1 *&00001* DESCRI P-TI ONSTEEL SHEET FOR TENSI ON MASK,
MANUFACTURI NG METHOD OF STEEL SHEET FOR TENSI ON MASK, TENSI ON MASK AND
CATHODE RAY TUBE 5 [Technical Field] The present invention relates t

steel sheet for on mask used in a tension type color selectgﬁg 10
el ectrode fﬁ“\“m \Hﬂﬂ\“@@m}ray tube such as a color television receiv or a
col or di spl uter, a nmethod of manufacturing the particular
steel sheet, a *w@fSion mask and a cathode ray tube each using the
particul ar st eel sheet as wel'l as a nethol "capabl e of 15 inproving a

magnetic pr steel sheet for a tension mask. [Background Art]
A tension t%m @m%@m‘ ecting electrode (hereinafter referred to as a
t ensi on nas as an mechanpsgns 20 mpe®R ®d &N is used.as a col or
sel ecting in a C&"Sde ray tube such as a color television receiver or a
col or display. The tension mask is prepared by, for exanple, subj ecting a

| ow Carbon or ultra | ow carbon aluninun1kilé§g gé a hot rolling, 25
a cold-rolling, a.conti nuou:S'mﬂie&IHiEﬁa', FORg R ry co d rolling and, as

;ﬁgglt reg o ann&:tlnlmr'lgc';t%xué eurﬁqr\ﬂorbg o' &rEEs SHRETSFORS@ENSDON {MESK] eel
B TENSION MASK AND CATHODE RAY TUBE

[Technical Fieldl
The present invention relates to a steel sheet for

a tension mask used in a tension type color selecting
10 electrode for & cathode ray tube such as a color

television receiver or a color display for a computer,

a method of manufacturing the particular steel sheet, 2

tension mask and a cathode ray tube each using the

particular steel sheet as well as a method capable of |
15 improving a magnetic properties of a steel sheet for a
tension mask.

[Background Art]
A tension type color selecting electrode

as an
(hereinafter referred to as a tenslon mask) such

0 aperture griil 1g used as a color gelecting mechanism

in a cathode Tay tube such as a color television
receiver or & color display. The tension mask is
;repared by, for example, subjecting a low carbon OX
ultra low carbon aluminum killed steel to a hot rolling.

a
26 a cold rolling, a .continuous annealing, & secondary

cold rolling and, as required, an annealing for

eet,
removing the residual stress from the steel sh



foll owed by- perforating the steel sheet by photo etching nmethod, attaching
to a frane by |oading tension of, for exanple, 200 to 400 Nm®2 in a
-single direction..., or two directions, and applying a bl ackening
treatment 5 to the steel sheet and the frame. The bl ackening treatnment, in
which the tension nmask is heated to, for exanple, 450 C to 5001C for
formng an oxide filmof nagnetite on the surface, is intended to prevent
the rusting and to lower the heat radiation. If the tension 10 of the
tension nmask is lowered by the creep dur?ng the heat treatnent, it is

possi ble for various inconveniences to take place. For exanple, the Al so,
positions of the holes of the mask are devi ated. resqQnance.tends to be
caused by thﬁE%&#BQ Erpglbggfaﬁaspegkéme FLeehgheqy q¥5ﬁ§8§§ible for the

el ectron bea O tail“to strike on predeterm ne%f?ﬁgatdﬁ@st@'ﬂsﬂonphOSphor'
screen so ashgﬁag&h@gmggnua,fhheacblogdtae%!%EFU%" € prior ar;: irtenged
to improve the creep resi stance under _hi te e gtiowcl ose
in, for exanpe, sb? @Xapd8392R0 IP 5%1&2’2‘3 AD 5%%%%3%?% 6- 73503 A,
JP 8- A" JP 5-311331 A, JP 5-311332 A 1 209 Aresimeatd JP
11-222628 A Thesmqraigectdons i ea?ﬂﬁéﬂﬁéfﬁ?%@éﬁ?eﬁi ng the clinbing
notion 25 of dislocation b aqgh%

Fram¥h, THE . bIeckErd@d conponents
and/ or afldi ng to | theyes ikl % as¥§£§olid sol ution elenent. . 3

treatment, in which the .tension mask is heated to, for

example, 450T to 500°C for forming an oxide film of
magnetite on the surface, 1is intended to prevent the
rusting and to lower the heat radiation. 1f the tension
10 of the tension mask 1s lowered by the creep during the
heat treatment, it is possible for varlous
inconveniences to take place. For example, the
positions of the holes of the mask are deviated. Also,
resonance tends to be caused by the sound from the |
16 speaker. Further, it 1is possible for the electron beams
to fail to strike on predetermineq positionshéyia
phosphor s&reen gso as to bring about "the color
deviation”. '
The prior arts intended to improve the creep
.20 _ resistance under high temperatures aré-disclosed in, o
| for example, JP 62-249339 A, JP 5-311327 A, ¥ 5-31133
: : A, JP 5-311331 A, JP 5-311332 A, JP 6—73503 A, JP é-
| .. 27541 A, JP 9-296255 A, and JP 11-222628 A. These prlorxr
arts teach the jdea of suppressing the climbing motion
25 of dislocation by adding Mn, Cr, Mo, etc. as steel L
components and/or adding a large amount of N as a 80

solution element.



In recent years, the télevision receiver and the conputer display have
been made |l arger in size, higher in precision and higher in flatness. In
thi s connection, the deviation in the orbits of the electron beans 6
causeéd by the external nagnetic field such as the nagnetic field generated
by, for exanple, the geomagnetism has cone to attract attentions as the
cause of "the color deviation" in addition to "the color deviation" caused
by the creep of the tension 10 nmask referged to above. It is of course
important to inprove the deviation in the orbits of the electron beans
not ed above for inproving the color deviation. The neasures for inproving
"the col or deviation" caused by the -deviation in the |

el ectron 15 beans, iInereceht yeat®r cdhq &ekeﬂgf’&?f‘nﬁe?%%pér%}lﬁ iﬁéﬁghi el di ng
properties, are also proposed in varjous $

bl,i LORg. g6, xpghid®e, the
i dea of addingcsmpumerhéiﬂﬁﬁéglhEH%e?e?%'b‘%%ggé an§PSEB-145744 A JP

8-269569 A and JP 9-256061 A. e.ldea.o éEKgéBl Cgnt eniSeconremttizin sheet
i s proposed i n 13P preciedods 2Rd PP gr?ntﬁé Idea of adding NI to the steel

sheet is proposed in JP_ 10- 9 Arpioyeyerthatdletronsbap®@snot paid to
the i nprovenerih® r?etwtr]'}\%'né%ll f:msahi gl ding properties in the 25 techni ques

proposed in JP 6%#§§g§§9tﬁe\H%ﬂéﬁ&ai3ﬁigﬁetﬂ6>Eﬁ@&isGGmAPBJFh3-311331 A, JP
5-311332 %g P& A, JP 8-27541 A, JP 9-296255 A, & d JP 11-222628 A
On the other hapghndtie NPT igereExated: b¥s EQF exAmRd8 H09 v i nproved in

t he techni ques proposed in JP 63- 145744 A, J c . - 256061 A,
and JP 10 | geoéggnetism has come to attraog S St bhsas) Bn8

cause of "“the color deviation” in addition to "the

color deviation” caused by the creep of the tenslon
10 mask réferred to above. It is of course important to

improve the deviation in the orbits of the electron

beams noted above for improving the color deviation.

The measures for imprqving "the color deviation

caused by the deviation in the orbits of the electron

16 peams, i.e., the measures for improving the magnetic

shielding properties, gre also propoPed in Yarious

the 1&eé of adding Si to the
Jp 8-269569

~publicat:!.ons. For example,
steel sheet 18 proposed 1n JP 63-145744 A,
1

A and JP 9-256061 A. The idea of adding Cu to the stee

- dea
20 sheet is proposed in JP 10-219396 A. Further, thelil

of adding Ni to the steel sheet is proposed in JP 10-

219401 A.
However, attentions are not paid to the

improvement in the magnetic shielding properties in the

- 27 A,
26 techniques proposed in Jp 62-249339 A, JP 5-3113

-73503
JP 5-311330 A, JP 5-311331 A, JP 5-311332 A, JP 6

il A-
A, JP 8-27541 A, Jp 9-296255 A, and JP 11-222628



219396 A. In-these techni ques; however, the surface 5 defeat tends to be
generated in the hot rolling process and the recrystallization annealing
process of the steel sheet because Si or Cu is added to the steel sheet,
making it inpossible to apply these techniques to the steel sheet for the
t.ensi on mask requiring 10 severe surface properties. Further, the technique
proposed in JP 10-219401 A is not desirable because the manufacturing cost
is increased by the Nl addition and, in addition, the etching properties
of the steel sheet are deteriorated. 16-Ak ‘described above, the steel sheet
exhibiting excellent magnetic shielding properties with satisfying other
properties such as the surface properties and the etching ;wo ergies have
not yet been devel opgg ifet BE€hepriand arthe Ragnetie ap¥IPer 168 43, 88sibl e to
obtain 20 now . adays the steel. sheet exhibiting both'th& f c&ﬂlégu :
magneti ¢ shi el Qg aamageinpeoveddin hthexieahndgoed BEAPPER’T sTAnce inder hi gh

tenperatures. [Disclosure of the invention) bj,ec f yphegpr esent
invention is tq4qemM de JP 85260569 Ahelk %'&5%§5{iejﬁgi éﬁanggkf%xhi bi ting

excellent magnetic shielding properties wth er {198 adwrEhcedt her
properties sucmmﬁme\eulﬂagéeﬁoﬁ%ﬁ’tf’}ej&mgr‘idﬁpﬁgggfét%hi ng properties and
to provided a method of manufacturin rdHef Hot rolige@hgspeetessinot her
obj ect ofsthe pletesk ﬁ?ﬂ/%‘httl%%’q §°P89a{f)$§v#geéa steel sheet for a tension
mask eXhlbltlngang Eﬁgr&éé%%é?ﬁﬁ%fz%ﬁ&oﬁrSﬁﬁbérxhgﬂprunbssndérthbgh

steel sheet because Si or Cu is added to the steel

sheet, making it impossible to apply these techniques

to the steel sheet for the tension mask requiring

10 gsevere surface properties.

Further, the technique proposed in JP 10-219401 A

is not desirable because the manufacturing cost is

increased by the Ni addition and, in addition, the

etching properties of the steel sheet are deterioratedi

16 As desoribed above, the steel sheet exhilbiting

| n
excellent magnetic shie;ding properties with satisfyi‘g

other properties such as the surface properties and the

e
etching properties have not yet been developed in th

prior art. particularly, it is impossible to obtain

20 nowadays the steel sheet exhibiting both the excellent

magnetic shielding properties'and the excellent creep

resistance under high temperatures.

[Disclosure of thb Invention]

An object of the present invention is to provide a

25 steel sheet for & tension mask exhibiting excellent

magnetic shielding properties without deterlorating

he
other properties such as the surface properties and t



tenmperatures and the excell ent nagnetic shietding properties wthout

deteriorating,
properties,
10 sheet.

for
and to
Still

t ube using the
of the present

anot her obj ect* of the present
tension mask that permts inproving the

particul ar tension nask.

exanpl e, the surface properties and the etching
provi de a nmet hod of nmanufacturing the particul ar steel
invention is to provide a
col or deviation and a cathode ray
15 Further, still another object

invention is to provide a nethod capabl e of inproving

magnetic properties of a steel

sheet forba tension nmask. According to an

aspect of the present invention,
tensi on nask 20 excel |l ent
sai d steel

| oner than 0.28coyingiRFRP

hi gher than 0. 923858

, 0.003 to
t he bal ance of Fe, a

0.02%

5,000 or higher. 6 It Is desirable for the stgel %hggt nife}
anhysteretic chige BeBEEEbI shaet FOr EoREPSIRANTE" 20T
not | ower than®6,000. According to another

i nventiony thengrs tieo exced lan eSFRRP FeBRBTI Sct ur i ng
tensi on nmask excel | ent

conpri sing the temperatures an

properties without deteriorating,

surface properties and

provide a method of manufacturin

10 gheet.

still anothe

to provide a tension mask th

color d
particular tension mask.
16 Further, still anoth

inv;ntion is to provide a method

magnetic properties of a steel sheet f

According to
there is provided a steel
nt in the ghielding proper

gonsisting essentially of

éO ‘excelle

gaid steel sheet
0.1% by weight of C, %owe

0.4 to 2% by weight of Mn,

weight of P, not higher than 0.03% by

26 higher than 0.01% by welght of sol.

by weight of N, and the palance of Fe,

anhysteretic magnetic permeabilit

there is provided a steel

In the shielding properties from geonagneti sm

sheet consistin ssent izal l Ynpbviduera trieetmod0 0£% by wei ght of C

qhtigs dhy°yopelyd by vei gt of M.

than 0.1% by weight of jadtebulBanste€BosBe i ght of S,
°‘6\B’F5‘PH e ?m A

o bRYE Néb FsbL mfhyhaep@epen;m:g%qx}gog% 8%k

a steel

in thed %HéeéﬁgéEhéﬁfnmygﬂgticfthey@bﬁhgnetisﬂl

the etching properties,

sheet for a

not hi gher
not 25

ility of
Blddagan
nore desirably

33RSE! uRliek MRigH esent 5

sheet for

for example, the

and to

g the particular steel

r object of the present invention 1is

at permits improving the

eviation and a cathode ray tube using the

er object of the present
capable of improving
or a tension mask.
an aspect of the present invention,
gheet for & tension mask

ties from geomagnetism,

lower than

r than 0.2% by welght of Si,
not higher than 0.1% by
weight of S, not
Al, 0.003 to 0.02%
and having an

y of 5,000 or higher.

ht of N, and

a



--steps of obtaini-ng a steel -piece-ctonsisting essentially of |lower than 0.1%
by weight of C, |lower than 0.2% by 10 weight of Si, 0.4 to 2% by wei ght of

Mh, .not higher than 0.1% by weight of P, not higher than 0.03% by wei ght

of S, not higher than 0.01% by wei ght of sol. A, 0.003 to 0.02% by.

