the scale should be removed by the shot blasting
operation, while the grit blasting attacks the remainder
of the smut forming materials,

As previously indicated, it is prefetred that Ihe larpest
dimensions of the grit particles be smaller than the
largest dimensions of the shot. The steel shot may vary
in size up to about 0.11% inch in diameter, while the
grit particles ordinarily have largest dimensions of less
than 0.1 inch. 1 prefer to use the smallest diameter stecl
shot that will insure shattering and breaking up the mill
scale upon impact. By so doing. greater surface coverage
is achieved per pound of abrasive thrown by the blasting
units, less work hardening of the surface is done and
the surface is not given as deep an cich which facilitates
rolling out of the etch to a reiatively sm-oth surface
in subsequent operations, In a typical operation in ac-
cordance with the practice of this invention, the shot may
have an average diameter between 0.017 and 0.039 inch,
while the grit particles may have largest dimensions be-
tween 0.007 and 0.017 inch.

It is also preferred to have grit particles which are
harder than the shot employed; however. exceplionally
hard grit particles are not necessary, and this adds to the
ecosomy of the process, since gnit particles drawa back
or tempered to a lower hardness have & longer life. Shot
which has been found suitable for the practice of this
invention ranges in hardness between 45 and 55 Rockwell
C, and preferably between 48 and 55 Rockwell C. The
grit employed has a hardness ranging between 55 and 65
Rockwell C, and preferably between 58 and 64 Rockwell
C. The use of grit having the lower of these values pro-
vides a particularly economical process.

As an example of a procedure involving the process
of this invention, 18 inch wide 12 gauge low carbon steel
is hot rolled =nd then introduced into a first strip cleaner
employing centrifugal blasting wheels. The strip is then
passed through the cleaner at a rate between 30 and 100
feet per minute, and the steel shat is directed at the strip
at a rate of about 1800 pounds per minute on each side
of the strip. The steel shot empioyed is characterized by
a hardness of 5¢ Rockwell C and an average diameter
between 0.017 and 0.039 inch.

The strip is then immediately passed to a second strip
cleaner employing centrifugal blasting wheels. Steel grit
with largest dimensions between 0.007 and 0.017 inch and
having a hardness of about 6" Rockwell C is employed at
the same abrasive flow rate {or this second surface treat-
ment, Upon cold rolling of the steel the appearance of
smut is substantially climinated.,

In the preferred form, both the first and the second
blasting operations are performed with steel abrasives in
the dry state for reasons of simplicity and ecomomy.
However, the second blasting operation may be performed
in a wet state by using a hard grit suspended in a liquid.
Hard, non-ferrous or non-metallic grits such as sand or
aluminum oxide may be substituicd for the steel grit.
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In view of the resulis achieved by the practice of this .

invention, it is believed apparent thet the combination
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surface conditions which arc prescnt when shot blast
cleaning only is employed, The production of steel
coming from a cold rolling opcration without genera-
tion of cxcess smut can, therefore, be accomplished by
cleaning the hot rofled steel using mechanical means
caly without restorting to an acid pickle.

In considering the concepts of this invention, it is
apparent that various alterations of the specific descrip-
tion provided can be conoeived, Thus, the size and tvpes
of abrasive used, the method of applying the blast and
the cleaning rates can vary while still realizing the re-
sults of this invention. It will iulso be apparent that
various other modifications can be made in the treatment
described which provide the characteristics of this inven-
tion without departing from the spirit thereof, particularly
as defincd in the following claims.

I claim:

1. A process for freating hot worked steel in prepara-
tion for cold working comprising projecting hardened
steel shot, having smooth surfaces, at high velocity onto
the surface of the sicel to disintcgrate scale and remove
surface scale, and thea projecting hardened steel grit,
having sharp edges. onto the previously treated surface
of the steel to remove substantially all of the remaining
scale and other smut forming conditions remaining in the
surface of the steel. and in which the steel grit is of var-
iable dimension with the average diameter of the steel
shot exceeding the average of the large dimensions of the
steel grit, and moving onc of the clements including the
surface of the hot worked steel and the sonrce of the
projection of the steel shot and grit in retative linear
movement during projcction: of the steel shot and grit onto
the surface.

2. The process as cluimed in claim 1 in which the steel
grit is harder than the stect shot.

3. A process in accordance with claim 1 wherein the
diameters of said steel shot range between 0.017 and
0.039 inch and wherein the large dimensions of the par-
ticles of the steel grit ranpe between 0.007 and 0.017 inch.

4. A process in accordance with claim 1 wherein the
hardness of said steel shot ranges between 45 and 53
Rockwell C and the hardness of said steel grit ranges
betureen 55 and 65 Rockwel! C.,

'S, A process for treating hot worked steel in prepara-
tion for cold working comprising projecting hardened
steel shot, having smooth surfaces. at high velocity onto
the surface of the steel to disintegrate scale and remove
surface s:ale, projeciing hardened steel grit, having sharp
edges, onto the previously treated surface of the steel to
remove substantially all of the remaining scale and other
smut forming conditions remaining in the surface of
the steel, in which the steel shot has a diameter within
the range of 0.017 10 0.039 inch and the steel grit has
jts large dimension within the range of 0.007 to 0.017
inch and in which the steef shot has a hardness within
the range of 45-55 Rockwell € and the steel grit has a
hardmss within the range of 55-65 Rockwell C.
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