DESCRIPTION

STAINLESS STEEL PLATE AND MANUFACTURING METHOD THEREOF

TECHNICAL FIELD
[0001]

The present invention relates to a stainless steel plate
having excellent washability and anti-glare property, and a

method of manufacturing the same.

BACKGROUND ART
[0002]

In an exterior building material, an interior building
material, and kitchen equipment etc., an austenitic stainless
steel plate represented by SUS304 and SUS316, and a ferritic
stainless steel plate represented by SUS430 are often used.
When used for such purposes, the stainless steel plate is not
only required to have washability in order to facilitate easy
removal of various types of dirt that adhere during
manufacturing of the product and construction, as well as
various types of dirt and fingerprints that adhere at the time
of daily use, but in order for the dirt, fingerprints, and
handling flaws to be hardly visible, an anti-glare property
is also considered to be important.

[0003]

Furthermore, in the field of precision equipment and
electronic device members, for example, high speed and high
density are required for an HDD (hard disk drive). The
materials used for HDD members such as a rotating member, an
arm member, a case member, and a cover, for example, not only
possess excellent corrosion resistance, but are managed
strictly with regard to dirt, such as particles (adhesive
particles) andoutgas. Inaddition, inawashingprocessduring
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the manufacture of HDD members, for example, after degreasing
with hydrocarbon, careful washing, suchasultrasonic cleaning,
is performed by using a fluorine-based cleaning solution, a
weak alkali-based cleaning solution, and extra pure water.
Furthermore, if necessary, by performing vapor washing and
finally performing a rinsing process a plurality of times using
extra pure water, not only particles, but also ionicmaterials
are removed. In addition, even minute dirt present in the air
during thewashingprocess canbecome a source of contamination,
and therefore, generally, washing is performed in a Class 5
or higher clean environment according to JIS B9920. It must
be noted that Class 5 or higher according to JIS B9920 is an
environment in which the number of 0.1 pym particles per 1 m?
of air is 100000 or less, the number of 0.2 um particles is
23700 or less, the number of 0.3 um particles is 10200 or less,
the number of 0.5 uym particles is 3520 or less, the number
of 1l umparticles is 832 or less, and the number of 5 ymparticles
is 29 or less.

[0004]

For the HDD members manufactured through such a washing
process, ordinary steel, aluminum alloy, and stainless steel
etc., are used, which are often used when non-electrolytic
Ni plating has been performed. A main purpose of performing
non-electrolytic Ni plating is to impart corrosion resistance
and improve washability; however, such HDDmembers are required
to have not only corrosion resistance and washability, but
also a matte-finish surface having an anti-glare property so
that fingerprints and minute flaws are hardly visible.
[0005]

PTL. 1 describes a stainless laminated damping steel plate
having excellent anti-contamination properties for precision
equipment covers such as HDD case covers. Inanormal stainless
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steel plate, if annealing and acid pickling are performed,
a Cr depleted layer generated by annealing near the grain
boundary in the vicinity of the surface 1is scarfed
preferentially by acid pickling, and a small groove (micro
groove) is formed along the grain boundary. The micro groove
becomes a cause of occurrence of outgas due to the retention
of an o0il content when acid pickling is insufficient.
Furthermore, dust adheres easily onto the micro groove, due
to which the washability declines. Thus, in PTL 1, in order
to prevent the occurrence of themicro groove, bright annealing
ornon-oxidation annealing isperformedas the finish annealing
after cold rolling.

[0006]

Furthermore, PTL 2 describes a stainless steel plate in
which the number of pin holes exceeding 0.25 mm? in size on
the surface of a temper-rolled plate is decreased to 10 or
less per 10 cm® so as to make it difficult for the minute dust
and dirt in the air to adhere. The steel plate is manufactured
by combining mechanical polishing, reduction annealing, and
temper rolling by using a water-soluble lubricant.

[0007]

In addition, PTL 3 describes a stainless steel plate
having excellent fouling resistance and corrosion resistance.
In such a steel plate, the fouling resistance and corrosion
resistance are improved by controlling the surface roughness
by performing bright annealing after finish rolling by using
a dull roller.

[0008]

Furthermore, PTL 4 describes a stainless steel plate
having excellent contamination resistance, washability, and
anti-glare property. The steel plate is manufactured by

performinga first temperrollingwithamirror-finishedroller
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after the finish annealing, and then performing a second temper

rolling by using a dull roller.

CITATION LIST

Patent Literature

[0009]

PTL 1: Japanese Patent Publication No. 3956346

PTL 2: Japanese Laid-Open Patent Publication No.
2001-20045

PTL 3: Japanese Patent Publication No. 3587180

PTL 4: Japanese Patent Publication No. 4226131

SUMMARY OF INVENTION
Technical Problem
[0010]

However, 1if only bright annealing or non-oxidation
annealing is applied as the finish annealing and acid pickling
is skipped, asinthe caseof the stainless steel plate according
to PTL 1, it is believed that good washability is not obtained
for dirt such as minute particles.

[0011]

Furthermore, thewashabilityof the stainless steel plate
according to PTL 2 is evaluated in a test in which a sample
for which the exposure test has been completed is wiped only
once with a cloth immersed in a neutral detergent, and judging
from the surface properties of the stainless steel plate of
PTL 2, it is believed that good washability for dirt such as
minute particles is not obtained.

[0012]

Here, the washability and the anti-glare property
conflict with each other, and for example, a stainless steel
plate having excellent anti-glare property has a large surface
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unevenness, and therefore, it is easy for dirt to adhere and
difficult toremovethedirt forwhichthewashabilitydeclines.
[0013]

Therefore, in the stainless steel plate according to PTL
3, while the anti-glare property can be improved, the
washability has not been considered, and it is believed that
good washability is not obtained for dirt such as minute
particles.

[0014]

Furthermore, as in the case of the stainless steel plate
accordingtoPTL4, whiletheanti-glarepropertycanbe improved
by controlling only the surface roughness, it is believed that
good washability is not obtained for dirt such as minute
particles.

