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"Material for In-Tube Components & Method of Manufacture Thereof”

This invention relates to a material for in-tube
components and a method of manufacture thereof, capable of use in
manufacturing with good formability in-tube components such as
shadow masks, frames, inner shields and bimetallic elements used in
electronic tubes such as colour cathode ray tubes.

So-called in-tube components of colour cathode ray tubes,
such as shadow masks, frames, inner shields and bimetallic elements,
have previously been made of materials, such as rimmed steel or Al
killed steel, which have good etching characteristies and
formability and a surface on which it is easy to form an oxide film
that contributes to lessening the reflection of the electron beam.
However, as further improvements in colour cathode ray tube quality
(i.e. what is known as "ease of viewing" or "high definition" of the
displayed image) are now demanded, to deal with the requirements of
various new media, drawbacks have appeared in the use of rimmed
steel or Al killed steel as referred to above for shadow masks,
frames, inner shields and bimetallic elements.

Specifically, when the colour cathode ray tube is
operated, the temperature of the aforementioned members rises to 30
to 100°C, causing for example what is called "doming", due to strain
in the formed shape of the shadow mask produced by its thermal
expansion. This results in misalignment of the relative positions
of the shadow mask and the phosphor surface, producing what is known
as "purity drift" (PD) of the colours. Particularly in the case of
high quality colour cathode ray tubes, the apertures, and the

aperture pitch, of the aforementioned shadow mask are very small, so
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that the proportion of relative misalignment becomes large,
preventing the use of in-tube components made of the aforementioned
rimmed steel or Al killed steel. The above problem is particularly
marked in the case of colour ecathode ray tubes of high curvature
with reduced image distortion and reflection of external light.

Previously, therefore, Ni-Fe alloys of small thermal
expansion coefficient, such as invar (36Ni-Fe) or super-invar (32Ni-
5Co-Fe), have been used as the material for forming in-tube
components of this type, for example as proposed in U.S. Patent No.
4,420,366 (Oka et al), Japanese Publication No. Sho. 42-25446,
Japanese Patent Laid-Open No. Sho 50-58977, or Japanese Patent Laid-
Open No. Sho. 50-68650.

However, Ni-Fe alloys of this type have poor thermal
conductivity. Not only does this make them liable to accumulate
heat, but also makes them liable to what is known as “spring-back™"
{depressions towards the electron gun, from the normal spherieal
surface of the shadow mask).

This also gives problems in etching characteristies and
formability, such as irregular aperture diameter being obtained when
the apertures of the shadow masks are formed by etching.

In more detail, this spring-back exhibits the correlation
shown in Figure 1 with for example the 0.2% yield point of the
material. Thus, the lower the 0.2% yield point, the smaller the
amount of spring-back and the better the formability.

Previously therefore, to lower the 0.2% yield point of
the material, trials were made of subjecting it to vacuum annealing
at over 1000°C, or of forming working of the in-tube component in
the temperature range 100 - 200°C. Various methods of improving the
etching characteristies were also tried. However, the situation is
that none of these methods resulted in etching characteristies or
formability being attained which were good as those of the rimmed
steel or Al killed steel referred to above. This therefore imposed
a limit on the extent to which the quality of colour cathode ray

tubes could be improved.

The present invention seeks to provide a material
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suitable for use in in-tube components whose thermal expansion
coefficient is lower than that of rimmed steel or Al killed steel
and which has good etching characteristics and formability, close to
those possessed by the aforementioned steels, and also seeks to
provide a method of manufacturing this material.

This invention provides a material suitable for in-tube
components whose main constituent is an Fe-Ni alloy, of which the
main constituent is Fe and containing 25 - 45 wt% Ni, 0.3 - 10 wt%
Cr (which may be partially replaced by Mn), 0 - 10 wt% Co, together
with unavoidable impurities.

Another aspect of this invention comprises using an
alloy of grain size set at 2,000 - 40,000 grains/mmz (i.e. grain
size 8 - 12 as defined in Japanese Industrial Standard JIS-G0551),
and formed to be of at least 80% austenitic structure as the

material for forming in-tube components such as the shadow mask,

“inner shield, frame, and bimetallic element in a colour cathode ray

tube.

