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1. An alloyed-zinc-plated steel sheet the alloyed layer

of which comprises cells (grains) of the size of 109106

grains per mmz.

2. A process for preparing alloyed-zinc-plated steel

sheet comprising cells (grains) of the size of 104--106
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Title of the Invention

Alloyed-zinc-plated steel sheet and process for
preparing the same

Field of the Invention

This invention relates to alloyed-zinc-=plated
steel sheet and a process for preparing the samec.

Background of the Invention

Alloyed-zinc-plated steel sheets excel ordinary
zinc-plated steel sheets in continuous operability in spot
welding, in adhesion of electrodeposited coating films and
in corrosion resistance. Therefore, they are extensively
used in the automobile industry and a wide range of other
industries.

Although alloyed zinc-plated-steel sheets are
excellent as mentioned above in adhesion of coating films
and weldability in spot welding, they are generally inferior
in workability because of the brittleness of intermetallic
compounds formed in the alloyed layer. In particular,
alloyed-zinc-plated steel sheets manufactured by the
conventional hot-dip plating and electroplating are found to
suffer marked powdering as the coating weiaghrt and the Fe
content in the alloy layer increase.

Meanwhile, continuous vacuum vapor deposition zinc
plating has now come into practical use in addition to the
conventional hot-dip plating and electroplating, and
manufacture of alloyed metal-plated steel sheets by the
vacuum vapor deposition process is also being attempted.

The cortinuous vacuum vapor deposition plating process is
especially superior to the conventional hot-dip plating and
electroplating in that it enables easy high speed
manufacture of plated sheets, both single-side plated and
double~side plated sheets with piating thickness ranging
from thin to thick or different thicknesses double-side
plated sheets.

We have found that if vacuum vapor deposition Zn
plating is carried out in an atmosphere containing oxygen
controlled to a prescribed level, the alloyzd layer is

- 14~
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minutely cellulated whereby powdering of the resulting
alloyed layer is largely prevented.
Disclosure of the Invention

This invention provides an alloyed-zinc-plated steel
sheet the aliJyed layer of which comprises cells (grains) of
the size of 104—106 grains per mmz.

This invention also provides a process for preparing
alloyed-zinc-plated steel sheet comprising cells (grains) of
the size of 104—106 grains ' per mm2 which comprises
carrying out vacuum vapor deposition zinc prlating of steel
sheet in an inert atmosphere containing 1.0 - 30 ppm by
volume of oxygen and subjecting the plated steel sheet to an
alloying heat treatment.

In the present invention, the term "alloyed layer"
means an Zn-Fe alloy 1layer which c¢comprises substantially
intermetallic compounds.

"Cellulation" means that the alloyed layer consists of

minutely  distributed well-grown grains of Fe-Zn
intermetallic compounds (mainly 1 phaSe), of which the
- size is 104 - 106 grains‘pef 1 mmz. ‘ ‘

In the process of the present invention, the vacuum
vapor deposition of zinc plating on Steel sheet can be
carried out using a Kknown vacuum vapon deposition plating
apparatus.

When the vacuum vapor deposition zinc plating is
effected in said atmosphere containing oxygen maintained at
the above defined level and the zinc-plated steel sheets are
subjected to alloying heat-treatment, the alloyed layer is
minutely cellulated. The reason for the cellulation is not
entirely clear, but it is surmised that a slight amount of
oxygen present in the atmosphere in which vapor deposition
is effected forms minutely distributed extremely thin oxide
on the surface of the steel sheet prior to deposition of
zine wvapor, and thus the zinc vapor deposits over such
distributed oxide. Therefore, such minutely distributed
oxide work as barriers and locally prevent the mutual
diffusion of Fe and %n, and cellulate the formed Fe-%n
intermetallic compounds. | o
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If the oxygen concentration of the atmosphere is
less than 1.0 ppm, the alloyed layer is not satisfactorily
cellulated and therefore, the powdering prevention effect is
not sufficient. If the oxygen concentration is in excess of
30 ppm, the formed oxide are excessive and the adhesion of
the plated layer is impaired. More preferred oxygen
concentration is 1.5 - 15 ppm.

Vapor deposition and alloying treatment per se are
established techniques. Alloying treatment can be carried
out by m:-ans of a conventional heating furnace such as
installed in a conventional hot-dip plating line or by means
of a batch type heating furnace.

The preferred temperature of steel strip
immediately before the vapor deposition is between 190°C and
280°C.

The preferred alloying treatment temperature is
220°C - 360°C.

The preferred size of the grains (the so-called
cells) of the Fe-2n intermetallic compounds is lO4 - 106
particles per mmz-

The alloyed-zinc-plated steel sheet of the present
invention, of which the alloyed layer is minutely
cellulated, has excellent workability. Because the alloyed
layer is minutely cellulated and thus the stress generated
in the alloyed layer when it is worked is relieved through
the borders or voids between the minute grains, and
therefore the occurrénce of powdering of the alloyed layer
is largely prevented.

The process of the present invention makes use of
vacuum vapor deposition. Thus it enables enjoyment of the
advantages of vacuum vapor deposition. That is, it permits
manufacture of the alloyed-=zinc-plated steel sheets with
plating thicknesses ranging from thin to thick or with
differential thickness either single-side plated or
double-side plated. Thus alloyed-zinc-plated steel sheets
provided with excellent workability and powdering resistance
can be easily manufactured.
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Brief Explanation of Attached Drawings

Fig. 1 is a schematic representation of a
continuous vacuum vapor deposition plating apparatus, which
can be employed in working of the process of the present
invention.

Figs. 2 and 3 are an electron micrographs showing
the structure of the alloyed layer of an alloyed-zinc-plated
steel sheet of an Example and a Comparative Example,
respectively.

