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(57) Abrege/Abstract:
here are provided a hot-dip galvanized steel pipe In which the plating layer thereof is less liable to peel off even If the steel pipe Is

worked, and a method of manufacturing the hot-dip galvanized steel pipe. The hot-dip galvanized steel pipe includes a steel pipe
and the plating layer formed on the surface of the steel pipe. Throughout the entire depth of plating layer, the fn defined by the
following formula Is at least 99.9:

fn=Fe+ Al+ /Zn

where, the symbol of an element in the formula represents the content (mass%) of that element in the plating layer.
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Abstract

There are provided a hot-dip galvanized steel pipe

in which the plating layer thereof 1s less liable to peel

—

off even if the steel pipe 18 worked, and a method of

manufacturing the hot-dip galvanized steel pipe. The

hot-dip galvanized steel pipe includes a steel pipe and

g

the plating layer formed on the surface of the steel pipe.

'St

Throughout the entire depth of plating layer, the fn

defined by the following formula 1s at least 99.9:

fn = Fe + Al + Zn

where, the symbol of an element in the formula represents

the content (mass%) of that element in the plating layer.
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Description

3

Title of Invention:

EL PIPE AND METHOD OF MANUFACTURING

L]

HOT-DIP GALVANIZED ST

THE SAM

L]

Technical Field
[0001]
The present invention relates to a hot-dip

galvanized steel pipe and a method of manufacturing the

hot-dip galvanized steel pipe.

Background Art

[0002]

The hot-dip galvanization has been used widely as a

technique for improving the corrosion resistance of a

steel material.

[0003]

JP2009-221601A, JP2009-221604A, JP2009-197328A,

JP2011-26630A, and JP2009-221605A describe methods of

manufacturing a hot-dip galvanized material in which,

-

even if a molten zinc bath in which the content of Pb 1is

restrained to at most 0.1 mass% and the content of Cd is

restrained to at most 0.0l mass% is used in conformity to

the RoHS instructions, poor plating occurs infreguently.

In the methods of manufacturing a hot-dip galvanized

material described in these Patent Documents, a metal
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such as Sn, Sb, Bi, or In is added to the molten zinc

bath i1n minute amounts.

(0004 ]

JP2006-3073106A describes a

hot—dip‘galvanizing path

composition for forming a galvanizing film on the surface

P

of a steel material by means of

a dipping process. The

hot4dip‘galvanizing bath composition consists of 0.01 to

0.05 wt®s of Ni, 0.001 to 0.01 wt% of Al, and 0.01 to 0.08

wts of Bi, the balance being Zn

and unavoidable

impurities, and not containing Pb.

(00057

JP2011-26632A describes a hot-dip galvanized steel

—

material in which the composition of the plating layer

contains at most 0.010 mass$% of

of Sb.

[0006]

Pb and 0.04 to 0.50 mass$%

JP10-140316A describes a method of manufacturing a

hot-dip galvanized steel material in which a steel plate,

which 1s plated by using a hot-dip galvanizing bath

containing 0.1 to 0.3 wt% of Al

and at most 0.01 wt$% 1in

total of Pb, Sn, Cd and Sb as impurities, is subjected to

rolling with a rolling weight o:

P

width of steel plate that is in

[0007]

- 50 to 500 tons per 1 m

contact with a roll.

JP2011-89175A describes a hot-dip galvanized steel

pipe 1n which the lead concentration in a hot-dip

galvanizing film is at most 0.1

masss, the cadmium

concentration therein is at most 0.01 mass$%$, and the

- ) -
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—

Vickers hardness of an alloy layer part of the hot-dip

I

galvanizing film is at most 110 Hv.

Disclosure of the Invention

[0008]

In recent years, with the wide use of flaring, the

grany

improvement of the workability of a hot-dip galvanized

steel pipe has been demanded. Flaring is a treatment in

which the opening part in the end portion of steel pipe

1s spread toward the outside to form a‘ring—shaped flare

(collar) .
0009}

When the hot-dip galvanized steel pipe is subjected

to flaring, the plating layer is liable to peel off. BAs

- p—
p—
—

of plating layer, it

a method of reducing the peeling-of:

has been known to use a thinner plating layer. With a

thinner plating layer, the strain applied to the plating

layer at the time of working decreases. However, if the
plating layer is made thin, predetermined corrosion

resistance cannot be achieved in some cases.