Such an in-tube component material may be manufactured by
melting an alloy containing 25-45 wt% Ni, 0.3 - 10 wt% Cr (which may
be partially replaced by Mn), 0 - 10 wt% Co, the remainder Fe and
unavoidable impurities, subjecting it to rolling and annealing, then
carrying out final cold rolling with a draft of at least 40%,
preferably at least 70%, then performing annealing treatment in a
temperature range of 500 - 1200°C, preferably 800 - 1100°C, then
performing controlled rolling with a draft of less than 30%,
preferably less than 20%, and, if necessary, carrying out strain-
reliefl annealing to obtain an in-tube component material of grain
size 2,000 - 40,000 grains/mm2.

The invention will be more readily understood from the
following description of material for in-tube components and method
of manufacture thereof, reference being made to the accompanying
drawings in which :

Figure 1 is a graph showing the relationship between the
0.2% yield point and spring-back value of a shadow mask.

Figure 2 is a graph given in explanation of this
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invention, sho‘w'i‘hg the relationship between the 0.2% yield point and
annealing temperature.

Figpre 3 is a graph given in explanation of this
invention, showing the relationship between the amount of Cr added
to the 36 Ni-Fe alloy and the thermal expansion coefficient.

Figﬁré 4 is a cross-sectional view of a ecolour cathode
ray tube employing a shadow mask according to an embodiment of this
invention.

Figure 5 is a plan view showing part of the hole pattern
of the shadow mask of Figure 4.

Figure 6 is a eross-section of part of the shadow mask of
Figure 4, to a larger scale.

Figure 7 is a plan view showing part of the hole pattern
of a shadow mask with incompletely formed holes, for comparison with
Figure 5.

Figure 8 is a cross-sectional view, to a larger scale, of
part of a shadow mask with rough hole surfaces, for comparison with
Figure 6. '

The reason why the Ni content is made 25 - 45 wt% is to
make the thermal expansion coefficient less than 90 x 1077/°C. If
the added amount of Ni is outside this range, an in-tube component
material of low thermal expansion coefficient as sought by this
invention is not obtained. This means that a well-defined image
with low PD is not obtained. On the other hand, if the added amount
of Ni exceeds 45 wt%, the 0.2% yield point, which is the ecriterion
of formability, is increased, and the formability is very adversely
affected. In the case of a shadow mask for example, this leads to
spring-back, making it hard to produce a well-defined image.
Resistance to 6xidation is
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also increased, making it extremely difficult tp subject the

surface of the component to the usual blackening treatment.
Also as regards etching characteristics, i1if +the Ni

content 1s made large, fine etching becomes difficult, with

problens éuch as loss of etching speed due to so-called

- "rough pits" being formed in the inside walls of the etching

holes and a 1large amount of Ni being dissolved intb the
etching solution. ‘

Co has the effect of decreasing the thermal expansion
coefficient and improving etching characteristics. The lower
limit of the Co content if it is to have any effect in
lowering the thermal expansion coefficlent is 0.2 wt%. It
is, however, possible to make- the Co content zero. The

reason for the choice of the upper limit of 10 wt¥% is that
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the 0.2%” vield point increases 1little by 1little with
increased Co addition, and the thermal expansion coefficient

also increases. The added amount of GCo 1is therefore

preferably 3 - 6 wt%. T

In contrast, Cr increases the thé;méi'm'EXpansipnr
coefficient of Fe-Ni alloys, but, on the other hand, it
makes a large contribution to Iimproving formability, by
reducing the aforementioned 0.2% vyield point. That is, the
aforementioned Cr plays an important role in the annealing
step after the flat mask with multiple holes has been
obtained by etching in-tube -component material of grain size
2,000 — 40,000 grains/mmz.

In more detall, in general, if Cr is added to a 36Ni-Fe
alloy or 32Ni-5Co-Fe alloy, and it is not annealed above the
recrystallization temperature, the grain size is very small,

so this tends to cause an increase in the 0.2% yield point
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at room temperature, making it difficult to maintain the
curvature of a shadow mask for example. For this reason, the
intention of adding the aforementioned Cr is only to
increase the strength of the material. However, when
specific heat treatments are performed on a 36Ni-Fe alloy or
32Ni—506—Fe alloy to which Cr has been added in accordance
with this invention, the amount of decrease of -the 0.2%
vield point is very much greater than in a 36Ni-Fe alloy or
32Ni—SCo—Fe alloy to which Cr has not been added. That is,
the Cr contained in the material has an important effect in
considerably decreasing the 0.2% vield point of the material

