;e3e\l 6T\ STEEL SHEET FOR TENSI ON MASK, MANUFACTURI NG METHOD OF STEEL
'SHEET FOR TENSI ON MASK, 5 TENSI ON MASK AND CATHCDE RAY TUBE [ Techni cal .
Field] The i 'ﬂ ntion relates to a steel sheet for a tension n%gb
used in a mam&mmﬁmmmnmrcolor selecting 10 el ectrode for a cathode ray be
such as a color _television receiver or a color display for a conmputer, a
nmet hod of nanupﬁﬁ?ﬁring the particular steel sheet, a tension nask and a
cat hode ray ing the particularlsteel sheet as well as a nethod
capabl e of jm\mmﬂﬂm‘g‘mw&a magneti c properties of a steel sheet for a

t ensi on nmask. ackground Art] A tension type color selecting el ectrode
(hereinafter ref*g(?”?‘)g'd to as a tensiprs MAK)I seich RO ah 20 aperture grill is
used as a color selecting mechanismin a cathode ray tube such as a col or
tel evision receiver or a color display. The tension mask is prepared by,
for exanple, subjecting a |ow carbon or ultra |aw carbon al um numkilled
steel to a hot rolling, 25 astekl SHEETNHORaTENRIPNuMASKannealing, a
secondary cold rolling and, as required, an annealing for re j e
residual stress MANUFACBURING| METIBED, OF STEELf §HE8%3‘OByTE§§FN§)Qa%ﬁ$t he
steel sheet by photo etching nmethod, attaching to a fra | oadi ng
tension gf, for exanple, 2mENSEOHOUAﬂKn#§DiEA&HQPﬁgPéYdﬁﬁg ion or two
directions, and applying a blackening treatnent 5 to the steel sheet and
the frame. The bl ackening treatnent, in which the tension nmask is heated

to, for exanple, 450 to 500g for fqrm an ,0xJ fiil m of magnetite on the
surface, is intended to prevent thi&ﬁéﬁﬂH%%laﬁggﬁgjlomer t he heat

radiation. If the tension 10 of. the | 0N 09sKe & StbOodesedellyshbetcEorp
during the heat treatThtBT$IeH% %%%%?gfgﬁfgr Various inconveni ences to

t ake place. For_exanp] e POSLE | PRSaOtehBEohOtgpeOtollbe wRilkRCHdB]

devi ated. Al so,2 r’iﬂ’% e'%'%%ﬁd‘gé%% e %auged by tge sound fromthe 16
speaker._ Further t s p i bl gatRbabheag! eabeoBubRaEas Bocbdior to strike
on prede(krmruﬁﬁ?ﬁﬁfé?%pgégnga %hosphor gcreen so as to bring about "the
col or devi ati ongy; Jes bk OeBbigetnbendedolor! Mispleyt forcaeepmparer.

resi stance under high tenperatures are disclosed in; for exanple, JP
62-249339 A, JF, 'é@ﬁ§37oﬁwméEu5a3iﬁ&iﬂgAthéPp5r31@&3§nA§tﬁpl55®ff§32aA, JP
6- 73503 A, JP §5 41 A, JP 9-296255 A, and JP 11-222628 A. Theg&} rior arts
teach the idea pfnsuoR'RaBkngntha chithiodeg nayt iteke2sash dsding n by
adding Mh, C, My, etc. as steel conponents and/or addin%la Ia&%%!Qﬁpunt of
N as a solid sopattesuehemsteel sheet as well as a method capa

