
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
1 

61
2 

28
8

B
9

(Cont. next page)

��&�����

�����
(11) EP 1 612 288 B9

(12) CORRECTED EUROPEAN PATENT SPECIFICATION

(15) Correction information: 
Corrected version no   2     (W2 B1)
Corrections, see
Description Paragraph(s) 16

(48) Corrigendum issued on: 
27.10.2010 Bulletin 2010/43

(45) Date of publication and mention 
of the grant of the patent: 
02.06.2010 Bulletin 2010/22

(21) Application number: 04724398.5

(22) Date of filing: 30.03.2004

(51) Int Cl.:
C22C 38/00 (2006.01) C22C 38/58 (2006.01)

C23C 2/06 (2006.01) C23C 2/02 (2006.01)

C21D 9/56 (2006.01) C21D 1/26 (2006.01)

C21D 1/76 (2006.01)

(86) International application number: 
PCT/JP2004/004546

(87) International publication number: 
WO 2004/090187 (21.10.2004 Gazette 2004/43)

(54) A METHOD FOR PRODUCING A HOT-DIP ZINC COATED STEEL SHEET HAVING HIGH 
STRENGTH

EIN HERSTELLUNGSVERFAHREN FÜR FEUERVERZINKTES STAHLBLECH MIT HOHER 
FESTIGKEIT

PROCEDE DE PRODUCTION D’UNE FEUILLE D’ACIER GALVANISEE A RESISTANCE ELEVEE

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HU IE IT LI LU MC NL PL PT RO SE SI SK TR

(30) Priority: 10.04.2003 JP 2003106210

(43) Date of publication of application: 
04.01.2006 Bulletin 2006/01

(73) Proprietors:  
• Nippon Steel Corporation

Chiyoda-ku, Tokyo 100-8071 (JP)
• ArcelorMittal France

93200 Saint Denis (FR)

(72) Inventors:  
• IKEMATSU, Yoichi,

NIPPON STEEL CORPORATION
Futtsu-shi,
Chiba 2938511 (JP)

• TANAKA, Koki,
NIPPON STEEL CORPORATION
Futtsu-shi,
Chiba 2938511 (JP)

• HAYASHI, Shunichi,
NIPPON STEEL CORPORATION
Futtsu-shi,
Chiba 2938511 (JP)

• SAWADA, Hideaki,
NIPPON STEEL CORPORATION
Futtsu-shi,
Chiba 2938511 (JP)

• TAKAHASHI, Akira,
NIPPON STEEL CORP. KIMITSU WORKS
Kimitsu-shi,
Chiba 2991141 (JP)

• HONDA, Kazuhiro,
NIPPON STEEL CORP. KIMITSU WORKS
Kimitsu-shi,
Chiba 2991141 (JP)

• SUEHIRO, Masayoshi
NIPPON STEEL CORPORATION
Futtsu-shi,
Chiba 2938511 (JP)

• TAKADA, Yoshihisa,
NIPPON STEEL CORP. YAWATA WORKS
Kitakyushu-shi,
Fukuoka 8048501 (JP)



2

EP 1 612 288 B9

(74) Representative: Vossius & Partner
Siebertstrasse 4
81675 München (DE)

(56) References cited:  
EP-A- 1 076 105 EP-A- 1 149 928
EP-A- 1 285 972 JP-A- 10 204 580
JP-A- 2000 290 730 JP-A- 2001 323 355
JP-A- 2002 173 756 US-A1- 2001 031 377
US-A1- 2002 160 221  



