87147010 A1 I L0 0O 00O O OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
4 December 2008 (04.12.2008)

(10) International Publication Number

WO 2008/147010 Al

(51) International Patent Classification:
C23C 2/06 (2006.01)

(21) International Application Number:
PCT/KR2007/006920

(22) International Filing Date:
28 December 2007 (28.12.2007)

Korean
English

(25) Filing Language:
(26) Publication Language:

(30) Priority Data:
10-2007-0053377 31 May 2007 (31.05.2007) KR

(71) Applicant (for all designated States except US): POSCO
[KR/KR]; 1 Koedong-dong, Nam-gu, Pohang, Kyungsang-
book-do 790-300 (KR).

(72) Inventors; and

(75) Inventors/Applicants (for US only): HONG, Moon
Hi [KR/KR]; ¢/o Gwangyang Iron & Steel Works 700,
Geumho-dong, Gwangyang, Jeollanam-do 545-711 (KR).
AHN, Jae Hyung [KR/KR]; c/o Gwangyang Iron &
Steel Works 700, Geumho-dong, Gwangyang, Jeol-
lanam-do 545-711 (KR). CHO, Yong Kyun [KR/KR];
c/o Gwangyang Iron & Steel Works 700, Geumho-dong,
Gwangyang, Jeollanam-do 545-090 (KR). CHO, Noi
Ha [KR/KR]; c/o Gwangyang Iron & Steel Works 700,

(74)

(81)

(34)

Geumho-dong, Gwangyang, Jeollanam-do 545-711 (KR).
HAN, Kwang Hum [KR/KR]; c/o Gwangyang Iron
& Steel Works 700, Geumho-dong, Gwangyang, Jeol-
lanam-do 545-711 (KR). HWANG, Gyu Sam [KR/KR];
c/o Gwangyang Iron & Steel Works 700, Geumho-dong,
Gwangyang, Jeollanam-do 545-711 (KR). CHOI, Young
Min [KR/KR]; ¢/o Gwangyang Iron & Steel Works 700,
Geumho-dong, Gwangyang, Jeollanam-do 545-090 (KR).

Agent: C & S LOGOS PATENT AND LAW OFFICE,
13th Floor, Seocho-Pyunghwa Building, 1451-34 Seocho-
dong, Seocho-gu, Seoul 137-070 (KR).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP,KZ, LA, LC, LK, LR,
LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW, MX,
MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO,
RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

[Continued on next page]

(54) Title: GALVANNEALED STEEL SHEET HAVING SUPERIOR ADHESIVENESS OF PLATED FILM AND METHOD

FOR MANUFACTURING THE SAME

[Fig. 1]
(a)

<CONVENTIONAL GA> <CONVENTIO

(b)

(c)

NAL GI> <PSM STEEL SHEET>

(57) Abstract: There are provided a galvannealed steel sheet used in an inner plate or an outer plate of an automobile, and a method
for manufacturing the same. The galvannealed steel sheet having excellent adhesiveness to zinc coating layer has a galvannealed
& coating layer formed in at least one surface thereof, wherein a Fe content of the galvannealed coating layer is in a range from 5 to
& 9%, and has an eta phase and a zeta phase as a Zn-Fe phase. Also, the method for manufacturing a galvannealed steel sheet includes:
galvanizing a steel sheet, and alloying the galvannealed steel sheet at a temperature of 470 to 530°C so that an alloyed coating layer
has a Fe content of 5 to 9% and has an eta phase and a zeta phase as a Zn-Fe phase. The hybrid galvannealed steel sheet having
advantages of both a galvanizing steel sheet (GI) and a galvannealed steel sheet (GA) may be useful to improve general physical
properties such as weldability, powdering resistance, adhesion to a bond, etc.
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Description

GALVANNEALED STEEL SHEET HAVING SUPERIOR

[1]

[2]

[3]

[4]

[5]

[6]

ADHESIVENESS OF PLATED FILM AND METHOD

FOR MANUFACTURING THE SAME
Technical Field

The present invention relates to a galvannealed steel sheet used in an inner plate or
an outer plate of an automobile and a method for manufacturing the same, and more
particularly, to a galvannealed steel sheet capable of solving the film peeling problem
caused due to the low interfacial adhesion that is one of disadvantages of a gal-
vannealed steel sheet (GA), and also improving the poor weldahility that is one of dis-

advantages of a galvanizing steel sheet (GI), and a method for manufacturing the same.