in the annealing stage. However, if the amount of Cr added

1s less than 0.3 wit%, even if the annealing temperature is

made as high as,lZOOOC, as with 32Ni-5Co-Fe alloy containing
no Cr, its 0.2% vyleld point cannot be reduced below 24
kg/mm2 (20 kg/mm2 in the case of 36Ni-Fe alloy). And if the
added amount of Cr exceeds 10 wt%, the thermal expansion
coefficient becomes 90 X 10—7/°C or more, causing purity
drift. Such an alloy would therefore be unsuitable for use
in high precision colour cathode ray tubes. Also if the
added amount of Cr exceeds 10 wt%, a protective film of
q;203 tends to be formed on the surface of the alloy. This
is inconvenient in blackening treaitment, since it lowers the
rate of blackening. Taking into account lowered expansion,
etching characteristics, and low chroming in waste 1liquid,
the amount of Cr should preferably be 1 - 4 wi¥%.

The following Table gives the values of the 0.2% yield
point obtained when materials according to this invention

are annealed.



0174196

0°92Z z2°8¢ €'0¢ vece T1°¢€L 0°6 ] 0 [4] yonpoad
uosytaeduod
L A4 L€t 0°92 682 ARA A § Z o€ UOTIUSAUT
0°91 T°61 0"z 0°9¢ 8°69 0°g¢e *] 14 A STY3
L T2 Yy ve 'Lt L 62 6°0L 8°1¢ ] [4 A 30 3onpoad
Uoomﬁ I Oooom OOomw OOomw juswieadl 94038(¢ UoooH - 0% 0D 10 N
AUO\nloﬁ X) 3USFDTFIFLS0D (%3m)
uorsuedxa S31UINIFISUOD
Tewaay,] TeoFwayd

hnad\mxv jusuwieaay Sufreauue aajyje jurod PIaIFA %Z°0



10

15

20

25

30

0174196
- 8 -

When this is compared with the data shown in Fig. 1, 4n
the case of the material of the comparative example, on
annealing at 1:\50°C, a spring- back value of more than 100
micron is found. This therefore imposes limitations on warm
pressing or on the shadow mask shapes that can be used. In
this cox;nection, the material of this invention has a yileld
point of 16 kg/mmz, and its spring-back wvalue is 5 micron or
less. Good molding gquality can therefore be mnaintained.
Another element which has the same effect as Cr when added
is Mn. Some of the aforementioned Cr can therefore be
replaced by addition of Mn.

In Fig. 2, the characteristic Al shows the variation of
the 0.2% vyileld point with annealing temperature of a
.aterial according to this invention consisting of a 36Ni-
Fe alloy to which 6 wt¥ of Cr has been added. The
characteristic A2 shows the varilation of the 0.2% vyield
point with anneéling temperature of a material according to
this invention consisting of a 36Ni-Fe alloy to which 3 wit%
of Cr has been added. The characteristic B shows for
purposes of comparison the variation of the 0.2% yield point
with annealing temperature of a materlial comnsisting of a
36Ni—-Fe alloy to which no Cr has been added. As shown in
this Figure, at room temperature the 0.2% yield point of the
in-tube component material according to this invention is
higher, but’ on annealing 71:50000 or more a much lower 0.2%
yvield point is obtained than with the prior art material.
For example, the 0.2% vyield point of in-tube component
material according to this invention, when vacuun-annealed at
100000 - 120000, is 12 kg/mmz, but the 0.2% yield point of
the prior art alloy, without Cr addition, is as large as
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about 22 kg/mnz. It can tlerefcre be seen, from this fact
also, that the &aforexentiocned Cr addition contributes
greatly to lowering of the 0.2% yleld point on annealing. Mn
also has the sane effect as Cr. Some of the Cr can therefore
be replaced by Mn.

Takiﬂg the amount of Cr addition as the parameter, Fig. 3
shows the variation characteristic C of the 0.2% yield point
on annealing a flat mask formed using the in-tube component
material of this invention at 900°C 1in hydrogen, and the
variation characteristic D of its thermal expansion
coefficient. From this Figure also, it can be seen that, if
the Cr content is made 0.3 - 10 wt%, the 0.2% vyield point
can be kept below 20 kg/mm2 or less by annealing.

