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SHADOW MASK FOR COLOR PICTURE TUBE

BACKGROUND OF THE INVENTION

The present invention relates to a shadow mask for a
color picture tube for use in color television and
computer color displays.

In color picture tubes for color television and
color displays, a shadow mask formed from a metal sheet
provided with a large number of small holes is used so
that electron beams are applied to predetermined phbsphors.
Because accelerated electrons also collide against
portions of the shadow mask other than the apertures, the
shadow mask is heated and distorted by thermal expansion.
This may cause the electron beams to be gradually
displaced relative to the phoépﬁor screen, resulting in
color shift in the colored image.

) Accordingly, nickel-iron'alloys having a low
coefficient of thermal expahsion‘are used in piace of low-
carbon steel sheets conventionally used. Among them, Invar,'
which is a nickel-iron alloy containing 36% by weight of
nickel, is widely used.

A shadow mask made of a nickel-iron alloy is
manuféctured as follows, For example, an ingot produced by
melting alloy components prepared in a predetefmined ratio
is hot-rolled to a predetermined thickness and then

subjected to cold rolling, annealing, etc., thereby
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producing a sheet. Then, the sheet is coated with a resist,
exposed in a pattern for forming predetermined apertures,
and subjected to etching to form apertures. In this way, a
shadow mask original sheet is produced.

| To attach the shadow mask original sheet to a color
picture tube, the shadow mask original sheet needs to be
formed by pressing in conformity to the inner
configuration of the color picture tube. However, the
shadow mask original sheet is inferior in press
formability. Therefore, in order to improve the press
formability, the shadow mask original sheet is annealed in
a reducind étmosphere at a femperature of the order of
from 700°C to 1,000°C. Thereafter, the shadow mask
original sheet is pressed and then heat-treated in an
oxidizing atmosphere to form an oxide film on the surface
in order t6 prevent rusting of the shadow mask and to
reduce undesired reflection occurring when electron beams
collide against the shadow mask. Thus, the desired shadow
mask is obtained.

However, the shadow mask original sheet annealing
Process not only increases the number of précess steps for
broduction of a color picture tube but also involves
problems such as undesirable sticking of a shadow mask
original sheet to another and distortion due to

nonuniformity of heat treatment, thus causing the image

‘display quality of the color picture tube to be degraded.

Under these circumstances, JP 5065598A proposes a

material for a shadow mask that makes it unnecessary to
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perform annealing before press forming by setting the

proof stress and elongation of a shadow mask original
sheet made of a nickel-iron alloy to values within
predetermined ranges, respectively.

However, it is impossible to obtain-a shadow mask
having satisfactory characteristics simply by setting the .
proof stress and elongation to predetermined values.

An object of the present invention is to provide a
shadow mask of supgrior characteristics that does not need
the annealing process for improving the press formability

after the aperture-forming process.

BRIEF DESCRIPTION OF THE DRAWINGS
The single figure 1 is a diagram illustrating a test

piece used in a tensile test on the shadow mask fqr a

_color picture tube according to the present invention.

SUMMARY OF THE INVENTION

The present invention provides a shadow mask for a
éolor picture tube that is made of an iron-base alloy
material containing niékel and has a low coefficient of .
thermal expansion. The grain size number of the iron-base
ailoy material measured by a grain size measuring'method
defined by ASTM E112 (JIS GO551) is not more than 7.5.

. The iron-base alloy material has a 0.2% proof sﬁress

in the range of from 220 to 300 N/mm?,

The degree of texture in each plane of the iron-base

alloy material measured by X-ray diffraction method is not
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more than 20%, and a difference between the degree of

_texture in each.plane and that in any other plane is not

more than 20%.

The iron-base alloy material is press-formed witﬁout
carrying out annealing after it has been provided with
apertures in a predetermined pattern.

In addition, the present invention provides a shédow'
mask for a color picture tube that is made of an iron-base
alloy material containing nickel and has a low coefficient
of thermal expansion. The iron-base alloy material has a
0.2% proof stress in the range of from 220 to 300 N/mm?®.
The grain size-number measured according to ASTM El112 (JIS

G0551) of the iron-base alloy material is not more than

- 7.5. The degree of textire in each plane measured by X-ray

diffraction method is not more than 20%., The difference
between the degree of texture in each plane and that in
any other plane is not more than 20%. The iron-base alloy
material is capable of being press-formed without
undergoing annealing after it has been provided with

apertures in a predetermined patte;n.