Background Art

Recently, as attentions have been taken to environment-friendly issues, high-strength
galvannealed steel sheets tends to be increasingly used in the field of automobiles in
aspect of the safety, light weight and light duty of the automobiles.

However, a galvanizing steel sheet (GI steel sheet) has a problem that life span of
electrodes in a welding rod may be reduced and paintability may be poor in a welding
procedure from automobile manufacturers since a coating layer of the steel sheet is
composed of pure zinc. As a result, a GA steel sheet, prepared by alloying a GI steel
sheet, has been increasingly used. However, the GA steel sheet has problems of
powering and flaking in which a coating layer is peeled off upon press forming since
the coating layer is composed of brittle Fe-Zn intermetallic compounds.

Meanwhile, since the galvanizing steel sheet is processed in the assembly into
automobile parts from automobile clients using a bond in addition to the conventional
spot welding, there has been a demand for the development of a novel high-strength
steel sheet that satisfies the solution of the film peeling problem of the galvannealed
steel sheet (GA) and the improvement of the poor weldahility of the galvanizing steel
sheet (GI) at the same time.

A Fe content means a numerical value representing the content (%) of Fe in a coating
layer, and the Fe content in conventional GA steel sheets is in a range of about 9 to
11%. When the coating layer has a high Fe content, delta and gamma phases grow
suddenly through the brittle reaction of Fe and Zn, which leads to the easy peeling of
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[7]

[8]

[9]

[10]

[11]

[12]

[13]

zinc coating layers between an iron interface and a coating layer. For these steel sheets,
it is difficult to use an adhesive to process the steel sheets. Meanwhile, the con-
ventional GI steel sheets does not have process-induced defects caused by the peeling
between the interface and the coating layer since the alloying reaction is not induced in
the conventional GI steel sheets. However, the conventional GI steel sheets have
problems that, since a surface of the coating layer is composed of pure zinc for the GA
steel sheet, the life span of a copper welding rod is significantly reduced and the

weldahility is poor in the welding procedure from automobile manufacturers.

Disclosure of Invention
Technical Problem

The present invention is designed to solve the problems of the prior art, and therefore
it is an object of the present invention to provide a hybrid galvannealed steel sheet
capable of solving the film peeling problem caused due to the low interfacial adhesion
that is one of disadvantages of a galvannealed steel sheet (GA), and also improving the
poor weldability that is one of disadvantages of a galvanizing steel sheet (GI).

Also, it is another object of the present invention to provide a method for manu-

facturing the same.

Technical Solution

According to an aspect of the present invention, there is provided a galvannealed
steel sheet having excellent adhesiveness to zinc coating layer, the steel sheet having a
galvannealed coating layer formed in at least one surface thereof, wherein a Fe content
of the galvannealed coating layer is in a range from 5 to 9%, and having an eta phase
and a zeta phase as a Zn-Fe phase. In this case, the eta phase may be present as the Zn-
Fe phase at contents of 90% or more, and the zeta phase may be present as the Zn-Fe
phase at contents of 10% or less.

Also, oil pockets having a diameter of 20 to 50 #m may be formed in a surface of the
galvannealed coating layer.

According to another aspect of the present invention, there is provided a method for
manufacturing a galvannealed steel sheet including: galvanizing a steel sheet, and
alloying the galvannealed steel sheet at a temperature of 470 to 530°C so that an
alloyed coating layer has a Fe content of 5 to 9% and has an eta phase and a zeta phase

as a Zn-Fe phase.
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[14] In this case, the eta phase may be present as the Zn-Fe phase at contents of 90% or
more, and the zeta phase may be present as the Zn-Fe phase at contents of 10% or less.
Also, oil pockets may be formed in a surface of the alloyed coating layer by
performing a temper rolling process on the alloyed steel sheet using an embossing roll.