EP 1 612 288 B9

3

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] The present invention relates to a process of production of a high strength molten zinc plated steel sheet able
to be utilized as steel sheet for an automobile and using as a material a high strength steel sheet containing Si and Mn.
[0002] In the auto industry, demand has been rising for steel sheet provided with the properties of both shapeability
and high strength so as to achieve both lighter weight of the chassis to deal with environmental problems and safety in
collisions.
[0003] To deal with these needs, JP-A-5-59429 discloses steel sheet utilize the transformation-induced plasticity
exhibiting a high ductility by the transformation of the residual austenite in the steel sheet structure to martensite at the
time of shaping. This type of steel sheet for example forms a complex structure by the addition of for example C in 0.05
to 0.4 wt%, Si in 0.2 to 3.0 wt%, and Mn in 0.1 to 2.5 wt% in the steel and controlling the temperature pattern in the
process of annealing in the two-phase region, then cooling and is characterized in that the desired properties can be
brought out without the use of expensive alloy elements.
[0004] When zinc plating this steel sheet by a continuous molten zinc plating system, usually the surface of the steel
sheet is degreased, the surface is cleaned, then, for the purpose of forming the above-mentioned structure, the sheet
is heated in an nonoxidizing furnace to form an iron oxide layer of a thickness of 50 nm to 1 Pm or so on the surface of
the steel sheet, annealing the sheet in a reducing furnace to reduce the iron oxide layer, then dipping the sheet in a
molten zinc plating bath to plate it with zinc.
[0005] Steel sheet, however, contains large amounts of easily oxidizing elements such as Si and Mn compared with
the ordinary deep drawn cold-rolled steel sheet etc., so there is the problem that the surface of the steel sheet is easily
formed with Si oxides, Mn oxides, or Si and Mn complex oxides in the heat treatment performed in the above series of
steps. However, in industrial scale systems, it is difficult to reduce the oxygen potential of the atmosphere in the heating
step to an extent where Si or Mn will not be oxidized, so formation of Si and Mn oxides at the surface of the steel sheet
is substantially unavoidable. Further, if the surface of the steel sheet is formed with an Si oxide layer or Mn oxide layer,
there are the problems that in the process of production of the molten zinc plated steel sheet, the wettability between
the surface of the steel sheet and the molten plating remarkably deteriorates so the plating will not be deposited at parts
and the surface of the steel surface will be exposed, that is, the phenomenon of "plating gaps" will arise, and the
bondability of the plating will deteriorate. In particular, plating gaps are normally on the millimeter order in size, so its
presence can be seen.
[0006] To deal with this problem JP-A-55-122865 discloses the method of forming a 40 to 1000 nm iron oxide layer
on the surface of a steel sheet in a heat treatment step by a nonoxidizing furnace in a continuous molten zinc plating
step so as to prevent outward diffusion of the Si or Mn in the reduction step, suppress the formation of the Si oxide layer,
and improve the plating properties. With this method, however, if the reduction time is too long for the thickness of the
iron oxide layer, Si will become dense at the surface of the steel sheet and an Si oxide layer will be formed, while if the
reduction time is too short, iron oxide will remain on the surface of the steel sheet and the wettability will not be improved.
Further, in recent continuous molten zinc plating systems, annealing systems using radiant type heating furnaces rather
than nonoxidizing furnaces are becoming the mainstream. In such systems, there was the problem that the above method
could not be used.
[0007] JP-A-2-38549 proposes a method of pre-plating the surface of the steel sheet before annealing with the purpose
of suppression outward diffusion of Si or Mn. However, with the pre-plating method, a plating system is required, so this
cannot be employed when there is no space. Further, with steel sheet containing a large amount of Si or Mn, there was
the problem that an increase in the amount of pre-plating is required and a drop in the productivity is invited.
[0008] Further, JP-A-2000-309824 discloses as a method for preventing selective oxidation of the Si or Mn at the time
of annealing the method of hot rolling the steel sheet, then heat treating it in the state with the black skin scale still
attached in an atmosphere where reduction will substantially not occur and in a temperature range of 650 to 950°C so
as to form a sufficient internal oxide layer in the base iron surface layer. With this method, however, in addition to the
conventional continuous molten zinc plating step, a heat treatment step for forming the internal oxide layer and a pickling
treatment step become necessary, so there was the problem that a rise in production costs was invited.
[0009] EP-A-1 149 928 discloses a hot dip galvanized steel plate excellent in balance of strength and ductility and in
adhesiveness between steel and plating layer.
[0010] US-A-2001/0031377 discloses a hot-dip galvanized steel sheet having high tensile strength, good formability,
and good surface appearance even though the base steel sheet contains Si and Mn in a comparatively large amount
and hence is prone to suffering bare spots.
[0011] US-A-2002/0160221 discloses a hot-dip galvanized steel sheet having excellent adhesion with a zinc plated
layer, high tensile strength, and good formability even when a steel sheet contains a large amount of Si and Mn.
[0012] JP-A-10-204580 discloses a hot-dip galvanized hot rolled steel plate with high strength in which oxides formed
in grain boundaries and/or in the grains of the surface layer part of the steel plate are formed during coiling at high
temperature of 650°C and then cooled to 50°C/hr.
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[0013] In view of the above problems, the present invention has an object to provide a method for producing a molten
zinc plated steel sheet superior in strength and shapeability, free from plating gaps or other plating defects, and provided
with good plating bondability. Further, the present invention has another object to provide a method of producing this
molten zinc plating steel sheet at a low cost without modification of the system or addition of steps to a conventional
continuous molten zinc plating production system.
[0014] To solve the above problems, the inventors engaged in intensive studies and as a result newly discovered that,
in the recrystallization annealing step before molten plating, by forming inside the surface layer of the steel sheet oxide
particles of at least one type selected from an Al oxide, Si oxide, Mn oxide, or complex oxide of Al, Si, and Mn alone or
in combination and suppressing the amount of production of the external oxide layer produced on the surface of the
steel sheet, the wettability or bondability of the surface of the steel sheet with the plating is improved and enabled the
production of molten zinc plated steel sheet with a good plateability and superior in strength and shapeability.
[0015] Further, the inventors discovered that the above molten zinc plated steel sheet can be obtained by adjusting
the ratio PH2O/PH2 of the steam partial pressure and hydrogen partial pressure of the atmosphere in the reducing
furnace in the recrystallization annealing step of a continuous molten zinc plating system to 

with respect to the heating temperature T (°C), forming oxide particles at a region from the surface of the steel sheet to
a depth of 2 Pm, then performing molten zinc plating treatment.
[0016] Thus, the objects above can be achieved by the features specified in the claims.
[0017] The invention is described in details in conjunction with the drawings, in which:

FIG. 1 is a schematic view of an example of the cross-section of a molten zinc plated steel sheet of the present
invention.