DESCRIPTION OF THE PREFERRED EMBODIMENT
The present invention is based on the finding that a
shadow mask having excellent characteristics can be
produéed without carrying out_annealing'brocess before

press forming by using a material having a specific value

.0f proof stress and a predetermined grain size number and

further a predetermined value for the degree of texture
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measured by X-ray diffraction method and having no
anisotropy for each plane as a metal sheet made of a
nickel-iron alloy for a shadow mask.

A nickel-iron alloy used for the shadow mask
according to the present invention contains from 35.0% to
37.0% by weight of nickel. The nickel-iron alloy may
contain chromium as a metallic element other than nickel.

A metal sheet used for the shadow mask according to
the present invention can be produced as follows. Alloy
components prepared in a predetermined ratio are melted
and cast to obtain an ingot. The ingot is hot-rolled to a
predetermined thickness and then repeatedly squected to
cold rolling and annealing.

A metallic material used for the shadow mask
according to the present invention has the following
properties. Regarding 0.2% proof stress, which is prbof
stress for 0.2% elongation measured by the metallic
material testing method defined by ISO 6892 (JIS Z2241),
it is preferably within the range of 220 to 300 N/mm®. The
austenite grain size number measured by the grain size
measuring method defined by ASTM E112 (JIS GO0551) is
preferably not more than 7.5.

The degree of texture measured by X-ray diffraction
method is preferably not more than 20% in each plane. It
is also preferable that the maximum difference in the
degree of texture among the planes should be not more than
20%, and thus there should be no anisotropy. If the degree

of crystal orientation is high, directionality occurs
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during press forming and makes it impossible to perform
uniform press forming.

The present invention will be described below by way
of examples,
Example 1:

An iron-base metallic material containing 36% by
weight of nickel was melted and cast. The resulting ingot

was hot-rolled and then repeatedly subjected to cold

rolling and annealing to produce a nickel-iron alloy sheet

with a thickness of 0.13 mm.

The nickel-iron alloy sheet thus obtained was coated '
at both sides thereof with a water-soluble casein resist.
After drying, the resists on the two sides of the sheet
stock were patterned by éxposure.using‘a pair of glass
dryplates having obverse and reverse patterns drawn
thereon, respectively. Next, hardening and baking
bProcesses were carried out. Théreafter, the patterned
resist surfaces were sprayed with a ferric chloride
solution having a temperature of 60°C and a specific .
gravity of 48° Be (Baume degree of heavy liquid) as an
etching liquid from a spray nozzle to perform etching.
After the etching process, rinsing was carried out, and
the resist was removed with an alkaline aqueous solution,
followed by washing and drying to produce a shadow mask
original sheet. |

The tensile strength, 0.2% proof stress, elongation,
hardness and grain size number of the obtained shadow mask

original sheet were measured.
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The tensile strength and 0.2% proof stress were
measured by the tensile testing method defined by ISO 6892
(JIS 22241) using a test piece shown in Figure 1. -

In Figure 1, the length of each portion is as
follows:

L (gauge length) : 50 mm
P (parallel length) : 60 mm
"R (radius of fillet): 20 mm
T (thickness) ¢ thickness of material
B (grippéd ends) : 30 mm

The hardness was measured in terms of Vickers
hardness (0.3 kg). The grain size number was measured in
terms of the austenite grain size number defined by ASTM
E112 (JIS G0551). The results of the measurement are shown
in Table 1 below.

The degree of texture for each plane direction was
measured. The results of the'méasurement are shoﬁn in
Table 2 below. The maxiﬁum difference in the degree of
texture is also shown in Table 2.

