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ABSTRACT
A steel sheet for hot pressing that 1s capable of

suppressing formation of scales or 7ZnO in hot pressing and
excellent in oxidation resistance, and a method for

5 manufacturing a hot-pressed member using the steel sheet
are provided. The steel sheet for hot pressing includes a
base steel sheet and a plating layer that 1s formed on a
surface of the base steel sheet at a coating weight of 10
to 90 g/m* and contains 10 to 25% by mass of Ni and the

10 balance Zn with i1nevitable impurities.
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DESCRIPTION

STEEL SHEET FOR HOT PRESSING AND METHOD FOR MANUFACTURING

HOT-PRESSED MEMBER USING THE SAME

Field

(0001] The present invention relates to a steel sheet

for hot pressing suitable for manufacturing members, such

g
p—

as suspension members or body structural members of an

automobile, by hot pressing and a method for manufacturing

a hot-pressed member using the steel sheet for hot pressing.

Background

[0002] Conventionally, many members such as suspension
members or body structural members of an automobille are
manufactured by pressing a steel sheet that has
predetermined strength. In recent years, from a viewpoint

of global environmental conservation, the weight saving of

—
—

an automobile body is desired, and efforts are being made

to reduce the steel-sheet thickness by increasing steel-
sheet strength. However, because the press workability of
steel sheet is deteriorated with an increase 1n the
strength of the steel sheet, it is difficult to form the
steel sheet into a desired shape 1n many cases.

[0003] Patent Literature 1 discloses a pressing

technique called hot pressing. This technique realizes

both easy pressing and high strength by quenching a heated

steel sheet at the same time when the heated steel sheet 1is

pressed by using a mold formed of a die and a punch.

However, in this hot pressing, because the steel sheet 1is

heated to the high temperature of around 950°C before hot

pressing, scales (iron oxide) are formed on the surface of

the steel sheet. The scales formed on the surface of the

steel sheet are peeled off during hot pressing and hence,
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the mold is damaged or the surface of the member 1s damaged
after hot pressing. Furthermore, the scales remalning on
the surface of the member cause a defect 1n appearance and

a defect in painting adhesion. Accordingly, the scales

formed on the surface of the member are usually removed by

pickling or shot-blasting. These additional processes make
manufacturing processes complicated thus causiling
deterioration in productivity. Furthermore, the members
such as suspenslion mempbers and body structural members of
the automobile also require excellent anti-~corrosion
characteristics. However, an anti-corrosive coating such
as a plating layer 1s not applied to hot-pressed members
manufactured 1n the above-mentioned processes and hence,
the anti corrosion characteristics of the members are

extremely i1nsufficient.

[0004] In such a background, a hot pressing techniqgue

capable of suppressing formation of the scales during

heating before hot pressing and improving the anti-

corrosion characteristics i1s required. Therefore, a steel

sheet to which the anti-corrosive coating such as the

plating layer is applied and a method for hot-pressing a
member using the steel sheet are proposed. For example,
Patent Literature 2 discloses a manufacturing method for a

hot-pressed member having excellent anti-corrosion

characteristics. This manufacturing method includes a step

of hot-pressing a steel sheet coated with Zn or Zn-based

alloy and a step of providing a Zn-Fe-based compound or a

Zn—-Fe-Al-based compound on the surface of the heated steel

sheet.

Citation List
Patent Literature

[0005] Patent Literature 1: UK Patent No. 1490535
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Patent Literature 2: Japanese Patent No. 30663145

summary

Technical Problem

[0006] However, 1n the hot-pressed member manufactured
by the method described in Patent Literature 2, there
exists a case that the defect in appearance and the defect
in painting adhesion due to the formation of the scales are
caused, and the degradation of the anti corrosion
characteristics due to the generation of Zn0O 1s caused.
[0007] For the foregoing reasons, an object of the
present 1nvention 1s to provide a steel sheet for hot
pressing and a method for manufacturing a hot-pressed
member using the steel sheet for hot pressing, wherein the

steel sheet i1s excellent 1n oxidation resistance and

capable of suppressing the formation of the scales and ZnO
in hot pressing.
Solution to Problem

[0008] The inventors have acqulred knowledge described

below as a result of i1ntensive examinations on a steel
sheet for hot pressing.