It should be noted that prior art examples of addition of
Cr to 36Ni-Fe alloy with the object of increasing the
strength of the in-tube cozponent material include Japanese
Patent Laid-open No. Sho. 53%-59861. However, no measures at
all were taken to obtain a low yield point; the material was
simply increased in strength and a reduction of the 0.2%
vield point was not sought. Additionally, as will be
described hereinbelow, the grain size and texture were not
fixed, and in fact no measures at all were taken to improve
the etching characteristics. This makes them completely
different from +the 1in-tube component material of this
invention.

Aditionally, for in-tube component material of this type,
it is wvital tc have excellent etching characteristics. This
leads to the requirements that there should be few
inclusions in the material itself, 1i.e. high cleanness,

uniform grain size and sheet thickness and uniform
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distribution of the constituents throughout the material. Of
these requirements, uniformity of sheet thickness and
uniformity of distribution of <the constituents can be
achieved by advances in rolling techinques, while inclusions
can be’ éliminated by reducing the amount of unavoidable
impurities to an absolute minimum.

The problem in obtaining in-tube component material of
good etching characteristics therefore 1lies in obtaining
uniformity of grain size and of metallic structure.

Thus, according to Fhis invention, an alloy containing 25
-~ 45 wt% Ni, 0.3 —(V{}(l)l%v}?tﬁéna r'}ieopérg%a]{%t};s rgg}a%gg EZma1nBer
Fe and unavoidable iImpurities, is melted, subj?cted to
rolling and annealing, then final cold rolling/%grformed
w.li1 a draft of at least 40%, preferably at least 70%, then
subjected to annéaling treatment in a temperature range of
500 - 1200°C, preferably 900 - 1100°C, then to controlled
rolling of draft not more than 30%,preferably not more than
20%, and if necessary to strain-relief annealing to obtain a
material of grain size 8 - 12, 1i.e. 2,000 - 40,000
grains/mmz, as specified in JIS5-G0551. If the grain size 1is
less than 8 (2,000 grains/mmz), the grains becomne coarse'(of
large diameter), and portions 23a as shown in Fig. 7 for
example are produced, in which holes are not formed by {ie\
etching process. On the other hand, if the grain size
exceeds 12 (40,000 grains/mmz), due to the excessive
fineness of +the grains, what are known as "rough pits" are
produced, as shown by the cross-section of an etched hole
shown in Fig. 8, with notching of the inside walls of the
holes 25 formed by the etching process. For this reason, for

pPractical use the grain size must be set to 8 -~ 12 (2,000 -
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40,000 grains/mm?), s0 as to make it possible to form
uniform holes, as shown in Fig. 5. Preferably, the aforesaid
grain size is set toc at least 9 - 11.

Incidentally, if +the aforementioned cold rolling is

5 performed‘&ith a draft of less than 40%, it becomes difficult
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a
to get the metallic structure even, and sometimes/grain size

of 2,000 -~ 40,000 grains/mm2 will not be obtained. And if
the aforementioned annealing 1is performed below SOOOC, the
grain size cannot be controlled. On the other hand, if
annealing is performed at more than 1200°C, the diameter of
the grains may become +too large. That is, to assure good
etching characteristrics, the temperature range of <the
aforementioned annealing should be set as specified above.
The in—-tube component material must therefore be
manufactured under the aforementioned conditions.

If structures such as ferrite, martensite, or austenite
are present in the netal that forms the in-tube component
material, there in a risk of incomplete hole formation due
to the different rates at which etching proceeds in these
structures. In general, therefore, it is desirable that the
alloy should be of only a single type of metallic structure.

However, since treatment to achieve such a single type of
metallic structure is difficult to carry out, it is in
practice sufficient if the aforementioned austenitic
structure represents at least 80% of the total. As a
specific example, by making the grain size of the in-tube
component material 2,000 - 40,000 grains/mm2 by the method
of manufacture described above, and performing controlled
rolling to produce an at least 80% austenitic structure, the

excellent shape characteristics shown in Fig. 5 can be
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effectively obtamed b/y»etching treatment to give well-defined
holes. Regardv’g_g‘;‘»gi;}his’ controlled rolling, it should be noted that
if the draft 1slmade larger than 30% the metal texture may be
destroyed, mieﬂji“sf‘u.nde.sirab]e.