wei ght of N, and the bal ance of Fe; hot rolling the steel piece; cold

rolling once or a 15 plurality of tinmes the hot-rolled steel sheet with or
wi t hout an internedi ate annealing treatnment interposed between the

adj acent cold rolling processes so as to® prepare a steel sheet having a
predeterm ned thickness; and annealing the resultant steel sheet under a
20 tenperature region not higher than*the recrystallization tenperature so
as to Increaseriheg agdyaisia iformiheesteebeshaathita have flj s desirabl e for

the annealing step to be carried out under a,  tenperatur ex b en the
t enper at ur e noanhygbereto thegnatic ﬁ&ﬁﬂ?@P&FFFiagBBn ?¥ﬁ€e$§§%r%'ggﬁpthe

tenperature not | ower than 510 x, nore gesi%a@¢y under a tenperature range
bet ween the tempzeadesiraty MhdOWer: kBAR Re’Yecrystal i zation tenperature

and the tenperature_ not |ower, than t rsé e @rasehitl | anot her
aspect of the presen@cc?Féiﬂﬂiﬁﬂmaqpﬁggg Fgﬁg§gJ¥%ed aqgteel sheet for a 6

t ensi on mask excellent _in l19ed BOmetReErdf amandfaortugdogagnet i sm
and the ¥ eep Fé‘é’f&?éﬂ&é Eulgéd)%ér.' ﬁgﬁw er?perature_s, sai d steel sheet

consi sting ess%p%hﬁggyahg t!| PYEra IHEHE 100l bk smcghlert i thener than 0. 2%

by wei ght of SiY, “higher than 0.6% and not hi gher than 2%

shielding properties from geomagnetism, comprising the
steps of obtaining a steel piece consisting essentlally
of lower than 0.1% by welight of C, lower than 0.2% by

10 welght of 8i, 0.4 to 2% by weight of Mn, not higher
than 0.1% by weight of P, not higher than 0.03% by
weight of S, not higher than 0.01% by weight of sol. Al,
0.003 to 0.02% by weight of N, and the balance of Fe;
hot rolling the steel plece; cold rolling once or a

156 plurality of times the hot-rolled steel sheet with or
without an intermediate annealing treatment interposed
be;w;en the adjacent cold rolling processes 80 as to
prepare a steel sheet having a predetermined thickness;
and annealing the resultant steel sheet under a

20 temperature region not higher than:the |
recrystallization*temperature 80 as to increase thé
“anhysteretic magnetic permeability. It is des}rable for
the annéaiing step to be carried oyt under a
temperature range between the temperature not higher

20 than the recrystallization temperature and the
temperature not lower than 510C, more desirably under &

temperature range between the temperature not higher



10 of by weight M, not higher than 0.1% by weight of P, not higher than
0.03% by weight of S, not higher than 0.01% by weight of sol. A, not
I'ower than 0.006% and |ower than 0.01% by weight of N, and the bal ance of
Fe, 'and having an anhysteretic magnetic perneability of 15 5,000 or
higher. It is desirable for the steel sheet to have an

anhysteretic, magnetic perneability of 5,200 or higher, nore desirably 6,000
or higher. According to further aspect of the present invention, there is
provi ded a met hod of manufacturing 20 alsfeel sheet for a tension mask
excellent in-both-the shielding properties fromgeomagneti sm and the
creep, resistance under high tenperatures, conErising the steps of

obtai ning a st ¢ghnPtReCreofgstallizaddoantenpeyatueg arfhethq han 0. 1% by

wei ght of C, |ower than 0.2% by 25 wei ght o%%Si, hi gher than 0. 6% and not
hi gher than 2%tehipewaitgte pbt MowentthangR&8Pthan 0. 1% by wei ght of P, not

hi gher than 0.03% by wei ght of S, nat, ki gh a 0{he Wedantof sol .
Al not |ower than 0Agge¥siRg t?cﬁwéi a%ng&8§€6 ¥ agFg f of ﬁfjand t he

bal ance of Fe;  hot rolling_the,st €% stekd BRbbtNgopEe or a
plurality of H%ﬂﬁ?qFHQ“HOFgPSFI%% éﬁ%@ sheet with or 5 without an

i ntermedi ate anneal. r L1080E PRt thet shéslihngapfererities| d
rolling p@ocesgﬁgugéggnggaggﬁgpare a steel sheet having a predeterm ned

t hi ckness; andﬂa&?f'?ae]cj“%ntehg_sheauhtﬁm eyl reisdetansgcpnger (R at ur e
regi on not hi ghér an the 10 recrystallization tenperature Eg ?f to
increase the —apkysdiires mugnat stepbrsheat (qonplstings e §agPFah & for

of lower than 0.1% by weilght of C, lower than 0.2% by
welight of Si, higher than 0.6% and ﬁot higher than 2%
10 of by weilght Mn, not higher than 0.1% by weight of P,
not higher than 0.03% by welght of S, not higher than
0.01% by weight of gol. Al, not lower than 0.006% and
lower than 0.01% by weight of N, and the balance of Fe,
and having an anhysteretic magnetic permeability of |
16 5,000 or higher. It is desirable for the steel ahee; to
have an anhysteretic‘magnetic'permeability of 5,200 or
higher, more desirably 6,000 or higher.
According to further aspect of the present
invention, there is provided a method of manufacturing
20 a steel sheet for a tenslon mask excellent in both.the
shielding properties'from geomagnetism'ahd the'or?ep.
resistance under high temperatures, comprising the | |
steps of obtaining & steel plece éonsisting essentially’
of lower than 0.1% by weight of C, lower than 0.2% by
26 weight of Si, higher than 0.6% and not higher than 2%
| by weight of Mn, not higher than 0.1% by welght of P,

not higher than 0.03% by weight of S, not higher than




the annealing step to be -carried-out under a tenperature range between the
tenperature not higher than the recrystallization tenperature and the 16
temperature not [ower than 5101, nore desirably under a tenperature range
bet ween the tenperature not higher than the recrystallization tenperature
and the tenperature not |ower than 560t. According to a still further
dspect of the present 20 invention, there in provided- a steel sheet for a

tensi on mask excellent in the shielding properties from geomagnetism. said
st eel sheet being manufactured by the nethod conprising the steps of '

obtaining a steel piece consisting essentially of |ower than 0.1% by 26
wei ght of C, lower than 0.2%by weight of Si, 0.4 to 2% b t of Mn,

o o o, G aanorobos, axptecs weren oo EBNEL ot of o
N, andgt he bal grbghgi:a;oy.m\gﬁl %y! Wghgﬁ'g@f ﬂééﬁ%i%gageﬁf:‘ao&%l#?!ng onge
or a plurality of times the hot rolled steel sheet wilth ar without an
i nter medi at e -5oanﬁﬁmd1nu;uheeaﬁﬁehtP#ﬂF%?p%@%&lﬁéi*ﬁﬁgq P%e Q%Jacent ~cold
[ nes?! et g R g “Epp R et e arzroner e
et oasedt he MApbeuF dip LT AU, BhA R g e et
urther aspect ol ybls. BF§SElequy ibpBolLAseptaoemtag 6 % SCecl shees

prepare & steel sheet having a predetermined thickness;

and annealing the resultant steel sheet under a

temperature region not higher than the
10 recrystallization temperature so as to increase the

anhysteretic magnetic permeability. It is desirable for

the annealing step to be carried out under a

temperature range between the temperature not higher

than the recrystallization temperature and the |
16 temperature not lowgr thﬁn 510C, more des;rably under a

temperature range between the temperature not higher

than the recrystallization temperature and the

temperature not lower than 560C.

According to & still further aspect of the present

‘20 invention, there is prqvided-g steel sheet for &

tension maék excellenf in the shielding properties from

geomagnetism, sald stee% sheet being mgéufaot?red ?y

the method comprising the steps of obta#ning a steél

plece consisting esgentially of lower than 0.1% by
26 weight of C, lower than 0.2% by weight of 8i, 0.4 to 2%

by weight of Mn, not higher than 0.1% by weight of P,

han
not higher than 0.03% by welght of S, not higher t



from geomagneti sm and the creep resi stance under high 15 tenperatures,
sai d steel sheet being manufactured by the nethod-conprising the steps of
obtaining a steel piece consisting essentially of [ower than 0.1% by

wei ght of C, | ower than 0.2% by weight of Si, higher than 0.6% and not

hi gher than 2% by wei ght of M1, not .20 higher: than 0.1t by weight of P,
not higher than 0.03% by weight of S, not higher than 0.01% by wei ght' of
sol. A, not lower than 0.006% and |owely than 0.01% by weight of N, and
t he bal ance of Fe; hot rolling the steel piece; cold rolling once or a
plurality of tinmes 25 the hot-rolled steel sheet with or wthout an
intermedi ate anneal ing treatment interposed betwe e bdghit ool d

rol i ng procesgeelscbpswaighlr @fas®la Aip. Os?€€|t%ﬁd§e‘%ﬂh§’\ﬁ% g
predet erm ned thickness; and ann i ng e e FraRll pheeke;under a

t enperat ure ngiondntherﬁiﬁﬂﬂcqIé%ﬁ¥9heh&gcfég$%&éizaIion t enperature so
as to increase the anhysteretic hihTa1ftPeseedinds tthe Aodor ding to a
still further &9&60?‘-’?#1‘?%e°rb?°es°g%n%ilnvgnt i gn, there is provti ded a tension
mask formed of a__stee|l she 19 i020 watnouti ah | intdrnesdate han 0. 1% by
wei ght of C, | &fetelnd °B.f2 o%&)%’

y weight of Si, 0.4 to 10 2% b I ght of M,
not hi gher than Q. 1% B_y, Yebghhewé fhterpuisdd hosweenathe akip i ght of S,
not high t haf™5! ?Vbby wei ght of sol. A, 0.003 to 0.02% | ght of

N, and the bal 6%331 eo1f8ngapobarsery s amitps PEPRAFE a bR chi‘%% meabi l ity
of 5,000 or higher. 16 According to a still further f e present
gJhaving a predetergined thickness; &an aftiBgEing thide P

resultant steel sheet under a temperature reglon not
higher than the recrystallization temperature 8o as to

10 increase the anhysteretic magnetic permeability.

According to a still further aspect of the present

invention, there is provided a steel sheet for a
tension mask excellent in both the shielding properties
from geomagnetism and the creep resistance under high

16 temperatures, gaid steel sheet belng manufactured by
the method - comprising the steps of obtaining & steel
piece consisting esgentially of lowver than 0.1% by
weight of C, lower than 0.2% by weight of Si, higher
than 0.6% and not higher than 2% by weight of Mn, not

.20 higher than 0.1% by weight of P, not higher.than 0.03§

| by weight of S, not higher than 0.01% by welght of sol.
Al, not lower than 0.006% and lower than 0.01% by
weight of N, a;d the balance of Fe; hot roblling the
steel plece; cold rolling once or a plurality of times

26 the hot-rolled steel sheet with or without an
intermediate annealing treatment interposed between the

adjacent cold rolling processes so as to prepare a



I nvention, there.is provided a tensi-on mask fornmed of a steel sheet
consisting essentially of lower than 0.1% by weight of C, |ower than 0.2%
by weight of Si, higher than 0.6% and not higher than 2% by wei ght of WMh,
not 20 higher than 0.1% by weight of P, not higher than 0.03% by weight
of S, not higher than 0.01% by wei ght of sol. A, not |ower than 0.006%
and | ower than 0.01% by weight of N, and the bal ance of Fe, and having an
anhysteretic nagnetic perneability of 5,000 or higher. According to a stil
further aspect of the present 25 i nvent 185, there i's provi ded a cat hode
ray tube conprising a tension mask formed of a steel sheet -11 5

consi sting essentlally of lower than 0.1% by weight of C r than 0.2%
by weight of Sig;14ch@eR?nbyingiwhiredstemmings: HF—SHBPSFhaﬁ‘n 1% by wei ght
of P, not hlgher 1han 0. 03% by wei ght of S, not h| tQ@@ Prg%{ Ry

wei ght of sol. Alnedlid@3the PedaVLaRt wliasd: sheey, “3 i EnePRrance Fe, and
havi ng an anhysteretic magnetic erneablllt 3 1§€Q- n.higher. Further,
according to a §égidn1hnﬂ:hdgha§p ndﬁ etqﬁ?%&” Ee nventlon there is

provi ded a cathode ray 10 tube c S|n %ﬁgl gEﬁi@ﬁﬁﬁWmaQnuki@ st eel
sheet con5|st|1:|gnmlsmti’ﬂli‘9aIf’l‘?‘y“Sf8 1%!@ﬁ wei ght of ¢, |ower

than 0. 2% by wei ght of Si, higher than 0 6@6 and not hi gher than 2% by
wei ght of bV, nB@rmﬁiﬂkﬁi ¥ran  0.1% by wei ght of P, not hlggfr tha%n%.03@6

by wei ght of 15 S, n%ccmmgg tRap th%ﬂyrngmspﬁcts(gf

invention, there is provided a tension mask formed of a

steel sheet consisting essentially of lower than 0.1%

by weight of ¢, lower than 0. 2% by weight of si, 0.4 to

10 2% by weight of Mn, not higher than 0.1% by weight of P,

not higher than 0.03% by weight of S,
Al, 0.003 to 0.02% by welght of

not higher than

0.01% by welght of sol.

N. and the balance of Fe, and having an anhysteretic

magnetic permeability of 5,000 or higher.

ding to a gtill further aspect of the present

Accor
’ of a

a
invention, there is provided a tension mask forme

1%
gsteel sheet consisting essentially of lower than O

her
by weight of c, lower than 0.2% by weight of si, hig

0.6% and not higher than 2% by weight of Mn, not

not higher than.0.03$

than

20  higher than 0.1% by weight of P,

1.
by weight of S, not higher than 0.01% by weight of sO

Al, not lower than 0. 006% and 1ower than 0.01% by

and the balenoe of Fe, and having an
00 or higher.

weight of N,

anhysteretic magnetioc permeability of 5,0

t
26 According to a still further aspect of the presen

invention, there is provided a cathode ray tube

t
comprising & tension mask formed of a steel shee



| ower than 0.006% and | ower than 0.01% by wei ght of N, and the bal ance of
Fe, and having an anhysteretic magnetic perneability of 5,000 or higher.
.Further, according to a still further aspect of 20 the present'inventi.on,
there is provided a. nethod capable of inproving a nagnetic properties of
a steel sheet for a tension mask, conprising the steps of preparing

-acol d-roll ed steel sheet and annealing the. cold-rolled steel sheet under
a tenperature region not 25 higher than the reorystallization tenperature
so as to increase the anhystereti'c magnétic perneability. [Bri ef
Description of Drawings] 12 FIG 1 is a cross sectional view show ng a

cat hode ray tube equipped with a tension mask [ Best de_of vgrgkng t he
Invention] ThesgifsAAhg BEsantbaliy | of nkawar thascO-3&d Tnweddlki 81 in

general, the magnetic shielding properties are val yat ghetic .
perneabi | ity of, tivwernttaanaD.23ThE Wel@ht it ;fe‘rw@a%i féu"t ;?ch’% EE?‘.‘-’% oved by
decreasing the contents of M1, M, Cr et c. ste®l nikeer. 10 If
the contents o6f tNresaod! &dshes &Féndgc%g@%d’,’e ﬂmg\/oteé:?'t ??g, o8

creep resistance
of the steel sheet under _ hi ratu | &He d.9d% by ot her
words, the i nphawcheitt By P’%H’ghggﬁgt ?6 %gﬁn%g%ﬁty tends to (l;(;d
contradictory to,the i vergnt o BoBNeoCocoRs Iy nesigittarede Nun hi gh
t enper at fr es. %ﬁ%%h'be‘f%gg‘{ 'elm's'i touation, t he present inventors have
conduct ed agai ppg paLEEE e Olarddhavdagons anh:natﬂ/e"e’cﬁn‘?ar%ﬂq’ﬁg to the

permeabllity of 5,000 or higher.