[0009] (1) Scales are liable to be formed on a local
portion, such as a defective portion of a plating layer, or
cracks produced by hot pressing from a portion (starting
point of cracks) on which Zn-Fe metallic compound are

formed during heating.

(2) Scales or Zn0O 1s lilable to be formed on the Zinc-

plating layer having a melting point lower than 700°C.

(3) In order to suppress formation of the scales or

/n0O, it is effective that the plating layer contains 10 to

F

25% by mass of Ni having a high melting point and the

balance Zn with inevitable 1impuritiles.

[0010] According to the present 1nvention, there 1s
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provided a steel sheet for hot pressing including: a base

steel sheet; and a plating layer that is formed on a
surface of the base steel sheet at a coating weight of 10
to 90 g/m° and contains 10 to 25% by mass of Ni and the
balance Zn with inevitable impurities.

[0011] It 1s preferable that the steel sheet for hot
pressing further includes at least one compound layer
selected from the group consisting of Si-contalning

compound layer, Ti-containing compound layer, Al-contalning

compound layer, and Zr-containing compound layer, wherein
the compound layer 1s formed on the plating layer.
[0012] The base steel sheet, which 1s a steel sheet

before the plating layer 1s provided and i1s a base for the

plating layer, may have component composition having 0.15

to 0.5% by mass of C, 0.05 to 2.0% by mass of Si, 0.5 to 3%

by mass of Mn, 0.1% by mass or less of P, 0.05% by mass or

less of S, 0.1% by mass or less of Al, 0.01% by mass or

gh—

less of N, and the balance Fe with inevitable impurities.

It 1s preferable that the base steel sheet further contains

at least one component selected from the group consisting

of 0.01 to 1% by mass of Cr, 0.2% by mass or less of Ti,
erable that

avine,

and 0.0005 to 0.08% by mass of B. It 1s pref
the base steel sheet further contalns, 1n addition

to/separately from the above-mentioned at least one

component, 0.003 to 0.03% by mass of Sb.
[0013] According to the present invention, there 1s
provided a method for manufacturing a hot-pressed member,

the method including: heating the above-mentioned steel

sh

cet for hot pressing to a temperature ranging from AcCs

transformation point to 1000°C; and hot-pressing the heated

steel sheet.

"

Advantageous Effects of the present invention
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[0014] According to the present invention, 1t 1s

possible to manufacture the steel sheet for hot pressing

that 1s capable of suppressing formation of the scales or
ZznO in hot pressing and excellent in oxidation resistance.

A hot-pressed member manufactured by a method for

manufacturing the hot-pressed member in the present

invention with the use of the steel sheet for hot pressing
in the present invention 1s excellent 1n appearance, and
has excellent painting adhesion and anti-corrosion
characteristics. Hence, the hot-pressed member 1s suiltable

pr—ta
p—

for a suspension member or a body structural member of an

automobile.

Description of Embodiments

[0015] (1) Steel sheet for hot pressing
(1-1) Plating layer

In the present invention, 1n order to suppress

formation of scales or ZnO in hot pressing, a plating layer

containing 10 to 25% by mass of N1 and the balance Zn with
inevitable impurities 1s provided on a surface of a steel

sheet. A content of N1 contalned in the plating layer 1s

set to 10 to 25% by mass whereby a y phase having any one
crystal structure of NizZn;;, NiZni, or NisZn,; and having a

gl
p—

high melting point of 881°C is formed. Accordingly, in

heating, the formation of the scales or ZnO can be

minimized. Furthermore, during heating, Zn-Fe-based

metallic compound 1s not formed and hence, the formation of

gt

the scales accompanying with production of cracks 1s

suppressed. Furthermore, the plating layer having such

composlition remains on the steel sheet as the y phase even

bt

after completion of hot pressing thus exhibiting excellent

anti-corrosion characteristics by a sacrificial protection

.