[0015]

The present invention has been achieved in view of such
points, and an object thereof is to provide a stainless steel
plate having excellent washability and anti-glare property,

and a method of manufacturing the same.

Solution to Problem

[0016]

Astainless steel plateaccordingtoclaiml isastainless
steel plate for which temper rolling is performed by using
adullrollerafterthefinishcoldrollingandbright annealing,
wherein the arithmetic mean roughness Ra in a direction
perpendicular to the rolling direction of the steel plate
surface is 0.2 to 1.2 um; the transfer ratio, which is an area
ratio of a portion onto which a dull pattern is transferred
relativetothe steelplatesurface, isl5to70%; andamicro-pit,
being formed in the steel plate surface, having a depth of
0.5 um or more, and having an opening area of 10 um® or more,
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has an existing density in the steel plate surface of 10.0
or less per 0.01 mm?, and an opening area ratio in the steel
plate surface of 1.0% or less.

[0017]

The stainless steel plate according to claim 2 is a
ferritic stainless steel plate based on the stainless steel
plate according to claim 1, containing: on the basis of percent
by mass, C at 0. 15% or less, Si from 0.1 to 2.0%, Cr from
10 to 32%, and at least either one of Nb from 0.01 to 0.8%
or Ti from 0.01 to 0.5%, with residue being Fe and unavoidable
impurities.

[0018]

The stainless steel plate according to claim 3 is the
stainless steel plate according to claim 2 containing, on the
basis of percent by mass, at least either one of Mo from 0.2
to 5% or Cu from 0.1 to 3.0%.

[0019]

The stainless steel plate according to claim 4 is the
ferritic stainless steel plate based on the stainless steel
plate according to claim 1 containing, on the basis of percent
by mass, C at 0. 15% or less, Si at 2% or less, Mn at 2% or
less, P at 0.04% or less, S at 0.03% or less, Ni at 0.6% or
less, Cr from 11 to 32%, Mo from O to 3%, Cu from 0 to 1%,
Nb from O to 1%, Ti from 0 to 1%, Al from 0 to 0.12%, N at
0.025% or less, and B from 0 to 0.01%, with residue being Fe
and unavoidable impurities.

[0020]

The stainless steel plate according to claim 5 is an
austenitic stainless steel plate based on the stainless steel
plate according to claim 1 containing, on the basis of percent
by mass, C at 0. 15% or less, Si at 4% or less, Mn at 10% or
less, P at 0.045% or less, S at 0.03% or less, Ni from 1 to
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28% or less, Cr from 16 to 32% or less, Mo from O to 10%, Cu
from 0 to 3.5%, Nb from 0 to 1%, Ti from O to 1%, Al from O
to 0.1%, Nat 0.3% or less, and B from 0 to 0.01%, with residue
being Fe and unavoidable impurities.

[0021]

The method of manufacturing a stainless steel plate
according to claim 6 is a method of manufacturing a stainless
steel plate comprising: after performing at least finish cold
rolling, bright annealing performed, as the finish annealing,
for a hot-rolled steel plate, and then temper rolling performed
by using a dull roller, wherein a total cold rolling ratio
until bright annealing is 70% or less; a cold rolling ratio
during the finish cold rolling is 30% or less; and at least
in a final rolling pass, rolling is performed at a rolling
ratio of 15% or higher and a rolling speed of 200 mm/min or
less by using a work roller having an arithmetic mean roughness
Ra of 0.3 um or less.

[0022]

The method of manufacturing a stainless steel plate
according to claim 7 is the method of manufacturing a stainless
steel plateaccordingtoclaim6, whereinduring temper rolling,
rolling is performed for one or more passes at an elongation
ratio in one pass of 0.5% or less by using a dull roller having
a roller diameter of 500 mm or more and an arithmetic mean
roughness Ra of 1.0 to 3.5, and a total elongation ratio is
0.2 to 1.4%.

[0023]

The stainless steel plate according to claim 8 is a
ferritic stainless steel plate based on the stainless steel
plate according to any one of claims 1 through 4, which is
used for any of a hard disk drive member, a solar cell substrate

material, a precision equipment member, an electronic device
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member, a digital equipment member, and a computer member.

Advantageous Effects of Invention
[0024]

According to the present invention, the washability is
improved by controlling the micro-pits that are the cause of
adherence of dirt, and temper rolling is performed under
conditions in which the opening and occurrence of micro-pits
are restrained, and therefore, it is possible to improve the

anti-glare property while maintaining washability.

DESCRIPION OF EMBODIMENTS
[0025]

One embodiment of thepresent inventionwillbeexplained.
[0026]

A stainless steel plate according to one embodiment is
a steel plate that is temper rolled by using a dull roller
after bright annealing, in which the washability is improved
by controlling themicro-pits that are trap sites of particles
for example, and are also the cause of hindrance to washability
due to the adherence of dirt, and the anti-glare property is
improved while maintaining washability by performing temper
rolling by using a dull roller under conditions in which the
opening and occurrence of micro-pits is restrained.
[0027]

First, surface properties of the stainless steel plate
will be explained.
[0028]

It was found that the minute pits distributed on the
surface of the stainless steel plate greatly influence the
washability that facilitates the ease of removal of the dirt

adhering to the surface of the stainless steel plate. A pit
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is a fine recess on the surface of the steel plate. Such a
pitprimarily occurs asaresult of cracksduringthehot rolling
process, recesses occurring in the gaps of grain boundary
oxidation units, and in the gaps of grain boundary corrosion
units and different particles such as inclusions and carbides,
recesses occurring as a result of falling traces of such
particles and jamming of metal particles or other particles
during the manufacturing process, recesses occurring due to
falling traces of oxide scale residue matter and inclusion
of rolling oil during cold rolling, and also due to fine surface
defects caused by mismatch of cold rolling conditions and
processing cracks caused by inclusions during cold forming.
[0029]