[0018] The molten zinc plated steel sheet produced by the present invention is characterized by being provided with
both a superior press formability and strength and by being superior in plating bonding free from plating defects such
as plating gaps.
[0019] To impart this characterizing feature, first, to secure the ductility and strength of the steel sheet itself, the
ingredients of the steel sheet are made, by wt%, C: 0.05 to 0.40%, Si: 0.2 to 3.0%, Mn: 0.1 to 2.5%, and the balance of
Fe and unavoidable impurities.
[0020] The reasons for addition of the additive elements to the steel sheet base material of the molten zinc plated
steel sheet to be produced by the present invention will be explained below.
[0021] C is an element added for stabilizing the austenite phase of the steel sheet. If the amount of addition is less
than 0.05%, its effect cannot be expected. Further, if over 0.40%, the weldability is degraded and there are other
detrimental effects in actual use of the molten zinc plated steel sheet produced by the present invention, so the amount
of addition of C was made 0.05% to 0.4%.
[0022] Si is an element added for enabling the stable presence of an austenite phase even at room temperature due
to the action of increasing the concentration of C in the austenite phase. Further, Si has the action of forming an internal
oxide and finely dispersing inside the surface layer of the steel sheet in the recrystallization annealing step to improve
the wettability of the steel sheet interface at the time of molten zinc plating and improve the bondability of the plating
layer in the final product. If the amount added is less than 0.2%, its effect cannot be expected, while if over 3.0%, the
internal oxide film is formed thickly - inviting peeling of the plating, so the amount added of Si is made 0.2% to 3.0%.
[0023] Mn is added for preventing the austenite phase from transforming to pearlite in the heat treatment step. Further,
Mn, in the same way as Si, has the action of forming an internal oxide and finely dispersing inside the surface layer of
the steel sheet in the recrystallization annealing step to improve the wettability of the steel sheet interface at the time of
molten zinc plating and improve the bondability of the plating layer in the final product. If the amount added is less than
0.1%, these effects are nonexistent, while if over 2.5%, the welded parts break and there are other detrimental effects
in actual use of the molten zinc plated steel sheet produced by the present invention, so the concentration of the Mn
added was made 0.1% to 2.5%.
[0024] The steel sheet base material basically contains the above elements, but the added elements are not limited
to just these elements. It is also possible to add elements already known to have action to improve the properties of the
steel sheet.
[0025] P is added in accordance with the required level of strength as an element raising the strength of the steel
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sheet. If the amount added is large, it will segregate at the grain boundaries and cause the local ductility to deteriorate,
so the upper limit is made 0.05%. The lower limit is made 0.001% because reduction over this would lead to an increase
in the cost at the time of refining at the steel-making stage.
[0026] S is an element causing deterioration of the local ductility and weldability by the production of MnS and is an
element which is preferably present in the steel, so the upper limit is made 0.05%. The lower limit is made 0.001% due
to the increase in cost at the time of refining in the steel-making stage in the same way as P.
[0027] Al is an element effective for improving the press formability of the steel sheet. Further, Al has the action of
forming an internal oxide and finely dispersing inside the surface layer of the steel sheet in the recrystallization annealing
step in the same way as the above Si and Mn to improve the wettability of the steel sheet interface at the time of molten
zinc plating and improve the bondability of the plating layer in the final product. Therefore, Al is preferably at least 0.01%,
but excessive addition of Al would invite degradation of the plating properties and an increase in inclusions, so the
amount added of Al is preferably not more than 2%.
[0028] Further, for example, it is also possible to add, among B, Ti, V, Cr, and Nb having the effect of improvement
of quenching, B in an amount of 0.0005% to less than 0.01%, Ti of 0.01% to less than 0.1%, V of 0.01% to less than
0.3%, Cr of 0.01% to less than 1%, and Nb of 0.01% to less than 0.1%. These elements are added with the expectation
of improving the quenchability of the steel sheet, so if less than the above added concentrations, no effect of improvement
of the quenchability can be expected. Further, inclusion in an amount over the upper limit of the above added concentration
is possible, but the effect becomes saturated and an effect of improvement of quenchability commensurate with the cost
can no longer be expected.
[0029] Further, for example, it is also possible to add Ni, Cu, Co, Mo, and other elements having the effect of improve-
ment of strength in amounts of 0.01% to less than 2.0%. These elements are added in the expectation of the effect of
improvement of strength. If less than the prescribed concentration, no effect of improvement of the strength can be
expected. On the other hand, an excessive content of Ni, Cu, Co, or Mo leads to excessive strength or a rise in the alloy
costs. Further, the sheet may also contain P, S, N, and other generally unavoidable elements.