effect of Zn. Here, in the case where the content of Ni 1is
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10 to 25% by mass, the formation of the y phase does not
correspond with data in the equilibrium diagram for Ni-Zn
alloy. This result may be brought about by the fact that a
plating-layer forming reaction that 1s performed by an

electroplating method or the like proceeds 1n a state of

non-equilibrium. The y phases of Ni,Znj;, NiZnjz, or NisZnj:

can be confirmed by an electron diffraction method with the

use of an X-ray diffraction method or TEM (Transmission

Electron Microscopy). Furthermore, although the y phase 1s,

as described above, formed by setting N1 content contained

in the plating layer to 10 to 25% by mass, there exists a

case that some quantity of an m phase 1s also formed

depending on the electroplating conditions or the like. In

this case, in order to minimize the formation of the scales
or ZnO during heating, it is preferable to set an n phase
content to 5% by mass or less. The m phase content 1is

gt

defined as the ratio of the weight of the n phase to the

total weight of the plating layer. For example, the n
phase content can be determined by the anodic dissolution

method or the like.

[0016] The coating weight of the plating layer 1s set to
10 to 90 g/m® for one side. When the coating weight of the

plating layer is less than 10 g/m*, the sacrificial

protection effect of Zn is not sufficiently exhibited.

When the coating weight of the plating layer 1s more than

90 g/m?, the sacrificial protection effect of Zn becomes

saturated thus increasing the cost of manufacturing.

[0017] Although a method for forming the plating layer

is not particularly limited, 1t 1s preferable to use a
well-known electroplating method.

[0018] At least one compound layer selected from the
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group consisting of a Si-containing compound layer, a Ti-

containing compound layer, an Al-containing compound laver
and a Zr-containing compound layer is further provided on

the plating layer thus obtaining excellent painting

adhesion. In order to obtain such an effect, it is

preferable to set a thickness of the compound layer to 0.1
um or more. Furthermore, 1t 1s preferable to set the
thickness of the compound layer to 3.0 um or less. When

the thickness of the compound layer exceeds 3.0 um, the
compound layer becomes brittle thus causing the defect in

painting adhesion. The thickness of the compound layer is

more preferably within the range from 0.4 to 2.0 um.

001917 As a Si-containing compound, for example,
silicone resin, lithium silicate, silicate soda, colloidal
silica, and a silane coupling agent are applicable. As a
Ti-containing compound, for example, titanate such as
lithium titanate or calcium titanate, and a titanium
coupling agent containing titanium alkoxide or a chelate-
type titanlum compound as a base compound are applicable.
As an Al-containing compound, for example, aluminate such

as sodium aluminate or calcium aluminate, and an aluminum

coupling agent containing aluminum alkoxide or a chelate-
type aluminum compound as a base compound are applicable.

As a Zr-containing compound, for example, zirconate such as

lithium zirconate and calcium zirconate, a zirconium
coupling agent containing zirconium alkoxide or a chelate-

type zirconium compound as a base compound are applicable.

[0020] In order to form the above-mentioned compound

layer on the plating layer, at least one compound selected
from the group consisting of the Si-containing compound,
the Ti-containing compound, the Al-containing compound, and

the Zr-containing compound may be adhere to the plating
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layer and thereafter, may be baked without being washed
with water. As an adhesion treatment for these compounds,

any of an application method, a dipping method, and a spray

method may be used. Furthermore, a roll coater, a squeeze
coater, a die coater or the like may be used. After
performing an application treatment by the squeeze coater,
a dipping treatment or spraying treatment, i1t is also
possible to adjust the amount of the compound and

uniformize appearance and the thickness of the compound

layer with the use of an air knife method or a squeeze roll
method. Furthermore, the maximum arriving temperature of

the steel sheet when baking may be within the range from 40

to 200°C, and preferably within the range from 60 to 160°C.
[0021] Furthermore, the method for forming the above-

