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[57] ABSTRACT

A process for producing stainless steel sheet and strip
by hot rolling a stainless steel slab to conventional hot
band gauge and then cold rolling the hot rolled steel
without removing the mill scale formed during hot
rolling and thereafter continuous annealing and pick-
ling the cold rolled steel at an annealing temperature
in excess of 1,700°F and at line speeds up to 50 per-
cent faster than previously possible. :

2 Claims, No Drawings
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1
METHOD OF PROCESSING STAINLESS STEEL
STRIPS OR SHEETS

BACKGROUND OF THE INVENTION

Although most commercial grades of stainless steel
sheet and strip are rolled on the same equipment used
for producing carbon steel sheet and strip, the ;proce-
dures used are somewhat different because of the in-
herent characteristics of stainless steel. That is, the-pro-
cessing of stainless steel slabs to sheet and strip usually
requires much closér control of hot rolling ‘tempera-
tures, slower cold rolling strip speeds and more ‘exten-
sive surface conditioning. Processing of stainless steel
sheet and strip therefore generally requires a more time
consuming operation adding to. the operational costs
and tying-up annealing and pickling facilities. These
‘factors alone add significantly to the cost of the stain-
less steel sheet and ‘strip.

According to present commercial practices, stainless
steel sheet and strip is produced by first thoroughly-sur-
face conditioning a stainless slab and then heating the
slab to a suitable hot rolling temperature usually about
2,000°F, but may vary somewhat with different grades.
The stainless slab is then hot rolled, usually to a con-
ventional hot band gauge of about 0:10-inch, and
sometimes annealed. Prior to cold rolling, the hot
rolled and annealed steel must be thoroughly descaled
by a treatment which usually involves pickling the steel
in either an acid or caustic solution and for some grades
involves a scale-breaking procedure prior to the pickle
‘such as shot blasting. Most typical pickling operations
provide a continuous treatment first in hot hydrochlo-
ric or sulphuric acid and then in a‘hydrofluoric-nitric
acid mixture. If, after the first annealing and pickling

" operation some of the surface defects produced by hot
rolling are still present, the steel may be annealed and
pickled a second time, or the defects removed in a con-
tinuous coil grinding operation. After descaling, the
stainless steel hot band is cold rolled to final gauge, typ-
ically about 0.050-inch, and then again continuous an-
nealed, descaled and, if necessary, surface conditioned.
Due to the low emissivity of conventional cold rolled
stainless steel surface, the final anneal requires a rela-
tively long holding time in order to completely recrys-
tallize the sheet. Hence, slow line speeds are required
when annealing cold rolled stainless steel.

Since the surface appearance after annealing and
pickling is a dull finish, some stainless steels, depending
upon end application, will need further processing to
effect a bright shiny finish. This typically involves tem-
per rolling the steel and may further include a mechani-
cal polishing.

SUMMARY OF THE INVENTION

An object of this invention is to provide a new pro-
cess for producing stainless steel sheet and strip which
utilizes fewer processing steps and faster final anneal-
~ing and pickling line speeds and therefore results in a
faster and less costly operation. The process is particu-
larly applicable to ferritic grades of stainless steel for
industrial applications where bright surface finishes are
not required.

" Another object of this invention is to provide a pro-

cess for producing stainless steel sheet and strip which

requires substantially less time on annealing and pick-
ling facilities thereby making such facilities more read-
ily available for processing additional steels.
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A further object of this invention is to provide a less
costly process for producing stainless steel sheet and
strip for industrial and automotive applications which
will therefore reduce the price of such steels and en-

‘hance their utilization.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

As noted above, the process of this invention is par-
ticularly applicable to the low chromium ferritic grades
of stainless steel for applications not having critical sur-
face finish requirements, specifically applications such
as automobile mufflers, heat exchangers industrial pip-

‘ing and other such non-decorative uses. Of particular

significance is the fact that the inventive process will
make available lower-cost ferritic stainless steels as are
particularly desired by the automobile industry to man-
ufacture low-cost engine mufflers suitable to meet fu-
ture anti-pollution requirements. Although the process

-is not limited to ferritic stainless steels, it is for all prac-

tical purposes limited to production of stainless steels
not having critical surface requirements. That is to say,
the process can be used to produce austenitic or ferritic
stainless steel grades with chromium contents up to
about 19 percent with equal or comparable cost sav-
ings, but flawless, bright surface qualities cannot be ex-

. pected for any grade.

According to one embodiment of this invention, any
ferritic or austenitic stainless steel containing not more
than 19 percent chromium, is completely processed to
cold rolled sheet or strip substantially in accordance
with the prior art practices, but with one notable excep-
tion, namely, the hot rolled steel is not descaled prior
to cold rolling, but rather the hot band is cold rolled
and subsequently annealed with the hot rolling mill
scale still on the stainless steel surface. Accordingly,
the inventive process first requires that a suitable stain-
less slab be hot rolled to conventional hot band gauges,
i.e. ‘about 0.10-inch, cooled and then cold rolled to
final gauge without descaling after hot rolling.