[0030] The zinc plated steel sheet produced by the present invention is preferably made a steel sheet structure including
at least 2% by vol% of an austenite phase in the ferrite phase to impart superior processability and strength due to
processing-induced transformation at room temperature. If the vol% of the austenite phase exceeds 20%, if shaped
extremely strictly, there is a higher possibility of the existence of a large amount of martensite in the press formed state.
This sometimes causes a problem in the secondary processing or impact properties. Therefore, the vol% of austenite
is preferably not more than 20%. Further, as another structure, it is also possible to contain hard bainite in a vol% of not
more than 10%. The bainite transformation effectively concentrates the carbon in the austenite in the microstructure
and stabilizes the austenite, but if over 10% in vol%, the necessary amount of bainite can no longer be secured.
[0031] The vol% in the microstructure can be found by observation of the microstructure by an optical microscope or
scanning electron microscope (SEM) for ferrite, while the vol% of austenite can be found by evaluating the evaluating
the integrated strengths of the diffraction peaks corresponding to ferrite and austenite by X-ray diffraction using an Mo
tube. Further, the bainite can be found from the values of the vol% of the ferrite and austenite.
[0032] The composition of the plating layer of the molten zinc plated steel sheet produced by the present invention is
made, by wt%, Al of 0.01 to 1% and a balance of Zn and unavoidable impurities.
[0033] The reason is that with normal molten zinc plating with less than 0.01% of Al, at the time of plating, a Zn-Fe
alloying reaction occurs, a brittle alloy layer forms at the plating/steel sheet interface, and the plating bondability dete-
riorates. If over 1%, the growth of the Fe-Al alloy layer becomes remarkable and the plating bondability is inhibited.
Further, the basis weight of the plating is not particularly limited, but it is preferably at least 10 g/m2 from the viewpoint
of the corrosion resistance and not more than 150 g/m2 from the viewpoint of the processability.
[0034] Next, the structure of a molten zinc plated steel sheet produced by the present invention will be explained.
[0035] FIG. 1 is a schematic view of the cross-section of a molten zinc plated steel sheet of an example produced by
the present invention. The molten zinc plated steel sheet produced by the present invention is characterized by containing
inside the steel sheet within 2 Pm from the interface of the plating layer and steel sheet oxide particles comprised of at
least one type of oxide of A1 oxide, Si oxide, Mn oxide, or a complex oxide comprised of at least two of Al, Si, and Mn
alone or in combination. In the molten zinc plated steel sheet produced by the present invention, in the prior method,
the oxides which had been the cause of inhibiting bondability of the plating layer due to formation at the surface of the
steel sheet are formed finely dispersed inside the steel sheet within 2 Pm from the interface of the steel sheet, so the
wettability of the surface of the steel sheet at the time of molten zinc plating is improved and the plating layer and steel
layer directly react, whereby the bondability of the plating layer at the final product is improved.
[0036] Note that the oxide particles are silicon oxide, manganese oxide, manganese silicate, aluminum oxide, aluminum
silicate, manganese aluminum oxide, and manganese aluminum silicate.
[0037] The size of the oxide particles present inside the steel sheet near the plating layer/steel sheet interface is not
more than 1 Pm. The reason is that if the average diameter of the oxide particles is more than 1 Pm, at the time of
processing the molten zinc plated steel sheet, the oxide particles easily become starting points of fracture and the
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corrosion resistance of the processed parts is degraded, that is, detrimental effects easily occur when putting the molten
zinc plated steel sheet into practical use.
[0038] Note that the "average diameter" of the oxide particles referred to in the present invention indicates the average
equivalent circular diameter of the oxide particles detected by observation of the cross section of the steel sheet. The
shape of the oxide particles may be spherical, plate-like, or conical.
[0039] As the method of measuring the average diameter of the oxide particles, the method may be mentioned of
polishing the cross section of the molten zinc plated steel sheet or using a focused ion beam processing system to finely
process the sheet to expose the cross section and thereby prepare a sample, then analyzing it by observation by a
scanning electron microscope, plane analysis by X-ray microanalysis, or plane analysis by Auger electron spectroscopy.
Further, it is possible to process the cross section of the steel sheet to a thin piece so as to include the plating layer,
then observe this by a transmission type electron microscope. In the present invention, the image data obtained by these
analysis methods is analyzed to calculate the equivalent circular diameter of the oxide particles. The average value
should be not more than 1 Pm. Particles of more than 1 Pm may also be included in the observed region.
[0040] Further, the content of the oxide particles in the steel sheet is not particularly limited, but the steel sheet contains
the particles in a density of not more than 1x1011 particles/cm2. Excess oxide particles of over 1x1011 particles/cm2