Further, according to a gtill further aspect of
the present invention, there is provided a cathode ray
10 tube comprising a tension mask formed of a steel sheet
consisting essentially of lower than 0.1% by weight of
Cc, lower than 0.2% by weight of si, higher than 0.6%
and not higher than 2% by weight of Mn, not higher than
0.1% by weight of P, not higher than 0.03% by weight of
16 s, not higher than 0.01% by weight of sol. Al, not
lower than 0.006% and lower than 0.01% by weight of N,
and the balance of Fe, and having an anhysteretic
magnetic permeability of 5,000 or higher.
Further, according to a still further aspect of
20 the present invention, there is provided a method
éapabié of improving a magnetic properties of a steel
sheet for a tension mask, comprising the steps of
| ﬁrepa£1ng aicold;rslled stéel sheet and -annealing the
cold-rolled steel sheet under a temperature region not
26 higher than the reorystallization temperature so as to
increase the anhysteretic magnetic permeabllity.

[Brief Description of prawings]



. magnetic shi-elding-properties of a cathode ray tube. A television receiver

or a color display includes 20 a mechanism of allow ng.
current to flow through a demagnetizing coil when, for exanple, the

an electric

power

suppty is turned on so as to demagnetize the materials within the cathode
I n an external
nagnetic 25 field such as the geomagnetic field, with the result that the
tension mask is not conpletely demagneti zed such that a residua

magneti zation is generatéd inside -13 thd2tension mask. The val ue obtai ned
magnetic field is
call ed the anhysteretic magnetic perneability. The external m%ﬁE%AC field

ray tube. However, the demagnetization is carried out

by dividing the residual magnetization by the external

such as the magneti cpiguxl ofs T tdrape seagronpdnVieWdSheELiPg @

I nto

the tension mask with increase in the anhysteretjc nagnetic perneability
of the tensionragskube eguippedpritic & HENSARINBRPE shiel di ng properties
between the el ectron gun and the tensjon.nas 1 ioh
t he present inventors héﬁESEdWHHEﬁES%QH&gQFe ?Pvgnyggga?cﬂ
rel ati onship between_a steel shegt |48PLA 1h0holObel Bdsc@ibea@sinn mask and
the generation of thghEoPBFsﬁggiéﬁYéﬁ#%ﬁyigg to arrive at a method of

manuf acturing 15 steel sheet for a tension mask excellent in both the
creep res? st an@® r high tenperatures and the magnetic shiel ding

properties and a teng

evaluated by the magnetlc permeability of

St’ne material.

e circunstances,
on the

i 0@3E3§Kl.e¥ﬁ€|hﬁ§ﬁeﬁibtnnﬂehﬂmagzmﬁ@P3F§§P§tﬁﬁﬁe under
hi gh tenperatures ang tthe magnetic shiel ding propertie

The magnetic permeability can be improved by decreasing

the contents of Mn, Mo, Cr, N, etc. in the steel sheet.

10 If the contents of these elements &are decreased,

however, the creep resistance of the steel

sheet under

high temperatures is deteriorated. In other words, the

.improvement in the magnetic permeability tends to be

contradictory to the improvement l1n the creep

‘16 resistance under high temperatures. Such being the

gituation, the present inventors have conducted{again a

research on the factors actually contributing to the

magnetic shielding properties of a cathode ray tube.

A television receiver or a color display includes

.20 a mechanism of allowing an electric cur;ent to flow

through a demagnetizing coll when, for example, the

power supply is turned on so as to demagnetiz

e the

materigls within the cathode ray tube. However, the

demagnetization 1s carried out in an external magnetic

26 £ield such as the geomagnetic £field, with the result

that the tension mask is not completely demagnetized

such that a residual magnetization is generated inside



20 which is manufactured-by the particular nmethod, as disclosed in
Japanese Patent Application No. 11-360697 filed previously. To be nore
specific, the present inventors devel oped previously a nethod of

manuf acturing a steel sheet for a tension mask 25 excellent in both the
creep resistance under high tenperatures and the magnetic shiel ding
groperties, conprising the steps of hot rolling a steel sheet -14
consisting essentially of lower than 0.1% by weight of C, not higher than
0.05% by weight of Si, 0.4 to 2% by weight of M1, not higher than 0.03% by
wei ght-of P, not higher than 0.03% by wei ght of S, not higher than 0.01%5
by weight of sol. A, not-lower than 0.010% by wei ght _.of N ang the bal ance
of Fe; col d rophé NEaridmon emski.anThe roalue| okfpinede PYs A4¥LALNGE0R i g t he

cold-rolled steel sheet; and applying a secopdary. col |]i o the :
resul tant steereshiedl uwainetdzeddonn§yr EHGCP?‘gﬁrﬂ%Jf @%éhéot\%‘é;r tngftrj\1 35% al so

devel oped a steel sheet for a_  tensi mask I L PGy thRecCr eep
re;iﬁtance ?nferc?lngggﬁbeéﬁﬁﬁﬁifgﬂﬁ FﬁgngggﬁekigmgiﬁthgsﬁglfFrOpegties
an aving a eas 0 n lag FHENRAGRe PEE afty under a
DC bi as magnet PELEFRAY Tﬁgnq%ﬁﬁf}g %§%§JO_§% Ce) . T%e present inventors

have conducted a furt Al T AT elaisady Lhtof thectenaddn sheet
after thé finaFgEOFaogsg??#ﬁ%ﬁis anneal ed under tenperatures not higher

than 20 the rg&&%sgakhiiﬁéféﬁbééiﬂnﬂhﬁtnnhyﬁuprh§iso§§95?E1To i nprove the
anhysteretic magnetic perneability of the

permeabllity of the tension mask so as to improve the
magnetic shielding properties between the electron gun
and the tension mask. |

10 Under the circumstances, the present inventors
have conducted an extensive research on the
relationship between a steel sheet suitable for forming
a tension mask and the generation of the color
deviation so as to arrive at a method of manufacturing-

16 a steel sheet for a tension mask excellent in both the
creep resistance under high temperatu#es and the
magnetioc shiel&ing broperties and a tension mask °
excellent in both the oreep resistance under high
temperatures and the magnetic shielding properties,

20 which is manufacturqq by the particula; method, as
disclosed in Japanéﬁe patent Application No. 11-360697
filed previously. To be more specific, the present
inventors developed previously a method of
manufacturing a steel sheet for a tension mask

26 excellent in both the creep resistance under high
temperatures and the magnetio shielding properties,

comprising the steps of hot rolling a steel sheet



steel sheet after t-he bl ackening ‘treatnment under the DC bias nagnetic
field of 27.9 AAm (0.35 Ce); ii) In order to further inprove the
anhysteretic 25 magnetic perneability of the stéel sheet after the

bl ackeni ng treatnent under .the DC bias magnetic field of 27.9 A/Am (0.35
Qe), it is desirable to set the N content of the steel sheet at a | evel
I'ower than 0.01% by weight; iii) if the N content of the steel sheet
is-set |ower than 0.01% by weight, the creep resistance of the 6 steel
sheet” under high tenperatures tends to b&rendered | ower than that in the
case where the N content noted above is not |ower than 0.01% by wei ght.
However, if the N content of the steel sheet is set at a |level not |ower

t han 0. 006% by _ywej Oo g in 1141 140 cFaOBWEL Mehan 0 { He Wh wedeh&nPEof t he
steel sheet is°§§%ggﬁ%g§ersthan 0. 6% by wei gh

t, it is possibI? to _obtain a
satisfactory cgeegotepighéncenat toStsbyewedabttofirder 0h JHP gn‘g’é{r atures
wi t hout deteriorating the nagnetic shieldin roperties.. a ik | f. the
steel sheet hayetghthefcHmposdt iwersétt‘a&sgpﬁr”gtgﬁ ko) gtl‘tﬁr}%t Jeifﬁ ) -

descri bed above is anneal ed under a t erature ' OfhdH @@t han the
recrystal | i zat hagheenpbant O @3% By jwe ] 'tgogggggﬂepa sati sfactory

ceep e sance uicel g ooE ke Gouench biph e
arri ;/ﬁg ?L eogr;%g x %ﬁ{/%ngf B&E\%‘% “ﬁ%\%@é RQj1a @610Uhgabhuerediktantie of
hot-rolled steel sheet; annealing the cold-rolled steel
gheet; and applying a secondary cold rolling to the
resultant steel sheet under a rolling reduction not
10 lower than 35%, also developed a steel sheet for a
tension mask excellent in both the creep resistance
under high temperatures and the magnetic shielding
properties and having at least 3,400 of an anhysteretic
magnetic permeability under a DC blas magnetic field of
16 27.9 A/m (0.35 Oe).
The present inventors ﬁave conducfeq a furtber
rese;rch gso as to find:
1) If the steel sheet after the final cold
rolling 1s annealed under temperatures not higher than
20 the rec:ystallizatiop temperature, it is possible to
improve thé anhysferetic magnetic permeabllity of the
steel sheet after the blackenipg treatment under the DC
bias magnetic £ield of 27.9 A/m (0.35 0e):
ii) In orderlto further improve the anhysteretic
26 magnetic permeablility of the steel sheet after the
blackening treatment under the DC bias magnetic field

of 27.9 A/m (0.35 oOe), it 1is desirable to set the N



26 be described. The steel sheet-for -a tension mask according to a first
enbodi ment of the present invention consists -16 essentially of |ower than
0: 1% by weight of C, lower than 0.2% by weight of Si, 0.4 to 2% by wei ght
of Mi, not higher than 0.1% by wei ght of P, not higher than 0.03% by

wei ght of 6, not higher than 0.01% by weight 5 of sol. A, 0.003 to 0.02%
By weight of N, and the balance of Fe, and has an anhysteretic nagnetic
perneability of 5,000 or higher. The particular. steel sheet for a tension
‘mask exhibits excellent magnetic shiel di¥g properties without
deteriorating other 10 properties such as the surface properties and the

et chi ng properties The reasons for the contents of the conponents of the

steel sheet notg 2 hkBedBtbal | sheet Gt @ ilevelf dovpyethan rPtbving the
creep 15 resrstance of the steel sheet under high tenperatures. However,

if Cis added ;hyp weugtimyunt not snaller than 0.1% by weight, a coarse

cementite is precipitated in the steel she t.so a 14 et t he
etching properties of:!.it:IHe gEcthe s'ﬁé'ét“tqnt 51 Fgﬁssﬁ?éf %ﬁeﬂc 20 cont ent

shoul d be.lower than 0.1% by we ht fe haststantend£stnel d be
not hi gher. thahowenetbasy Q/véﬁld‘h#’ 7a br{e]?&r ﬁe;?t not. hi gher than 0.03% by

etching poper t PEESbr SRFEE QP éﬁgh”*"“é“ﬁﬂ%?ﬂ?“ﬁﬁi““gﬂ?’S?S”Béataﬁdéﬂei " an
amount smal I er thag 0.2% Bye W& thht LA ©R6 coatesiwhestes ther Nthe Si content
content noted above 1s8 not lower than 0.01% by welght.
However, if the N content of the steel sheet is set at
a level not lower than 0.006% by welght and, at the
10 game time, if the Mn content of the steel sheet 1s set
higher than 0.6% by weight, it is possible to obtain a
gatisfactory creep resistance of the gteel sheet under
high temperatures withoht deteriorating the magnetic
ghielding properties; and
16 iv) If the steel sheet having the compositions
get as pointed out in ltem iii) deacribed above ia
annealed under 2 temperature region not higher than the
recrystallization temperature, it is possible to obtain
a satisfactory oreep resistance under high temperatures
20 . and, at the'same t@me, excellent magnetic shielding -
properfies.
The present 1nvention has been arrived at on the
basis of the findings pointed out above.

The mode of working the present invention will now

25 be described.

The steel sheet for a tension mask according to a

first embodiment of the present invention consists



to be not higher than 0.05%by weight, furthernore .17 desirably not higher
than 0.03% by weight. M WM serves together with Nto inprove the creep
resi stance of the steel sheet under high tenperatures. Particul ar effect
can be produced in the 5 case where the Mi content is not |ower than 0.4%
by weight. However, if the M content exceeds 2% by wei ght, the
particul ar effect produced by the Wh addition is saturated. In other
words, the M addition exceeding 2% by weight causes an increase in the
manuf acturing cost 10 of the steel sheef 16'n addition, a central

segregation is brought about by the excessive M addition so as to cause
a defective etching of the steel sheet. Under the circunstances

it is
desirable for ;Jbesejéﬂigq&g{ear Dbwet hehat dbll%s byewedght a0F Gy t 1P¥PH range of
bet ween 0. 4% 15 and 2% by wei ght, preferably between 0. 4% End %$4@6by
.weight. P; P cq{id iuise byt weilght oo it Q-i%ﬂ"h@*n@é’hﬂﬁ?"?ﬁ ot Bhgt h of
the steel sheet. However, P tends to bring ahout a nogupifargpghchi ng
derived from t heots dgigheat itivan 023% lme*'f%‘f%}te,"% d ?ogeggggé?e%‘or the P
content to be not higher than 0.1%Db ' | balbh B9t wBLgher than
0. 03% by wei ght0 i 03% Xy wsrighte o0&+ FechB}%ejfsﬂH%(ﬁ‘t e nonum?f ormetching. It
is furthernore suppressin i cabhe 'yt RFe O R, tandbehmot hi gher
than 0.02% 25 919 %\%}glﬁl.' %q@%l rstguhée%?gja%l y cgont ained in the steel.
Wiere S is contained in fhe St nakegh aihpatearatiy magnetic

permeability of 5,000 or higher. The particular steel

gsheet for a tension mask exhibits excellent magnat;c

ghielding properties without deteriorating other

10 .properties such as the surface properties and the

etching properties..