mentioned compound layer on the plating layer is not
limited to the above-mentioned method. It is also possible

to form the above-mentioned compound layer on the plating

layer by a method described below; for example, a reactive
treatment such that the steel sheet having the plating

layer 1s immersed 1in an acidic agqueous solution containing

at least one cation selected from the group consisting of

Si, Ti, Al, and Zr and at least one anion selected from the

group consisting of phosphoric acid ion, fluorine acid ion,

and fluoride 1on 1s performed and thereafter, the steel

sheet 1s baked with being washed with water or without

being washed with water.

[0022] The above-mentioned compound layer may contain

inorganic solid lubricant. By the addition of the

inorganic solid lubricant, the coefficient of dynamic

friction at the time of hot pressing is reduced thus

improving the press workability.

[0023] As the 1norganic solid lubricant, at least one
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substance selected from the group consisting of metal
sulfide (molybdenum disulfide, tungsten disulfide or the
like), a selenium compound (molybdenum selenide, tungsten
selenide or the like), graphite, fluoride (graphite
fluoride, calcium fluoride or the like), nitride (boron
nitride, silicon nitride or the like), borax, mica,

metallic tin, and alkalili metal sulfate (sodium sulfate,

potassium sulfate or the like) 1s applicable. It 1is
preferable that the content of the above-mentioned
1norganic solid lubricant contained in the compound layer
1s 0.1 to 20% by mass. In the case where the content of
the i1norganic solid lubricant is 0.1% by mass or more, the
compound layer 1is capable of providing a lubrication effect.
In the case where the content of the inorganic solid
lubricant 1s 20% by mass or less, the painting adhesion is

not degraded.

[0024 ] (1-2) Base steel sheet
In order to obtain the hot-pressed member having

tensile strength (TS) of 980 MPa or more, as a base steel

sheet before plating, for example, a hot-rolled steel sheet
or a cold-rolled steel sheet including component
composition having 0.15 to 0.5% by mass of C, 0.05 to 2.0%
by mass of Si, 0.5 to 3% by mass of Mn, 0.1% by mass or

less of P, 0.05% by mass or less of S, 0.1% by mass or less

of Al, 0.01% by mass or less of N, and the balance Fe with
1nevitable impurities may be used. The reason that the
content of each component element i1s limited i1s explained

hereinafter. Here, "%" expressing the content of the

component means "% by mass" unless otherwise specified.

[0025] C: 0.15 to 0.5%

The component element C 1s an element that improves

the strength of steel. 1In order to increase the tensile
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strength of the hot-pressed member to 980 MPa or higher, it

is necessary to set the content of C to 0.15% or more. On

the other hand, in the case that the content of C exceeds

0.5%, blanking workability of the steel sheet as a raw
material is remarkably deteriorated. Therefore, the
content of C is within the range from 0.15 to 0.55%.
[0026] Si: 0.05 to 2.0%

The component element Si is an element that improves

the strength of steel in the same manner as the case of C.

In order to increase the tensile strength of the hot-
pressed member to 980 MPa or higher, it 1s necessary to set
the content of Si to 0.05% or more. On the other hand, 1in

the case that the content of Si exceeds 2.0%, generation of

a surface defect called red scale is extremely i1ncreased

and, at the same time, a rolling load is increased Or
ductility of the hot-rolled steel sheet is deteriorated.

Furthermore, in performing a plating treatment such that

the plating film containing Zn or Al as a main component 1s
formed on the surface of the steel sheet, there exists a

case that the Si content that exceeds 2.0% adversely

0

affects plating processability. Therefore, the content ot
Si is within the range from 0.05 to 2.0%.