become a cause of peeling of the plating layer.
[0041] Next, the process of production of the molten zinc plated steel sheet of the present invention will be explained.
[0042] In the present invention, a continuous molten zinc plating system is used for molten zinc plating of the above
high strength steel sheet.
[0043] In the process of production of a molten zinc plated steel sheet of the present invention, the heating pattern is
set so that the steel sheet becomes the above desired structure in the recrystallization annealing step of the continuous
molten zinc plating system. That is, a reducing furnace is used to anneal steel sheet in a two-phase coexisting region
of 650 to 900°C for 30 seconds to 10 minutes.
[0044] The atmosphere in the reducing furnace is made nitrogen gas including hydrogen gas in a range of 1 to 70
wt%. Steam is introduced into the furnace to adjust the ratio (PH2O/PH2) of the steam partial pressure and hydrogen
partial pressure of the atmosphere. In the present invention, the ratio PH2O/PH2 of the steam partial pressure and
hydrogen partial pressure of the atmosphere of the reducing furnace is adjusted to 

with respect to the heating temperature T (°C) in the recrystallization annealing step.
[0045] The reason for limiting the ratio PH2O/PH2 of the steam partial pressure and hydrogen partial pressure of the
atmosphere of the reducing furnace to the above range is as follows. That is, in the present invention, since the steel
sheet contains Si in an amount of at least 0.2 wt% and Mn in at least 0.1 wt%, if PH2O/PH2 is less than 1.4x10-10T2-
1.0x10-7T+5.0x10-4, an external oxide film is formed on the surface of the steel sheet and poor bonding of the plating
occurs. Further, in the present invention, the Si added to the steel sheet is not more than 3.0 wt% and Mn not more than
2.5 wt%, so if PH2O/PH2 exceeds 6.4x10-7T2+1.7x10-4T-0.1, fayalite and other Fe oxides are formed and plating gaps
arise. By annealing by the above method, it is possible to form in a region from the surface of the steel sheet to a depth
of 2 Pm a structure having least one type of oxide particles selected from Al oxide, Si oxide, Mn oxide, or a complex
oxide comprised of at least two of Al, Si, and Mn alone or in combination.
[0046] Next, in the plating step, the steel sheet is cooled at a cooling rate of 2 to 200°C per second to a temperature
range of 350 to 500°C, held there for 5 seconds to 20 minutes, then plated by being dipped in a molten zinc plating bath
comprised of, by wt%, Al in an amount of 0.01 to 1% with the balance of Zn and unavoidable impurities. The temperature
and dipping time of the plating bath at this time are not particularly limited. Further, the example of the heating and
cooling patterns in the plating step does not limit the present invention.
[0047] Further, when forming the plating layer structure of the present case, sometimes part of the oxides inside the
surface layer of the steel sheet migrate to the plating layer, but this is allowable so long as a trace amount not affecting
the effect of the present case.
[0048] After the molten zinc plating, the steel sheet is cooled at a cooling rate of at least 5°C/sec to below 250°C. Due
to this, a steel sheet structure suppressed in decomposition of the austenite phase and including the desired austenite
phase is obtained.
[0049] Below, the present invention will be explained in detail by examples, but the present invention is not limited to
these examples.
[0050] The test steel sheets shown in Table 1 were treated for recrystallization annealing and plating by a continuous
molten zinc plating system in accordance with the conditions shown in Table 2. The molten zinc plating bath was adjusted
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to a bath temperature of 460°C and a bath composition of Al of 0.1 wt% and the balance of Zn and unavoidable impurities.
The atmosphere of the reducing furnace was adjusted to a ratio of the steam partial pressure and hydrogen partial
pressure (PH2O/PH2) by introducing steam into N2 gas to which H2 gas is added in an amount of 10 wt% to adjust the
amount of introduction of steam. The annealing temperature and PH2O/PH2 were set to the values shown in Table 2,
each of the steel sheets shown in Table 1 was recrystallization annealed, then was dipped in the plating bath. The
amount of plating was adjusted to 60 g/m2 by nitrogen gas wiping.

[0051] The strength of the steel sheets was evaluated by JIS Z 2201. A tensile strength of 490 MPa or more was
judged as passing. The elongation of the steel sheets was evaluated by obtaining a JIS No. 5 tensile test piece and
performing an ordinary temperature tensile test at a gauge thickness of 50 mm and a tensile rate of 10 mm/min. A sheet
exhibiting an elongation of 30% or more was judged as passing.
[0052] The oxide particles inside the steel sheet within 2 Pm from the interface of the plating layer and steel sheet
were evaluated by polishing the cross section of the plated steel sheet to expose it and observing it and capturing an
image of the oxide particles by an SEM. The image captured by the SEM was digitalized and the parts with a brightness
corresponding to the oxides were extracted by image analysis to prepare a digital image. The prepared digital image
was cleared of noise, then the equivalent circular diameters of the particles were measured and the average value of
the equivalent circular diameters was found for the particles as a whole detected in the observed field.
[0053] The plating gaps were evaluated by visually observing the appearance of the steel sheet after zinc plating and
deeming as passing steel sheet where presence of plating gaps could not be recognized. Further, the bondability of the
plating was evaluated by investigating the powdering. Specifically, this was by bending a steel sheet by 180 degrees,
bonding cellophane tape at the bent part, peeling it off, measuring the peeling width of the plating layer stuck to the tape,
and deeming as passing steel sheets with a peeling width of over 3 mm.
[0054] Table 3 shows the results of the evaluation. From Table 3, the test materials subjected to the molten zinc plating
which passed in strength, elongation, plating bondability, and appearance were all examples of the present invention.
The comparative examples either passed in the strength and elongation, but failed in peeling bondability or passed in
strength and peeling bondability, but failed in elongation.