The reasons for the contents of the.components of
the steel sheet noted above are as £ollows:
c: C is effective for improving the creep |
16 resistance of the gteel sheet under high temperatures.
Howevex, 1f C 1s addgd;in an amount notfsmgller tth
0.1% by welght, a c&ﬁrée cementite 1is precipitated in
the steel sheet so as to deteriorate the etching
properties of the steel sheet. It follows that the C
20 content should be lower than 0.1% by weight. Preferably.,
| thé C content should be not higher than 0.06% by weilght,
more preferably not higher than 0.03% by welght.
'si: Si forms & nonmetallic inclusion so as to
deteriorate the etching properties of the steel sheet
26 and, thus, should be added in an amount smaller than

0.2% by weight. It is moxe desirable for the si content

to be not higher than 0.05% by weight, furthermore



--r - 18 exceeding 0.03%by werght, a hot shortness is caused in the steel
sheet and, at the same tinme, a nonuniform etching derived fromthe S
segregation is generated. It follows that the S content shoul d desirably
be not 5 higher than 0.03% by weight, nore desirably not higher than 0.02%
by weight. N. If Nis contained in the steel sheet in an anmount exceedi ng
0.02% by wei ght, the magnetic properties of the steel sheet are markedly
deteriorated. 10 On the other hand, if Nis contained as a solid solutiaon
el ement, the creep resistance of the stedf - sheet under high tenperatures
can be inproved. However, if the N content of the steel sheet is |ower

than 0.003% by weight, the particular effect cannot be 15 produced. Such

Rlei ng the si tu%teisggf,bi?en&mm trdn 0, 03bebP. 963908 -0. . 02% by wei ght .
SO,

If the N"content 1s |ower than 0.01@6p¥ meighti t he st@ﬁ%lsheet IS,
all owed to exhibit emgel Mntservesctogephepeyitd! ¥Q 1PRFP¥Rs that. it is

nore desirable for the N content to 20 be _not | ' . 003% by wei ght
h
and | ower than dxeepl¥esbstancehef the stgel § 9%X§5§%?€§§gto fix solute N

in the steel as ALN. Therefore

i f .saql. L SqafNbai pedaliBea ih atlge
amount, . the aduum@r@ﬁané-sdﬁiﬁQ?Q&ld%hF§ﬁ£§§ Bﬁgdﬁceg the effect of

: rsrpr g\e“cpgaggg_ Céfseé)a{h%;éﬁﬁ;ﬁni ?I::Il{é&gtez#sfgl&tzilf%gﬁezgmgm.@* bgmper at ur es,
welght. However, i€ the Mn content exceeds 2% by weight,
the partiocular effect produced by the Mn addition 1is
saturated. In other words, the Mn addition exceeding 2%
by weight causes an increase in the manufacturing cost

10 of the steel sheet. In addition, a central segregation
is brought about by the excessive Mn addition so as to
cause a defective etching of the steel sheet. Under the
circumstances, 1t is desirable fox the Mn content of
the steel sheet to_fall within a range of between 0.4%.

156 and 2% by weight, preferably between 9.4% and 1.4% by
welght. . ‘

- p: P contributes to improvement-in the mechanical
gtrength of the gteel sheet. However, P tends to bring
about a nonuniformletching derived from the segregation.

90 Therefore, it is desirsble for the P cor'ﬂ':ent to be not
higher than 0.1% by weight, desirably not higher than
0.03% by weight in view of the effect of f?rther
suppre;sing the nonuniform etching. 1t is furthermore
desirable for the P content to be not higher than 0.02%

26 by weight.

g: S is unavoidably contained in the steel.

nt
Where S is contained in the steel sheet in an amou |



anount of--sol..-Al to be as smal I-ras~possi bl e. Such bei
the soi. Al content is specified' in the present invent
than 0.01% by weight. 51t is also possible to add as
etc.; which are known to inprove the creep resistance

ng the situation,
lon to be not higher
required &, M, W
of the steel sheet

under high tenperatures. In this case, it is desirable to set the sum of
t'hese additional elenents at It by weight or less in view of 10 the

etching properties and the nagnetic properties of the
present invention, the steel sheet is d¥ined to have

steel sheet. In the
an anhysteretic

magnetic perneability of 5,000 or higher. The steel sheet having an 15

anhysteretic nmagnetic perneability of 5,000 or higher

pr oduces

satisfactory %g&@% j.@hdi By ReQgRt] i @shot nshortress oleRaNsedARe
satisfactory gne dl‘iglg:hi el di ng properties, it is desirable for the steel .

sheet to have tﬁg\g%ﬁaﬁngﬂuatiQnuagaEtthepeameabimﬁtyaoﬁ°ﬁﬁﬁkﬁ95ﬁ' ' 20

hi gher, nore desirably 6,000 or higher.

f .the_ stee St 1.5y anpeal ed
under a tenper gtstiEngadestlivgide£roma hetﬁe“&ﬁﬁ?ﬂ?ﬁi@?i%snﬂgﬁg%?%éﬁiarﬁgabiIity

after the cold rolling, it is possible for e
anhyst ereti c nfghtowe ERathdds ﬁ?ﬁf“&?n§,688ug§ ﬁ?éﬁg%b%

(S)

egb Aot have the
as descri bed

later. In addition, if the immuri I | mbetl B8s3k@Blyi Sotenllgreak it is
possi bl ebf or théQBPEe'Fha%h%'ﬁ (?y}])(vei%:[l‘ﬁ, mote Q85 Y

ave
permeability of

according to at

_ e anhysteretic magnetic
h'an28.0§%0959 v?éidﬂtﬂher- The steel sheet for a tension nmask

N: If N is contained in the steel sheet in an

amount exceeding 0.02% by weight, the magnetic

properties of the steel sheet are markedly deteriorated.

10 Oon the other hand, if N is contained as a solid

solution element, the creep resistance of the steel

gheet under high temperatures can be improved. However,

if the N content of the steel sheet 1s lower than

0.003% by weight, the particular effect cannot be

16 produced. Such being the situation, the N content

‘ should be 0.003 to 0.02% by weight. Also,

if the N

content i1s lower than 0.01% by welght, the steel sheet

is allowed to exhibit excellent magnetic properties. It

follows that it is more desirable for the

N content to

20 be not lower than 0{003%'by.weight andllowgr thgn 0.01%

by weight.

Sol. Al: Sol. Al serves tolfix golute N in the

large amount, the amount of the solute N,

steel as AlLN. Theréfore, if sol. Al 1is contained in a

which

25 produces the effect of improving the creep resistance

of the steel sheet under high temperatures, is

deocreased. It follows that it is desirable for the



second enbodi nent of the present i nvention consists essentially of |ower
than 0.1% by weight of C, lower 5 than 0.2% by wei ght' of Si, higher than

Q. 6% and not higher than 2% of by weight M), not higher than 0.1% by

wei ght of P, not higher than 0.03% by weight of 5, not higher than 0.01%
by wei ght of sol. A, not |ower than 0.006% and |ower than 0.01% by wei ght
of N, and the 10 bal ance of Fe, and has an anhysteretic nmagnetic
perneability of 5,000 or higher. The steel sheet neeting the conditions,
gi ven above exhibits both the excellent agnetic shielding properties and
the excellent creep resistance under high tenperatures. 15 The reasons for
the definition of the contents of the conponents of the steel sheet given

above are as follows; _Si.. Siafetsmeras asmdlle «ad gussdbpeopdiudes of the
steel sheet asaﬂggﬁgfﬁgdé%%éV?ous y in conjunction with 20 the i rst

h _
enbodi ment of éggngr{&ﬁgn&ﬁ@a{@mﬁpmhé’m:ﬂ ok, cantensi 160APEALELP  he st eel
e

sheet - ' shoul d ower than 0.2% by wei ght, desirably not h'g&g& %?an
0. 05% by wei ghty,, apd gRegertsinvahbiont tai ot MAGNEE (8aPoY REF BT N As
described previously 1n conjunction with 25 the first enbodi nent of the
present inventiweighthe steel sheet having the N content |ower than 0.01%

GLocr vos vt oot o i SErALSRET R o Gl et ks v,

creep reSiStaninRt %gﬁch are known to improve the creep resistance
of the steel sheet under high temperatures. In this
aase, it is desirable to set the sum of these
additional elements at 1% by weight or less in view of

10 the etching properties and the magnetic properties of
the steel sheet.

In the present invention, the stee} sheet is

defined to have an anhysteretic magnetic permeability
of 5,000 or highex. The steel sheet having an

16 anhysteretic magnet;c permeability'of 5,000 or higher
broduces satisfactory magnetic shielding properties. In
order to obtain more satisfactory magnetic shielding
properties, 1t ig desirable for the steel sheet to have
an anhystefetic magnetic permeablility of 5,200 or

90 higher, moxe desirably 6,000 or higher. If the steel

| sheet 18 annealed under a temperature not higher than

the anhysteretic magnetic permeabilit¥lafpgr Fhe c?ld
rolling, it 1s posgible for the steel sheet to have the
anhysteretic magnetic permeability of 5,000 or higher

26 as descoribed later. In addition, if the impurity level
in the steel is reduced, it is possible for the steel

£
gsheet to have the anhysteretioc magnetic permeabllity o



st eel . sheet under high tenperatures. Mire prom nent 5 creep resistance
under high tenperatures can be obtained if the N content is not |ower than
0.006% by weight. Further, the steel sheet is allowed to exhibit both the
excell ent magnetic shielding properties and the excellent creep resistance
under high tenperatures, 10 if the N content and the M content, which wll
be referred to herein later, are set such that the N content is not |ower
t han 0. 006% by wei ght and Iomer than 0.01% by wei ght and the M) content is
hi gher than 0.6% by wei ght and not hi gh? "t han 2% by wei ght. Such 16 bei ng
the situation, the N content should be not |ower than 0.006% by wei ght and
| ower than 0.01@6by weight in the second enbodi nent of the present

i nvention. in g' &¥ Hiyhdwl ance between the creep resistance under hlgh
tenperatures and the magnetic properties, it is 20 desir

content to be not |oyps stesl shesy @ \E@PQﬁ?na’Hﬁgfo%%&b%(ﬁu{r?O& 0100% by
wei ght, nore desirably not |ower than 0.008 @6

t o Ghush r than
0.0100% by wei gatondhemivdeentesof Jha i%‘?e‘\ﬂ“t ﬁx?}g@#'gn%r%ve téh?veZS creep

resi stance of the steel sheet_under e i HheSo£ /g, dbower bed
previ ousl y, t hesgenttabhEcpf 4%“3?IE§5%¥§ 1% g?tgboth the excel l ent creep

; 22 resi stance under g t 4 angh ﬂy& eneal bese anagmetic
shleldln@ propéPPPeQ ?# BK %Pgéﬁtgﬁﬁ§ tﬁ% steel sheet is not |ower than

0. 006% by wei g?sig?\ga; ﬁi,gweﬁ%t Bany Og Géi/gllw Mej givt highes thas Ohd¥P¥he vh 5

content exceed the other hand, if ¢
welght of P, not higher than 0. 03% by welght of 5, no

higher than 0.01% by weight of sol. Al, not lower than
0.006% and lower than 0.01% by weight of N, and the

10 palance of Fe, and has an anhysteretic magnetic
permeability of 5,000 or higher. The steel sheet
meeting the conditions given above exhibits both the
excellent magnetic ghielding properties and the
excellent creep resistance under high temperatures.

16 The reasons for the definition of the contents of
the components of the steel sheet glven above are as
follows:

gi: Si deterlorates the etching properties of the
steel sheet as deséribed previously in conjunction with

20 the first embodiment of the present invention.
Theréfore, the Si content of the steel sheet should be
lower than 0.2% by weight, desirably not higher than
0.05% by welght, and more desirably not higher‘than
0.03% by weight.

25 N: As described previously in conjunction with
the first embodiment of the present invention, the

steel sheet having. the N content lower than 0.01% by



the Mh content exceeds 2% by weight, the effect of inproving the creep
resi stance of the steel sheet under high tenperatures is saturated. In

ot her words, the Mh content higher than. 2% by wei ght causes an increase
in 10 the manufacturing cost of the steel sheet. Also, the addition of an
excessi ve anmount of M1 brings about a central segregation, with the result
that a defective etching of the steel sheet tends to be caused. Such
being the situation, the M content shoul d be higher 15 than 0.6% by wei ght
and not higher. than 2% by wei ght, nnrézaésirabry hi gher than 0. 6% by

wei ght and not higher than 1.4% by weight. It should al so be noted that
the creep resistance of the steel sheet under high tenperature can be

mar kedly i npr oyged ghft ?brm tadﬂedduaiﬁy)Qﬂ¢3%h99ﬁtmﬁSP°F6ﬁePr?ﬂ 5% by

wei ght. Therefore, WMh content of the steel ﬁhgﬁlghéall within a
range of betweeyLdd 7%sby1e\nerghedam@-93%35y \ﬁé’iegﬁf’ & ﬁ‘D e~desSirably
bet %leen 0. 7% by weight and 1.4%b

ht . | Sgk- thé serves to
fix solute N i stded geamitss LRPROV r?? ﬁ% fg%is?ﬁhcfs contained in a

of {mproving t F&e£$$r§£fw%§%c§99§$€?'ﬁ%° SH N i e
tenperatures, is decre OMS ﬁfﬁﬁm draturtar cdem bet ain the steel
sheet exhi biti iFRR e‘%xc‘:éeel pnlkr e %

I"'ent magnetic 5 shielding properties and the
excel | ent creep s S{ANEE tHe e lcohitghtt tapmotatloway; than 9 9.908% B¥| e for

e e welght. Further, the steel sheet is allowed to exhibit
both the excellent magnetic shielding properties and
the excellent creep resistance under high temperatures,

10 if the N content and the Mn content, which will be
referred to herein later, are get such that the N
content is not lower than 0.006% by weight and lower
than 0.01% by weight and the Mn content is higher than
0.6% by weight and not higher than 2% by weight. Such

16 being the situation, the N content should be not lower

' - than 0.006% by weight and lower than 0.01% by weight in
the second embodiment of the present invention. In view
of the balance between the creep resistance under high
temperatures and the magnetic properties, it is

20 desirable for the N content to be not lower than

| 0. 0670% by weight and 1ower than 0. 0100% by weight,

: more desirably not lower than 0. 0080% by weight and
lower than O. 0100% by weight. '

Mn: Mn serves together with N to improve the

25 creep resistance of the steel sheet under high
temperatures. As descoribed previously, the steel sheet

is allowed to exhibit both the excellent creep



of sol.