(0027 ] Mn: 0.5 to 3%

(D

The component element Mn is an element effective for

improving hardenability by suppressing ferrite

transformation, and also effective for lowering heatilng

temperature before hot pressing by lowering AcCj

transformation point. In order to exhibit such effects, it
is necessary to set the content of Mn to 0.5% or more. On

the other hand, in the case that the content of Mn exceeds
% Mn is segregated, and uniformity of characteristics of

the steel sheet as the raw material and the hot-pressed
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member is lowered. Therefore, the content of Mn is within
the range from 0.5 to 3%.
(00281 P: 0.1% or less

When the content of P exceeds 0.1%, P is segregated,
and uniformity of characteristics of the steel sheet as the
raw material and the hot-pressed member is lowered and, at

the same time, toughness thereof is also lowered.

Therefore, the content of P is set to 0.1% or less.

[0029] S: 0.05% or less

When the content of S exceeds 0.05%, toughness of the
hot-pressed member is lowered. Therefore, the content of S

is set to 0.05% or less.

[0030] Al: 0.1% or less
When the content of Al exceeds 0.1%, blankiling

workability or hardenability of the steel sheet as a raw

d
p—

material is deteriorated. Therefore, the content of Al 1is

set to 0.1% or less.

[0031] N: 0.01% or less

When the content of N exceeds 0.01%, the nitride such

as AIN is formed during hot-rolling or heating before hot
pressing, and blanking workability or hardenability of the

steel sheet as a raw material is deteriorated. Therefore,

the content of N i1is set to 0.01% or less.

[0032] The balance of the above-mentioned component

contained in the base steel sheet 1s constituted of Fe with

the inevitable impurities. However, due to the followlng
grounds, 1t is preferable that at least one component
cselected from the group consisting of 0.01 to 1% Cr, 0.2%

or less Ti, and 0.0005 to 0.08% B, and/or 0.003 to 0.03% Sb
are contalned i1in the balance.

[0033] Cr: 0.01 to 1%

The component element Cr is effective for
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strengthening the steel and improving hardenabllity of the
steel. In order to exhibit such effects, it i1is preferable
to set the content of Cr to 0.01% or more. On the other
hand, in the case that the content of Cr exceeds 1%, the

~] sheet is considerably

N

manufacturing cost for the base ste

increased. Therefore, it is preferable that the content of
Cr is set to 1% maximum.
(0034} Ti: 0.2% or less

The component element Ti is effective for
strengthening the steel and improving toughness of the

steel by refining crystalline grains. Furthermore, the

component element Ti is also effective for forming nitride
in priority to the component element B mentioned below and

exhibiting the effect of improving hardenability by solid-

solved component element B. However, in the case that the

content of Ti exceeds 0.2%, a rolling load is extremely

increased during hot-rolling and the toughness of the hot-

pressed member is lowered. Therefore, it 1s preferable
that the content of Ti is set to 0.2% maximum.

[0035] B: 0.0005 to 0.08%

The component element B is effective for improving
hardenability in hot pressing and toughness after hot

pressing. In order to exhibit such effects, 1t 1s

preferable to set the content of B to 0.0005% or more. On

gu—"

the other hand, 1in the case that the content of B exceeds

0.08%, the rolling load 1s extremely increased during hot-
rolling and cracks or the like in the steel sheet 1s

produced due to martensitic phases or bainitic phases

formed after hot-rolling. Therefore, it 1is preferable that

the content of B is set to 0.08% maximum.
0036] Sb: 0.003 to 0.03%

The component element Sb is effective for suppressing
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a decarburized layer formed in the surface layer part of

the steel sheet while cooling the steel sheet in performing

a series of processes from the process of heating the steel

sheet before hot pressing to the process of hot pressing.

In order to exhibit such an effect, it 1s necessary to set

the content of Sb to 0.003% or more. On the other hand, 1in

the case that the content of Sb exceeds 0.03%, a rolling

load is extremely increased during hot-rolling thus

decreasing productivity. Therefore, it 1s preferable that

the content of Sb is within the range from 0.003 to 0.03%.