15 improving a magnetic properties of a steel sheet for a
tension mask.
[Background Art]
A tension type color selecting electrode
(hereinafter referred to as a tension mask) such as an
20 apérture grill is used as a cqlor selecting mechanism
| in a céthdde fay tﬁbe such as a color television
receiver or a color display. The tension mask is
prepared by, for example, subjecting a low carbon or
ultra low carbon aluminum killed steel to a hot rolling,
25 a cold rolling, a continuous annealing, a secondary
cold rolling and, as required, an annealing for

removing the residual stress from the steel sheet,



- 3 In recent years, the television receiver and the conputer display have
been made | arger in size, higher in precision and higher in flatness. In
this connection, the deviation in the orbits of the el ectron beans 5 caused
by the external nmagnetic field such as the magnetic field generated by, for
‘exanpl e, the geomagneti sm 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 mask referred to &bodve. It is of course inportant
to inmprove the deviation in the orbits of the el ectron beans noted above
for inproving the color deviation. The measures for inproving "the col or
devi ati on” Ca%%ﬁﬁﬁﬁb&rﬁydﬁéfﬁéfﬁﬂih@ the stbelssbéethbyepbeteon 15 beans,
i.e., the nmeasures tor 1nproving the magnetic shielding properties, are

al so proposed %@cﬂ@ﬁgquétﬁaal,ieataonsnngo axfimpine, byhéopdéBgdoteRa4PRy Si
to the steel sheet IS proposed in JP 63- 145744 A, JP 8-269569 A and JP

9- 756061 A. Thgri dparoéxasgieg 200t bot heOsNémm” 2in shesinglke {HTRCE 0 JP
10-219396 A. Further, the idea of adding NN to the steel sheet is proposed
in JP 102194010A. tWowayeactadhent anfsappdyAbg paPdackepias %ﬁFB\‘ig‘ﬁgﬁt in

t he magnetic shielding properties in the 25 technique; gfﬁggig in JP
62-249339 A) JPo5tRé182@ed, shpes- and3theafrapes. 3The3Rlac =311332 A, JP
6- 73503 A, JP 8-27541 A, JP 9-296255 A, and JP 11-222628 ?ea to A £oE the
ot her hand, thersagmenitc pnoybﬂphe§h@aﬁeﬁéiegrPﬁsﬁlési%SP ved 11 the

t echni ques proposed in JP 145744, . A, JP 8-269569 A @¢l A and
JP 10 219396 Aexampﬂneséwgih?ﬂqﬁ%éc k&K FOr™ ag*ur%‘aiidge %rié'gfect tends to

be generated in the hot rolling prqocess gnd r ddveit @heanneal i ng
process of themageetiigeon 5€€aﬁ§§%§cedr 4@?%& g%%$%%{he steel sheet,

making it inpossible to gpply.these chnj 1@ i St el thBeebnkabnt he
t ensi on mask ré&&FFPﬁg %@%&R&e ur gézﬂﬁggggfﬁies. Further, the technique

proposed in JP 10-219401 A is IR SPeRAUER (e dmaifamatgirtiirey cost
is incréised b?*tﬁ ﬁﬁ%e(i%qﬁ g%&%h %§in addit?%ﬁ, the etching properties of

the steel sheet gne Jelanidral ok 1P pisdlanns idar whmas the steel sheet
e

exhi biting exc ent magnetic shielding properties with satisfying other

properties such as e idHdeasr e Prens tplrscend Folre estanipilieg Fheperti es have
not yet been developed in the prior art. Particularly, it is inpgossible to

obtain 20 nowagrys filghsice| tishamilexvbi thegnam laxdcdextatednt M&fneti c
shi el ding properties and the excellent creep resistance under high
tenperatures. [Jddgugilafay ecarfdd heo b ecrused b Hg cgeurd ﬂ?@“p?l'é%ent
invention is to provide a

15 speaker. Further, it is possible for the electron beams
to fail to strike on predetermined positions on a
phosphor screen so as to bring about "the color
deviation”. '
The prior arts intended to improve the creep
.-_ 20 . resistance under high temperatures are disclosed in,

for example, JP 62-249339 A, JP 5-311327 A, JP 5-311330

A, JP 5-311331 A, JP 5-311332 A, JP 6-73503 A, JP 8-

27541 A, JP 9-296255 A, and JP 11-222628 A. These prior

arts teach the idea of suppressing the climbing motion
25 of dislocation by adding Mn, Cr, Mo, etc. as steel

components and/or adding a large amount of N as a solid

solution element.