Among such pits, micro-pits having a depth of 0.5 um or
more and an opening area of 10 pm®? or more are particularly
prone to becoming trap sites for impurities, thus becoming
a major cause of hindrance to washability. Thus, as a result
of detailed examination, a stainless steel plate in which
micro-pits formed on the surface of the steel plate have an
existing density of 10.0 or less per 0.01 mm?, and an opening
arearatioof themicro-pitsof1.0% or less, is found to exhibit
good washability in a washing process performed in a Class
5 or higher clean environment according to JIS B9920.
[0030]

It must be noted that crater-like recesses having a size
of a few tens of micrometers onto which a dull pattern is
transferred through dull roller rolling do not correspond to
micro-pits controlled in one embodiment; however, pits are
retainedasis insideacraterwhenadull patternistransferred
onto a micro-pit portion that existed prior to dull roller
rolling, and new pits that have opened or are generated inside
a crater correspond to micro-pits.
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[0031]

Here, the depth of a pit is the maximum depth of the pit
calculated by using, as a reference, an average height of the
diagonals on the outer periphery of the pit. It must be noted
that the depth of a pit in the case when a pit exists inside
a crater onto which a dull pattern is transferred is similarly
themaximumdepthof thepit calculatedbyusing, as areference,
the average height of the diagonals on the outer periphery
of thepit. Furthermore, theopeningareaofapitisaprojected
area of a portion enclosed by the edges of the pit in a plan
view of the steel plate surface in the direction of the plate
thickness.

[0032]

The measurement of the depth and the opening area of a
pit i1s preferably performed by using a laser microscope and
a white light interference microscope capable of measuring
the shape of a surface. It is set that the measurement area
derived by such a measurement is a total area of 0.1 mm® or
more formed of a plurality of fields of view selected randomly
from the steel plate surface. For example, 20 fields of view
or more may be observed at a magnification of 1000 times, and
the existing density and opening area ratio of micro-pits may
becalculated. Theexistingdensityiscalculatedbymeasuring
the number of micro-pits (including the micro-pits in which
a part of the pit opening is projecting from the boundary of
the measurement region) that exist within the measurement
regionsetineach fieldof view, dividingthe sumof themeasured
quantity in each measurement region by the total area of the
entire measurement region area, and then converting it to the
number per 0.01 mm?. Furthermore, the opening area ratio is
calculated by determining the total opening area of coarse
micro-pits (for micro-pits in which a part of the pit opening
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is projecting from the boundary of the measurement region,
only the area of the portion positioned within the measurement
region is included) that exist within the measurement region
set in each field of view, and then dividing the sum of the
total opening areas in each measurement region by the entire
measurement region area.

[0033]

Amatte-finish surface such as a dull pattern is suitable
as a design of an HDD member, and as a standard, the glossiness
stipulated in JISZ8741, that is the value at 20° is preferably
400 or less. Inaddition, byperformingtemper rollingbyusing
a dull roller, the surface glossiness is reduced and the
anti-glare property is imparted.

[0034]

An arithmetic mean roughness (Ra) of the steel plate
surface that is thus temper rolled by using a dull roller is
a measured value as stipulated in JIS B0601, and is a measured
value in a direction perpendicular to the rolling direction.
To secure a sufficient anti-glare property, Ra is required
tobe 0.2 ymor more. However, when the unevenness of the steel
plate surface increases thus increasing the Ra, and the Ra
exceeds 1.2 um, the washability declines. Therefore, the Ra
of the steel plate surface was set to 0.2 um or more and 1.2
um or less.

[0035]

Furthermore, a transfer ratio, which is an area ratio
of a portion onto which a dull pattern is transferred by temper
rolling relative to the steel plate surface, is a percentage
of a projected area of a portion enclosed by the diagonals
of the crater part onto which the dull pattern is transferred
relative to the total area, in a plan view of the steel plate
surface in the direction of the plate thickness. For example,
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the transfer ratio may be calculated by observing 20 fields
of view or more at a magnification of 400 times by an optical
microscope or the like, and then measuring the area ratio of
the crater part onto which the dull pattern is transferred.
[0036]

Here, the washability and the anti-glare property
conflict with each other, and while the washability becomes
better when the transfer ratio is low, the anti-glare property
declines and the surface glossiness becomes too high. On the
contrary, when the transfer ratio becomes too high, it is
possible to have a state where the surface glossiness declines
and the anti-glare property is good, however, the unevenness
of the surface becomes large resulting in a decline in
washability.

[0037]

Thus, specifically, if the transfer ratio is less than
15%, theanti-glare property ispoor, makingdirt, fingerprints,
and handling flaws easily visible. On the other hand, if the
transfer ratio exceeds 70%, the anti-glare property is
sufficient; however, the opening and occurrence of micro-pits
inside the craters onto which the dull pattern is transferred
increases, due towhich the washability declines significantly.
Therefore, the transfer ratio on the steel plate surface was
set to 15% or higher and 70% or lower.

[0038]

Next, an element composition of the stainless steel plate
according to one embodiment will be explained.
[0039]

The present stainless steel plateis a ferriticstainless
steel plate containing, on the basis of percent by mass, C
at 0. 15% or less, Si from 0.1 to 2.0%, Cr from 10 to 32%,

and at least either one of Nb from 0.01 to 0.8% or Ti from
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0.01to0.5%, withresiduebeing Fe and unavoidable impurities.
[0040]

Cisasolute strengtheningelement, whichisanessential
component, however, if the concentration of C is high, the
Cr carbide that precipitates at the crystal grain boundary
increases. A Cr depleted layer having a low Cr concentration
is generated near the Cr carbide from where micro-pits are
generatedeasily. Furthermore, duringtemper rollingbyusing
a dull roller, C causes micro-pits to open and also generates
new micro-pits, thus deteriorating the washability.
Therefore, the C content was set to 0.15% by mass or less.
[0041]

Si is an alloy element that improves the corrosion
resistance and strength, and is also a component used for the
deoxidization of molten steel. If the Si content is less than
0.1% by mass, insufficient deoxidization ensues, and
nonmetallic inclusions that induce processing cracks are
generatedeasily. Furthermore, if Si is added inexcess beyond
2.0% by mass, it becomes a cause of deterioration of
manufacturability. Therefore, the content of Si was set to
0.1% by mass or more and 2.0% by mass or less.