[0037] (2) Method for manufacturing hot-pressed member
The above-mentioned steel sheet for hot pressing

according to the present invention 1is hot-pressed after

being heated to a temperature ranging from Acj

transformation point to 1000°C, thus forming the hot-

pressed member. The steel sheet is heated to the

temperature equal to or higher than Acz transformation

point for forming a hard phase such as a martensitic phase

or the like by quenching in hot pressing to increase the

strength of the member. Furthermore, the heating

temperature is 1000°C maximum, because a large amount of

7n0 is formed on the surface of the plating layer when the

heating temperature exceeds 1000°C. Here, the heating

temperature means the maximum arriving temperature of the
steel sheet.

[0038] Although the average temperature-rising rate upon

heating before hot pressing is not limited particularly to

a certain rate, for example, the average temperature-rising

rate ranging from 2 to 200°C/s is preferable. The amount

of ZnO formed on the surface of the plating layer and the

amount of scales locally formed on defective portions of

the plating layer are increased along with the increase of
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the high temperature residence time for which the steel
sheet is exposed to a high temperature. Therefore, 1t 1s
preferable to increase the average temperature-rising rate
because the formation of scales 1s suppressed. Furthermore,
although the holding time at the maximum arriving
temperature of the steel sheet is also not limited
particularly to the certain time, for the reason same as
above, 1t 1is preferable to shorten the holding time. The
holding time is preferably set to 300 seconds or shorter,

more preferably to 120 seconds or shorter, and further

preferably to 10 seconds or shorter.

[0039] As a heating method before hot pressing, a
heating method with the use of an electric furnace or a gas
furnace, a flame heating method, a conduction heating
method, a high frequency induction heating method, an
induction heating method or the like can be 1llustrated.
[0040] [First Example]

As a base steel sheet, cold-rolled steel sheets

including component composition having 0.23% by mass of C,
0.25% by mass of Si, 1.2% by mass of Mn, 0.01% by mass of P,
0.01% by mass of S, 0.03% by mass of Al, 0.005% by mass of

N, 0.2% by mass of Cr, 0.02% by mass of Ti, 0.0022% by mass
of B, 0.008% by mass of Sb, and the balance Fe with

inevitable impurities, and having Acs transformation poilnt

of 820°C and the thickness of 1.6 mm were used. The

P

electroplating treatment was applied to the surfaces of the

cold-rolled steel sheets by changing current density from o5

to 100 A/dm? in a plating bath with pH 1.5 and 50°C

temperature solution containing 200 g/L of nickel sulfate

hexahydrate and 10 to 100 g/L of zinc sulfate heptahydrate.
As illustrated in Tables 1 to 3, steel sheets Nos. 1 to 19

having plating layers that are different in Ni content (the
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balance is 7Zn with inevitable impurities), coating weight,

and mn-phase content were prepared. Furthermore, Ior
comparison with the steel sheets Nos. 1 to 19, steel sheets
Nos. 20 to 24 of a hot dip galvanized steel sheet (GI), a
galvannealed steel sheet (GA), a hot dip Zn-5% Al plated
steel sheet (GF), and a hot dip Zn-55% Al plated steel
sheet (GL) that were made by applying hot-dip plating to

the above-mentioned cold-rolled steel sheets, and a cold-

rolled steel sheet with no plating layer were prepared.
Tables 1 to 4 shows the thus prepared steel sheets Nos. 1
to 24.

[0041] Fach of the steel sheets Nos. 1 to 24 was heated

in the electric furnace or by direct energization under the

heating condition specified in Tables 1 to 4 and,

thereafter, cooled at 50°C/s cooling rate in a state that

ceach steel sheet was sandwiched between dies made of

aluminum. Next, oxidation resistance described below was

—

evaluated. Tables 1 to 4 lists compositions of the plating

layers, heating conditions, and evaluation results of the

oxidation resistance for each steel sheet.

(0042 ] Oxidation resistance: Each steel sheet was heated
under the heating condition illustrated in Tables 1 to 4

and, thereafter, the weight of each steel sheet was

measured and the change in weight was measured by comparing

the weight after heating to the weight before heating.