[15] Also, the galvanizing process may be performed in a galvanizing bath containing Al
of 0.12 to 0.2% by weight and the balance of Zn and other inevitable impurities. And,
oil pockets having a diameter of 20 to 50 ym(micrometer) may be formed in a surface
of the galvannealed coating layer.

[16] The steel sheets used in the present invention may be possible if they may be
galvanized or galvannealed. As one of the most preferred examples, the galvannealed
steel sheet may include, by weight: 0.005% or less of carbon (C); 0.003 to 0.02% of
sulfur (S); at least one selected from the group consisting of 0.2% or less of manganese
(Mn) and 0.2% or less of copper (Cu); and the balance of Fe and other inevitable
impurities. As another of the most preferred examples, the galvannealed steel sheet
may include, by weight: 0.01% or less of C; 0.005 to 0.02% of S; 0.0001 to 0.002% of
boron (B); at least one compound of 0.01 to 0.2% of Cu and 0.01 to 0.3% of Mn; at
least one compound of 0.002 to 0.04% of niobium (Nb) and 0.005 to 0.15% of
titanium (T1); and the balance of Fe and other inevitable impurities. Also, the gal-
vannealed steel sheet may include at least one compound selected from the group

consisting of compounds A, B and C:

[17] A: at least one selected from the group consisting of 0.1 to 0.8% of silicon (Si), 0.03
to 0.2% of phosphorus (P) and 0.2 to 1.2% of chromium (Cr),
[18] B: at least one selected from the group consisting of 0.01 to 0.2% of molybdenum

(Mo) and 0.01 to 0.2% of vanadium (V), and

[19] C:0.01 to 0.1% of aluminum (Al) and 0.02% or less of nitrogen (N).

[20]
Advantageous Effects

[21] According to the present invention, provided is the galvannealed steel sheet having
excellent adhesion to a bond, as well as excellent spot weldability and powdering
resistance. Also, provided also is the galvannealed steel sheet having improved press
workability when oil pockets are formed in the galvannealed steel sheet.

[22]
Brief Description of the Drawings

[23] FIG. 1 is a schematic view illustrating a Zn-Fe phase formed in a galvannealed
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[24]

[25]

[26]

[27]

[28]

[29]

[30]

coating layer. In FIG. 1, (a) shows a conventional galvannealed steel sheet (GA), (b)
shows a conventional galvanizing steel sheet (GI), and (c) shows a galvannealed steel
sheet (GA) according to the present invention.

FIG. 2 is a scanning electron microscopic (SEM) diagram illustrating a galvannealed
coating layer. In FIG. 2, (a) shows a galvannealed steel sheet (GA) according to the
present invention, (b) shows a conventional galvannealed steel sheet (GA), and (c)
shows a conventional galvanizing steel sheet (GI).

FIG. 3 is photographic diagram illustrating the test results of steel sheets for adhesion
to a bond. In FIG. 3, (a), (b) and (c) shows inventive galvannealed steel sheets, and (d)

shows a conventional galvannealed steel sheet (GA).

Best Mode for Carrying Out the Invention

Hereinafter, exemplary embodiments of the present invention will be described in
more detail.

According to the present invention, a hybrid galvannealed steel sheet having the
advantages of toth a galvanizing steel sheet (GI) and a galvannealed steel sheet (GA)
is provided. Hereinafter, exemplary embodiments of the present invention will be
described in detail with reference to the accompanying drawings. In the drawings, the
shapes and sizes may be exaggerated for more clear descriptions, and the same
components in the drawings have the same reference numerals.

The hybrid galvannealed steel sheet according to the present invention may ensure
both of the weldability and powder resistance at the same time by adjusting a Fe
content of the galvannealed steel sheet to a suitable Fe content range with the attempts
to improve the weldability of a galvanizing steel sheet (GI), as well as to improve the
powdering resistance of a galvannealed steel sheet (GA). According to the present
invention, a Fe content in a galvannealed coating layer is in a range from 5 to 9%, and
an eta phase and a zeta phase are present as a Zn-Fe phase. Preferably, the eta phase
and the zeta phase are present at contents of 90% or more and 10% or less in the gal-
vannealed steel sheet, respectively.