[C010]

JP2009-221601A, JP2009-221604A, JP2009-197328A,

JP2011-26630A, JP2009-221605A, JP2006-307316A, and

n
0

JP2011-260632A do not describe the tendency of peeling-of:

y—

of the plating layer at the time of working.

[0011]

In the method of manufacturing a hot-dip galvanized

steel plate described in JP10-140316A, a large amount of

- 3 -
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Al 1s added to the hot-dip galvanizing bath. When a

gy

‘large amount of Al is added to the hot-dip galvanizing

bath, poor'plating 1s liable to occur on account of

oxides of Al. Therefore, in the case where a large

amount of Al is added, the atmosphere must be controlled

throughout the entire process to prevent oxides from

P

'being formed on the surface of steel material and on the

H

surface of hot-dip galvanizing bath. However, in the

process of manufacturing a hot-dip galvanized steel pipe,

1t 1s difficult to carry out such control.
[0012]
The hot-dip galvanized steel pipe described in

JP2011-89175A must be subjected to a specilal treatment to

gr— e

decrease the hardnesses of alloy layer and solidified

zinc layer of the hot-dip galvanizing film.

[0013]

P

An object of the present invention is to provide a

hot—dip'galvanized steel pipe 1n which the plating layer

F

=

even if the steel pipe is

is less liable to peel of

worked, and a method of manufacturing the hot-dip
galvanized steel pipe.
[0014]

The hot-dip galvanized steel pipe in accordance with

the present invention includes a steel pipe and a plating

layer formed on the surface of the steel pipe, wherein

throughout the entire depth of plating layer, the fn

defined by the following formula is at least 99.9:

F

fn = Fe + Al + Zn
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where, the symbol of an element in the above formula

represents the content in mass% of that element in the
plating layer.
[0015]

The method of manufacturing a hotwdip galvanized

steel pipe in accordance with the present ihvention

p—

includes a step of dipping a material pipe in a hot—-dip

galvanizing bath, wherein the hot-dip galvanizing bath

contains 0.002 to 0.01 mass% of Al, the balance being Zn

and impurities, and the total content of Pb, Sn, Cd, Sb,

P

Bi, Cu, Ni, and In of the impurities is at most 0.1 mass$.

[0016]

In the hot-dip galvanized steel pipe, and in the

hot-dip galvanized steel pipe manufactured by the method
of manufacturing the hot-dip galvanized steel pipe, the
plating layer is less liable to peel off even if the

steel pipe 1s worked.

Brief Description of the Drawings

[0017] ‘

[Figure 1A] Filgure 1A is a scanning electron micrograph
enlargedly showing a plating layer including a Zn layer

having a low purity.

[Figure 1B] Figure 1B is a scanning electrOn micrograph
enlargedly showing a plating layer including a Zn layer

having a high purity.
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Figure 2 i1is a flow diagram of a method of

[Figure 2]
manufacturing a hot-dip galvanized steel pipe in

accordance with one embodiment of the present invention.

[FFilgure 3A] Figure 3A is a graph showing an element
distribution in a plating layer of a hot-dip galvanized

steel plpe manufactured by usihg a hot-dip galvanizing

- a certaln condition.
3 1s a graph showing an element

bath o:

[Figure 3B] Figure 3]
distribution in a plating layer of a hot-dip galvanized

steel pipe manufaCtured by using a hot-dip galvanizing

- another condition.

bath o]
[Figure 3C] Figure 3C is a graph showing an element

distribution in a plating layer of a hot-dip galvanized

steel pipe manufactured by using a hot-dip galvanizing

bath of still another condition.

[Figure 3D] Figure 3D is a graph showing an element
- a hot-dip galvanized

—

distribution in a plating layer o:
actured by using'a hot-dip galvanizing

steel pipe manu:
bath of yet another condition.