Here, the change in weight is obtained by adding the weight

F

increased by the formation of the scales or ZnO and the

weight reduced by the scattering of ZnO formed. The

oxidation resistance is enhanced along with the reduction

P

of the absolute value of the change in weight. The

oxidation resistance was evaluated on the basis of the

following criteria. When the result of the evaluation 1s
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“Excellent” or “Good”, the object of the present invention

is satisfied.

Fxcellent: the absolute value of the change in weight

< 3 g/m°

Good: 3 g/m2<:the absolute value of the change 1n

weight < 5 g/m’

Poor: 5 g/m° < the absolute value of the change in

welght

(004 3] As illustrated in Tables 1 to 4, it 1s evident
that the steel sheets Nos. 1 to 16 according to the present

gy

invention have small absolute values of the change 1n

weight and are excellent in oxidation resilstance.

10044 ]
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[0045] The above-mentioned steel sheets were not

actually worked by hot press. However, as mentioned above,
because the oxidation resistance is influenced by the
change in plating layer due to the heating before hot
pressing, particularly by the behavior of Zn contained 1in
the plating layer, the oxidation resistance of the hot-
pressed member can be evaluated by the results of these

examples.

[0046] [Second Example]

The plating layers that were different in N1 content,

coating weight, and m-phase content were formed on the

surfaces of the base steel sheets same as that of First

Example in the same manner as the case of First Example.

Thereafter, a composite (solid content ratio of 15% by

mass) having at least one compound selected from the group
consisting of a Si-containing compound, a Ti-containing
compound, an Al-containing compound, a Zr—contalning
compound, and a Si and Zr-containing compound that are

described below, and the balance solvent was applied to the

plating layers. Thereafter, the steel sheets were baked

under the condition that the maximum arriving temperature

of the steel sheet was 140°C and, as illustrated 1in Tables

5 to 15, any of a Si-containing compound layer, a Ti-

containing compound layer, an Al-containing compound lavyer,
a Zr-containing compound layer, and a Si and Zr-containing

compound layer that were different in thickness was formed

thus preparing the steel sheets Nos. 1 to 32. Tables 5 to
15 show the steel sheets Nos. 1 to 32 thus prepared.

[(0047] Here, as the Si-containing compound, the Ti1-

containing compound, the Al-containing compound, and the

7r-containing compound, the following compounds were used.

[0048] Silicone resin: KR-242A manufactured by Shin-Etsu
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Chemical Co., Ltd.

Lithium silicate: lithium silicate 45 manufactured by

Nissan Chemical Industries, Ltd.
Colloidal silica: SNOWTEX OS manufactured by Nissan
Chemical Industries, Ltd.

Silane coupling agent: KBE-403 manufactured by Shin-
Etsu Chemical Co., Ltd.

Titanium coupling agent: ORGATIX TA-22 manufactured by

Matsumoto Fine Chemical Co., Ltd.

Lithium titanate: lithium titanate manufactured by

Titan Kogyo, Ltd.

Sodium aluminate: NA-170 manufactured by Asahi

Chemical Co., Ltd.

Aluminum coupling agent: PLENACT AL-M manufactured by
Ajilnomoto Fine-Techno Co., Inc.

Zirconlium acetate: Zirconium acetate manufactured by

SANEI KAKO Co., Ltd.
Zlirconlum couplling agent: ORGATIX ZA-65 manufactured

by Matsumoto Fine Chemical Co., Ltd.

[0049] Furthermore, a solvent used when the silicone

resin was used as a compound was the thinner mixed of
ethylene glycol monobutyl ether and naphtha in the mass
ratio of 55/45. Furthermore, a solvent used when a

substance other than the silicone resin was used as a

compound was the deionized water.
[0050] The steel sheets Nos. 1 to 32 obtained in such a

ranner and 1llustrated in Tables 5 to 15 have the plating

layers and the compound layers formed on the surface

thereof 1n the order given above. Each steel sheet was

Feated in the electric furnace or by direct energization

under the heating condition specified in Tables 5 to 15 and,

thereafter, cooled at 50°C/s cooling rate in a state that
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each steel sheet was sandwiched between dies made of

aluminum. Thereafter, oxidation resistance same as the

case of First Example and painting adhesion described below

were evaluated. Tables 5 to 15 list the composition of the
plating layer, the composition of the compound layer, the
heatlng condition, and evaluation results of the oxidation
reslistance and painting adhesion for each steel sheet.