[0042]

Cr is an alloy component necessary for the improvement
of corrosion resistance, and requires addition of 10% by mass
or more. However, if Cr is added in large amounts beyond 32%
by mass, the manufacturability declines. Therefore, the Cr
content was set to 10% by mass or more and 32% by mass or less.
[0043]

Nb 1is an important alloy component that improves
washability by generating a precipitate through the adherence
of C and N within the steel as Nb (C, N), and restraining the

generationof Cr carbidewhich is one of the causes of occurrence
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of micro-pits. Such an effect is exhibited remarkably when
the content of Nb is 0.01% by mass or more. However, if Nb
is added in excess beyond 0.8% by mass, the manufacturability
and processability decline. Therefore, if Nb is contained,
the content was set to 0.01% by mass or more and 0.8% by mass
or less.

[0044]

Same as Nb, Ti is an important alloy component that
improves washability by generating a precipitate through the
adherenceof CandNwithinthe steelasNb (C, N), andrestraining
the generation of Cr carbide which is one of the causes of
occurrence of micro-pits. Such an effect is exhibited
remarkably when the content of Ti is 0.01% by mass or more.
However, if Ti is added in excess beyond 0.5% by mass, the
productivity and processability decline. Therefore, if Ti is
contained, the content was set to 0.01% by mass or more and
0.5% by mass or less.

[0045]

With the purpose of improving corrosion resistance, if
necessary, at least either one of Mo or Cu may be contained.
If Mo is contained, the content was set to 0.2% by mass or
more and 5% by mass or less, and if Cu is contained, the content
was set to 0.1% by mass or more and 3.0% by mass or less.
[0046]

Furthermore, in addition to the above alloy components,
other alloy components may also be contained, if necessary.
For example, with the purpose of improving corrosion resistance
and processability, at least any one of Mn at 2% by mass or
less, Zr at 0.01% by mass or more and 0.5% by mass or less,
Y at 0.05% by mass or less, W at 1% by mass or less, Ag at
0.5% by mass or less, Sn at 0.5% by mass or less, and Co at

1% by mass or less, for example, may be added. Furthermore,
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as long as P, which is included as an impurity, is controlled
at 0.05% by mass or less, and S is controlled at 0.01% by mass
or less, no adverse effect is exerted on properties.
[0047]

In addition to such a ferritic stainless steel plate,
a stainless steel plate equivalent to the ferritic stainless
steels stipulated in JIS G4305:2005 and JIS G4303:2005, for
example, may be used. In addition to the above ferritic
stainless steels, a ferritic stainless steel plate containing
C at 0.15% by mass or less, Si at 2% by mass or less, Mn at
2% by mass or less, P at 0.04% by mass or less, S at 0.03%
by mass or less, Ni at 0.6% by mass or less, Cr at 11% by mass
ormore and 32% bymassor less, Moat 3%bymass or less (including
a case of no addition), Cu at 1% by mass or less (including
a case of no addition), Nb at 1% by mass or less (including
a case of no addition), Ti at 1% by mass or less (including
a case of no addition), Al at 0.12% by mass or less (including
a case of no addition), N at 0.025% by mass or less, and B
at 0.01% by mass or less (including a case of no addition),
with residue being Fe and unavoidable impurities, may also
be used.

[0048]

Moreover, not only ferritic stainless steels, but
austenitic stainless steels, for example, an austenitic
stainless steel equivalent to the austenitic stainless steels
stipulated in JIS G4305:2005 and JIS G4303:2005 may be used.
In addition to the above austenitic stainless steels, an
austenitic stainless steel plate containingCat 0.15% or less,
Si at 4% by mass or less, Mn at 10% by mass or less, P at 0.045%
by mass or less, S at 0.03% by mass or less, Ni at 1% by mass
or more and 28% by mass or less, Cr at 16% by mass or more

and 32% by mass or less, Mo at 10% by mass or less (including
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a case of no addition), Cu at 3.5% by mass or less (including
a case of no addition), Nb at 1% by mass or less (including
a case of no addition), Ti at 1% by mass or less (including
a case of no addition), Al at 0.1% by mass or less (including
a case of no addition), N at 0.3% by mass or less, and B at
0.01% by mass or less (including a case of no addition), with
residue being Fe and unavoidable impurities, may also be used.
[0049]

Thus, according to the above stainless steel plates, it
is possible to improve the washability because it is possible
to control the occurrence status of micro-pits that act as
trap sites including particles and are the cause of adherence
of dirt, and it is possible to improve the anti-glare property
because temper rolling is performed under conditions in which
the opening and occurrence of micro-pits are restrained.
[0050]

Next, amethod of manufacturing the above stainless steel
plates will be explained.

[0051]

In order to manufacture a stainless steel plate having
excellent washabilityandanti-glare property, it is important
to manufacture a smooth stainless steel original plate having
a small number of micro-pits and excellent washability through
annealing, acid pickling, cold rolling, and bright annealing,
and then subjecting the original plate to temper rolling under
low pressure using a dull roller, thereby imparting the
anti-glare property while maintaining washability.

[0052]

First, using a hot-rolled steel plate manufactured by
the conventional method as the starting material, rough and
large impurities such as metal and scale are removed by the
annealing and acid pickling processes.
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[0053]

Next, by securing a sufficient rolling ratio through
finish cold rolling and by performing rolling under low speed
and high pressure conditions in the final stage using a work
roller having a high smoothness, the recesses (falling traces)
generated by acid pickling and the recesses caused by grain
boundary corrosion can be smoothened out as much as possible.
Also, by sufficiently increasing the total cold rolling ratio
at the same time, the recesses originating from the hot-rolled
steel plate, and recesses such as the falling traces of remnants
that have fallen in the annealing and acid pickling processes
can be smoothened out as much as possible.