[Figure 4A] Figure 4A is an optical micrograph of a

f a flared part of a hot-dip

longitudinal cross section o:
galvanized steel pipe manufactured by using a hot-dip

- a certain condition.

galvanizing bath o:
B 1s an optical micrograph of a

B3] Filigure 4]

[Figure 4:
- a flared part of a hot-dip

longitudinal cross section o:
"actured by using a hot-dip

galvanized steel pipe manu:

galvanizing bath of another condition.
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Mode for Carrying Out the Invention

1001871

[Hot-dip galvanized steel pipe] j

The present inventors studied the workability of a

hot-dip galvanized steel pipe, and obtained the findings

described below. The plating layer includes a Zn-Fe

alloy layer formed at the interface with a base metal,

1

and a Zn layer (m layer) formed on the surface. Of these

layers, the Zn-Fe alloy layer has a low ductility. 1In

the Zn-Fe alloy layer, therefore, cracking 1s liable to

F

occur on account of bending work such as flaring. If a

crack generated 1n the Zn-Fe alloy layer propagates to

the Zn layer on the surface, the plating layer peels off.
[0019]

If a dissimilar metal has mixedly entered into the

zn layer, the crack is further liable to propagate.

| d

Therefore, if a dissimilar metal has mixedly entered into

the Zn layer, the plating layer 1s liable to peel off.

gy

In other words, by enhancing the purity of Zn layer, the

—

plating layer can be restrained from peeling off, and the

*

workability of the hot—-dip galvanlzed steel pilpe can be

improved.
[0020]

Figure 1A 1s a scanning electron micrograph of the
plating layer including the Zn layer having a low purity.

P

Figure 1B is a scanning electron micrograph of the

plating layer including the Zn layer having a high purity.

As shown 1n Figure 1A, 1in the plating layer including the

- ] -
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Zn layer having a low purity, a crack generated in the

Fe-Z2n alloy layer propagates to the Zn layver on the

surface. On the other hand, as shown in Figure 1B, in
the plating layer including the Zn layer having a high
purity, a crack generated in the Fe-Zn alloy layer stops

at the Zn layer on the surface.

[0021]

The present inventors found that if the fn defined

by Formula (1) 1is at least 99.9 throughout the entire

depth of plating layer, the plating layer of the hot-dip

galvanized steel pipe 1s less liable to peel off:
fn = Fe + Al + Zn .. (1)

where, the symbol of an element 1n Formula (1) represents

—

the content (mass%) of that element in the plating layer.

[0022]

The fn is measured by the following method. In an

arbitrary region (discharge area: 4-mm dia, hereinafter

referred to as a specific region) of the plating layer of
the hot-dip galvanized steel pipe, the element analysis
in the depth direction 1is made by using a Markus type
high frequency glow discharge optical emission

spectroscoplc apparatus (manufactured by Horiba, Ltd.,

GD—Pro£i1er2). The measurement conditions at this time

are as given 1n Table 1. Thereby, the element

g

distribution in the entire depth of the specific region

can be obtained. Based on the obtained element
distribution, the wvalue fn at each depth (fn

distribution) 1s determined.
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[0023]
[Table 1]
TABLE 1

Discharge area -mm dlameter

RE output

Argon pressure
Measurement depth To 200 pm |
Measuremént Early stage 60 sec 0.02 sec 1intervals
intervals Subsequently 0.50 sec intervals
[0024]

In the present invention, 1n the obtained fn

piin

distribution, each of the values fn is at least 99.9.

[0025]

The fn involves iron (Fe). Fe is alloyed with zinc

to form the Zn-Fe alloy layer. Therefore, a large amount

of Fe 1s contained in the plating layer. However, the

Zn-Fe alloy layer 1s present separately from the Zn layer.

Therefore, Fe does not mixedly enter into the Zn layer.

For this reason, even if the plating layer contains iron,

~he workability of the hot-dip galvanized steel pipe does

not decrease.

- [0026]
The fn involves aluminum (Al). Al improves the
flowability of hot-dip galvanizing bath. If Al is

contained in the hot-dip galvanizing bath, Al is also
contained in the plating layer of the hot-dip galvanized
steel pipe. However, Al 1s present concentratedly at a

depth of about one micron from the plating surface.

Therefore, even 1f the plating layer contains Al, the

- 0 -
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workability of hot-dip galvanized steel pipe does not

decrease.

10027]

As described above, if the fn is at least 99.9

gy

throughout the entire depth of plating layer, the plating

p—

layer 1s less liable to peel off even if working such as

flaring is performed.
[0028]

The hot-dip galvanized steel pipe can be
manutactured by dipping a material pipe in a hot-dip
galvanizing bath that contains 0.002 to 0.01 mass$ of_Al;
the balance being Zn and impurities, wherein the total

content of Pb, Sn, Cd, Sb, Bi, Cu, Ni, and In of the

impurities is at most 0.1 mass%.