> taken from the

aiee

[0051] Painting adhesion: Samples wer

steel sheets after heat treatment and a chemical conversion

treatment was applied to each sample under the standard

condition with the use of PB-SX35 manufactured by Nihon

Parkerizing Co., Ltd. Thereafter, a coating film having a

thickness of 20 um was formed on the surface of the sample

by electrodeposition coating under the baking condition of

at 170°C for 20 minutes with the use of the

electrodeposition paint GT-10HT Gray manufactured by Kansai
Paint Co., Ltd. for preparing a test piece. Next, cuts
penetrating to the surface of the base steel sheet were

made on the prepared test-plece surface to which the

chemical conversion treatment and the electrodeposition

coating were applied 1n a lattice pattern (10 by 10 squares,

1 mm intervals) by using a cutter knife, and a cross cut
tape peel test for testing the painting adhesion by
sticking and peeling an adhesive tape was performed. The
painting adhesion was evaluated on the basis of the

g

following criteria. When the result of the evaluation is

“Excellent” or “Good”, the sample is excellent in painting

adhesion.

Excellent: No peeling

Good: Peeled in 1 to 10 sqguares

Fair: Peeled in 11 to 30 squares

Poor: Peeled 1n 31 sguares or more
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(0052] As illustrated in Tables 5 to 15, i1n the examples

of the present 1nvention,

1t 1s evident that the steel

ed with the compound lay:

sheet provid

or 1S eXcellent 1in

painting adhesion as well as 1n oxidation resistance.

[0053]
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[0055] In this example, each steel sheet was not

actually worked by hot press. However, in the same manner

as the case of oxidation resistance, the painting adhesion
of the hot-pressed member can be evaluated by the results
of this example.

Industrial Applicability

[0056] Th

-

e present 1nvention is applicable to members
such as suspension members or body structural members of an

automobile manufactured by hot pressing.
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CLAIMS

1. A steel sheet for hot pressing comprising:

a base steel sheet; and

a plating layer that is formed on a surface of the
base steel sheet at a coating weight of 10 to 90 g/m‘ and

contains 10 to 25% by mass of Ni and the balance Zn with

inevitable impurities.

2. The steel sheet for hot pressing according to claim 1,
further comprising at least one compound layer selected
from the group consisting of Si-containing compound layer,
Ti-containing compound layer, Al-containing compound layer,
and Zr-containing compound layer, wherein the compound

layer 1is formed on the plating layer.

3. The steel sheet for hot pressing according to claim 1

or 2, wherein the base steel sheet has component

gr—
Bl

composition having 0.15 to 0.5% by mass of C, 0.05 to 2.0%

by mass of Si, 0.5 to 3% by mass of Mn, 0.1% by mass or

less of P, 0.05% by mass or less of S, 0.1% by mass or less

of Al, 0.01% by mass or less of N, and the balance Fe with

inevitable impurities.

4 . The steel sheet for hot pressing according to claim 3,

wherein the base steel sheet further contains at least one

component selected from the group consisting of 0.01 to 1%

by mass of Cr, 0.2% by mass or less of Ti, and 0.0005 to
0.08% by mass of B.

5. The steel sheet for hot pressing according to claim 3

or 4, wherein the base steel sheet further contains 0.003

to 0.03% by mass of Sb.
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6. A method for manufacturing a hot-pressed member, the

method comprising:

h

any one of claims 1 to 5 to a t

cating the steel sheet for hot pressing according to

emp!

erature ranglng from Ac;

transformation point to 1000°C; and

hot-pressing the heated steel sheet.
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