Al cont ent

0. 01% by wei ght .

cont ent,

hi gher than 0. 1% by wei ght, and the S content,

0:03% by wei ght,

Al to be as small -as possjble. Such being the situation, the sol.
Is specified in the present invention to be not higher than

10 Incidentally, the reasons for the definition of the C
which is lower than 0.1% by weight, the P content, which is not

whi ch is not higher than

are equal -to those -described previously in conjunction
15 with the first enbodi nent of the present invention. It

is also possible

to add as required additional elements -28ch as C, M and W which ar6

known to inprove the
t enper at ur es,

as in the first enbodi nent of the present 20" invention.

this case, it is q&%%éﬁﬂ#%nhgrsﬁigﬁr@bmﬂ%ﬁﬂtu&bsthﬁﬂethddéXCthﬁnblenents at

I't bi'weight B8

magnet i c pernea@%éﬁéﬁ@q\gﬂﬂa1aghgubﬂotnrttﬁaIiﬂm;hetﬂaqonS?BBO?fiE

to that describe hgst nmbodi nent .
The nethod of nppeéRCinEstnde hotslower sthan §.906% PFHEAGRTHBER according

to each of the first and second .24 enbodi ments of th
wi Il now be

I's snelted, hot

previously in 25 conjunction with the f

creep resistance of the steel sheet under high
I n

he reason for the definition of the anhggteretic
| so equal

egfBt mhnvention

desewebetham e Gitedy Walghl 1R GR5E F’F’S%redescrl ed above

|l ed, d pickl ed d d | K
met hods s® as toggbegtneéggﬂégJ%-§ﬁePVa§3§§ﬁé' od kgg B¥nef h&fa KNDAN

is possible to a

with an

i ntermé

a predetermned thickness. It

2l S B L o e o 1

I nt er posed between the

improving the oreep resistance of the steel sheet under

high temperatures ig saturated. In other words, the Mn

content higher than. 2% by welght causes an increase in

10 the manufacturing cost of the steel sheet. Also, the

addition of an excessive amount of Mn brings about a

central segregation, with the result that a defective

etching of the steel sheet tends to be caused. Such

being the situation, the Mn content should be higher

16 than 0.6% by weight and not higher than 2% by weight,

more desirably higherx than 0.6% by weight and not

higher than 1.4% by weight. It should also be noted

that the creep resistance of the steel sheet under high

temperatures can be markedly improved if Mn is added in

20 an amount not lower than 0.7% by weight. Therefore, the

Mn coritent of the steél sheet should fall within a

range of between 9,7% by.weight gnd 2.0% by weight,

more desirably between 0.7% by weight and 1.4% by

welght.

26

Sol. Al: Sol. Al serves to fix solute N in the

a
steel as AlN. Therefore, 1if gsol. Al 1s contained in

large amount, the amount of the solute N, which



adj. i

plL?;FPEychdt{2Lg+3?tﬁrocesses.-Vhere the cold rolling 10 is applied

Pt eenbsad s the. it the rec?ystal!ization anneal i ng treatnent :

o ot Lhe i nternedi ate annealing treatnent between the adja

cola rolling Ee aESFes, it Ls_de3|rable for the final cold roIIinJ cent

feduction to be al east 25%in order to 15 ensure the mechanical gtr

o the Steel shet o o0 1r e ot " Stecl oot Tor ot v

Len: K _ . _ . CO rollin i

at egg:gsﬁsébZgn?nfurthernnre' desir abl' Y34t IeaSt’48@6rgguf%gogtﬁ2?uLd 3e

an excessive 2 crease in the cold rolling reduction leads to e
e cold rolling mll load. Therefore, the up Iin?? of the

cold i i .
oR dreﬁ't x S "Gt ad gggugfeggfﬁ {"ﬁ,‘ﬁ?mgﬁ@’e 95PEPATEPLIEPICI 006
herein |ater, &ﬁetngﬂgtdyﬂ|shngtrgu@%;iQ#%é}é;ﬁé;:&%%%PEQLgkggrg?f?;ngd 25

represen : .
172 T L omancmt i b1 M, A BECSEP 00 20
Broel sheet af 8;;25 h&gf{gxﬁiﬁﬁéfﬁow%ﬁ Eodlehty magné‘iﬁx Yto ;;'32 t he
such as a tension el er 'ng through a 5 shape-correcting line
shape of B he gpée{lggﬂg eg;ooéerﬁiﬁrgohgg[ ti;x?vek@éllmmrmeg Fesdstance he
applied to theu%hggl hfgﬁe{erﬁﬁgﬁt‘MBaf 1er§5h@2££$f§|f'§rg él{eea;[m%gt s
of sol. Al to be as small as possible. such being the
gituation, the sol. Al content is specified in the
present invention to be not higher than 0.01% by weight.
10 Incidentally, the reasons for the definition of
the C content, which is lower than 0.1% by welght, the
P content, which is not higher than 0.1% by welght, and
the S content, which is not higher than 0.03% by weight,
_ are equal to those described previously in conjunction
16 " with the first embodiment of the present invention. It
is also possible to add as reguired additional elemen?a
such as Cr, Mo and W, which aré known to improve the |
creep resistance of the steel sheet under high
temperatures, as in the first embodiment of the present
20 invention. 1In this case, it is desirable to set the sum
of these additional elements at 1% bj'weight or less.
The reason for the definition of the anhysteretic
magnetic pefméability; which should be not lower than
5,000, is also equal to that described previously in
25 conjunction with the first embodiment.

The method of manufacturing the steel sheet for a

tension mask according to each of the first and second



10 rolling er to the -steel sheet isubjected to the shape- correcting
treatnent after the cold rolling so as to inprove the magnetic properties
of the steel sheet. The annealing treatnment is carried out under a
tenperature region in which the recrystallization does not take 15 pl ace.
in the prior art, the annealing treatnent is carried out after the cold
rolling in order to decrease the residual stress within the steel sheet.
In the present invention, however, the annealing treatnent is carried out
after the cold rolling in order to inprb%€°.20 the nagnetic properties of
the steel sheet regardless of the presence or absence of the internal
stress. The annealing treatnent is carried out under a tenperature region
not hi gher t halgmkgﬁiﬁgﬁfyséialﬂﬂezqiria@ntt enpenafonewlId hewnbee specific, it
is desirable to carry out the annealing treatnent under tenperatures

not |ower thangdgertheacause it is difficult to obtain the effect of

| mproving the magnetic properties if the 26 annealing tre nt, js.carried
out under tenperatur®he sbesk hﬁﬂﬂn9M§MP.°PHP8F&§F99088595$%g§ %?%g er

effect of inproving the magnetic propertje f. the eel.;gh I {yl S NOre
desirable to cdmr ym&teﬂhehahn&l-f% 5""(4 é’i‘l"?f&ﬁt‘i'uﬁg‘gr %to éﬁpgrsgtlacrlegynot

| ower than 480t . Particularly, the ste 1%5@ e eli€ gbeeWAdviagexhi bi t

t he anhysh er et i i en¥HUR E‘etg?h%a%? ki ?%?J : Otao?%%hi gﬁer stably if the

annealing treatnment Jjs cartiad er ykeggepabibientd appky then
510°0, and the %t%&e%sr?ﬁé‘éﬁ Eﬁ%&ﬁwgl owed tobexhi bit the anhysteretic

magneti c per meabiy4 t¥%1Gfing 8AyO6nbé Wera iglureiity of times with an

intermediate annealing treatment interposed between the

adjacent cold rolling processes. Where the cold rolling
10 . is applied a plurality of times with the
recrystallization annealing treatment interposed as the
intermediate annealing treatment between the adjacent
cold rolling prooeéaes, it is desirable for the final
cold rolling reduction to be at least 25% in order to
16 ensure the mechanical strength of the steel sheet
required for use of the steel sheet for form#ng a o
tension mask. More deéirably, the final cold rolling
reduction should be at least 35%, and furthermore
desirably at least 40%. On the other hand, an excessive
20 iﬁcreasb in the coi@ rolling reductipn leads tp an
inérease in the cold rolling mill load. Therefore, the
upper. 1imit of the cold rolling reduction shoulq |
deé;r;bly be 80%, more desirably 70%. Tnoidentally., in
the case of performing a gkin pass rolling described
26 herein later, the cold rolling reduction of the f£inal
cold rolling represents the cold rolling reduction of

the cold rolling jmmediately before the skin pass cold



. annealing treatnent is carried out under tenperatures not |ower than
5609x. it follows that it is furthernore desirable to carry out the
anneal i ng treatnment under 15 tenperatures not |ower than 5109x, nost
desirtably under tenperatures not |ower than 5609x. It shoul d be noted,
however, that, if the annealing tenperature exceeds 600t, it is possible
ffor the recrystallization to be started within the steel sheet so as to
rapidly 20 deteriorate the creep resistance of the steel sheet under high
“tenperatures. It follows that it is desPhable for the annealing
tenperature not to exceed 60090. Also, in order to ensure the stability in
the manufacturing process while preventing the rapid 25 deterioration of

the creep resiééfﬂﬁﬁ%gnder high tenperatures, it is desirable to carry out
reat

the annealing nt under tenperatures not higher t -27 .590°C, nore
desirably under tenpgy atsupessibilehitghappPifad SKHY R28H (X9 r}If't%stiqol%gmto .

obtain a tension mask by etching_ the steel ghee t | 17157 4
according to asyeel shadt sftax g‘é‘rﬁﬁé@@én&%ﬁbﬁﬁ##é’% sg%f."eél?e%br esent
i nvention descri bed above so as to parfqr t hg18i86! ths6egh .afol | oned by
stretchi ng t hespeelosheed aftey tﬁ%‘%g,tnag.vgztﬁg ?rsarre gnd subsequent |y

applying a blackening tre 4&3% ' at ¢Bag16hetevébertor The 10
tensi on rhask tHB§PﬁrﬁgﬁF%%€#§[}#ljf4ie y to%tsgf%vg rise to the color deviation

probl em because the_raw r{dl orddreclo daslectxithbi shapacef| the nagnetic
shi el di ng proﬁ@ﬁEFﬁsiﬁfgﬁéﬁt%@é%%riorating ot her properties or

steel sheet.

In the next step, an annealing treatment is
applied to the gteel sheet obtained after the cold
10 rolling or to the steel sheet subjected to the shape-
correcting treatment after the cold rolling so as to
improve the magnetic properties of the steel sheet. Taé
annealing treatment 1s carried out under a temperature
region in which the recrystallization does not take
"~ 16 place. In the prior art, the annealing treatment 1s
carried out after the éold rolling ip order to decregse
‘the residual stress within the steel sheet. In the
present invention, however, the annealing treatment is
carried out after the cold rolling in oxder to improve
20  the magnetic properties of the gteel,sheet rqgardlesé
.of thé presehce.or abéence of the internal gtress. The
annealing treatment is oa:rigd out under a temperature
regibn not highexr fh#n the recrystalliiaﬁion
temperature. To be more specific, it is desirable to
26 carry out the annealing treatment under temperatures
not lower than 450C because 1t 1s difficult to obtain

the effect of improving the magnetic properties if the



exhi bits both-the excell ent maghetit [ [
) gnetit shielding 15 properti
2;§ﬁgg:nﬁa;rfﬁgereﬁgfhgnfﬁeunde[. h:gh tenpergtureg. Ft §Bffoagdthgf t he
‘ _ : particul ar tension mask is of hi
Eﬁggoan?gcg,Crﬂ;ghsgitﬁgzgftvrgee Lron1the col or deviationlg?oblenl 20
| : : w showi ng a cat hod [
HS W ng ode ray tube 1
such a tension mask. As shown in the draw ng, thg cathodg ?gylfﬁgg 10

conprises a panel portion 2 for displayi [
The panel portion 2 is welded to thg ?ﬁkﬁgranggaggrﬁpgnaétUPESI:“port}on o
. erior of the

y

2, and a tensi ghngR$kngd the '
: Stuentgcss chxcile m e
Cension mask 10inEBEng ey 5 f1a 5,ga§§§t‘ﬁ2§§5?§i'9%% %. The

FTe D Coleohbrakrinancass Ty fncordpe dq kAL & GBates grengt, a0t

magnetic shield 6 is arranged on the back ' ' nner
e Cental Iyt supscwssd RonchapbaeLRoREmELAEF 5, POE dedr oot

it 3"br B5asdamago PP VLE, B SRS el e ings Lo, 2
T 2 enb i sy dome e |0

Particularly, the steel sheet can be allowed tonegﬂggngng, a
the anhysteretic magnetic permeabllity of 5,000 or
higher stably if the annealing treatment is carried out
under temperatures ‘not lower than 510C, and the steel

10 sheet can be allowed to exhibit the anhysteretic
magnetic permeability of 5,200 or higher if the
annealing treatment is carried out under temperatures
not lower than 560C. It follows that it is furthermore
desirable to carry out the annealing treatment under

16 tempe;atures not lower than 51013, most desirably undef

. temperatures not lower than 560C. It should be noted;

however, that, 1f the annealing temperature exceeds
600°C, it is possible for the recrystallization to be
gtarted within the steel sheet so 28 to rapidly

20 | deteriorate the,crgep resistgnce of the steei sheet'
under high'temperatures. It follows that it 1s
desirable for the annealing temperature not to exceed
600C. Also, in order to-ehsuie the s%abilify in the
manufacturing process while preventing the rapid

25 deterioration of the creep resistance under high

temperatures, it 1s desirable to carxy out the

annealing treatment under temperatures not higher than



secondary cold rolling with the r ' '
olling reduction of 60% wa i

;EchﬁLLEdo?ng innealed steel sheet so as to obtain a st%elssﬁggllﬁgv}gg a
0 o a0 fo} 50nn1 Further, these steel sheets were anneal ed at 5109C
4 and 6 to 15 sh seconds so as to obtain steel sheet sanples Nos. 2 to
fos. 1 and B inomch:Qthglgnﬁéaﬁ:ﬁg tobt?ined were steel sheet sanbles

) reat ment was [
steel sheet after the secondary cold rolling. 25 - ggtTZEFLIEd to the.

50l S posol A (w3 G Sampiesonaz 04300 20,0076 010 450 01800050 001
0., poos gbggo.940.0080.0100.0030.00880.05 0 E, - 0160..0040. 0050. 00900. 05
: : 53030, 0fSHe ODEErably0 upgpr temperatures not higher than

580C.
It 1s possible to obtain a tension mask by etching
the steel sheet for a tension mask according to any of

b the first and second embodiments of the present
invention described above so as to perforate the steel
gheet, followed by stretching the perforated steel
sheet over a frame and subsequently applying a
blackening treatment to the stretched steel sheet. The

10 tension mask thus prepared 1is unlikely to give rise to
the color deviation problem because the raw material
gteel sheet exhibilts excellent magnetic shlielding
properties without deteriorating other properties or
exhibits both the excellent magnetic shielding

15 properties and the excellent creep resistance under

' " high temperatures. It follows that the cathode ray tube
using the particular tension mask is of high
performance, which 1s almost f£xee from the color
deviation problem.