25 steel sheet for a tension mask exhi biting excellent nmagnetic shielding
"properties without deteriorating other properties such as the surface
properties and the r - 5 etching properties and to provided a nethod of
panufacturing the particular steel sheet. Another object of the present
‘invention is to provide a steel sheet for a tension mask exhibiting 5 both
the excellent creep resistance under high tenperatures and the excellent
magneti ¢ shi el ding properties w thout deié?iorating, for exanple, the
surface properties and the etching properties;,; and to provide a method of
manuf acturing the particular steel 10 .sheet . Still another object of the
present invention i sthorpeentdeearsenshentabekishan peraiveri apfotPhg the
col or deviation and a cathode ray tube using the particul ar tensign mask.
15 Further, stibhpakerhatsphpgchave beenpmedendargesninofize -t BLEPEYi de a
met hod capabl e of inproving nmagnetic properties of a_steel sheet fgr a
tensi on mask. Aacerecigibn amdahieherofin Fdatnessnt LRyERLFOROPPREFEO s
provi ded a steel sheet for a tension mask 20 excellen% i n ég §hie|ding
properties frothgedengastioominsihe 9rdditssREethefILEERY &S5RI ally of

| ower than 0.1% by wei ght of C_|lower than Q.2%.b i.ght Qf +§. 0.4 to 2%
by wei ghb of Msaused Byghde ExheTRetloMATARS] é’htfoi(?%id\lg,%h%(@t a}%i 5??& than 0.03%

by weight of S, not 25 hi t han Q. Q1% by el eSOlgneAl, 0.003 to

0. 02% by wei ghf“aSPeN,icaﬁ&g{%re gf?é\egr?%ee%éféyr—'e, and ha ilng' an anhysteretic

magnetic permeability Qf | e attractd attentdodesiasalie for the
gwg§§ﬁﬂgﬁ%§ggﬁ;kaﬂ!gﬂﬁaa ractd a

steel sheet to9f eretic magnetic perneability not |ower than

5,200, nore desjr e} dha{e 34100 n "AAePrldix fom arot™kre aspect of
t he present Siq%ﬁ§%¥gﬂ, Ikgﬁghis provi ded a nmet hod of manufacturing a

steel sheet for, 3 LentAy " ifldE By ithd heredp efitige greopmsdiani es from

geomagneti sm conprising the steps of obtaining a steel piece consisting

essentialyy of éiﬁ@rréé&&éh 19% haboved ghtr tofisCofl cearsehdmpor2anby te0 wei ght
of Si, 0.4 to 2% by weight of M1, not higher than 0.1% by wei ght of P, not

hi gher than 0. Q3%tvveveitghtaefidy 1omtimi dieerottidrs (D e IRGHIAM of sol .
Al, 0.003 to 0.02% by weight of N, and the balance of Fe;_hot rolling the
steel piece; caighni®iddtel ceverfer 1Engraving tfhefcelepdeRe iRy ol | ed

steel sheet with or without an internedi ate anneal i ng treat(geg ijgte.rposed
bet ween the adj acent Tiod dneasuiesy $oBckERRAVRE asthe) GRS AR

& sheet

havi ng a predeterm ned thickness; and annealing the resul.tan sheet
under a 20 tenpeaused by cthondevtakighetn t Hif g#?%c?@s‘f%?lélz%%?%éln

tenperature so as to increase the anhysteretic nmagnetic r i4igy. It is
desirabl ¥ for theamsinehi®ng ERRpNeISHECE a ??eﬁ“%ﬁ?vlgltﬁ%eiélgg '{% ée# ature

range between the tenperature not higher 2 egr V. hgation
t enper at ure andcshield ePE?B?EtiL?)?'Iﬁﬁﬁrafﬂégﬁgﬁéggﬁgrgﬁdiéﬁg%%y under a

tenperature r a”ggbff},% {,‘né[‘e Etoerrrpee}ga%p%ee' Gle hgif'ofr adding Si to the

steel sheet is proposed in JP 63-145744 A, JP 8-269569

A and JP 9-256061 A. The idea of adding Cu to the steel
20 sheet is proposed in JP 10-219396 A. Further, the.idea