In FIG. 1, (a) and (b) show Zn-Fe phases that may be seen in coating layers of the
conventional GA steel sheet and GI steel sheet, respectively. A delta phase (d) and a
capital gamma phase (I') are present in the coating layer of the GA steel sheet, and the
presence of the phases adversely affects the powdering resistance. And, the GI steel
sheet has poor weldability since the eta phase (1) is mainly present in the steel sheet.

The GA steel sheet according to the present invention mainly has a zeta phase () and
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[31]

[32]

[33]

[34]
[35]

an eta phase (1)), as shown in FIG. 1(c). The GA steel sheet according to one
exemplary embodiment of the present invention may ensure the weldahlity and
powdering resistance at the same time when the GA steel sheet has an eta phase and a
zeta phase while satistying a Fe content of 5 to 9%. More preferably, the GA steel
sheet according to the present invention has a Fe content of 5 to 7%. When the Fe
content is less than 9%, only the powdering property is ensured in the GA steel sheet.
In addition, the powdering property is further improved when the Fe content is reduced
to 7% or less. In this case, the weldahility of the GA steel sheet may be ensured only
when the Fe content exceeds 5%. In the case of the GA steel sheet, a zeta phase () and
an eta phase (1) are mainly present as the Zn-Fe phase. However, the GA steel sheet
according to one exemplary embodiment of the present invention may have toth the
powdering resistance and weldahility for sure when the eta phase (1) is present at
contents of 90% or more and the zeta phase (C) is present at contents of 10% or less.

Kinds of various steel sheets that may be used in a galvanizing process may be used
in the present invention, but the present invention is not particularly limited thereto.
For example, there are steel sheets proposed in International Publication Nos.
WO05/045085 and WO05/061748 by the present inventors. That is to say, one
example of the galvannealed steel sheet may include a steel sheet including, by weight:
0.005% or less of carbon (C); 0.003 to 0.02% of sulfur (S); at least one selected from
the group consisting of 0.2% or less of manganese (Mn) and 0.2% or less of copper
(Cu); and the balance of Fe and other inevitable impurities. Also, another example of
the galvannealed steel sheet may include a steel sheet including, by weight: 0.01% or
less of C; 0.005 to 0.02% of S; 0.0001 to 0.002% of boron (B); at least one compound
of 0.01 to 0.2% of Cu and 0.01 to 0.3% of Mn; at least one compound of 0.002 to
0.04% of niobium (Nb) and 0.005 to 0.15% of titanium (T1); and the balance of Fe and
other inevitable impurities. A kind of the galvannealed steel sheets may include at least
one compound selected from the group consisting of compounds A, B and C:

A: at least one selected from the group consisting of 0.1 to 0.8% of silicon (Si), 0.03
to 0.2% of phosphorus (P) and 0.2 to 1.2% of chromium (Cr),

B: at least one selected from the group consisting of 0.01 to 0.2% of molybdenum
(Mo) and 0.01 to 0.2% of vanadium (V), and

C:0.01 to 0.1% of aluminum (Al) and 0.02% or less of nitrogen (N).

Oil pockets having a diameter of 20 to 50 ym are preferably formed in a surface of the
coating layer having a low Fe content according to the present invention. The term oil

pocket means a groove that is formed in a surface of a steel sheet to carry oils. The oil
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[36]

[37]

[38]

[39]

[40]

[41]

pockets may be formed using a pre-texture roll whose surface has embossing
projections. The galvanizing steel sheet may ensure lubricant properties due to the
presence of the oil pockets during the press-forming of the galvanizing steel sheet.

The method for manufacturing a steel sheet with a low Fe content according to the
present invention will be described in more detail.

First, a steel sheet is galvanized and alloyed. The galvanizing process is performed in
a conventional galvanizing bath. In this case, the galvanizing bath contains, for
example, 0.12~0.2% of Al and the balance of Zn and other inevitable impurities.