20 ~ FIG., 1 1s a,Qross sectionql view showing a cathode
ray tube 10 equipped with such a tension mask. As shown
in the drawing, the cathode ray tube 10 comprises &
panel portion 2 for disblayiﬁg an” image and a funnel
portion 3. The panel portion 2 is welded to the funnel

26 portion 3. Interior of the cathode ray tube 10 is

maintained a high vacuum. A phosphor screen 4 coated

with red, green and blue phosphors 1s arranged inside



FO. 0070. 021. 400. 0150. 0050. 0050. 00850. 04

G0. 0080. 010. 580. 0120. 0080. 0040. 02050. 04

HO. 0180. 010. 900. 0050. 0070. 0080. 00900. 05 009604 0O

| 0. 0410. 010. 850. 0090. 0060. 0040.. 10.1200. 010. 800. 0070. 0050. 0080. 00870. 04
The etching properties were evaluated in respect of the steel sheet
sanples Nos. 1 to 15 thus obtained. 5 Specifically, the steel sheet sanple
was actually etched in the formof the apgégure grill so as to evaluate
visually the state of the etching (present® or absence of defect). Then
the creep resistance of steel sheet sanples 10 Nos. 1 to 14 under high
tenperatures, which were found to be satisfactory in thg etchiqg
properties, wastKegsiledd pontiidner2, and safresien apgk 118 JFEeH &3 steel

sheet sanpl es except for No. 9 were neasured. . The cr | st gnee under
hi gh t enper at ur escines te @hasRROX] 89FeRRadar i TRE t %“qaf%erprﬂ&g# S'lt he creep

el ongati on under the state that the steel Cligrd1agndescri bed

above was kept &twetehed bsct fnawe 2y & utiggg\%vi Fﬁﬂg%gnigi on of 300 N mme

applied to the steel_ sheei. - JHRHIgUte R epebki seleetdngeasured as
An anfGREe ?e%?f%?%%ép%&% T

fol |l ows. ing an outer dianeter of 45 mm and an
i nner di anget er 03 3gr Wag,f dplar aGnelecssrteldstets srrpnged Phhich a
pPEERS

heat treathent € ding to 5 the bl ackeni ng treatment_had been applied
at 4501C for the back surface of the frame 5. Incidentally, a

reference numeral 7 shown in the drawing denotes an

electron gun, and a reference numeral 8 denotes a heat

shrink band.

10
[Example 1]

Prepared were steel samples A to J having the
compositions shown in Table 1. Each of these steel
samples was amelted, hot rolled, pickled and cold

16 rolled. Then, after the :ecryatallization annealing, a
secondary cold rolling with the rolling reduction of :
60% was applied to the rolled and annealed steel sheet
go as to obtaln a gteel sheet having a thickness of 0.1
mm. Further, these steel sheets were annealed at 510C

20" ©. to 580 for 50 seconds 8o a8 to obtain steel sheet -
samﬁies N;Q. 2 tolﬁ'and 6 to 15 shoﬁn in Table 2. Also
obtained were steel gsheet samples Nos. 1 and 5, in
Qﬁidﬁ an ;nneﬁling'treatﬁent was not applied to the

steel sheet after the secondary cold rolling.

26



.20 mnutes. The annul ar test piece thus prepared was wound with a

magneti zation coil, a search coil and a DC-bias-field coil.so as to
neasure the anhysteretic magnetic perneability. 10 The anhysteretic
magnetic perneability was neasured as follows: i) An attenuating AC
current was allowed to flow through the nmagnetization coil so as to
demagneti ze the test piece conpletely. 15 ii) An attenuating AC current
was allowed to flow again through the magnetization coil kinder the state.
that a DC bias' magnetic field of 27.9 A/ﬁ&ib 35 Ce) was generated by
allowing a DC current to flow through the DC-bias-field coil, so as to
demagneti ze the test piece. 20 iii) A DC current was allowed to fl ow
through' .the nmagnetization coil so asTedlexdite the test piece, and the
generated magnetic flux was detected by the search <coil so éut 0 neasure a.
B-H curve. iv) The . ‘U”pqrneao Tty cul at ed
fromthe B-H curve éﬁtﬁ‘ Eegare¢$i Tl B P shoWs {9, érﬂneawl m:')eratures,
the etching propeio8®ReSt he riesults—ef—eva T eep

resi stance under highA enb®eety0.ek| Ga%| 015 Q$ b:dﬂcéf 3604 10§4 nt of the
magnetic propertie§ T@ | 0008} @02 |8AG =0-0§%1TQPQQ G005 § he basi s
for the eval uati on [oT"@TC10,087 PO.0PPOTS $6.016 DOO04$ 0:005 hQ.090r 0 al uation
"O' given in Tabl e [2—xteTon g5q 5152 | D& | 0008 09101 APE0X 0908%E0.8%bd in the

case where a def ectl—w "PhobT 002 [T, Ton7 £0008 | L0608 | 0.0091 | 0.04

0,007 002] 1.40] 0015 0.005 | 0.005 0.0085 | 0.04
0.008] 00110580012 0.008 | 0.004 0.0205 | 0.04
00181001090} 0.005| 0.007 | 0.008 0.0090 | 0.05
0041001} 0.85] 0009 | 0.008 0.004 | 0.0096 | 0.04
0.120 | 0.01 | 0.60 | 0.007 | 0,005 | 0.008 0.0087 | 0.04

‘—"‘IQ'“méa

The etching properties were evaluated in respect

of the steel sheet samples Nos. 1 to 15 thus obtained.

b Specifically, the steel sheet sample was actually

etched in the form of the aperture grill so as to

evaluate visually the state of the etching (p::jesence or

absence of defect).
Then, the creep resistance of steel gsheet samples

10 Nos. 1 to 14 under high temperatures, which were found

to be satisfactory in the etching properties, was

measured. Further, the magnetic properties of these

steel sheet samples exoept for No. 9 were measured.

. The oreep resistance under high temperaturea was

15 evaluated by measuring the amount of the creep
elongation under rhe state that the steel sheet

o C
manufactured as described above was kept heated at 45

2 to
for 20 minutes with a tension of 300 N/mm* applied

the steel sheet.



etching. Also, the evaluation "x" in Table 2 denotes th [
properties was poor in the case where 10 a defect was foﬁ%dtgftgﬁcPkgg
etching. The basis for the evaluation of the creep resistance under high
tenperatures is as follows. The evaluation "0" given in Table 2 denotes
ghat the creep resistance under high tenperatures was excellent in the 15
case where the anount of the creep elongation was not |ager than 0.30%
the‘evaluatLoQ "O' denotes that the steel sheet can be used in the'case
wher'e the anount of  the creep elongatiéﬁoéxceeds 0.30% and does not exceed
0.50% and the evaluation "x" denotes that the steel 20 sheet cannot be
used in the case where the anount of the creep elongation exceeds 0.50%
The test was performmmimugﬂaﬁiotpnppaﬂﬂﬁemgWGIﬁe@ﬁPBHraﬂda?r§91¥QQﬁBVersal
direction, and the average val ue was taken for the sﬁafugtion 32 Tabl e
e

2 Properties ABneahnnkarStest Teigre hawindateoukes S1aNeEeF Ak, het i c

H gh Tenper at uresProperties fi na
' and an inner diameter of 33 mm was taken from the steel

sheet sample to which a heat treatment corresponding to

b the blackening treatment had been applied at 450C for
20 minutes. The annular test piece thus prepared was
wound with a magnetization coil, a search coil and a
DC-blas-field colil .so as to measure the anhysteretic
magnetic permeability.

10 The anhysteretic magnetic permeabllity was
measured as follows:

i) An attenuating AC current was allowed to £low
through the magnetization coll so as to demagnetize the
test plece completely.

16 | 11) An attenuating AC current was allowed to fldw
again through the magnetization coll ?nder the stat?
that a DC bias magnetic field of 27.9 A/m (0.35 Oe) was
generated by allowing a DC ocurrent to flow through the
pc-bias-£field coll, so as to demagnetize the test plece.

20 : oo 1313) A DC ocurrent was allowed to flow through the
magnetiiﬁtion colil so as to excite the test piece, and '
the generated magnetic flux was detected by the search
coil sg as to measure a B-H curve. - S

iv) The anhysteretic magnetic permeablility was

26 calculated from the B-H curve thus prepared.

Table 2 shows the annealing temperatures, the

etching properties, the results of evaluation of the



F&;E;g%éayfbﬁagplfsafper PropertiesCreepAnhysteretic Cold Rolling
(Shopondat’ o 503a5§gglonwhgnet|c (O Pernmeability 4900 1No Anneal i ng00. 85x
£o800,222000. 2 7D560003854000.310 4C58000. 1705400 4800 5No Annealingob 53X
2100 851000 13 & . 135300 5400 858000.120 961000. 88x 10E54000. 1305300
] : 3300 12G54000. 18 13H57000. 1205200 1456000. 1125100 15J560x

) -’81 -
creep resistance under high temperatures and the
‘results of measurement of the magnetic properties for
the steel sheet samplgs Nos. 1 to 15:
The basis for the evaluation of etching properties
6 is as follows. The evaluation *O" given in Table 2
denotes that the etching properties was good in the
case where a defect was not found visually after the
etching. Also, the evaluation "x" in Table 2 denotes
that the etching properties was poor in the case where
10 a defect was found after the etching.

The basis for the evaluation of the coreep
resistance under high temperatures is as follows. The
evaluation "©@" given in Table 2 denotes that the creep
resistance under high temperatures was excellent in the

16 - case where the amount of the creep elongation was not |
lager than 0.30%, the evalpation Or depotes that the
ateél sheet can be used in the case where the aﬁount of
the creep elongation exceeds 0.30% and does not exceed
0.50%, and the evaluation "x" denotes that the steel

20 'sheet cannot be used in the case where the amount of
the creep elongation exceeds 0.50%. fhe test was
performed both in the rolling direction and the
transversal direction,-and the aVerage value iwas taken
for the evaluation. |

26




't should be noted that. t-he conpositions of-the steels used for preparing
the steel sheet sanples Nos. 5 2 to 4, 6 to 8, 10, 11, 13 and 14 fel
within the range specified in the first enbodi nent of the present

i nvention. In addition, each of these steel sanples was anneal ed under
the: tenperature not higher than the recrystallization tenperature after
the final cold 10 rolling. As apparent from Table 2, these steel sheet

sanpl es were satisfactory in the etching properties and excellent in the.
magnetic shielding properties because th&e steel sheet sanples had high
anhysteretic magnetic perneability, i.e., not |lower than 5,000. 33 Further,
these steel sheet sanples were satisfactory in the creep resistance under
hi gh tenperatures, i.e., the anount ofrabtle @reep el ongation was not ar ger
than 0.50% 5 (Patfteutarty,— b%iﬁl Sheet sanpmggehns 4, 6 to 8, 10,
11, 13 and 14 whicl fell |wakiafhet -ages S Il
embodi ment of . tthe present T:,ﬁgzgﬁrel on, ea¢h'gpP .F :§t? lérr\]qu nq?gggﬁ%ged
contai ned M i Qq@r Steolnt JeerdhRNI| NELcRind 12 bggj ’E'A‘g °[R¢ ures lLﬁeh-}Q- t han
2% by wei ght arjd" all Semrien}tainrsling |prpeiies ToUBteemot | sl .I dr Aniusterstinogos by
wei ght and smal|l er [than Q. 01@chy |wei ght .| Aslongetions {Evaluatipse MP@\?;F,"’she et
sanpl es exhibilted |a very smal|l arount ofl the®®reed el ongdii BEMeERy 1
larger than 0. 30% [and a [MoQaneumig|st éDet ijo  1E85maqret | 0 as
to support bott ‘z'nc excel 561 edp resi 4t anagsoundel _hOgh |t enp i8R ur and
t he excel | ent °*‘.:ac! €t AT OPER T © Y fT@m geonmgg@et 1 sim O 5300

2 C 580 O 017 © 5400

5 No Annealing] O 0.53 X 4600

8 510 (o) 0.13 © 5100

7 D 560 (@) 0.13 Q 5300

8 580 ®) 012 @ 5400

9 610 o) 0.88 X -

10| E 540 o) 0.13 © 5300

r - 540 0O 0.12 © 5200

TR 540 0 018 © 3300

31 H 570 0. 012 © _5200

14 | 560 @) 0.11 Q- 5100

15 J 560 X - -

It should be noted that the compositions of the .
steels used for preparing the steel sheet samples Nos.

B 2 to 4, 6 to 8, 10, 11, 13 and 14 fell within the range
specified in the first embodiment of the present
invention. In addition, each of these steel samples was
annealed under the .temperature not higher than the
recrystallization temperature after,tge final cold

10 rolling. As apparent from Table 2, these steel sheet
samples were satisfactory in the etching properties and
excellent in the magnetic shielding properties because
these steel sheet samples had high anhysteretic

magnetic permeabllity, i.e., not lower than 5,000.



On the other hand, steel sheet sanples Nos. 1 and 5 had the anhysteretio
magnetic perneability lower than 20 5,000 because both of these steel
sanpl es were not annealed after the final cold rolling. Steel sheet

sanple No. 9, in which the annealing tenperature was higher than the |eve
specified in the present invention, was found to be inferior in the creep
25 resistance under high tenperatures. Further, steel sheet sanple No. 12
was |ow in the anhysteretic magnetic perneability because the steel sanple
used for . 34 preparing the steel sheet é&ﬁﬁle contai ned an excessively
| arge anmobunt of N. Steel sheet sanple No. 15 was defective in the etching

properties because the steel sheet sanple J used for preparing the steel
sheet 5 sanpl e hartherhathaski ghe@ (ashadtoSpmpdascNere fﬁ&gﬁﬁﬂ?£aﬁy Pepar ed

were ingots of steel sanples Kto Q havin he conposi.tions, sho i,n Tabl e
3. Each of thesahestoxeleps xegietange ypfex &q'lgg‘d%&f‘faggfgﬁfgﬁf j(':'o%]'dwr%glel ed. 10
Then, after the recrystallization anpeall S n £olghg ol ling with
the rolling red@mqust OF t@@%?ﬁﬁgpafihqgﬁﬁgﬁg ?ﬁg §§?|§§£§%d éﬁ%ealed st eel
sheet so as to obtgin a steel sheet having a thickness of 0.1 nmm

Further, these. Qe * sheet was anneal ed at 510t to 15 580t for 50 seconds

so as to optain steel 9louiatRyeSin \PEeel? Bhed?- samplesoNa@d. ahd @3 o 35
shown in ble 4. Al so obtalned were steel sheet sanples Nos. 23 and 28,

in which an annegl iy trEati®rndas Wnickpislledithinhdhesragessheet after
the secondary cold ol I'ing.

specified in the gsecond embodiment of the present
invention, each of the steel samples used contalned Mn
in an amount exceeding 0.6% by weight and not larger

10 than 2% by weight and also contained N in an amount not
sméller than 0.006% by weight and smaller than 0.01% by
welght. As a result, these steel sheet samples
exhibited a very small amount of_the créep elongation..
i.e., not larger than 0.30%, and a high anhysteretioc

16 magnetic permeability so as to support both the
excellént creep resistance under highitemperatufés and
the excellent shiélding properties from geomagnetism.