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
25 techniques proposed in JP 62-249339 A, JP 5-311327 A,
JP 5-311330 A, JP 5-311331 A, JP 5-311332 A, JP 6-73503

A, JP 8-27541 A, JP 9-296255 A, and JP 11-222628 A.



than the recrystallization tenperature and the tenperature not |ower than
'560. According to a still another aspect of the present invention, there is
provi ded a steel sheet for a 5 tension mask excellent in both the shielding
properties from geomagneti sm and the creep resistance under high
tenperatures, said steel sheet consisting essentially of [ower than 0.1% by
wei ght of C, lower than 0.2% by weight of Si, higher than 0.6% and not

hi gher than 2% 10 of by wei ght M, not hid¢hér than 0.1% by wei ght of P, not
hi gher 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, and hgyi pHeaBtABRYBRAACt thenRgoréttcppropabtiesycah 6 5, 000
or higher. It is desirable for the steel sheet to have an anhysteretic
magneti c per meghickhlin19f 1mp20Rea ihi gher texbnéquesi pabpysedodd dF RBgher .
According to further aspect of the present invention, there is provided a
nmet hod of manufastuni g AP 8-260EI69sBsetIPf 8-25606AsPoenaplsiWPex0s! | ent in
both the shielding properties from geonagneti sm and the creeg resi stance
under high tenpanaoeras, Innphéesentechnidueps kOWeYeh: ntRg SUEEREP piece
consisting essentially of |ower than 0.1% by weight of C__lower than 0.2%
by 25 wegght ofleSiecthitginels ttuaibe) gemenadefotinhitiige Roth £iPlddngy RRECHTE of

Mh, not higher than 0.1% by wei ght of P, not higher than 0.Q3% by wei ght of
S, not higher tangn the B yYEIBItzadiighn apnegdingAProGRSS #&F%an 0. 006%
and |l ower than 0.01% by weight of N, and the bal.ance . of .Fe; f.qrolling the
steel piece: coltgedolshast hrcause Sk &4 Sxf &d%[el%rrécso ttl'ul'le(=j &k

e hot-rolled steel
sheet with or 5 w thout an internediat nneal SRl E Me dHH RS €d
bet ween t he adjsh&&t: @!ﬂ@‘}%l 1inﬁ“pporscf‘c:‘g)slgeesn‘%s()Apg%'y{(;:Gr\ﬁtf;reparee a geel sheet

havi ng a predeternined thickness: i Artired eel sheet
qfiﬁ?ﬁ+rﬁ)eéﬁgﬁﬁgiéﬂg;¥%1$¥$ﬁwmaéﬁﬁﬁgd g

under a tenperé?hr e 10 recrystallization

tenperature so as to i £458 ggyéy%mgggwetic magnetic perneability. It is
desi rabl& for t%eveaér)lenea i'ng stﬁep 0 be carried out under a tenperature

range between the terif_gﬁrtq{ég'e i tiahierqdd ardpgusededry Sthl 102494804 A
t

tenperature and the enperature not |ower than 510k nore desirably under
a tenperature range Peideeratie besmesat thie miufigheringiacosthels
recrystallization tenperature and the tenperature not |ower than 560.
According to a Sidtdadeu thertiespertaddithen prebertn 20ddvioRi of®t here is
provi ded a steel sheet fox a tension nmask excellent in the shieldin
properties frorsgaomgnetosertsas dost the steel heely %M FAERTHIP Tt he