[0054]

Furthermore, byperformingbright annealingasthe finish
annealing after the finish cold rolling, the formation of
recesses due to surface oxidation is prevented, and the
subsequent acid pickling process becomes unnecessary, and a
stainless steel original plate having excellent washability
ismanufacturedbyeliminating grain boundary corrosion caused
by acid pickling.

[0055]

Thus, with regard to the present stainless steel original
plate, by performing temper rolling by using a dull roller
under conditions in which the opening and occurrence of
micro-pits can be restrained, the anti-glare property is
imparted while maintaining washability.

[0056]

It must be noted that at the time of manufacturing a
stainless steel plate, a hot-rolled steel plate may be used
as the startingmaterial, and bright annealingmay be performed
as finish annealing after performing at least the finish cold
rolling, and then temper rolling may be performed by using
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a dull roller. As a specific manufacturing procedure, for
example, the stainless steel plate can be manufactured by
procedure (1) that includes performing the processes of
annealing, acid pickling, finish cold rolling, finish
annealing (bright annealing), and temper rolling, inthat order,
froma hot-rolled steel plate. Furthermore, the procedure (2)

that includes performing the processes of annealing, acid
pickling, cold rolling, annealing, acid pickling, finish cold
rolling, finish annealing (bright annealing), and temper
rolling, in that order, from a hot-rolled steel plate may also
be used. In addition, the procedure (3) that includes
performing the processes of annealing, acid pickling, cold
rolling 1, annealing 1, acid pickling 1, cold rolling 2,

annealing 2, acid pickling 2, finish cold rolling, finish
annealing (bright annealing), and temper rolling, in that order,
from a hot-rolled steel plate may also be used. Also, the
procedure (4) that includes performing the processes of
annealing, acid pickling, cold rolling, bright annealing,

finish cold rolling, finish annealing (bright annealing), and
temper rolling, in that order, from a hot-rolled steel plate
may also be used.

[0057]

It must be noted that the hot-rolled steel plate is a
steel plate that has been hot rolled without performing cold
rolling. Inthehot-rolled steel plate, melting, casting, and
hot rolling of the stainless steel is performed according to
the conventional method, and if necessary, hot-rolled
annealing and acid pickling are performed.

[0058]

Furthermore, bright annealing is an annealing process

performed in a reducing atmosphere, and the conditions for

bright heat treatment applicableinBA finishing (JISG203:2009,
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number 4225) can be adopted.
[0059]

Inaddition, finishcoldrollingisacoldrollingprocess
performed after the last annealing and immediately before
bright annealing, and as regard the number of passes, there
may be either a single pass or a plurality of passes. Further,
for example, apluralityof different types of rollingmachines
such as the general Sendzimir mill and a thin-plate dedicated
mill may be used one after the other. The cold rolling ratio
of the finish cold rolling when different rolling machines
are used one after the other is the total cold rolling ratio
based on the plurality of rolling machines.

[0060]

Furthermore, if necessary, a polishing process and a
degreasingprocess are added to the above procedures (1) through
(4), and after the last temper rolling, the plate may also
be passed through degreasing and refining processes such as
a tension leveler and slit to the extent that the surface
properties are not affected.

[0061]

Next, the specific manufacturing conditions for such a
manufacturing method will be described.
[0062] [Total cold rolling ratio: 70% or higher]

First, the total cold rolling ratio is the total rolling
ratio of cold rolling in a series of processes at the time
of manufacturing a stainless steel plate. For example, in the
above procedure (1), the total coldrollingratioistherolling
ratio of the finish cold rolling, in the above procedure (2),
the total cold rolling ratio is the total rolling ratio of
cold rolling and finish rolling, in the above procedure (3),
the total cold rolling ratio is the total rolling ratio of
cold rolling 1, cold rolling 2, and finish cold rolling, and
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in the above procedure (4), the total cold rolling ratio is
the total rolling ratio of cold rolling and finish rolling.
In addition, when the plate thickness before the first cold
rolling pass is hg (mm) and the plate thickness after the last
cold rolling pass is h; (mm), the total cold rolling ratio is
expressed by (ho - hi)/hg x 100 (%).

[0063]

Here, deep surface defects often occur at the time of
hot rolling, and in order to eliminate as many micro-pits as
possible, it is important to increase the total cold rolling
ratiountil the bright annealing process so as to sufficiently
stretch the surface defects that exist in the hot-rolled steel
plate, which is the starting material. Furthermore, the
impurities embedded near the steel plate surface may possibly
fall due tohot-rolledplate annealing and acidpicklingbefore
cold rolling, and an increase in the total cold rolling ratio
is also effective at stretching the falling traces. Also, it
was understood from the results of various examinations that
the surface defects couldbe effectively eliminated by setting
the total cold rolling ratio until bright annealing to 70%
orhigher. Therefore, thetotalcoldrollingratiountilbright
annealing was set to 70% or more. It must be noted that being
restricted by the material deformation resistance and the
capacity of the cold rolling machine in use, the upper limit
of the total cold rolling ratio is not particularly specified,
but is generally 98% or lower.

[0064] [Annealing and acid pickling]

Annealing and acid pickling are effective processes for
the removal of rough and large impurities such as metal and
scale adhering to the steel plate surface. In view of the
manufacturability and characteristics of the material,
appropriate conditions can be selected for annealing.
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Furthermore, depending on the material, either one of batch
annealing or continuous annealing may be adopted as long as
the surface properties are not affected. Moreover, acid
pickling may be performed by a combination of a neutral salt
and acids such as sulfuric acid, nitric acid, hydrofluoric
acid, and hydrochloric acid and electrolytic acid pickling
may also be performed.
[0065] [Finish cold rolling]
Finishcoldrollingisanimportant process indetermining
the surface condition of a stainless steel plate. That is,
since it is necessary to stretch a recess so that a micro-pit
can attain the controlled existing density and the opening
area ratio, it is important to sufficiently stretch the falling
traces of impurities occurring during acid pickling and the
recesses formed by grain boundary corrosion. To thus stretch
the recesses, it is necessary to set the rolling ratioof finish
cold rolling to 30% or higher. Furthermore, the rolling ratio
of finish rolling is preferably 40% or higher, and more
preferably 50% or higher. On the other hand, being restricted
by the material deformation resistance and the capacity of
the cold rolling machine in use, the upper limit of the finish
rolling is not particularly specified, but is generally 90%
or lower.