Elimination of the descaling operation following hot
rolling leads to the obvious advantages of reducing pro-
cessing time and costs naturally resulting from elimina-
tion of one processing step, and rendering the descaling
equipment available for processing other materials.

-Since the steel is subsequently cold rolled with mill

scale on the surface thereof, the final surface quality of
the steel is not sufficient to meet high standards where
appearance is critical. Nevertheless, if the surface ap-
pearance is seriously defective and if desired, can usu-
ally be improved to more exacting standards by in-line
polishing equipment. Of more significance however is
the fact that cold rolling and subsequently annealing
the steel without descaling the surface does not in any
way adversely affect the steel’s physical or chemical
properties.

In addition to the above advantages cold rolling the
stainless steel hot band without prior descaling leads to
a surprising additional advantage, in that the anneal fol-
lowing cold rolling may be effected at line speeds 50
percent faster than possible by prior art processes. Spe-
cifically, the steel’s cold reduced surface will consist of
a dull, thin and surprisingly uniform oxide layer which
will more readily and easily absorb heat during the final
annealing operation. Because of this substantially in-
creased emissivity, the cold rolled steel can be subse-
quently annealed with shorter holding times, i.e. up to
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50 percent faster line speeds. Those skilled in the art
will recognize that it is of course not possible to give ac-
tual line speed figures because the maximum line speed
necessary to effect substantially complete recrystalli-
zation is dependent upon many variable factors. For ex-
ample, the maximum line speed is dependent not only
upon furnace length, but furnace geometry and effi-
ciency, and upon steel grade, sheet thickness and even
sheet width in some cases. Therefore, the maximum
line speed will vary with different grades of steel, differ-
ent sheet dimensions and different annealing furnaces.
Nevertheless, whatever the maximum line speed may
be at given conditions with the prior art practice, that
line speed can be increased up to 50 percent when
practicing this invention under the same conditions.
Accordingly, the inventive process not only provides
for elimination of the descaling step prior to cold roll-
ing and the economies resulting therefrom, but further
substantially reduces the annealing time after cold roll-
ing to allow up to 50 percent faster line speeds during
the anneal and pickling operation.

After the cold rolled stainless steel is annealed with
a complete recrystallization, it is then pickled in accor-
dance with conventional procedures. This usually in-
volves continuously passing the steel from the anneal-
ing furnace into an acid or caustic pickling solution. In
order to more effectively remove the scale, [ prefer to
anneal the sheet at temperatures between 1,800° and
1,850°F. Such slightly higher annealing temperatures
will help to loosen the scale and make it more readily
removed during the subsequent pickling.

By using the above process, I have been able to
shorten production time for stainless steel sheet coils as
much as two weeks. This could help significantly in re-
ducing the price of such steels and provide quicker de-
livery times to customers.

The following example will serve to illustrate in more
detail the process of this invention.

EXAMPLE

A Type 409 stainless steel slab weighing 20,520
pounds and measuring 7 inches thick and 49 inches
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wide was analyzed to consist of 11.24% Cr, 0.05% C,
0.64% Ti, 0.09% Al, and 0.26% Ni. This slab was hot
rolled to 0.085-inch at a starting temperature of
2,250°F and coiling temperature of 1,250°F. After
cooling the hot rolled steel was cold rolled without de-
scaling to 0.050-inch on a 4-high cold reduction mill.
The cold rolled strip was then continuously annealed in
a 90-foot long annealing furnace, at a temperature of
1,850°F and at a line speed of 75 feet per minute. The
normal line speed for this product processed by prior
art practices is 55 feet per minute. Thereafter the strip
was passed through a pickling solution of sulfuric acid
and then a mixture of nitric and hydrofluoric acid
where the cold rolled scale was readily removed. When
finished, the stainless strip exhibited the following
properties:

Rockwell Hardness B Scale: 73 at one end of the coil;

73 on the other.

Yield Strength (T): 43,275 psi at one end; 43,665 psi

on the other.

Tensile Strength (T): 69,040 psi at one end; 69,200

psi on the other.

% Elongation in 2'” (T): 31.5 at one end; 31.5 on the

other end of the coil.

I claim:

1. In the process for producing stainless steel sheet
and strip containing not more than 19 percent chro-
mium wherein the steel is hot rolled to hot band gauge
of about 0.10-inch, cooled, descaled, then cold rolled
to final gauge and continuous annealed at a tempera-
ture of from about 1,700° to about 1,850°F at a line
speed sufficient to effect substantially complete recrys-
tallization and finally descaled; the improvement com-
prising eliminating the descaling step after hot rolling
so that the steel is cold rolled and annealed with mill
scale on the surface thereof thereby permitting a line
speed up to SO percent faster during said continuous
anneal following the cold roli.

2. The process of claim 1 in which said annealing

temperature is within the range 1,800° to 1,850°F.
% K %k k