The alloying process on the galvanized steel sheet is carried out at an alloying
temperature of 470 to 530°C, so that the galvanized steel sheet can have a Fe content of
5 t0 9% and an eta phase and a zeta phase as the Zn-Fe phase. For the galvannealed
steel sheet having a low Fe content, a zeta phase (C) and an eta phase (1)) are mainly
present as the Zn-Fe phase. According to one exemplary embodiment of the present
invention, the galvannealed steel sheet may have toth the powdering resistance and
weldahility for sure when the eta phase (1)) is present at contents of 90% or more, and
the zeta phase (Q) is present at contents of 10% or less.

In this case, the optimum alloying temperature is in a range from 500 to 520°C in the
case of the galvannealed steel sheet according to one exemplary embodiment of the
present invention that includes, % by weight: 0.005% or less of C, 0.003-0.02% of S,
at least one compound selected from the group consisting of 0.2% or less of Mn and
0.2% or less of Cu, and the balance of Fe and other inevitable impurities. Also, the
optimum alloying temperature is also in a range from 420 to 440°C in the case of the
galvannealed steel sheet that includes, by weight: 0.01% or less of C; 0.005 to 0.02%
of S; 0.0001 to 0.002% of B; at least one compound of 0.01 to 0.2% of Cu and 0.01 to
0.3% of Mn; at least one compound of 0.002 to 0.04% of niobium (Nb) and 0.005 to
0.15% of titanium (T1); and the balance of Fe and other inevitable impurities. It is
preferred to alloy the steel sheet under the alloying temperature range in aspect of the
powdering property.

The alloyed steel sheet is subject to a temper rolling process. The temper rolling
process may also be used to form oil pockets using a pre-texture roll whose surface has
embossing projections. The pre-texture roll is selected and the temper rolling process
is then suitably carried out, so that the oil pockets can have a diameter of 20 to 50 ym.

For the galvannealed steel sheet having a low Fe content according to the present
invention, its corrosion resistance is enhanced and craters caused by outbursts are not

formed in a surface of the coating layer. Therefore, it is possible to manufacture a steel
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[42]

[43]
[44]
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sheet whose surface is made smooth by removing surface ununiformity that is one of
the disadvantages of the conventional GA steel sheets. The surface of the steel sheet is
formed with an eta phase or a zeta phase, other than the delta phase, that has weak
hardness. When the press formabhility (lubricity) is adversely affected due to the
presence of the Zn-Fe phase having weak hardness, it is recommended to form oil
pockets.

Hereinafter, exemplary embodiments of the present invention will be described in
more detail.

[Examples]

A 0.7mm-thick cold-rolled steel sheet that satisfies component systems as listed in
Table 1 was galvanized, and then alloyed under the conditions as listed in Table 2, thus
to form coating layers in the front and rear of the cold-rolled steel sheet. Here, the
coating layers had a thickness of about 45g/mm.

In the galvanizing process, a pot temperature was in a range from about 450 to
460°C, and concentration of Al was 0.128%. Dross floating during the galvanizing
process was removed sufficiently. A peel width of powdering and a welding point are
listed in Table 2.

In the Table 2, the powdering degree is divided into the following levels (using a
steel sheet having a thickness of 0.9 mm or less as the standard),

Level 1: a peel width of a steel sheet is 4.0 mm or less,

Level 2: a peel width is 6.0 mm or less (the width limit of an outer plate),

Level 3: a peel width is 7.0 mm or less,

Level 4: a peel width is 8.0 mm or less (the width limit of an inner plate),

Level 5: a peel width exceeds 8.0 mm.

Also, the welding points as listed in Table 2 were obtained under the welding
conditions as listed in Table 3. As the reference used to determine the welding points, |

- was 8.2kA,and I  was 10.6kA. The inventive steel sheets were analyzed for
;ﬁysical properties Szng SEM (Scanning Electron Microscopy), ICP (Inductive
coupled plasma), and GDS (Glow Discharge Spectroscopy).