[0029]

Hereunder, a method of manufacturing a hot-dip

galvanized steel pipe in accordance with one embodiment

of the present invention is described in detail.

10030]

- Figure 2 1is a flow diagram of the method of

manufacturing a hot-dip galvanized steel pipe in

pon

accordance with one embodiment of the present invention.

—

The method of manufacturing.a hot-dip galvanized steel

plpe includes a step of degreasing a material pipe (step

Sl), a step'of pickling the degreased material pipe (step

S2), a step of flux-treating the pickled material plpe

P

(step S3), a step of plating the flux-treated material

- 10 -
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plpe (step S4), and a step of cooling the plated steel
pipe (step S5).
[0031]

First, a material pipe to be plated is prepared. As

the material pipe, any steel pipe can be used. The

material pipe 1is, for example, an SGP steel pipe

specified in JIS G3452 or an STPG steel pipe specified in

JIS G3454. As the SGP steel pipe and the STPG steel pipe,

P

any of an electric-resistance welded pipe, a butt welded

pipe, and a seamless pipe may be used.
[0032]
Next, the material pipe 1is dipped in a degreasing

solution and 1is degreased (step S1). The degreasing 1s,

1

b

"or example, alkalli degreasing or solvent degreasing.

F

Thereby, olls sticking to the surface of material pipe

are removed. Thereafter, the material pipe 1s washed by
water to remove the sticking degreasing solution.
10033}

Next, the degreased material pipe 1s dipped 1n a

pickling solution and 1s pickled (step S2). The pickling

solution is sulfuric acid of 5 to 20 mass%. It is

preferable that the sulfuric acid be heated for use to a

temperature of at least 65°C.

10034 ]

To reduce the overpickling of material pipe and the

graln boundary corrosion, a proper amount of acid

corrosion inhibitor (inhibitor) may be contained in the

pickling solution. The pickling time is, for example, 10

- 11 =
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to 60 minutes. Thereby, ‘scale on the surface of material
pipe is removed. Thereafter, the material pipe is washed

by water to remove the sticking pickling solution.

10035]

h

lux-treated by a

Next, the pickled material pipe is

flux solution (step S3). In the flux treatment, the

material pipe is dipped in the flux solution. As the

flux solution, an aqueous solution of zinc chloride and
ammonium chloride is used. The quantity ratio (mole

ratio) of zinc chloride and ammonium chloride is

preferably 1:1 to 1:5, further preferably 1:2 to 1:4.
[0036]

The flux solution i1s heated for use to a temperature

o~

of 70 to 90°C. As the flux solution, a flux solution

having a high concentration of at least 500 g/L 1is

gy

preferably used. The concentration of flux solution 1is

further preferably at least 600 g/L, and is in the range

to saturation. The flux concentration (g/L) 1is

represented by the ratio of the total mass (g) of the

contained zinc chloride and ammonium chloride to one

liter (L) of water.

[0037]

By the flux treatment, a flux film 1s formed on the

material pipe. The flux film protects the surface of

material pipe, and prevents zinc oxide from being

P

involved at the time of plating and prevents poor plating

from occurring.

10038]

_12...
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Thereafter, the material pipe is dried. If moisture

remains on the material pipe, the moisture vaporizes when
1t comes into contact with the hot-dip galvanizing bath,
and scatters molten zinc, causing the occurrence of poor

g

plating. To improve the draining of flux solution, a

surface active agent is preferably contained in the flux

solution. Also, by containing the surface active agent,

the flux film is easily formed in a uniform manner. The

surface active agent is, for example, lauryl trimethyl

ammonium chloride, cetyl trimethyl ammonium chloride, or

stearyl trimethyl ammonium chloride.

[0039]

—

If the content of surface active agent is too low,

the above-described effects cannot be achieved.

Therefore, the lower limit of the concentration of

surface active agent in the flux solution is 0.05 mass%.

The concentration of surface active agent is preferably

higher than 0.05 mass%. The lower limit of the

F
p—

concentration of surface active agent is further

preferably 0.10 mass%. On the other hand, if the content

— pr—
p— rere

Oof surface actlve agent 1s too high, the effects are

saturated, and the surface active agent acts as an

impurity, whereby poor plating 1s rather 1ncreased.