Thisv,,i}h'v:e“rit‘iqn is therefore very effective in providing a

material for thé -mgnufacture of shadow maks ete., because, according
to this 'inventi‘;p'h' by adding Cr to a prescribed Ni-Fe alloy, its
0.2% yield pomt 1,5 reduced and its formability is improved, and by
controlling tha gram size and metallic structure, the etching
charactenstlcs-vagsr_g'{improved Moreover, vacuum annealing at high
temperature, sué'h as was required with the prior art 32Ni-5Co-Fe
alloy, becomes. unnecessary and the time required for processes suech
as warm pressmg lS eliminated, and by annealing at 1200°C or less,
sufficient formxng workmg can be achieved and the etching treatment
time can be shertgned enabling uniformly etched holes to be
produced. 5 '
The fh;ér:mal expansion coefficient can also be made less
than that of thg.pri_or_ art Al killed steel or rimmed steel, and is
in fact less than 90 x 10"7/°C. This has the effeect that eolour
cathode ray tubes with little purity drift can easily be realised.

Flgure4 :show's' an embodiment wherein the invention is
applied to a c‘movﬁ%‘éathode ray tube. A phosphor screen 14, shadow
mask assembly'l‘::é, inner shield 16 and electron gun 17 are arranged
within a glass‘-e,ncosur"e 10 formed with a panel 11, funnel 12 and
neck 13. The: shadow mask assembly 15 comprises a shadow mask 18
that is fermed mto a curved surface, and a mask frame 19 that
supports the pemphery of this mask 18. This is fixed, by means of
spring support 20 ‘welded to the frame 19, to a stud pin 21 anchored

in the inner wall of the panel. The shadow mask assembly 15, inner
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shield 16, electron gun 17, spring support 20 and stud pin
21 etc. constitute the 1in-tube components of the colour
cathode ray tube. In this erbodiment, the invention was
applied to the inner shield 16 and shadow mask 18, which are
formed of the material and by the manufacturing method
detailed below.

First of all, an ingot of alloy containing 32% Ni, 5% Co
and Fe as the main constituent, with 4 wt% Cr, and 0.005 wt¥%
C. 0.01 wt% ©Si, and 0.001 wt% of each of P and S
respectively was prepared by vacuum melting. This ingot was
then subjected to repeated annealing, washed with acid, and
the primary and secondary c¢old rolling steps performed. A
Araft of 80% was used in this process.

After the above rolling treatment, this material was
annealed at 10 ° torr, 800°C in a box-type annealing
furnace, then subjected to controlled rolling with a draft
of 10%. By this controlled rolling, an in-tube component
material having an austenitic structure and of grain size 10
(8,200 grains/mm2 on average) as defined in JIS-G0551 was
obtained.

A shadow mask was produced as follows using the in-tube
component material manufactured as above.

First of all, both faces of the material were coated with
a photoresist, which was .dried. A film formed with a
standard pattern in the shape of slots or round dots was
then stuck tightly onto both faces, and the photoresist
exposed and developed. The unexposed portions of photoresist
were removed by dissolving in this development process.

After this, the remaining photoresist was hardened by
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burning then etched with ferric chloride solution. The
remaining resist was then removed with hot alkali to obtain
a flat mask, to be used to form the shadow mask.

This flat mask was treated for strain-relief and
improvement of working properties by placing it in a box-
type vacuunm héétipg furnace, where it was annealed in an

4 torr,lOOOOC. Sheet strain was then

atmosphere of 10
removed by Vpassing the annealed flat mask through a
leveller, simulfaneously removing stretcher strain in the
forming step; This wvacuum annealing was performed with the
object of decreasing the amount of dissolved C in the flat
mask and reducing the 0.2% vyield point by increasing the
grain diameter, in order to facilitate subseguent press
forming.

Next the aforementioned flat mask was press formed, to
obtain a shadow mask having the prescribed curvature. 1In
this process, it was confirmed that the material had a low
6.2% yvield pqint with excellent formability, so that spring-
back did not occur. It was also confirmed that the material
characteristics were uniform in the width direction and
longitudinal direction of the shadow mask, preventing the
adverse effect on formability caused by what 1is known as
statistical scatter of these characteristics. As shown in
Fig. 5, the round electron beam holes 22 that were formed in
the shadow mask 18 by the mask etching are all regularly
arranged, and irregular holes 23 as shown in Fig. 7 for
purposes of comparison were not produced. Furthermore, as
shown in Fig. 6, the inclined faces 24 of the holes 22 were
smoothly etched, and the rough holes (holes having a rough

surface) 25 as shown for comparison in Fig. 8 were not



10

15

20

25

30

0174196
- 15 -
produced.