Table 1
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[Table 1]
C Mn Cu P Si Ti Al S
Al 0.0016 | 0.102 - 0.0123 - 0.018 | 0.028 | 0.005
A2 0.0013 | 0.09 0.09 0.08 0.05 0 0.03 0.01
A3 0.0012 | 0.08 0.09 0.075 | 0.045 0 0.025 | 0.012

[55]
[56] Table 2
[Table 2]
Products | Kinds of | Alloying | Fecontent | Powdering degree | Comparison of
Steel sheets | temp. (C) | (before/after) | (peel width, mm) | welding points
PSM Al 430+10 5.6/5.8 1 (0 600~800
A2 51010 6.8/8.5 1(0)
A3 510+10 5.4/6.2 1(0)
GA A3 540+10 9.5/10.2 2 (4.5) 1000 or more
Al 470£10 | 10.1/10.5 1 (4.0)
GI A3 - - - 300~500
Al - - -
As the measurement results of peel widths of powdering in 7 test samples to an A2 steel
sheet, six test samples had a peel width of 0 mm, and one test sample had a peel width of]
1.5 mm. '
[57]
[58] Table 3
[Table 3]
Electrode Schedule Electrode
Force (cycle, 60Hz)
Squeeze | Weld Hold | Material | Type | Tipdia. | Coolant
3.0kN 20 12 12 Cu-Cr DR 6.0mm | 4 Vmin
[59] A kind and ratios of the Zn-Fe phases in the coating layer of the steel sheets of Table
2 are listed in Table 4, and the ratios of the Zn-Fe phases were measured, as follows.
[60] The ratios of the Zn-Fe phases were measured using an X-ray diffractometer (XRD).

In this case, since the steel sheets have their own natural frequencies (wavelengths),
peaks of the natural frequencies are detected according to the Zn-Fe phases in coating

layers when a test sample is illuminated with an X-ray, and the intensities of the peaks
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[61]

[62]

[63]

[64]

are determined according to the ratios (capacities) of the Zn-Fe phases.

Table 4

[Table 4]
Kinds of Steel n ¢ A r
sheets (eta phase) | (zeta phase) | (delta phase) | (capital gamma phase)

PSM-A1l 94 6 0 0
PSM-A2 91 9 0 0
PSM-A3 93 7 0 0
GA-A3 0 10 85 5
GA-Al 0 12 85 3

From the results of measuring the powdering property and welding point of a coating
layer in which oil pockets are formed in the PSM-A3 steel sheet, it was revealed that
the powdering property and welding point are measured at equivalent levels regardless
of the formed oil pockets.

As seen from the above results, it was seen that the steel sheets satisfying the re-
quirements of Fe content and Zn-Fe phase according to the present invention have
good physical properties such as powdering resistance and welding point. Furthermore,
the results obtained by testing adhesiveness of the steel sheets are shown in FIG. 3. It
was revealed that the peeling occurs in an adhesive layer other than a coating layer in
the case of the PSM-A1, A2 and A3 steel sheets, but the peeling occurs in a coating
layer in the case of the GA-A1 steel sheet.

While the present invention has been shown and described in connection with the
exemplary embodiments, it will be apparent to those skilled in the art that modi-
fications and variations can be made without departing from the spirit and scope of the

invention as defined by the appended claims.
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Claims

A galvannealed steel sheet having excellent adhesiveness to zinc coating layer,
the steel sheet having a galvannealed coating layer formed in at least one surface
thereof, wherein a Fe content of the galvannealed coating layer is in a range from
5 t0 9%, and having an eta phase and a zeta phase as a Zn-Fe phase.

The galvannealed steel sheet of claim 1, wherein the eta phase is present as the
Zn-Fe phase at contents of 90% or more, and the zeta phase is present as the Zn-
Fe phase at contents of 10% or less.

The galvannealed steel sheet of claim 1, wherein oil pockets having a diameter
of 20 to 50 ym(micrometer) are formed in a surface of the galvannealed coating
layer.