Specific Disclosure of the Invention

Several types of continuous vacuum vapor
deposition plating apparatus have been proposed up to now.
One example is illustrated in Fig. 1. Such an apparatus is

\_;s’r.,v‘o.\'\cu\ . Potent. S¥5s53) .
: £ for instance. The

disclosed in/R
apparatus shown there is provided with two deposition

chambers for carrying out double-side plating. - Only one
chamber suffices for single-side plating.

The vapor deposition line comprises a pretreatment
furnace 2, a gas jet cooler 3, a pressurizable chamber 4,
first and second szaling roller chambers 5a, 5b, a first
vapor deposition chamber 6a, a second vapor deposition chamber
6b, a cooling chamber 7, wherein the plated steel sheet is
cooled, and a heating furna¢e for alloying (net shown). In
the vacuum vapor deposition chambers 6a, 6b, guide rollers
8a, 8b and a zinc-vaporizing bath (not shown) are provided.
A steel strip 1 passes through this vapor deposition line.

The pretreatment furnace 1 has a slightly
oxidizing and/or reducing atmosphere of ambient pressure.
The surface of the steel strip is cleaned when it passes
through the furnace.

The gas jet cooler 3 cools the pretreated steel
strip to the temperature desired for vapor deposition.

The pressurizable chamber 4 connects the ambient
pressure system including the pretreatment furnace 2, the
gas jet cooler 3, etc. and the evacuated system including
the sealing roller chambers 5a, 5b, the vapor deposition
chambers 6a, 6b, etc.
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The sealing roller chamber comprises a plurality
of vacuum chambers, each provided with a pair of sealing
rollers and communicated with an evacuation system, and is
stepwise evacuated until the pressure of 0.01 - 0.1 Torr. in
the vapor deposition chamber.

The pressurizable chamber 4 is pressurized by an
inert gas such as nitrogen to a pressure slightly higher
than the pressure of the ambient pressure system in otder to
prevent introduction of air or air and hydrogen, which might
cause explosion, into the vacuum vapor deposition chamber or
chambers.

The oxygen concentration in the atmosphere wherein
vacuum deposition is effectad is controlled by mixing a
prescribed amount of oxygen into the inert gas, nitrogen for
instance, to be introduced,; into the pressurizable chamber.

The invention will now be illustrated by way of
working and comparative examples:

Continuous vacuum vapor deposition zinc plating
was carried out using an apparatus which is substantially as
illustrated in Fig. 1 under the conditions indicated in
Table 1. The total length of the plating line was 70 m.

The alloying heat treatment was carried out using a separate
batch type furnace.
Table 1

Steel strip used: 0.6 mm thick x 300 mm wide
plain carbon steel
Line speed: 15 m/min.
Temp. of steel sheet
immediately before plating: 190 - 280°C
460 - 470°C

Temperature of Zn bath:
45 ~ 50 g/m2 per side

Coating weight:
Evacuation in vapor
0.01 - 0.1 Torr.
280°C x. 5 hrs.

deposition chamber:
Alloying conditions:
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Table 2
02 conc. in vapor Property of
Example No. Deposition Chamber Alloyed Layer
Ex. 1 1.0 ppm No powdering occurs
2 3.0 ppm "
3 10.0 ppm . ' "
4 ' 20.0 ppm | S
5 30.0 ppm o
Comparative Ex. . o o :
1 o 0.05 ppm Powdering occurs
2 0.1 ppm : o
3 | 40.0 ppm- Piated layer peels

off

Powdering resistance was judged by occurrence of
powdering when plated specimen were bent at the angle of
180° with a clearance of six times the thickness of the test
piece and brought back, a cellophane adhesive tape was
applied to the portion, which was bent and brought back, and
removed. Occurrence of peeling of the plated layer was
observed.

By the alloying treatment, the plated layer became
an alloy up to the surface. Fig. 2 is an electron
micrograph of the surface of the product of Working Example
3 and Fig. 3 is an electron micrograph of the product of
Comparative Example 2. | ' '

As seen there, in Fig. 2, isolated crystals, i.e.
cells are well developed, while in Fig. 3, the alloyed lay=ar
is smoother. | -
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The claims defining the invention are as follows:

1. An alloyed-zinc-plated steel sheet the alloyed layer
of which comprises cells (grains) of the size of 104—106
2

grains per mm”.

2. A process for preparing alloyed-zinc-plated steel
sheet comprising cells (grains) of the size of 104—106
grains per mm2 which comprises carrying out vacuum vapor
deposition zinc plating of steel sheet in an inert
atmosphere containing 1.0 - 30 ppm by volume of oxygen and
subjecting the plated steel sheet to an alloying Hheat

treatment.

3. The proccsss for preparing alloyed-zinc-plated steel
sheet of claim 2, wherein the oxyden content of the vacuum

deposition atmosphere is 1.5 = 15 ppm.

4. An ‘alloyed-zinc-plated steel sheet according to claim
1, substantially as herein before described with reference

to Figures 2 and 3.

5. A process according to c¢claim 2, substantially as
herein before described with reference to Figures 2 and 3,

DATED: 15 FEBRUARY, 1990

PHILLIPS ORMONDE & FITZPATRICK
Attornnys For:

I ? 7., < ] [ 4



L2 »
- e
-
- ~
« m -
-~ -

FIG.1

=

e

A

TR

- %
———
J.
“*
N




e
= e
S i

“ye

.lmﬁ‘ *

~Oh W

R MG NATIC M

4
£ 3 p
¥ v &
ROLIF7OIF N

NI TV Y ILE

CERROSIIOYY P FERR YA
7 i Ry
L

F\%\)(Q_—B

W 26000

el