Therefore, the concentration of surface active agent 1is
préferably lower than 0.3 mass%, further preferably lower

than 0.2 mass%.

[0040]
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Next, the flux-treated material pipe is dipped in a

hot-dip galvanizing bath and is plated (step S4). The

hot-dip galvanizing bath used in this embodiment contains

0.002 to 0.01 mass$% of Al, the balance being Zn and

impurities, wherein the total content of Pb, Sn, Cd, Sb,

P

Bi, Cu, Ni, and In of the impurities is at most 0.1 mass%.

10041 ]

Aluminum (Al) improves the flowability of hot-dip

galvanizing bath. If the content of Al in the hot-dip

o

galvanizing bath is too low, the gloss of plating surface

decreases. 'fherefore, the lower limit of Al content is
0.002 mass%. The Al content is preferably more than

0.002 mass%. The lower limit of Al content is further

preferably 0.005 mass%. On the other hand, if the

content of Al in the hot-dip galvanizing bath is too high,

the effect of flux treatment is diminished, and pPoOOoL

plating occurs. Therefore, the upper limit of Al content

15 preferably 0.01 mass%.

[0042]

Of the impurities in the hot-dip galvanizing bath,

lead (Pb), tin (Sn), cadmium (Cd), antimony (Sb), bismuth

(B1), copper (Cu), nickel (Ni), and indium (In) mixedly

F

enter 1nto the Zn layer of plating layer of the hot-dip

galvanized steel pipe, causing the plating layer to peel

HF
p—r-

off easily. Therefore, the total content of these

elements 1s preferably at most 0.1 masss.

10043]

- 14 -
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The temperature of the hot-dip galvanizing bath is,

for exam@le,'450 to 480°C. The time period for dipping

the material pipe in the hot-dip galvanizing bath 1s, for

example, 30 to 300 seconds. The temperature of the hot-

dip galvanizing bath and the time period for dipping the
material pipe in the hot—dip galvanizing bath are
controlled according to the thickness of plating layer.

10044]

After having been dipped for a predetermined time

period, the material pipe is pulled up from the hot—dip

galvanizing bath. The material pipe is held above the

hot-dip galvanizing bath for a certain time period so
that surplus molten zinc sticking to the material pipe
runs down. At this time, the surplus molten zinc may be

removed by blowing compressed air or steam.

[0045]

Finally, the plated steel pipe is cooled (step S5).

The cooling may be air cooling, water cooling, or oil

cooling. In the case of water cooling, warm water having

a temperature of 40 to 80°C is used.

1004 0]

Through the above-described steps, the hot-dip

galvanized steel pipe is manufactured.

[0047]

For the hot-dip galvanized steel pipe manufactured
by using the hot-dip galvanizing bath, the fn defined by
Formula (1) is at least 99.9 throughout the entire depth

[

of plating layer. Therefore, even if the hOt+dip

- 15 -
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galvahized steel pipe is subjected to flaring, the

plating layer is less liable to peel off.
10048]

The method of manufacturing the hot-dip galvanized
steel pipe in accordance with this embodiment is

preferably such that (A) in the pickling step (step S2),

the material pipe is pickled by sulfuric acid having a

temperature of at least 65°C, and (B) in the flux-

treating step (step S3), the flux treatment is performed

by using a flux solution containing at least 600 g/L in

gy

total of at least one of zinc chloride and ammonium

chloride and 0.05 to 0.3 mass$% of the surface active
agent.
[0049]

In the hot-dip galvanizing bath in accordance with

this embodiment, the total content of Pb, Sn, Cd, Sb, Bi,

Cu, Ni, and In is at most 0.1 mass%$. These elements

improve the flowability of the hot-dip galvanizing bath.

Therefore, 1if plating 1s performed by using the hot-dip

galvanizing bath in accordance with this embodiment, poor
plating 1s liable to occur.

10050 ]

Accordingly, by performing the preparations meeting

the conditions of (A) and (B), the reactivity of the

surface of material pipe is improved. Thereby, even if

plating 1s performed by using the hot-dip galvanizing

it

bath containing small amounts of impurities as in this

embodiment, the occurrence of poor plating can be reduced.