- Furthermore, each shadow mask original sheet
obtained was press-formed by using a press-forming die for
a 17-inch color picture tube. A shadow mask original sheet
that was formed exactly to the configuration of the die
was judged to be of good fdrmability. A shadow mask
original sheet that was not formed to the configuration of.
the die was judged to be of bad formability. A shadow mask
briginal sheet that was deformed or broken to become

unusable as a shadow mask was also judged to be of bad
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formability.
Comparative Example 1:

A nickel-iron alloy sheet having a thickness of
0.13 mm was produced in the same way as in Example 1
except that the hot rolling, cold rolling and annealing
conditions were changed.

After patterns for etching had been formed on both
sides of the nickel-iron alloy sheet thus obtained,
etching was carried out, and then the nickel-iron alloy
sheet was subjected to press forming at 200°C.

Various properties were measured in the same way as
in Example 1. The results of the measurement are shoﬁn in
Table 1. .

In addition, the ratio and the degree of texture
were measured for each of 7 plane directions. The results
of the measurement are shown in Table 2.

Comparative Example 2: - _

A shadow mask original sheet obtained from a
material having a tensile strength of 650 N/mm’ and an
elongation of 2% was annealed by holding the sheet at
810°C in a hydrogen-containing nitrogen atmosphere for 20
minutes. Thereafter, the shadow mask original sheet was
subjected to press forming at 200°C.

Thé results of measurements made in the same way as
in Example 1 are shown in Table 1.

In addition, the deéree of texture for each plane
direction was measured. The results of the measurement are

shown in Table 2.
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Table 1

Tensile 0.2% Elongation Hardness Grain Formability

strength proof (%) : size
(N/mm?) stress . No.
(N/mm)
Example 1 443 275 32 123 7.5 good
Comp.Ex.1 450 - 272 31 123 8.0 bad
Conp.Ex.2 465 305 30 129 8.5 bad
(650) (2) (200}

In Table 1, the numerals in the parentheses are the

values before the annealing process.

Table 2
Plane direction, 7 planes ratio Maximum
and degree of texture ' difference

(111) (200) (220) (311) (331) .(420) (422)-

- Example 1 12 16 15 16 14 14 . 13 4
Comp.Ex.1 12 38 12 11 10 9 8 30
Comp.Ex.2 13 20 8. 15 13 12 9 11

The shadow mask for a color picture tube according

to the present invention is produced by using a nickel-
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iron alloy having excellent press formability. Therefore,
the shadow mask original éheet can be formed exactly to
the configuration of the press forming die without
carrying out heat treatment before the press forming
process. In addition, it is possible to obtain a high-
quality color picture tube that exhibits superior

characteristics.
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WHAT WE CLAIM IS:

1. A shadow mask for a .color picture tube that is
made of an iron-base alloy‘mhterial containing nickel and
has a low coefficient of thermal expansion, wherein a
grain size number of said iron-base alloy material
measured by a Qrain size measuring method defined by ASTM
E112 (JIS G0551) is not more tham 7.5.

" 2. A shadow mask for a color picture tube according
to claim 1, wherein said iron-base alloy material has a
0.2% proof stress in a range of from 220 to 300 N/mm’.

3. A.shadow_ﬁask for a color picture tube according
to claim 1, wherein a degree of texture in each plane of
said iron-base alloy material measured by X-ray
diffraction method is not more than 20%, and a difference
between the degree of texture in each plane and that in
any other plane is not more than 20%.

4. A shadow mask for a color picture tube according

to claim 2, wherein a degree of texture in each plane of

said iron-base alloy material measured by X-ray
diffraction method is not more than 20%, and a difference
between the degree of texture in each plane and that in
any other plane is not more than 20%.

5. A shadow mask for a color picture tube according
to claim 1, wherein said iron-base alloy material is
pPress-formed without carrying out anpealing after it has
been provided with apertures in a predetermined pattern.

6. A,shadow mask for a color picture tube according

to claim 2, wherein said iron-base alloy material is
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press-formed without carrying out annealing after it has
been provided with apertures in a predetermined pattern.
7. A shadow mask for a color picture tube accordlng
to claim 3, wherein sald iron-base alloy material is
press-formed without carrving out annealing after it has
been provided with apertures .in a predetermined'pattern.'
8. A shadow mask for a color picture tube according
to claim 4, wherein said iron-base alloy material is
press—formed without carrying out annealing after it has

been provided with apertures in a predetermined pattern.-
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