Table 1

Test material 
code

Composition (wt%) Remarks

C Si Mn Al P S Ti Nb Ni Cu

NA 0.11 1.21 1.29 0.004 0.004 Invention

A 0.098 0.23 1.59 0.09 0.004 0.006 0.02 0.6 0.2 Invention

B 0.112 0.21 1.55 0.68 0.005 0.007 0.02 0.01 0.01 0.2 Invention

C 0.102 1.52 1.49 0.04 0.005 0.005 0.002 Invention

D 0.061 1.41 2.28 0.29 0.004 0.006 Invention

E 0.099 1.51 0.55 0.21 0.005 0.004 Invention

F 0.115 0.11 1.44 0.47 0.006 0.003 Comp. ex.

Table 2

Processing condition no. Annealing temp. (°C) PH2O/PH2 Remarks

1 705 0.01 Invention ex.

2 705 0.0004 Comp. ex.

3 802 0.01 Invention ex.

4 802 0.03 Invention ex.

5 802 0.0004 Comp. ex.

6 802 0.0003 Comp. ex.

7 900 0.02 Invention ex.

8 902 0.0004 Comp. ex.
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Table 3

Steel 
sheet 
code

Treatment 
condition 
no.

Average 
size of 
oxide 
particles 
(Pm)

Type of 
oxide

Strength Elongation Plating 
gaps

Bondability Remarks

NA 3 0.21 SO, MO, 
MSO

P P P P Invention 
ex.

NA 4 0.27 SO, MO, 
MSO

P P P P Invention 
ex.

NA 5 ND - P P F F Comp. 
ex.

NA 7 0.41 SO, MO, 
MSO

P P P P Invention 
ex.

NA 8 ND - P P F F Comp. 
Ex.

A 3 0.09 SO, MO, 
MSO

P P P P Invention 
ex.

A 4 0.32 SO, MO, 
MSO

P P P P Invention 
ex.

A 5 ND - P P F F Comp. 
Ex.

A 7 0.41 SO, MO, 
MSO

P P P P Invention 
ex.

A 8 ND - P P F F Comp. 
Ex.

B 1 0.22 SO, MO, 
AO, ASO, 
MSO, 
MAO, 
MASO

P P P P Invention 
ex.

B 2 ND - P P F F Comp. 
Ex.

B 3 0.1 SO, MO, 
AO, ASO, 
MSO, 
MAO, 
MASO

P P P P Invention 
ex.

B 4 0.13 SO, MO, 
AO, ASO, 
MSO, 
MAO, 
MASO

P P P P Invention 
ex.

B 5 ND - P P F F Comp. 
Ex.

B 6 ND - P P F F Comp. 
Ex.
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(continued)

Steel 
sheet 
code

Treatment 
condition 
no.

Average 
size of 
oxide 
particles 
(Pm)

Type of 
oxide

Strength Elongation Plating 
gaps

Bondability Remarks

C 1 0.38 SO, MO, 
MSO

P P P P Invention 
ex.

C 2 ND - P P F F Comp. 
Ex.

C 3 0.39 SO, MO, 
MSO

P P P P Invention 
ex.

C 4 0.35 SO, MO, 
MSO

P P P P Invention 
ex.

C 5 ND - P P F F Comp. 
Ex.

C 6 ND - P P F F Comp. 
Ex.

C 7 0.27 SO, MO, 
MSO

P P P P Invention 
ex.

C 8 ND - P P F F Comp. 
Ex.

D 3 0.49 SO, MO, 
AO, ASO, 
MSO, 
MAO, 
MASO

P P P P Invention 
ex.

D 4 0.42 SO, MO, 
AO, ASO, 
MSO, 
MAO, 
MASO

P P P P Invention 
ex.

D 5 ND - P P F F Comp. 
Ex.

D 6 ND - P P F F Comp. 
Ex.

E 3 0.31 SO, MO, 
AO, ASO, 
MSO, 
MAO, 
MASO

P P P P Invention 
ex.

E 4 0.25 SO, MO, 
AO, ASO, 
MSO, 
MAO, 
MASO

P P P P Invention 
ex.

E 5 ND - P P F F Comp. 
Ex.