Next, the shadow mask was washed in trichloroethylene
vapour, and heated for 20 minutes in a continuous blackening
furnace maintained at 700°Cc to conplete the shadow mask 18
by growing a tightly adhering 1.5 micron thick blackening
film. .

The frame 19, made by a similar technigque, was then
attached to the shadow mask by welding, and mounted on the
panel 11 by means of a bimetallic spring support 20. The
colour cathode ray tube was then completed by applying red,
blue and green phosphors in correspondence with the holes of
the shadow mask, Al evaporation, and Dag application,
followed by attachment of +the inner shield 16, and
connection of this panel 11 ‘to the funnel 12_at the rear of
the envelcpe, on which 1s mounted the electron gun 17, and
evacuation of the interior. The same material as that

described above 1s also used for the aforementioned inner

shield.
[Embodiment 2]

Respective ingots were prepared of alloys containing 32%
Ni, 5% Co and Fe as the main constituent, and 3 wt% Cr, and,
as 1Incidental constituents, 0.05 wt% of C, 0.02 wt¥ of Si,
and 0.001 wt¥%¥ of P and S .respectively. Shadow masks were
then made using the ingots of the alloy, in the same way as
in Embodiment 1, and these were used to manufacture colour
cathode ray tubes.

In this embodiment too, it was found that spring-back did

not occur and the material had excellent formability.
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The relatioggﬁip between the metallic structure of this

material befq??;?éfcp;ng, and the grain size, with the
etching charaéféf}stjcs was then examined. It was found that
irregularities‘Qe;gpproduced in etching when the structures
other than austgégfe.were reduced by the final annealing to
a level such as?téhgjve an austenite percentage of as low as
70%. In the confrolled rolling step, it was also found that
if the grain size as defined in JIS-G0551 was adjusted to 7
(average 1, 000 grains/mm ), shadow mask portions 23a as
shown in Fig. 7 were produced, where the apertures were not
properly formegrsg as to penetrate through the shadow mask.
On the other hgpd! if the said grain size was adjusted to a
value of 12 (a&érage 40,000 grains/mmz) or more, as shown in
Fig. 8, the 1ns;de wall of the etched holes became that of a
"rough hole", unsultable for a high-precision shadow mask.

In a shadow;p§sk using the 8 wt% Cr ingot in the sanme way
as in Embodimgnf i‘,it was found that the same effects as

this embodiment were occured.

[Embodiment 3]

First of ali;“ah‘ihgot of alloy containing 36% Ni, and Fe
as the main ééhstituent, with 6 wt%¥ Cr, and 0.005 wt¥% C,
0.01 wt% Si, and 0.001 wt%¥ Of each of P and S respectively
was prepared‘lky vacuum melting. This ingot was then
subjected to reééated hot rolling, washed with acid, and the
primary and sepéndary cold rolling steps performed. A draft
of BO0% was usé& in this process.

After the ébave rolling treatment, this material was

annealed at 1()-4 torr,"soooc in a box-type annealing
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furnace, then subjected to controlled rolling with a draft
of 10%. By this controlled rolling, an in-tube component
material having an austenitic structure and of grain size 10
(8,200 grains/mm2 on average) as defined in JIS-G0551 was
obtained. - A shadow mask was produced using the in-tube
component material manufactured as above, by the method of
Exanmple 1. It was found that this shadow mask material had
a small 0.2% yield point and excellent formability, and did
not give rise to spring-back. It was also confirmed that the
material characteristics were uniform in the width direction
and longitudinal direction of the shadow mask, preventing
the adverse effect on formability caused by what is known as

statistical scatter of these characteristics.

[Embodiment 4]

An ingot of alloy containing 42% Ni, and Fe as the main
constituent, with 3 wt¥% Cr, and 0.05 wt% C, 0.02 wt% Si, and
0.001 wt% of each of P and S respectively was prepared. A
shadow mask was then produced using the ingots of this alloy
by the method of Example 1.It was found that the shadow mask
material of this embodiment had excellent formability, and
did not give rise to spring-back.

An ingot of aforementioned alloy substituted with 8 wt¥%

Cr also c¢ould produce the shadow mnask as well as this

embodiment.