- 16 -
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10051]

P
—

This effect is thought to be based on the following

action. First, by the pickling using high-temperature

sulfuric acid, the formation of smut on the surface of

material pipe is reduced, and a proper surface roughness

1s obtained. Incidentally, the smut is a ferric salt

insoluble in acid, and sticks in black to the plpe

surface after pickling. Thereby, a large amount of flux

can be dispersed uniformly on the surface of material

pipe. By dispersing a large amount of flux uniformly,

even 1f plating is performed by using the hot-dip

galvanizing bath containing small amounts of impurities,

the occurrence of poor plating can be reduced.

Il

Concerning hydrochloric acid, although it has an effect

pu—

of reducing the smut, it is poor in reactivity as

compared with high-temperature sulfuric acid.

Consequently, 1t 1s thought that some metal oxides remain

on the surface in a state before pickling without

reacting, and may cause poor plating.

Example 1

[0052]

In the following, the present invention is explained

more speclfically with reference to Examples. These

examples by no means restrict the present invention.

[0053]

-

[Composition analysis test of plating layer]
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Hot-dip galvanized steel pipes were produced by

-

‘using a plurality of hot-dip galvanizing baths. Then,

the composition analysis of the plating layer of each of
the hot-dip galvanized steel pipes was made.
[0054]

As a material pipe, an SGP steel pipe (C: 0.05 mass%,
Si: 0.19 mass%, Mn: 0.34 maés%, electric-resistance

welded pipe, outside diameter: 139.8 mm) was used. AS

shown in Figure 2, the degreasing, pickling, and flux

Creatment of material pipe were performed. As the

conditions of pickling treatment, pickling condition 2 of

the later-described Example 2 was employed, and as the

conditions of flux treatment, fluxing condition 2 of the

later-described Example 2 was employed. The flux—treated

materlal pipes were dipped in four kinds of hot-dip

galvanizing baths and was plated. Table 2 gives the

~contents (unit: mass%) of Fe, Al, Pb, Sn, Cd, Sb, Bi, Cu,

N1, and In of each of the hot-dip galvanizing baths

(conditions 1 to 4).' The balance of composition was 7Zn

and 1mpurities. In the "amounts of impurities" column in

Table 2, the total value of the contents of Pb, Sn, Cd,

Sb, Bi1, Cu, Ni, and In was described.

[0055]

| Table 2]
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CA 02869838 2014-10-07

12-00617WOO0

NSSMC Ref.

102-094P1

Our Ref.

rrrrrrrrrrrrrrrrrrrr

RS RN ETESE
20°0] 100°0>| 100" 0>}

100°0>| 100°0>| 100°0>| T00°0>] so00-0] sovof

100" 0>} T00°0>| T100°0>| T00°0>| €20°0| $%00°0[ 2070
0-0>| 100°0>| 100°0>| 100°0>| To0"0>| zT 0| TFOOTO| ¢z0- 0]

] as| o] us[ ] w e

gatatandwr

UOT3TPUOD
UOTITPUOD

51375

HOTITPUOS

[0056]

19



CA 02869838 2014-10-07

NSSMC Ref. 12-00617W0O0
OQur Ref. 102-094P1

The temperature of the hot-dip galvanizing bath was

465°C. Each of the material pipes was‘dipped in the hot-

dip galvanizing bath for o0 seconds. The coating weight

of a hot-dip galvanized steel pipe was about 500 g/m*.
[0057]

- For the hot-dip galvanized steel'pipe manufactured

by using each of the hot-dip galvanizing baths, the

composition analysis of plating layer was made. As

described before, the composition analysis of plating

layer was made under the conditions given in Table 1 by

using the Markus type high frequency glow discharge

optical emiSSiOh'SpeCtrOSCOpiC apparatus (manufactured by
Horiba, Ltd., GD-Profiler?2).

[0058]

The analysis results are shown in Figures 3A to 3D.

Figures 3A to 3D are graphs showling element distributions

.

in the depth directions of plating layers of the hot-dip

galvanized steel pipes manufactured by using the hot-dip

galvanizing baths, Figure 3A being a graph resulting from

condition 1, Figure 3B being a graph from condition 2,

Figuré 3C being a graph from condition 3, and Figure 4D

being a graph from condition 4. The abscissas in each

_'graph of Figures 3A to 3D represents the distance (um) 1in

g

the depth direction from the surface of plating layer.