E 6 ND - P P F F Comp. 
Ex.
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[0055] The molten zinc plated steel sheet procluced by the present invention is a steel sheet having the oxides
containing Si and Mn inhibiting the plateability formed inside the steel sheet which is superior in plating bondability and
provided with both strength and shapeability. According to the process of production of the present invention, it is possible
to produce this at a low cost by just changing the operating conditions of an existing continuous zinc plating production
system.

Claims

1. A process of production of a high strength molten zinc plated steel sheet characterized by comprising the steps of:

preparing a steel sheet containing, in mass%, C: 0.05 to 0.40%, Si: 0.2 to 3.0%, Mn: 0.1 to 2.5%, and optionally
containing one or more of P: 0.001 to 0.05%, S: 0.001 to 0.05%, A1: 0.01 to 2%, B: 0.0005 to less than 0.01%,
Ti: 0.01 to less than 0.1%, V: 0.01 to less than 0.3%, Cr: 0.01 to less than 1%, Nb: 0.01 to less than 0.1%, Ni:
0.01 to less than 2.0%, Cu: 0.01 to less than 2.0%, Co: 0.01 to less than 2.0%, Mo: 0.01 to less than 2.0% with
the balance being Fe and unavoidable impurities and having austenite phase volume ratio in ferrite phase of
more than 2% and less than 20%,
adusting a temperature T at a recrystallization annealing step in a reducing furnace having an atmosphere of
nitrogen including hydrogen gas in a range of 1 to 70% equipped in a continuous hot dip galvanizing furnace
in the range of 650 to 900°C, and adjusting the atmosphere in the reducing furnace by introducing steam so as
to have a ratio of PH2O/PH2 of the steam partial pressure PH2O and hydrogen partial pressure PH2 of the
atmosphere of said reducing furnace so as to fulfil the equation: 1.4 x 10-10 x T2 - 1.0 x 10-7 x T + 5.0 x 10-4 ≤
PH2O/PH2 ≤ 6.4 x 10-7 x T2 - 1.7 x 10-4 x T -0.1,
recrystallization annealing the steel sheet in a dual phase temperature region of 650 to 900°C for 30 seconds
to 10 minutes in the reducing furnace for forming oxides of at least one type of oxide selected from an Al oxide,
Si oxide, Mn oxide, or complex oxide comprised of at least two of Al, Si, and Mn inside the steel sheet within 2
Pm from the interface of the steel sheet, the oxides having an average diameter of the particle size of 0.001 to
1 Pm of internal oxides having 1 x 1011 pieces/cm2 or less,
cooling the steel sheet to 350 to 500°C with a cooling rate of 2°C/sec to 200°C/sec,
then maintaining this temperature range for 5 seconds to 20 minutes,
performing hot dip galvanizing in the molten zinc bath containing A1: 0.01 to 1 mass% and the balance being Zn,
cooling the galvanized plated steel sheet to below 250°C with a cooling rate of at least 5°C/sec.

Patentansprüche

1. Verfahren zur Herstellung eines hochfesten zinkschmelzenplattierten Stahlblechs, dadurch gekennzeichnet, daß
es die Schritte aufweist:

(continued)

Steel 
sheet 
code

Treatment 
condition 
no.

Average 
size of 
oxide 
particles 
(Pm)

Type of 
oxide

Strength Elongation Plating 
gaps

Bondability Remarks

F 1 0.12 MO, AO, 
ASO, 
MSO, 
MAO, 
MASO

P F P P Comp. 
Ex.

F 5 ND - P F F F Comp. 
Ex.

* P: pass, F: fail, ND: not detected. * Types of oxides: silicon oxide: SO, manganese oxide: MO, aluminum oxide:
AO, aluminum silicate: ASO, manganese silicate: MSO, manganese aluminum oxide: MAO, manganese aluminum
silicate: MASO
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Herstellen eines Stahlblechs, das in Masse-% 0,05 bis 0,40 % C, 0,2 bis 3,0 % Si, 0,1 bis 2,5 % Mn enthält und
optional 0,001 bis 0,05 % P, 0,001 bis 0,05 % S, 0,01 bis 2 % Al, 0,0005 bis unter 0,01 % B, 0,01 bis unter 0,1
% Ti, 0,01 bis unter 0,3 % V, 0,01 bis unter 1 % Cr, 0,01 bis unter 0,1 % Nb, 0,01 bis unter 2,0 % Ni, 0,01 bis
unter 2,0 % Cu, 0,01 bis unter 2,0 % Co und/oder 0,01 bis unter 2,0 % Mo enthält, wobei der Rest Fe und
unvermeidliche Verunreinigungen ist, und einen Austenitphasen-Volumenanteil in der Ferritphase von über 2
% und unter 20 % hat,
Einstellen einer Temperatur T in einem Rekristallisationsglühschritt in einem Reduktionsofen mit einer Atmo-
sphäre aus Stickstoff mit Wasserstoffgas in einem Bereich von 1 bis 70 %, der in einem kontinuierlichen Feu-
erverzinkungsofen vorgesehen ist, im Bereich von 650 bis 900 °C, und
Einstellen der Atmosphäre im Reduktionsofen durch Dampfeinleitung, um ein Verhältnis PH2O/PH2 des Dampf-
partialdrucks PH2O und Wasserstoffpartialdrucks PH2 der Atmosphäre des Reduktionsofens so zu haben, daß
die Gleichung 1,4 x 10-10 x T2 - 1,0 x 10-7 x T + 5,0 x 10-4 ≤ PH2O/PH2 6, 4 x 10-7 x T2 - 1,7 x 10-4 x T - 0,1 erfüllt ist,
30-sekündiges bis 10-minütiges Rekristallisationsglühen des Stahlblechs in einem Zweiphasen-Temperatur-
bereich von 650 bis 900 °C im Reduktionsofen zur Bildung von Oxiden mit mindestens einer Oxidart, die aus
einem Al-Oxid, Si-Oxid, Mn-Oxid oder Komplexoxid mit mindestens zwei Elementen aus Al, Si und Mn ausge-
wählt ist, im Inneren des Stahlblechs innerhalb von 2 Pm von der Grenzfläche des Stahlblechs, wobei die Oxide
einen mittleren Durchmesser der Teilchengröße von 0,001 bis 1 Pm interner Oxide mit höchstens 1 x 1011