met hod conprising the steps of obtaining a steel piece consistin

essentialdy of |ower Afadescuibed BoVR: gHie cﬁt%‘)flm‘?t t‘?fgkhf?)i.'fz%%y wei ght
of Si, 0.4 to 2% by weight of M1, not higher than 0. 1% b i fg Not
hi gher than 0. 0S%¢&ylent gregpetsc shtiefd %rp¥?ﬁﬁFti?F_V%F%ﬁﬁggésﬁg$g%t of

sol. Al, 0.003 to 0.02% Db ight of N : el ing
the steel piece@tb%¥dPF%PgFﬁgegnﬁﬂcéraﬁ ﬁﬁgr%ﬁf¥€é%?8€§%§£t?§2 ﬁ§§rolled
steel sheet with or w thout ap,int diate | § NMeRt th
i nt er posed bet wekFR{Rg Bﬁfaﬁﬁﬁ}eioﬁéggo ??n%gﬁfggggsgggg%ngato pre%are a
steel sheet havij ngg@ g%gdetféf@%éﬂnfknﬁ-e@sis AfhdHEsld NEp tdtetadsul t ant

t

steel sheet und®f gratur€ tegi o not higher than the
recrystallization, r r a 1@xhhpi€8ng bbethabhgseecelilent
nagnetickéerneag?w%ﬁgpgAg%grsfﬁglt%hgggtglI furthgr aspect of the present

i nvention) therg iS.piaviediaitgepropbetiebonna thasemnekdektegtePPent in
both the shieldlng properties from geomagneti sm and the creep resistance
under high 16 tegpesghHeesundeirdhighetempeettheeag manufactured by the

met hod conprising the steps of obtaining a steel piece consisting
essentially of |ower than 0. 1PRigclesure of the |TowantdRml 0. 2% by wei ght of

Si, higher than 0.6% and not higher than 2% by wei ght of ,h, not
k 0An object %f the preséhtyinve t&on is to provide a

25 steel sheet for a tension mask exhibliting excellent
magnetic shielding properties without deteriorating

other properties such as the surface properties and the



20 hi gher than 0.1% by wei ght of P, not higher than 0.03% by weight of S,
not ~hi gher than 0.0l % by wei ght of sol. Al, not |ower than 0.006% and | ower
than 0.01% by wei ght of N, and the 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 without an internedi ate anneal i ng treatnent interposed

bet ween the adjacent cold rolling processes so as to prepare a 10 steel
sheet having a predeterm ned thickness; an®d "annealing the resultant steel
sheet under a tenperature region not higher than the recrystallization
tenperature so as to increase the anhysteretic nagnetic 5 perneability.

According to a still further .as fr f B-dFieRsta invdid @f, there is
provi ded a tenﬁ%%@?&%@%%it eeltiﬁrsheet consi sting essentially of

| ower than 0.1%0b i | e duhair Gt byshestght of Si, 0.4 to 10
2% by wei ght ofmar%lg\aﬁco ilrgs{‘ue@% han 0. 1% by wei ght of P, not hi gcher t han
0.03% by wei ght of S, [Ithd¥ HiefedthadE GHEl Yrwsant ginvesttian 1SAT° 0. 003 to
0. 02% by wei ght of N, and the bal ance of Fe, and having an anhysteretic
magnetic per meghiddide 04 StédD stiedi giwer.a TEeneten gk t X 419 f ur t her
aspect of the present invention, there is provided a tensi gr}émask formed of
a steel sfieet CcoiEhSthagegssEhentlcyeerd IewHkstaheh '6‘.‘@%’%‘/8 i ght of C

| ower than 0.2% by wei ght of Si, higher than 0.6% agg ngﬁiﬁi@ﬂ% t han 2% by
wei ght of M, nepémpéraitghes ehdnthe lexeglighypagrer Cy I'ghet than 0.03%
by wei ght of S, not higher than 0.01% b¥ we| ght o% $0 1eNOthéowver than
0.006% and | owepropentfes| wdthousi gatertoRptiRg-  ARThalANte of Fe, and