[0066]

Furthermore, in order to obtain a steel plate surface
that is as smooth as possible, it is effective to use a work
roller of which the arithmetic mean roughness Ra of the surface
of the roller is adjusted to 0.3 um or less at least in the
final rolling pass during finish cold rolling. Furthermore,
the rolling ratio in the final rolling pass using a work roller
having Ra of 0.3 um or less must be set to 15% or higher. 1In
addition, in order to prevent the opening and occurrence of
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micro-pits due to the inclusion of rolling oil in the work
roller and the steel plate surface, the rolling speed during
the final rolling pass must be set to 200 m/min or less.
[0067] [Bright annealing]

In order to maintain the surface property of having an
extremely small number of micro-pits that is achieved through
finish cold rolling, it is important to be able to prevent
surface oxidation during finish annealing, and skip the
subsequent processes of removing oxidation scales such as acid
pickling and polishing. Thus, bright annealing in a reducing
atmosphere is performed as the finish annealing. As for the
conditions for the bright annealing, the conditions for
manufacturing a normal BA finish stainless steel plate can
be applied. The atmospheric gas used during bright annealing
is preferably hydrogen gas, or a mixed gas containing hydrogen
and nitrogen, for example. The annealing temperature can be
set appropriately according to the components of the steel
plate, the plate thickness, and the purposes, however, for
a ferritic stainless steel, the annealing temperature may be
set in the range of 800 to 1100°C, for example, and for an
austenitic stainless steel, the annealing temperature may be
set in the range of 1000 to 1100°C, for example. It must be
noted that if necessary, degreasing may be performed
immediately before bright annealing.

[0068] [Temper rolling]

By performing temper rolling by using a dull roller as
the work roller after bright annealing, a dull pattern is
transferred onto the steel plate surface, and the anti-glare
property is imparted while maintaining the washability.
During such temper rolling, it is important to control the
dull rolling conditions so as tobe able to restrain the opening

and occurrence of micro-pits inside the crater onto which the
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dull patternistransferred, and impart the anti-glare property
without causing deterioration in washability.
[0069]

First, if the diameter of the dull roller is less than
500 mm, more than necessary amount of stress is applied to
the crater part onto which the dull pattern is transferred,
resulting in an increase in the opening and occurrence of
micro-pits inside the crater.

[0070]

Furthermore, it was understood that as for the surface
roughness of the dull roller in use, as long as the arithmetic
mean roughness Ra is in a range of 1.0 um or more and 3.5 um
or less, the anti-glare property can be imparted, and the
washability can be maintained.

[0071]

In addition, as regards the pass schedule of temper
rolling, if the elongation ratio of one pass is higher than
0.5%, it results in an increase in the opening and occurrence
of micro-pits inside the crater, and therefore, the elongation
ratio of one pass was set to 0.5% or less. Moreover, if temper
rolling is performed over a plurality of passes even when the
total elongation ratio is the same, the opening and occurrence
of micro-pits inside the crater onto which the dull pattern
is transferred can be restrained further, which makes it
preferable.

[0072]

Furthermore, it was understood that under the above pass
conditions, if the total elongation ratio of temper rolling
is in the range of 0.2% or more and 1.4% or less, the anti-glare
property can be imparted, and washability can be maintained.
[0073]

Therefore, during temper rolling, the diameter of the
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dull roller was set to 500 mm or more, the arithmetic mean
roughness Ra of the dull roller was set to 1.0 pm or more and
3.5 pm or less, the elongation ratio of one pass was set to
0.5% or less, and the total elongation ratio was set to 0.2%
or more and 1.4% or less.

[0074]

Lubricants blended with additives for the purpose of
preventing rust may also be used during such temper rolling.
Furthermore, in order to remove impurities from the surface
of the work roller, a washing liquid may be used, which may
be wiped off with a wiper.

[0075]

Thus, according to the above method of manufacturing a
stainless steel plate, the openingand occurrence of micro-pits
can be restrained, anda stainless steel plate havingexcellent
washability and anti-glare property can be manufactured.
Furthermore, the manufacturing process 1is industrially
suitable, and particularly, excellent washability and
anti-glare property canbe imparted without performing surface
processing suchasnon-electrolyticNiplating, andasaresult,
a stainless steel plate having excellent washability and
anti-glare property from an economic point of view can be
manufactured.

[0076]
It must be noted that in addition to the above

manufacturing processes, a process of mechanical polishing
and degreasing may also be added as long as the surface
properties are not affected.
[Examples]
[0077]

The examples and comparative examples of the present
invention will be described below.
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[0078]

First, a stainless steel having the chemical composition
shown in Table 1 and Table 2 was melted by passing through
an electric furnace, a converter reactor, and the VOD process,

and then continuous casting was performed to obtain a slab.

[0079]

25



[Table 1]

Types Content (% by mass) of alloy component

. c si | Mn Ni Cr Others
steel

a 0.07 | 0.40 | 0.80 8.1 18.3 [Mo: 0.12

b 0.01 [ 0.50 | 0.80 0.1 12.2

e 0.07 | 0.55 | 0.14 0.1 16.3

d 0.05 | 0.58 | 0.95 | 10.1 | 17.2 |Mo: 2.0

e 0.01 | 0.55 | 0.13 0.1 18.3 | Cu: 0.5, Nb: 0.40

f 0.01 | 0.45 | 0.18 0.1 21.7 |Mo: 0.70, Ti: 0.21, Nb: 0.40

g 0.06 | 0.55 6.4 4.2 18.4 |N: 0.1

h 0.13 | 0.93 2.7 2.5 16.3 |N: 0.11, Cu: 2.7%
[0080] [Table 2]
Types Content (% by mass) of alloy component

of C si Mn Cr Ti Nb Others
steel

i 0.01 | 0.50 | 0.80 | 12.2 0.01 | <0.01

bl 0.01 | 0.91 |1.08 | 14.1 |<0.01| 0.30

k 0.08 | 0.58 | 0.15 | 16.2 0.02 | <0.01

1 0.01 |1 0.44 | 0.15 | 17.3 | <0.01| 0.35

m 0.01 | 0.55| 0.13 | 18.4 |<0.01| 0.40 |Cu: 0.5

n 0.01 [ 0.45 | 0.18 | 21.8 0.21 0.40 |Mo: 0.70

[0081]