[Embodiment 5]

The following Table shows the etching characteristics and
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formability of in-tube component material (samples (1) and
(2)) according to this invention adjusted to grain size
2,000 - 40,000 grains/mmz. This material was a B36Ni-4Cr-Fe
alloy produced by including a 4% Cr content in an iron alloy
of 36% Ni content. Sample (3) 1s given for purposes of
comparison. This sample was a 36Ni-ACr-Fe alloy whose grain
size was not adjusted. Sample (4) is also given for purposes
of comparison and is a sample which had a fine grain size
produced by rolling. In both cases, the etching character-
istics were poor. Also in the case of sample (4), it was

found that some mask strain was produced, causing camber.

No. Grain Metallic Etching Formability

size structure characteristics

(1) 10 100% good good
mean
8,200

. 2
grains/mm

(2) 11 95% good good

mean
16,400

. 2
grains/mm

(3) 7 77% poof good
mean
1,000

grains/mm2

(4) 12 95% rather poor good

mean
40,000

grains/mm2




10

15

20

25

30

0174196
- 19 -

In the above Table, the heading "Metallic structure”
indicates the proportion of austenitic structure as
determined by X-ray diffraction. The evaluation of "Etching
characteristics" was made on the following basis: good
etching characteristics - holes formed through the mask in
over 99% of cases, the holes not having rough walls; rather
poor etching characteristics - although holes were formed
through the mask in over 99% of cases, the holes were "rough
holes". The criterion of good formability was that spring-
back was less than 20 micron on forming after annealing the
etched flat plate at 1100°C in vacuunm.

As shown by this Table, the effectiveness of this
invention is considerable in that with in-tube component
material according to this invention both good etching
characteristics and good formability can be obtained. The
same effect is obtained by adding Cr to an alloy consisting
of 25 — 35 wt¥ Ni, and 0.2 - 10 wt%, preferably 3 - 6 wt%,
of Co, and the remainder Fe. However, it should be noted
that a material whose thermal coefficient of expansion has
been further reduced by Co addition has a 0.2% yield point
about 2 - 5 kg/mm2 higher than when no Co is added, and so
has poorer formability. A material according to +this
invention is therefore very useful in that the Cr addition
gives a "lower 0.2% vyield point without increasing the
thermal expansion coefficient.

In the above description, the forming of a shadow mask
has been taken as the example. However, other components of
a colour cathode ray tube, such as the inner shield, franme,
or bimetallic element, can also be manufactured using the in-

tube component material of this invention. This invention
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departing from its essence.

in wvarious
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CLAIMS

1. A material, suitable for use in in-tube components, whose
main component is an Fe-Ni alloy of which the main constituent is
Fe, and containing at least 25 - 45 wt% Ni, 0.3 - 10 wt% Cr (which
may be partially replaced by Mn), and 0 - 10 wt% Co, and whieh is of
grain size 2,000 - 40,000 grains/rrmz.

2. A material according to claim 1, containing at least 0.2
wt% of Co.

3. A material according to claim 1 or 2 containing 1 - 4 wt%
of Cr.

4. A material sccording to elaim 1, 2 or 3 formed to have at

least an 80% austenitie strueture.

5. A method of manufacturing a material suitable for use in
in-tube components characterised in that an alloy containing 25 - 45
wt% Ni, 0.3 - 10 wt% Cr (which may be partially replaced by Mn), 0 -
10 wt% of Co, the remainder Fe and unavoidable impurities is melted,
this is subjected to rolling and annealing, then final cold rolling
is earried out with a draft of at least 40%, followed by annealing
freatment in the temperature range 500 - 1200°C, then controlled
rolling with a draft of 30% or less, to manufacture a material
consisting of alloy of grain size set to 2,000 - 40,000 grains/mmz.
6. Method of manufacturing a material according to claim

5, wherein the final rolling draft is at least 70%.
7. Method of manufacturing a material according to claim 5
or 6, wherein the controlled rolling is completed by strain-relief

annealing performed at below 800°C, after the rolling treatment.

8. Method of manufacturing a material according to claim 5,
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6 or 7, wherein the alloy constituting the in-tube component

material is formed with at least an 80% agustenitic structure.

9. An in-tube component comprising a material in accordance
with any one of claims 1 to 4 or a material manufactured by the

method of any one of claims 5 to 8.

10. An in-tube component according to claim 9 which is &
shadow mask, inner shield,frame or bimetallic element for a colour

cathode ray tube.
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