On the other hand, steel sheet samples Nos. 1 and

5 had the anhysteretic magnetic permeability lower than

20 5,000 because both of these steel samples were not L

| ann.ealed' after the £inal cold rolling. Steel sheet

gsample No. 9, in which the annealing temperature was
highef than the level spetified in the present
invention, was found to be inferior in the creep

26 resistance under high temperatures. Further, steel

sheet sample No. 12 was low in the anhysteretic

magnetloc permeability because the steel gample used for



20 - Incidental ly; the-inpurity Fevels in these steel sanples Kto Q were

| ower than that in steel sanples Ato J of the Exanple 1. 26

wt% Steel CSI Mn PSsol. A NO Sa
0.0070.010.460.0060.0030.0010.00440.04nﬁles
LO. 0070. 010. 440. 0070. 0030. 0030. 00700. 03
M). 0070. 010. 710. 0050. 0020. 0030. 00930. 03
NO. 0070. 010. 920. 0040. 0100. 0060. 00870. 04
00. 0070. 011. 090. 0040. 0020. 0030. 00900. 04 ~ 34~
PO. 0070. 011. 390. 0060. 0050. 0050. 00880. 03

35 Table 3

g0. 0080. 010. 470. 0050. 0070. 0040. 01310. 03 The etchi '
( . . . . ing properties
eval uated in reppeparing tﬁﬁaataaél8bhebtngn%#eﬁpﬂéi£%eﬂgapo 35 rﬁLg

obtained. - 5 The etching properties were_eval
basis as descri brdesaivatyiarde QNQ“&treguNt,%gkﬁgsgxg%ge &

rﬁgpod and

were satisfactory in the

10

16

20

26

_ PRt sanpl es
15 was defective in the etching properties because the

steel sheet sample J used for preparing the steel sheet
sample No. 15 had a high C (carbon) content.
[Example 2]

Prepared were ingots of steel samples K to Q
having the compositions ghown in Table 3. Each of these
steel samples was hot rolled and pickled, cold rolled.
Then, after ;ha reorystallization annealing, a
secondary cold rolling with the rolling reduction of
603 was applied to the rolled and annealed steel sheet
so as to obtain a steel sheet having a thickness of 0.1
mm. Further, these steel sheet was annealed at 510C to
580C for 50 seconds so as to obtain steel sheet samplés
Nos. 21, 22, 24 to 27 and 29 to 35 shown in Table 4.
Also obtéined were steel sheet samples Nos. 23 and 28,
in which an anneallng treatment was not applied to the
steel sheet after the secondary cold rolling.
Incidentally, the impurity levels in these steel
samples K to Q were lower than that in steel samples A

to J of the Example 1.

L)




ﬁéching properties. The creep resistances of these steel
s. 21 to 35 under high tenperatures-were eval uated
properties of these sanples except for '
resistance under high tenperatures was eva
_ : ( uat ed by the same net hod
g:iéstgzidgfggggegslSesg?iExgnpleEi. Af for the magnetic properties ?Rg
ed in anple 1 were prepared 1
t he anhysteretic nagnetic o 3. Tabl e 4 Shows.
perneability b the sonme net hod.
t he annealing tenperatures, the 20 & Y Toouie oo
: etchlﬁg properties, th
eval uation of the <creep resistance 1 S rathe %
under high tenperature d
results of neasurenent of the ma et Sheet.
gnetic propertles for the steel sh
sanples Nos. 21 to 35t Table 4 Pro Cetance t
pert FaBle\nheal i ng Creep Res
‘Magneti c Tenperat ureHi gh TenperaturesProoe’tles Stgp apr@Mﬁéstance under

sheet sanples 10
The magnetic
No. 32 were neasured. The creep

Cr eep Anhvst er nal Etching .

p ponyater et TSR [ bl s wof o
amples

K 0.007 | 0.01 | 0.46 | 0.006 ]0.003| 0.001 0.0044| 0.04

L 0.007 0.01 | 0.44 | 0.007 {0.003| 0.003 0.0070| 0.03

M 0.007 ] 0.01] 0.71 | 0.005 {0.002 0.003 {0.0093] 0.03

N 0.007 | 0.01[0.92]0.004|0.010{ 0.008 |0.0087 0.04

0 0.00710.01 | 1.09 | 0.004 |0.002| 0,003 0.0090| 0.04

P 0.007 [ 0.01 | 1.39{ 0.006 }0.005} 0.005 0.0088] 0.03

Q 0.0081 0.01] 0.47] 0.0050.007| 0.004 0.0131| 0.03

The etching properties were evaluated in respect
of the steel sheet samples Nos. 21 to 35 thus obtained.
b The etching properties were evaluated by the same
method and basls aB described in Example 1. As a result,
these steel sheet samples were satisfactory in the
etching propertiles.
The creep resistances of these gteel sheet samples
10 - ﬁos. 21 to 35 undér high temperatures were evaluated.
The magnetic properties of these sampies except for
No.32 were measured.
The creep resistance under high temperatures was
evaluafed by the game method and basis as described 1n
16 Example 1. As for the magnetic properties, the same
test qieces as desoribed in Exgmple 1 were prepared so
as to measure the anhysteretic magnetic permeability by
the same method.
pable 4 shows the annealing temperatures, the
20 etching properties, the results of evaluation of the

creep resistance under high temperatures and the



Eval uati onMagnetic (C) (C)Perneabi'lity 21K57000. 3808800 22L58000. 3108200
23No Anneal i ng00. 4104900 2451000. 1606600 25M55000. 13007400

2657000. 13(r) 8100 2758000. 12a8600 28No Anneal i ng00. 3904900 2951000. 13006500
30N56000. 13008000 3158000. 12(r) 8500 3261000. 88x 33057000. 13(r) 7800
34P58000. 127700 350' 58000. 16(r) 6800 5 It should be noted that the
conpositions of the steels used for preparing the steel sheet sanples Nos.
21, 22, 24 to 27, 29 to 31, 33 and 34 fel]l] within the range specified in
the first enbodi nent of the present 4 in¥ntion. In addition, each of:

t hese steel sheet 10 sanpl es was anneal ed under the tenperature not higher.
than the recrystallization tenperature after the final cold rolling. As
apparent from Tobbel¥s dfumaaemuembntshéeth%eWﬁﬂQﬁi*MHR?QRﬂ?tiPachFy in the
etching properties and excellent in the wa mﬁlc:%hleldlng .37 properties:

because these sthel steebtsheatpisaarhad NPgh 2hntsi%tretic magnetic
perneability. Further, these

Table 4
Properties

Annealing Creep Resistance under | Magnetic

Steel Temperature High Temperatures Properties

No. after Final | Etching .

Samples ’ Creep Anhysteretic

Coltzoiéc;llmg Propertles Elongetion | Evaluation| Magnetic

(°c) Permeability
21 K 570 O 0.38 O 8800
22 L 580 O 0.31 ®) 8200
23 No Annealing] O 0.41 O 4800
24 510 O 0.16 © 6600
25 M 550 O 0.13 © 7400
26 570 O 0.13 © 8100
27 580 O 0.12 © 8600
28 No Annealing @) 0.39 @) 4900
29 510 O 0.13 © 6500
30 N 560 ) 0.13 © 8000
31 580 O 0.12 ©) 8500

32 610 O 0.88 X -

33 0 570 O 0.13 © 7800
34 P. 580 O 0.12 © 7700
i 35 Q 580 ' ®) 0.16 Q@ 6800

) It should be noted that the compositions of the

steels used for preparing the steel sheet samples Nos.

21 22 24 to 27, 29 to 31 33 and 34 fell within the ,

range specified in the first embodiment ‘of the present

invention. In addition, each of:these steel sheet

10 saeples was annealed under the temperature not higher-
than the recrystallization temperature after the final
cold rolling. As apparent from Table 4, these steel
sheet samples were satisfactory in the etching

properties and excellent in the magnetic shielding




steel -sheet sanples weré satisfactory conparatively in the creep

resi stance under high tenperatures, i.e., the 5 anmpbunt of the creep

et ongation was not |arger than 0.50% The anhysteretic nagnetic
perneability of these steel sheet sanples Nos. 21, 22, 24 to 27, 29 to 31
and 33 to 35 were higher than that of the Exanple 1, i.e., not |ower than
6, 000. 10 Particularly, in steel sheet sanples Nos. 24 to 27, 29 to 31 and

33 to 35 which fell within the ranges spggLfied in the second enbodi npnt
of the present invention, each of the stéel sanples used contained Mh" in.

an anount exceeding 0.6% by wei ght and not |arger 15 than 2% by wei ght and
al so contained N in an anmount not smaller then 0. 006% ﬁfkggﬁﬁﬁpd
snmal | er than 0. ptepbyties gmcause &hﬁ§§uFF9°}h§§%°Et%ﬁﬁpigﬁa a es
exhibited a very small anmpunt of the cree at et thB8k | arger
than 0.30% andeaahipierekif fagnatie pﬁmﬁgﬁ’%%??g'p(ﬁ}n&aeﬁ'i ty so as to
support .both 'the excellgnt cre i fabbdey HompbnrRaIIAt Wres and
the excel | ent slfitepr iﬁgeﬁfoﬁ)ﬂ‘ﬁe}gv{(r;%m%tgaggﬁaaﬁetiﬁgm lguhthe ot her hand,

steel sheet sag&é@sgggﬁgé?ggigggghe:ﬁidyyimaba gehperetetes, magneat ithe

pernmeability | n 5,000 because both of these steel sheet sanples
wer e not qﬂneal%ﬂm%h&ebftﬁﬁeféfﬁép(ﬁﬂahguﬂﬂohngnsSneﬁl1agm@@ttq9ﬂnm e No. 32,
i which the anneal ing 1emperature 38 was higher than fhe | evel.speci fied
in the present ¢.%50&ntiTe amtyysitered lcompgneh grpgﬁmqqpqq%§ybpge§
[ﬁ\%rsmt ?gﬁengﬂggrd&e%h 3%32‘3623;%5{35'“55.‘\521‘3',6% r19gd.abgye. 24 heo PEESERN
33 to 35 were higher than that of the Example 1, i1.e.,
not lower than 6,000.
10 particularly, in steel sheet samples Nos. 24 to 27,
29 to 31 and 33 to 35 which fell within the ranges
specified in the gecond embodiment of the present
invention, each of the steel samples.used contained Mn
in an amount exceeding 0.6% by weight and not larger |
16 than 2% by weight and also contained N in an amount not
smaller than 0.066% by weight and smaller than 0.01% by
weight. As a result, these steel sheet gsamples
exhibited a very small amount of the creep ?longation,
i.e., not larger than 0.30%, and a high anhysteretic
20 magnetic permeability so as to'suppo;t.§oth'the
o excelleﬁt cféep resistance under high temperaturés-and'
the excellent shieldipg properties from geomagnetism,
on the other haﬁd, steel sheef'Saﬁpleé'Nosi 23 -and
28 had the anhysteretioc magnetic permeability lower
26 than 5,000 because both of these steel sheet samples

were not annealed after the final cold rolling. Steel

sheet sample No. 32, in which the annealing temperature



-possible to obtain a steel sheet for a tension mask that exhibits
excel l ent magnetic shielding properties wthout deteriorating other
properties such as the surface properties and the etching properties, and
al so'10 nakes it possible to obtain a steel sheet for a tension nask

exhi biting both the excellent magnetic shielding properties and the
excel l ent creep resistance under high tenperatures by controlling the
composition of the steel sheet. Further, 4 he present invention makes it 15
possible to obtain a tension nmask with in% ovenents in, for.-exanple, the
color deviation at a | ow manufacturing cost and a cathode ray tube
conprising the particular tension mask. 20 39 CL AJ MS 1. st eel sheet
for a tension maak lkgheé¥ ckhan the jeveh; ePeshiled o’p‘ér‘l':!?‘%sp’f?soenrﬁ

geomagnetism said steel sheet consistin iall f r than 0.1% -
by 5 wei ght of U,WﬂbmntH&#‘(f%%dgj:"v\éngngff#,ﬁ&).%‘?oc}?g}} by wei ght of
Mh, not higher than 0.14 b L ght . of. & gher than 0.03% by wei ght

of 'S, not hi gheFGPﬁ%’“‘é‘?o‘@g%q\l}éhgﬁf%?rgg T, 0.003 to 0.02% by wei ght
of N, and the balance of Fe, 10 magnetic perneability of 2. The steel

sheet to claiml, wherein said perneability is 5,200 or 3. The steel
sheet and jhaving an aghygbséeinéd above, the present invention makes it

possible to obtain a steel sheet for a tension mask
'that exhibits excellent magnetic shielding properties
wlithout deteriorating other properties such as the
surface properties and the etching properties, and also
10 makes it possible to obtain a steel sheet for a tensilon
mask exhibiting both the excellent magnetic shlelding
properties and the excellent creep resistance under
high temperatures by controlling the composition of the
gteel sheet. Further, the present invention makes it |
16 possible to obtain a tension mask with improvementg in,
. fo¥jexample, the color deviation at a low manufacturing

cost and a cathode ray tube comprising the particular

tension mask.

20



5,000 or higher. for a tension mask accordin [ [
ghﬁhg[érf?r a tension nmask according 15 to c?aiﬁ?gysaﬁgsgzﬁ SE?SEtIC
nanﬁfactﬁr:ﬁ magnetic 20 permeability is 6,000 or higher. 4. A method of
properties f?oﬁ1SggghazggffsL?rcgnpﬁﬁgfhontEaSk et + obt Ml oG n Stetl”
gqg;sbcon5|$thng essentially of |ower thgn Oélaggssmgrgh?bg?lgln?oaeftSﬁl
by'meiéhtwg}gPt of Si, 0.4 to 2% by weighjy of M, not higher t han 0 1@6an
by" vel gnt. of ,lnot hi gher than 0.03% by “Wei ght of S, not higher than 0.01%
g of sol. Al, 25 0.003 to 0.02% by weight of N, and the balancé of0

Fe; hot rolling said steel pi ; '
; pi ece; cold_rolling,once or a plu ' '
the hot -40 rolled steel sheet with Gerﬁtkoﬁtsan internegiaggllgﬁngglfths

treatment interposed between th ' '

PLepare a steel sheetl- hhv?h@?%ﬁﬂ%%gggggthgghgﬁFgLﬁggg“agﬁgfgéﬁﬁ:ﬁolas He
e resultant steel Jupet-ts | : ' aanan
recrystallizati ﬂggtﬁmpg%égggg ?o | h%l;rl Letfaésbelﬁﬁim“ﬁt dtuiweltehtlan tge
c al | ( anhystereti [
permeabi lity. 5-%%?”0;@%41%1% EBREhBLAVIY NGE eu.csweeltmzll-lf‘brbl! ionggnet °

t ensi on mask act aim4, wherein said

6 weight of C, lower than 0.2% by weight of si, 0.4 to 2%
by weight of Mn, not higher than 0.1% by weight of P,
not highexr than 0.03% by weight of S, not higher than
0.01% by weight of sol. Al, 0.003 to 0.02% by weight of
N, and the balance of Fe, and having an anhysteretic

10 magnetic permeability of 5,000 or higher.