Next, the continuous-cast slab was subjected to hot
rolling through the normal method to form a hot-rolled steel
plate. Using the hot-rolled steel plate as the starting
material, the processes were performed in the order of the
above procedure (2) or procedure (3), and temper-rolled
material having a plate thickness of 0.3 to 1.5 mm was prepared
using a dull roller in the temper rolling process, which was
used as the sample material for each example and comparative
example. It must be noted that procedure (2) is adopted for
stainless steel of steel type b and steel type j, and procedure
(3) is adopted for the other steel types. Furthermore, in each
of the present examples, a work roller having Ra of 0.3 um
or less was used in the finish cold rolling, and the rolling
ratio during the final rolling pass was set to 15% or higher,
while the rolling speed of the final rolling pass was set to
200mm/minorless. Inaddition, brightannealingwasperformed
in an atmosphere in which hydrogen constituted 75 to 100% by
mass, and the remainder was nitrogen.
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[0082]

The manufacturing conditions and the final plate
thickness of eachexample and comparative example are described
inTable 3andTable 4. Itmustbenotedthat insome comparative
examples, instead of bright annealing, annealing and acid
pickling were performed as the finish annealing, and
electrolytic acid pickling was performed after bright
annealing. In Table 3 and Table 4, the steel plates for which
annealing and acid pickling were performed as the finish
annealing were indicated as AP (mixed acid), and the steel
plates for which electrolytic acid pickling was performed were
indicated as AP (electrolytic). Furthermore, both surfaces
of each sample material were finished according to the same
conditions.

[0083]

The sample material of each example and comparative
example was used to perform various measurements concerning
washability and anti-glare property. As described in Table
3, measurements concerning the washability were similarly
performed for a non-electrolytic Ni-plated material used for
HDDmembersasamaterial forwhichthewashabilityisevaluated.
[0084] [Measurement of arithmetic mean roughness of the
steel plate surface]

The 50 mm square samples cut out from each sample material
were subjected to ultrasonic cleaning with acetone, following
which the arithmetic mean roughness (Ra) was measured by a
method conforming to JIS B0601. Furthermore, the arithmetic
mean roughness was measured three times in a direction
perpendicular to the rolling direction, and the mean value
was calculated and evaluated. The measurement results of the
arithmetic mean roughness of each sample are shown in Table
3 and Table 4.
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[0085] [Measurement of transfer ratio]

The 50 mm square samples cut out fromeach sample material
were subjected to ultrasonic cleaning with acetone, following
which the surface was observed through an optical microscope,
and the transfer ratio, which is the area ratio of the crater
part ontowhichthedull patternistransferred, wascalculated.
Furthermore, during the observation of the surface, the
observation magnification was set to 400 times, the number
of observation fields was set to 20 fields of view, and the
mean value of all measured values was calculated and evaluated.
The measurement results of the transfer ratio of each sample
are shown in Table 3 and Table 4.

[0086] [Measurement of micro-pits]

The 50 mm square samples cut out fromeach sample material
were subjected to ultrasonic cleaning with acetone, following
which the surface was observed through a laser microscope,
and the existing density and opening area ratio was calculated
for a micro-pit having a depth of 0.5 pym and an opening area
of 10 ym*. Furthermore, during the observation of the surface,
the observationmagnificationwas set to 1000 times, the number
of observation fields was set to 10, and the total measurement
region area was set to 0.1 mm’. The measurement results of
the existing density and opening area ratio of the micro-pits
in each sample are shown in Table 3 and Table 4.

[0087] [Measurement of surface glossiness]

The 50 mm square samples cut out from each sample material
were subjected to ultrasonic cleaning with acetone, following
which the surface glossiness (20°) was measured according to
a method conforming to JIS Z8741. Furthermore, the surface
glossiness was measured three times in each of the direction
parallel to the rolling direction and the direction

perpendicular to the rolling direction, and the mean value
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was calculated and evaluated. The measurement results of the
surface glossiness of each sample are shown in Table 3 and
Table 4.

[0088] [Evaluation of washability]

The 50 mm square samples cut out fromeach sample material
were subjectedtoawashingoperationbytheproceduredescribed
below, and specimens for themeasurement of surface washability
were obtained. It must be noted that the processes after
acetone degreasing in the washing operation, and all processes
in the measurement of surface washability were performed in
a Class 5 clean environment according to JIS B9920.

[0089]

In the washing operation of the samples, first of all,
degreasing was performed through ultrasonic cleaning using
acetone. The degreased samples were subjected to ultrasonic
cleaning by using a fluorine-based cleaning solution,
followingwhich steamcleaning and vacuumdryingwere performed.
Then, ultrasonic cleaning was performed by using a weak
alkaline-based detergent, rinsing was performed through
immersion inultra pure water, and hot-air drying was performed
by pulling up the samples at a low speed.