The ordinates in each graph of Figures 3A to 3D

griip

represents the content (wt%) of Zn, the content (wt%) of

Fe, and the total value of the contents of Zn, Fe, and Al

- 20 -
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F

(Zn + Fe + Al fn, wts) of the composition of plating

layer in each depth represented by the abscissas.

[0059]
As shown 1in Figures 3A to 3D, when the amounts of
impurities in the hot-dip galvanizing bath decreased, the

P

fn increased throughout the entire dép:h of plating layer

amnd

of the hot-dip galvanized steel pipe. As shown in

Figures 3C and 3D, in condition 3 and condition 4, the fn

P gr—_

was at least 99.9 at every depth of plating layer of the

hot-dip galvanized steel pipe. On the other hand, as

shown 1n Figures 3A and 3B, in condition 1 and condition

2, the fn was less than 99.9 at some depths of plating

P

layer of the hot-dip galvanized steel pipe.

[0060]

[Flaring test]

The hot-dip galvanized steel pipes manufactured by

using the hot-dip galvanizing baths of conditions 1 to 4

were subjected to flaring. Further, each of the flared
hot-dip galvanized steel pipes was sliced in parallel

with the axial direction, and the longitudinal cross
section of the flared part was observed.

10061 ]

For the hot-dip galvanized steel pipes manufactured

by using the hot-dip galvanizing baths of conditions 1

and 2, the floating and peeling-off of plating layer

occurred 1n large numbers on account of flaring. On the

other hand, for the hot-dip galvanized steel pipes

manufactured by using the hot-dip galvanizing baths of

- 21 -
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1

"laring was performed, the

Ll

conditions 3 and 4, even i:

peeling-off of plating layer did not occur.

10062]

Figure 4A 1s an optical micrograph of a longitudinal

p—

cross section of the flared part of the hot-dip

galvanized steel pipe manufactured by using the hot-dip

P

galvanizing bath of condition 1. Figure 4B 1s an optical

— —

micrograph of a longitudinal cross section of the flared

part of the hot-dip galvanized steel pipe manufactured by
using the hot-dip galvanizing bath of condition 4.

Figure 1A is a scanning electron micrograph enlargedly

showing the plating layer of the hot-dip galvanized steel

pipe manufactured by using the hot-dip galvanizing bath

" g

of condition 1. Figure 1B is a scanning electron

micrograph enlargedly showing the plating layer of the

hot-dip galvanized steel pipe manufactured by using the

hot-dip galvanizing bath of condition 4.

(0063]

As shown in Figure 4A, for the hot-dip galvanized

steel pipe manufactured by using the hot-dip galvanizing

bath of condition 1, the floating and peeling-off of

plating layer occurred in large numbers on account of

flaring. On the other hand, as shown in Figure 4B, for

the hot-dip galvanized steel pipe manufactured by using

[~

the hot-dip galvanizing bath of condition 4, even if

 aad

flaring was performed, the peeling-of:

F

of plating layer

g

did not occur.

[0064]
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P

As shown 1n Figure 1A, in the plating layer of the

hot-dip galvanized steel pipe manufactured by using the
- hot-dip galvanizing bath of condition 1, a crack

generated 1n the Fe—Zn alloy layer propagated to the Zn

layer on the surface. On the other hand, as shown in

Figure 1B, in the plating layer of the hot-dip galvanized

steel pipe manufactured by using the hot-dip galvanizing
bath of condition 4, a crack generated in the Fe-Zn alloy

layer stopped at the Zn layer on the surface.

Example 2

[0065]

’[Examination of pickling conditions and fluxing
conditions] ‘

Plating was performed by changing the pickling
conditions and fluxing conditions, and the presence and
absence of poor plating were examinedd The plating

conditions were the same as the conditions under which

the hot-dip galvanized steel pipe was manufactured in the

composition analysis test of plating layer. As the hot-

dip galvanizing bath, the hot-dip galvanizing bath of
condition 4 1in Table 2 was used.
[0066]

As a material pilpe, an SGP steel pipe (C: 0.05 mass$,
Si: 0.19 mass%, Mn: 0.34 mass$%, electric-resistance

welded pipe, outside diameter: 139.8 mm) was used. The

degreasing, pickling, and flux treatment of material pipe

were performed. First, examination was conducted by

- P23 =
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fixing the fluxing conditions and by changing the

pickling conditions.
[0067]