2. The steel sheet for a tension mask according
to claim 1, wherein sald anhysteretic magnetic
permeabllity is 5,200 or higher.

3. The steel sheet for a tension mask according

16 to claim 1, wherein sald anhysteretic magnetic
permeability is 6,000 or higher. |

4. A method of manufacturing a steel sheet for a
tension mask excellent in the shielding properties from
geomagnetism, comprising the steps of:

20 : obtaining a aigel.piece consisting essentially of
lower than 0.1% by weight of C, lower than 0.2% by
weight of Si, 0.4 to 2% by weight of Mn, not higher
than 0.1% 5Y'weigh£ of P, not higher than 0.03% by
weight of S, not higher than 0.01% by weight of sol. Al,

2b 0.003 to 0.02% by weight of N, and the balance of Fe;

hot rolling said steel plece;
cold rolling once orx a plurality of times the hot-



annealing step is carried out under a tenperature range between the
recrystallization tenperature and 510 C. 6. The nethod of manufacturing a
steel. sheet for a tension nmask according to claim4, wherein said 15
annealing step is carried out under a tenperature range between the
recrystallization tenperature and 560t. 7. A steel sheet for a tension mask
excellent in both the shielding properties-fromgeonagneti smand the
creep resistance under high tenperatures, said steel 20 sheet'--consisting
essentially of |lower than 0.1% by méighf48f C, lower than 0.2% by wei ght
of Si, higher than 0.6% and not hi gher than 2% by wei ght of M), not

hi gher than 0. 1% by wei ght of P, not higher than 0.03% by wei-ght of S, not
hi gher than 0. 0381 b¥aetesl sHeetnlwit2soxi witboutonsr inkermeddase, and | over
than 0.01% by weight of N, and the bal ance of Fe, ang havigg?ant
anhysteretic nagnatatiperteestment larternomed, Potvges, the 88 J80RAT o¢|

sheet for a tension mask accordin to claim7,. wherei LLdqa eretic
magnet i ¢ perneabiﬁi¥9ll%n5,EKRFQ§Lqﬂgﬂﬂﬂ?s gb *ﬁ@pgféeﬁ ?%gg% ?§¥§g t ensi on
mask according 6 to claim whey ei | ﬁgﬂysggﬁptic magneti c

per meabi | i ty-i shevéng Brpﬁ?éﬂ% *m .&Ugﬂééﬁ%o of manufacturing a steel

sheet for a tension nas I trddltQt R edNishleditngin@eeparties from
geonagnet i%m and t he Spgéﬁfﬁgiiﬁrﬁ:e under high 10 tenperatures,

COTPrIEIng Lhe, HefBentirattaptenmor atpglenitgum tn st ng essental |y of
recrystallization temperature so as to increase the
anhysteretic magnetio permeabllity.

5. The method of manufacturing a steel sheet for

10 a tension mask according to claim 4, wherein said
annealing step is carried out under a temperature range
between the recrystallizatlon temperature and 510C.

6. The method of manufacturing a steel sheet for
a tension mask according to claim 4, wherein saild |

16 annealing step 18 carried out under a temperature range
between the recrystallization temperature and 560C.

7. A steel sheet for a tension mask excellent in
both the shielding propertiles *from geomagnetism and the
creep resistance under high temperatures, sald steel

90 .. sheet-consisting essentially of lower than 0.1% by
weight of C, lower than 0.2% by welght of Si, higher
than 0.6% and not higher than 2% by weight of Mn, not
higher than 0.1% by weight of P, not higher than 0.03% .
by weight of S, not higher than 0.01% by welght of sol.

26 Al, not lower fhan 0.006% and lower than 0.01% by
weight of N, and the balance of Fe, and having an

anhysteretic magnetic permeabllity of 5,000 or higher.



wei ght of .Si, higher than-0.6% and not higher than 2% by wei ght of M), not
hi gher than 0. 1% by wei ght of P, 15 not higher than 0.03% by wei ght of S,
not higher than 0.01% by wei ght of sol. A, not |ower than 0.006% and

| ower than 0.01% by wei ght of N, and the bal ance of Fe; hot rolling said
steel piece; cold rolling once or a plurality of times the hot- 20 rolled
steel sheet with or without an internediate annealing treatnent interposed
between the adjacent cold rolling processes so as to prepare a steel sheet
having a predeterm ned thickness; and anmdal i ng the resultant steel sheet
under a 25 tenperature region not higher than the recrystallization
tenperature so as to increase the anhysteretic magnetic perneability. -42

11. The method of mauf aghar iR sHedr! £olicat tbasioa meaki ancomdingiccor di ng
to claim 10, wherein said annealing step is carried out under a

t enperat ure rangsg glaietNeaherbinr saigsanhystenetie iragnatdiure and 5101C 6
12.. The nmethod of manufacturing a steel sheet for a tension mask accordi ng

to claim10, whesmieatsidiity dsnSaRPAgostpoheT carried out under a ‘
LT R T B B RABeA00 12
o Seo TRt a7 ool feaichiby iR ar ibhmale Teitog |
permeabllity - lis 6,000 or higher.
10. A method of manufacturing a steel sheet for a
tension mask excellent in both the shielding properties
from geomagnetism and the creep resistance under high
10 temperatures, comprising the steps of:
obtaining a steel piece consisting essentially of
lower than 0.1% by welght of C, lower than 0.2% by
weight of Si, higher than 0.6% and not higher than 2%
by weight of Mn, not higher than 0.1% by welght of P, |
16 not higher than 0.03% by weight of §, not higher than
0.01% by weight of sol. Al, not lower than 0.006% and
lower then 0.01% by weight 6f N, and the balance of Fe;
hot rolling said steel plece;
cold rolling once or & plurality of times the hot-
20 rolled steel sheet with or without an 1ntermedi§t9
annealing treatment iﬁterposed between the adjacent
- cold rolling processes g0 as to prepare a stee; sheet
.haviﬁg a ;rédetermined thickness; and |
annealing the resultant steel sheet under a
25 temperature region not higher than the

recrystallization temperature so as to increase the

anhysteretic magnetic permeabllity.



-l ower. than 0.1% by wei ght of C, l.ower than 0.2% by 15 weight of Si, 0.4 to
24 by weight of M1, not higher than 0.1% by weight of P, not higher than
0.03% by weight of S, not higher than 0.01% by wei ght of sol. A, 0.003 to
0.02% by weight of N, and the bal ance of Fe; hot rolling said steel piece;
20 cold rolling once or a plurality of tinmes the hot- rolled steel
sheet-with or without an internediate annealing treatnent interposed
bet ween the adjacent cold rolling processes so as to prepare a steel sheet
havi ng a predeternined thickness; and 25 ¥nhhealing the resultant steel
sheet under a tenperature region not higher than the recrystallization
tenperature so as to increase the 43 anhysteretic nagnetic perneability.

14. A steel sheet fonia tTHsimsthoslofmefacturingbat steet shfed $org
properties from geomagneti smand the creep resistance under hi gh

tenperat ures, shitbmiiesl maskheovopding herckait hbd Wheredd #atfod

conprising the steps of: obtaining a steel piece cqnsisti es Lally of
| ower than 0. l%rneaddinghstep &5 pakEiednant .Q@%WAF(iﬂﬂaﬁﬁ#%gfesigﬁﬁ%gher-

L 5 e S et 100 1
001060y g ont of, sy, Ame hehgicte WA ALMSIngY obaverehign 01 by
rolling once org,a. dld¥ G ifabxOlaccoF@ingheohelaim 10, wherein said
annealing step is carried out under a temperature range |
between the recrystallization temperature and 560C.
13. A steel sheet for a tension mask excellent in

10 the shielding properties from geomagnetism, sald steel
sheet being manufactured by the method comprising the
steps of:

obtaining a steel plece consisting essentlally of
lower than 0.1% by welght of C, lower than 0.2% by

16 welght of Si, 0.4 to 2% by weight of Mn, not higher
than 0.1% by weight of P, not higher tﬁan 0.03% by
weight of S, not higher than 0.01% by weight of sol. Al,
0.003 to 0.02% by weight of N, and the balance of Fe;

hot rolling saild steel plece;

2 cold rolling once or a plurality of times the 'hot-
rolled steel sheet with or without an intermediate
annealing treatmenf interposed between the adjacent

| cold roiling processes so as to prepare a steel sheet i
having a predetermined thickness; and
25 annealing the resultant steel sheet under a

temperature region not higher than the

recrystallization temperature so as to increase the



-roll ed -steel--sheet with or wLthout an internedi ate annealing treatnent
I nt erposed between the adjacent <cold rolling processes so as to prepare a
steel sheet having a predeterm ned thickness; and 20 annealing the
resultant steel sheet under a tenperature region not higher than the
recrystallization tenperature so as to increase the anhysteretic nagnetic
perneability. 15. A tension mask forned of a steel sheet 25 consisting
essentially of lower than 0.1% by weight of C, |lower. than 0.2% by wei ght
of Si; 0.4 to 2% by weight of M), not Hi4§Her than 0.1% by wei ght of P, not
hi gher 44 than 0.03% by weight of S, not higher than 0.01% by weight of
sol. Al, 0.003 to 0.02% by weight of N, and the balance of Fe, and having
an anhyst er et i Gn@teieticpmageebleiperrgatgdlddy-or hi gher. 5 16. A tension

mask formed of a steel sheet consisting essentially of | ry.than,0. 1% by
wei ght of C, |ower idan B.obeeYy E\X?é@!"d:ht"fgﬁf aSF?“ﬁfﬁ'hé?aﬁlﬁae%v%lé‘%m%a% not

hi gher than 2% by wei ght  qf t_higher t 9 ' . not
i gher than 0. e PSR l8Ahg PeorkE iy G RohdyiriShlakd dne IO

sol. A, not Ilower than Q. % I i tAE¥shy sweobteel N and
t he bal ance of Q%fepaﬁ&aﬁ'g&ag‘g’ga%ﬁggﬁygt ret% i C nagnet | csperrreabi lity of

5, 000 or hi gher 7, he¥ulbd@Ch§ OrRY infdtheda compeilehngathke 15
f ormed ofga st ese}r‘ées%et‘géfi%%?@fi nguessen?i ally of lower than 0.1% by

wei ght of C, | oyegpd hae 0. 2% by weight of Si, 0.4 to 2%by weight of M,
not hi gher than 0.1% by
obtalining a steel plece consisting essentially of
lower than 0.1% by weight of C, lower than 0.2% by
weight of Si, higher than 0.6% and not higher than 2%

10 by weight of Mn, not higher than 0.1% by weight of P,
not higher than 0.03% by weight of 5, not higher than
0.01% by weight of sol. Al, not lower than 0.006% and
lower than 0.01% by weight of N, and the balance of Fe;

hot rolling sald steel plece;

156 cold rolling once or a plurality of times the hot-
rolled steel sheet with or w}thout an inteFmediatg
anneéling treatment interposed between Ehé adjacent
cold rolling processes 8O a8 to prepare a steel sheet
having a predetermined thickness; and

20 .+ annealing the resultant steel sheet under a
temperature region not higher than the
recrystallization temperature so as to increase the

" anhysteretic magnetic permeability.

15. A tension mask formed of a steel sheet
26 consisting essentlally of lower than 0.1% by weight of
C, lower than 0.2% by weight of Si, 0.4 to 2% by weight

of Mn, not higher than 0.1% by welight of P, not higher



wei ght of P, not higher t-han 0.03%Db [ [
_ , : y weight of S, not higher th 9
EZ mglghh of sol. Al, 0.003 to 0.02% 20 by weight of N, ang t he bgra262162
18’lAncatﬁghggrgg tﬁggysteretlp magneti c perneability' of 5,000 or higher
. A C _ conprising a tension mask formed of a steel sh
consi sting essentially of lower than 0.1%Db I gh S han o,
By weight of 25 Si. higher than 0.6%and r OB Thar 29 b vt ot ot
t higher than 2% b I gh
M1, not higher than 0.1% by wei ’ ot D9% b oot ot
| ght of P, t hi gher than 0.03% b
of S, not higher than 0.01%b f R
y . 45 melgﬁ of sol. , hot |
g 006% and | ower than 0.01% by weight of N, and the balance greLethgzd
arhng an anhysteretio magnetic perneability of 5,000 or 5 19. A
met hod capabl e ehahnpt 0y rioy avetmivtetoifc S, ppehehiglé%ro"fhaé‘sotéjé'l S’Pfeet for a

tensi on mask, conprising the steps of pr
a
and anneal i ng t weigbtdofookd Aked. @ﬁegf’ 8%? CO:Jr‘Fbera:éu‘ri:‘ce]I reg‘lelon ﬁgt%tl

et or ae e char PaLabenaah| fey 4 HAURRELH' Enifis ferd L RRIgARAC he

permeability of 5,000 or higher.

b 16. A tension mask formed of a steel sheet
consisting essentially of lower than 0.1% by weight of
C, lower than 0.2% by welght of Si, higher than 0.6%
and not higher than 2% by weight of Mn, not higher than
0.1% by weight of P, not higher than 0.03% by weight of

10 S. not higher than 0.01% by welght of sol. Al, not
lower than 0.006% and lower than 0.01% by weight of N,
and the balance of Fe, and having an anhysteretic
magnetic permeability of 5,000 or higher.

17. A cathode ray tube comprising a tension mask

16 formed of a steel sheet consisting essentially of lower
than 0.1% by weight of C, lower than 0. 2% by weight of
Si, 0.4 to 2% by weight of Mn; not higher than 0 1% by
welght of P, not higher than 0.03% by weilght of s, not
higher than 0.01% by welght of sol. Al, 0.003 to 0.02%

- 20 by weight of N and the balance of Fe, and having an
anhysteretic magnetic permeability ‘of 5,000 or higher.

18. A ocathode ray tube comprising a tension mask

‘formed of a steel sheet consisting essentially of lower
than 0.1% by weight of C, lower than 0.2% by welght of

26 si, higher than 0.6% and not higher than 2% by weight
of Mn, not higher than 0.1% by weight of P, not higher

than 0.03% by welght of S, not higher than 0.01% by
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weight of sol. Al, not lower than 0.006% and lower than
0.01% by weight of N, and the balance of Fe, and having
an anhysteretioc magnet;c permeability of 5,000 ox
higher.

19. A method capable of improving a magnetic
properties of a steel gsheet for a tension mask,
comprising the steps of preparing a cold-rolled steel
sheet and anneallng the cold-rolled steel sheet under.a
temperature reglon not higher than the
recrystallization temperature so as to increase the

anhysteretic magnetic permeability.