havi ng an anhysteretic magnetic perngapj it , gt hbgheand 2o
According to a surfaCEUPFﬁEPr§§E§CFH§f E#‘ﬁeeéggégﬁt Bl’qg%nti on, there is

provi ded a cathode ray tube conprisin L raekphetwedlat atsédel
sheet - 11 copgpgfmﬁgae@ééHPEEPFy’“Sﬁ“?&%g?%?ﬁgn 0. 15}0 by wei ght of C,

| ower than 0.2% by weight of Si, 0.4 to 2% by weight of M), not higher than
0.1% by Wi ght &PeBt-not hi gher than 0.03% by wei ght of S, not higher than

0.01% by 5 Wi ght of Ly A Q03 0b9et03% kYepiresendf inventdonhés
bal ance Fe, and havi né(%&%la%ffgperetoig magnetic perneability of 5,000 or

hi gher. Further, accordifig 4 ¢ ehslidn malsw ttha gt o Amprevings dhe
invention, there s provided a cathode ray 10 tube conprising_a tension
mask forned of g SthelqehigAlidONGIcGE R tiesientaat [tybe YsHis n 0.1% by
wei ght of C, lower than 0.2% by weight of Si, higher than 0.6% and not

hi gher than 2% ?éx‘gﬁicﬂﬂalpfté\‘mim&n&dlgher than 0.1% by wei ght of P, not

hi gher than 0.03% by weight of 16 S, not higher than 0.01% by wei.ght of
sol . Al, pot |ower thai S snd 1l mtndmmmqppmqﬁ/%@ﬁgsﬁr“ , and the
bal ance of Fe, and havi ng an anhysteretic magnetic perjyeabilj 000 or
hi gher. Further, it fomgle ota ptovide (i (el %%p"e?:é)a%fg t%rﬁe‘yrpogeisre%nt

invention, there is provided a nmethod _capabl e_of .i nmprqQvi JIRARRL infask.
properties of a migmétishepropertiescpti BnSHESR, SES ri(}sﬂxnngi tache st eps of

preparing a cold-rolled steel sheet and anneal}j SOl e rohd @ik sdreel
sheet under a tenperat%@@ol?‘é{:ﬁ‘%nt%o?n Z%S%?%'heér’f Pﬁ%l%hﬁue recrystallization

temperature so a?_hége is provided a steel sheet for a tension mask

20 excellent in the shielding properties from ge‘pmagneti_sm,

said 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

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

25 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 magnetic permeability of 5,000 or higher.



i ncrease the anhysteretic nmagnetic perneability. [Brief Description of

‘Drawi ngs] - 12 FIG 1 is a cross sectional view showi ng a cathode ray
tube equi pped with a tension mask [Best Mdde of Working the Invention] The
present invention will now be described in 5 detail. In general, the

magneti c shielding properties are evaluated by the magnetic perneability of
the material. The magnetic perneability can be inproved by decreasing the
contents of M, Mp, Cr, N, etc. in the st&/  sheet. 10 If the contents of

t hese el enments are decreased, however, the creep resistance of the steel
sheet under high tenperatures is deteriorated. In other words, the

i nprovenent inrfhesnagsetableeforabhéi syeekbngseed be kayeraklictory to the

i nprovenent in the creep |5 resistance under high tenperatures, Such @eing
the situation, ahfigspeesent mageetdcs peaweadbdddiyt a@tadavwera taeat ct0dn the
factors actually contributing to the nagnetic shi el ding properties of a

cat hode ray tulereAdesieabdiyonotedewerr thanabeBPBr di splay includes 20 a
mechani sm of allowing an electric current to flow_ through a demagneti zi ng
coi| when, for exarphecor@éngoterasaphey Aspeginef BResPre8®RY denmgneti ze

the materials within the cathode ray tube. Howeyer, the de i ion is
carried 6ut ininMeskiennathaugndei Pro¥ifed g §ﬁ¥ﬁ°gs°?h$aﬁgg%§g%%%ﬁ% field,

with the result that the tension mask iis not conpletely,d tized such
that a residuaP ﬁﬁ@ﬁétF?&Fﬁoﬁ°Fsag@ﬁ@?&?@dmpﬁgiggce&i9§§ ?ﬂggﬁgnsion mask.