The galvannealed steel sheet of claim 1, comprising by weight: 0.005% or less
of carbon (C); 0.003 to 0.02% of sulfur (S); at least one selected from the group
consisting of 0.2% or less of manganese (Mn) and 0.2% or less of copper (Cu);
and the balance of Fe and other inevitable impurities.

The galvannealed steel sheet of claim 1, comprising, by weight: 0.01% or less of
C; 0.005 to 0.02% of S; 0.0001 to 0.002% of boron (B); at least one compound
of 0.01 to 0.2% of Cu and 0.01 to 0.3% of Mn; at least one compound of 0.002 to
0.04% of niobium (Nb) and 0.005 to 0.15% of titanium (Ti); and the balance of
Fe and other inevitable impurities.

The galvannealed steel sheet of claim 4 or 5, comprising at least one compound
selected from the group consisting of compounds A, B and C:

A: at least one selected from the group consisting of 0.1 to 0.8% of silicon (Si),
0.03 to 0.2% of phosphorus (P) and 0.2 to 1.2% of chromium (Cr),

B: at least one selected from the group consisting of 0.01 to 0.2% of
molybdenum (Mo) and 0.01 to 0.2% of vanadium (V), and

C:0.01 to 0.1% of aluminum (Al) and 0.02% or less of nitrogen (N).

A method for manufacturing a galvannealed steel sheet having excellent ad-
hesiveness to zinc coating layer, the method comprising:

galvanizing a steel sheet, and

alloying the galvannealed steel sheet at a temperature of 470 to 530°C so that an
alloyed coating layer has a Fe content of 5 to 9% and has an eta phase and a zeta
phase as a Zn-Fe phase.

The method of claim 7, wherein the eta phase is present as the Zn-Fe phase at

10
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contents of 90% or more, and the zeta phase is present as the Zn-Fe phase at
contents of 10% or less.

The method of claim 7, comprising: forming oil pockets in a surface of the
alloyed coating layer by performing a temper rolling process on the alloyed steel
sheet using an embossing roll.

The method of claim 7, wherein the galvanizing process is performed in a
galvanizing bath containing Al of 0.12 to 0.2% by weight and the balance of Zn
and other inevitable impurities.

The method of claim 9, wherein the embossing roll has embossing projections
having a diameter of 20 to 50 ym.

The method of claim 7, wherein the steel sheet comprises, by weight: 0.005% or
less of C; 0.003 to 0.02% of S; at least one selected from the group consisting of
0.2% or less of Mn and 0.2% or less of Cu; and the balance of Fe and other
inevitable impurities, and the alloying temperature is in a range from 500 to
520°C.

The method of claim 7, wherein the steel sheet comprises, by weight: 0.01% or
less of C; 0.005 to 0.02% of S; 0.0001 to 0.002% of B; at least one compound of
0.01 to 0.2% of Cu and 0.01 to 0.3% of Mn; at least one compound of 0.002 to
0.04% of niobium (Nb) and 0.005 to 0.15% of titanium (Ti); and the balance of
Fe and other inevitable impurities, and the alloying temperature is in a range
from 420 to 440°C.

The method of claim 12 or 13, wherein the steel sheet comprises at least one
compound selected from the group consisting of compounds A, B and C:

A: at least one selected from the group consisting of 0.1 to 0.8% of silicon (Si),
0.03 to 0.2% of phosphorus (P) and 0.2 to 1.2% of chromium (Cr),

B: at least one selected from the group consisting of 0.01 to 0.2% of
molybdenum (Mo) and 0.01 to 0.2% of vanadium (V), and

C:0.01 to 0.1% of aluminum (Al) and 0.02% or less of nitrogen (N).

11
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[Fig. 1]
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[Fig. 3]

(a)

<NO: PSM-A1. PEELING REGION: NO PEELING OF COATING LAYER>

<NQO: PSM-A2. PEELING REGION: NO PEELING OF COATING LAYER>

(c)

<NO: PSM-A3. PEELING REGION: NO PEELING OF COATING LAYER>

(d)

<NO: GA-AT. PEELING REGION: PEELED COATING LAYER>
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