[0090]

The surface washability was measured as described below
using an LPC (Liquid Particle Counter) device. First, ultra
pure water for 1immersing the specimen for washability
measurement was poured in a beaker and the beaker was set in
the LPCdevice, following which the number of particles present
in the ultra pure water and the size distribution of particles
wasmeasured. Fromthemeasurement dataof theultrapurewater,
the number of particles having a particle diameter of 0.3 um
or more was calculated, and the calculated value was set as

theparticle count (blankmeasurement value) prior to immersion
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of the specimen. Next, the specimen for washability
measurement was immersed in the beaker filled with ultra pure
water and ultrasonic cleaning was performed for a fixed period
of time, following which the particles adhering to the surface
of the specimen were extracted in the ultra pure water. After
this, the numbers of particles present in the ultra pure water
and the size distribution of particles were measured with the
LPC device, and the number of particles having a particle
diameter of 0.3 um or more was calculated. The difference
between the calculated value and the blank measurement value
was set as the number of particles extracted from the specimen
for washability measurement. When measuring the number of
particles and the size distribution, the measurement was
performed three times or more with the LPC device using the
same liquid, and the mean value was set as the measured value.
Furthermore, measurement was performed based on the test count
n = 3 using three samples of the same type of specimen, and
the mean value was determined to be the number of particles
adhering and remaining in the specimen for washability
measurement. In addition, from the value of the number of
particles, the particle adhesion count (number of particles
adhering tothe surface) perunit area of the steel plate surface
was calculated. The results are shown in Table 3 and Table
4. The washability was evaluated to be good when the particle
adhesion count is 1000/cm® or less®

[0091] [Table 3]
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[Table 4]

[0092]
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[0093]

h of the present

in eac

Table 3 and Table 4, i

in

As shown

10.0 or

is

examples, the existing density of the micro-pits

less per 0.01 m?, and the opening area ratio of the micro-pits

Furthermore, a stainless steel plate having

or less.

0%

1

1s

an arithmetic mean roughness of 0.2 to 1.2 um in a direction

perpendicular to the rolling direction of the steel plate

and a transfer ratio of the dull pattern as 15 to

surface,
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70% was obtained. The stainless steel platesaccordingto each
of the present examples had an equally low number of adhering
particles of the sample to be washed as that of the
non-electrolytic Ni-plated material shown in Table 4. 1In
addition, thesurfaceglossinesswasalsolowandtheanti-glare
property was observed. Therefore, it can be evaluated that
even when the surface of the stainless steel plate is left
as is, the surface of the stainless steel plate is in a state
of having excellent washability and anti-glare property that
enable the application of the stainless steel plate as the
material for precision components such as HDD members, for

example.

INDUSTRIATL, APPLICABILITY
[0094]

The present invention, for example, is applicable as
exterior building material, interior building material,
automotive steel plate, commercial kitchen equipment, outer
plate for home appliances, outer plate for kitchen equipment
and kitchen accessories, and precision equipment components
and electronic device components such as computer members,
digital equipment members, HDD (hard disk drive) members and

solar cell substrate material.
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CLAIMS
1. A stainless steel plate for which temper rolling is
performed by using a dull roller after a finish cold rolling
and bright annealing, wherein

an arithmetic mean roughness Ra in a direction
perpendicular toarollingdirection of the steel plate surface
is 0.2 to 1.2 um;

a transfer ratio, which is an area ratio of a portion
onto which a dull pattern is transferred relative to the steel
plate surface, is 15 to 70%; and

a micro-pit, being formed in the steel plate surface,
having a depth of 0.5 pym or more, and having an opening area
of 10 um® or more, has an existing density in the steel plate
surface of 10.0 or less per 0.01 mm?, and an opening area ratio
in the steel plate surface of 1.0% or less.

2. The stainless steel plate according to claim 1, wherein
the stainless steel plate is a ferritic stainless steel
plate containing, on the basis of percent by mass, C at 0.
15% or less, Si from 0.1 to 2.0%, Cr from 10 to 32%, and at
least either one of Nb from 0.01 to 0.8% or Ti from 0.01 to
0.5%, with residue being Fe and unavoidable impurities.
3. The stainless steel plate according to claim 2, wherein
the stainless steel plate contains, on the basis of
percent by mass, at least either one of Mo from 0.2 to 5% or
Cu from 0.1 to 3.0%.
4. The stainless steel plate according to claim 1, wherein
the stainless steel plate is a ferritic stainless steel
plate containing, on the basis of percent by mass, C at 0.
15% or less, Si at 2% or less, Mn at 2% or less, P at 0.04%
or less, S at 0.03% or less, Ni at 0.6% or less, Cr from 11
to 32%, Mo from O to 3%, Cu from O to 1%, Nb from 0 to 1%,
Ti from 0 to 1%, Al from 0 to 0.12%, N at 0.025% or less, and
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B from 0 to 0.01%, with residue being Fe and unavoidable
impurities.
5. The stainless steel plate according to claim 1, wherein

thestainlesssteelplateisanausteniticstainlesssteel
plate containing, on the basis of percent by mass, C at O.
15% or less, Si at 4% or less, Mn at 10% or less, P at 0.045%
or less, S at 0.03% or less, Ni from 1 to 28% or less, Cr from
16 to 32% or less, Mo from 0 to 10%, Cu from O to 3.5%, Nb
from 0 to 1%, Ti from 0 to 1%, Al from 0 to 0.1%, N at 0.3%
or less, and B from 0 to 0.01%, with residue being Fe and
unavoidable impurities
6. A method of manufacturing a stainless steel plate,
comprising: after performing at least finish cold rolling,
bright annealing performed, as finish annealing, for a hot
rolled steel plate, and temper rolling performed using a dull
roller, wherein

a total cold rolling ratio until bright annealing is 70%
or less;

a cold rolling ratio during the finish cold rolling is
30% or less; and at least in a final rolling pass, rolling
is performed at a rolling ratio of 15% or higher and a rolling
speed of 200 mm/min or less using a work roller having an
arithmetic mean roughness Ra of 0.3 um or less.
7. The method of manufacturing a stainless steel plate
according to claim 6, wherein

during temper rolling, rolling is performed for one or
more passes at an elongation ratio in one pass of 0.5% or less
using a dull roller having a roller diameter of 500 mm or more
and an arithmetic mean roughness Ra of 1.0 to 3.5, and a total
elongation ratio is 0.2 to 1.4%.
8. The stainless steel plate according to any one of claims
1 through 4, wherein
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the stainless steel plate is a ferritic stainless steel
plate that is used for any of a hard disk drive member, a solar
cell substrate material, a precision equipment member, an
electronic device member, a digital equipment member, and a

computer member.
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