Stück/cm2 haben,
Abkühlen des Stahlblechs auf 350 bis 500 °C mit einer Abkühlungsgeschwindigkeit von 2 °C/s bis 200 °C/s,
anschließendes 5-sekündiges bis 20-minütiges Halten dieses Temperaturbereichs,
Durchführen von Feuerverzinkung im Zinkschmelzenbad, das 0,01 bis 1 Masse-% Al und als Rest Zn enthält,
Abkühlen des galvanisierten plattierten Stahlblechs auf unter 250 °C mit einer Abkühlungsgeschwindigkeit von
mindestens 5 °C/s.

Revendications

1. Procédé de production d’une tôle d’acier à résistance élevée revêtue de zinc fondu, caractérisé en ce qu’il comprend
les étapes consistant à :

préparer une tôle d’acier comprenant, en pourcentage en masse : C : 0,05 à 0,40 %, Si : 0,2 à 3,0 %, Mn : 0,1
à 2,5 %, et contenant en option un ou plusieurs parmi P : 0,001 à 0,05 %, S : 0,001 à 0,05 %, Al : 0,01 % à 2
%, B : 0,0005 à moins de 0,01 %, Ti : 0,01 à moins de 0,1 %, V : 0,01 à moins de 0,3 %, Cr : 0,01 à moins de
1%, Nb : 0,01 à moins de 0,1 %, Ni : 0,01 à moins de 2,0 %, Cu : 0,01 à moins de 2,0 %, Co : 0,01 à moins de
2,0 %, Mo : 0,01 à moins de 2,0 %, le reste étant du Fe et des impuretés inévitables, et présentant un rapport
en volume de la phase austénite à la phase ferrite de plus de 2 % et de moins de 20 % ;
régler une température T à une étape de recuit de recristallisation dans un four de réduction ayant une atmos-
phère d’azote comprenant du gaz hydrogène dans une plage de 1 à 70 %, équipant un four de galvanisation
à chaud en continu, dans la plage de 650 à 900 °C, et régler l’atmosphère dans le four de réduction en introduisant
de la vapeur d’eau de manière à obtenir un rapport de PH2O/PH2 de la pression partielle de la vapeur d’eau
PH2O à la pression partielle de l’hydrogène PH2 dans l’atmosphère dudit four de réduction afin de satisfaire
l’équation : 1,4�10-10�T2-1,0�10-7�T+5,0�10-4 ≤ PH2O/PH2 ≤ 6,4�10-7�T2-1,7�10-4 �T-0,1;
effectuer un recuit de recristallisation de la tôle d’acier dans une région de température à phase double de 650
à 900 °C pendant 30 secondes à 10 minutes dans le four de réduction pour former des oxydes d’au moins un
type d’oxyde sélectionné parmi un oxyde d’aluminium, un oxyde de silicium, un oxyde de manganèse ou un
oxyde complexe composé d’au moins deux parmi l’aluminium, le silicium et le manganèse, à l’intérieur de la
tôle d’acier dans la limite de 2 Pm depuis l’interface de la tôle d’acier, les oxydes présentant un diamètre moyen
de la taille des particules de 0,001 à 1 Pm d’oxydes internes présentant 1 x 1011 particules/cm2 ou moins ;
refroidir la tôle d’acier à 350 à 500 °C à une vitesse de refroidissement allant de 2 °C/s à 200 °C/s ;
puis maintenir cette plage de températures pendant 5 secondes à 20 minutes ;
réaliser une galvanisation à chaud dans le bain de zinc fondu contenant de l’aluminium à raison de 0,01 à 1 %
en masse, le reste étant du zinc,
refroidir la tôle d’acier galvanisée au-dessous de 250 °C à une vitesse de refroidissement d’au moins 5 °C/s.
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