Table 3 gives the pickling conditions (pickling.

conditions 1 to 4), and the foaming during picklihg,

appearance after pickling, appearance after flux

Creatment (after flux drying), and appearance after

F

plating under each of the pickling conditions. The

-

fluxing conditions were as described below. As a flux

g

solution, an aqueous solution containing 625 g/L of a 1:3

mixture of zinc chloride and ammonium chloride and 0.2

mass% of a surface active agent was used. The pickled

material pilpe was dipped in the flux solution heated to a

H

temperature of 75°C. The material pipe having been

dipped in the flux solution was driled in a 180°C

atmosphere for five minutes. For the material pipe on

which smut had been produced by pickling, the flux

treatment was performed after the smut had been removed.

After plating, the plated material pipe was air-cooled,

whereby a hot-dip galvanized steel pipe was manufactured.
10068 ]
[Table 3]
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As given in Table 3, on the material pipe pickled

“under pickling condition 1, poor plating occurred. The

cause for this 1s thought to be that the pickling

temperature was low.

[0070]

On the material pipe pickled under pickling
condition 2, poor plating did not occur.

(0071]

On the material pipes pickled under pickling

conditions 3 and 4, poor plating occurred. The cause for

this 1s thought to be that the pickling was performed by
using hydrochloric acid.
[0072]

Next, examination was conducted by fixing the
pickling conditions to pickling condition 2 of Table 3

and by changing the fluxing conditions.

[0073]

Table 4 gives the fluxing conditions (fluxing

conditions 1 to 4), and the presence and absence of

undissolved chemical agent, appearance after flux drying,

and appearance after plating under each of the fluxing

conditions. As a flux solution, an agueous solution

g

containing a 1:3 mixture of zinc chloride and ammonium

chloride was used. In the "Undissolved chemical agent"”

column in Table 4, the presence and absence of

”

undissolved part of this mixture were described. The

pickled material pipe was dipped in the flux solution

F

heated to a temperature of 75°C. The material pipe

- 26 -
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having been dipped in the flux solution was dried in a

180°C atmosphere for five minutes.

L [0074]

[Table 4]
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As given in Table 4, on the material pipe flux-

Created under fluxing condition 1, poor plating occurred.

The cause for this is thought to be that the flux

concentration was low.

[00706]

On the materialﬂpipes flux-treated under‘fluxing
conditions 2 and 3, poor plating did not occur.
[0077]

On the material pipe flux-treated under fluxing

condition 4, poor plating occurred. The cause for this

is thought to be that no surface active agent was

contained.

Industrial Applicability

10078]

The present invention can be used on an industrial

basis as a hot—dip galvanized steel pipe in which the

plating layer thereof is less liable to peel off, and as

a method of mahufacturing,the hot-dip galvanized steel

pipe.

- 29 -
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What 1s claimed is:

[Claim 1}

A method of manufacturing a hot-dip galvanized steel pipe, comprising:

a step of pickling a material pipe by means of sulfuric acid having a
temperature of at least 65°C;

a step of treating the pickled material pipe by means of a flux solution; and

a step of dipping the treated material pipe in a hot-dip galvanizing bath,

wherein the flux solution containing at least 600 g/L in total of at least one of
zinc chloride and ammonium chloride and 0.05 to 0.3 mass% of surface active agent,

the hot-dip galvanizing bath contains 0.002 to 0.01 mass% of Al, the balance
being Zn and impurities, and

a total content of Pb, Sn, Cd, Sb, Bi1, Cu, Ni, and In of the impurities is at most

0.1 mass%o.

|Claim 2]
The method of manufacturing a hot-dip galvanized steel pipe according to
claim 1, wherein, in the step of pickling, the concentration of sulfuric acid is in the

range of 5 to 20 mass% and the time of pickling is in a range of 10 to 60 minutes.

[Claim 3]

The method of manufacturing a hot-dip galvanized steel pipe according to
claim 1 or 2, wherein the surface active agent is selected from the group consisting of
lauryl trimethyl ammonium chloride, cetyl trimethyl ammonium chloride, and stearyl

trimethyl ammonium chloride.

- 30 -
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