Th I bt ai ned by di vi di th i dual kgat | I
magneti o 11 ol SPaeadirgq PERBSETAE: SEON SoRIRUREracha, RORpPYetlE gHEerne

external magnetic fiel.d (o t he etlhiech! k¥nehstihBeegsenagagliiysm
tends to run e§&PPy PﬁtS%% g“ﬁ% s?bﬁqgggkbmﬁfh nerease ?n the anhysteretic

magneti c perneahi ki 0 € ol. 43S KN AR tS 8 £2E ,t QovBRr @Kant be2anbyet i c
shi el di ng propggtﬁgé¥5éﬁﬂéghothe e?gctrgﬁ gun and the tension mask. 10

Under the circumgtances suhe cRruesnby ByewedghthareMagndott hdgherext ensi ve
research on the relationshi’p between a Steel “sheet suitable for formng a

tension mask ang 4ihe 48NerALIQAR/RHY Jf® ,Calodr hdeweat ithans0.83%t byarrive at a
met hod of manufacturing 15 a steel sheet for a tension mask excellent in

both the creep Azt ¥ Unkist Highet etipen a0 LOES bndwehghhugfiespd. Al.
shiel ding properties and a tension mask excellent in both the creep

resi stance undey, duimhd enpesatoy seigt tdfe Nvagne ithes HiadedicRy Ofr §Fér ti es,

20 which is manufactured by the particular nethod, .as di scl osed i.n Japanese
Pat ent Appl i catticn g, 11y 38e6Fteel algstesyicodsl Foltd e ORGP ®%p&cific, the

Choot 1ots a T e itk o5 RRA 1G1R TG Tt 4he \ebef aY Hiate &% nder
D gh L omper At Ul s e Al S D RPREI i MR oded e
between the adjacent cold rolling processes SO 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 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
26 than the recrystallization temperature and the

temperature not lower than 510°C, more desirably under a

temperature range between the temperature not higher



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 wei ght of My, not higher than 0.03% by
wei ght of P, not higher than 0.03% by weight of S, not higher than 0.01%5
by wei ght of sol. A, not |lower than 0.010% by wei ght of N and the bal ance
of Fe; cold rolling the resultant hot-rolled steel sheet; annealing the
cold-rolled steel sheet; and applying a secondary cold rolling to the

resul tant steel sheet under a rolling reduCtion not 10 | ower than 35% al so
devel oped a steel sheet for a tension mask excellent in both the creep

resi stance under high tenperatures and the magnetic shiel ding properties
and having at heast thed@cystalairattiencttempergtoriec apdr #B&bil ity under a
DC bias magnetic field of 15 27.9 A/Am (0.35 Q). The present inventors have
conducted a f unidhperagsam totsdmer chand60G. 1 f the steel sheet after the
final cold rolling is anneal ed under tenperatures not higher than 20 the
recrystal lization temosoading to a stidddspppihes PﬁﬁPSFe%FhéhEnR§§FEP ic
magnetic perneability of the steel sheet after thg %b%pﬁegoggapreatnent
under the DC bilawendgms. thaxrg doPrevides & g6e €5 iR order to

further inprove the anhysteretic 25 net i r il

sheet af tber t h&esisHBeMaik t%]r?ﬁﬂtnﬁﬂ’dgﬁpt?h%%ﬁg%g‘l g&%‘&ﬁé’t%%#g%? of
27.9 AAm (0.35 Ce), it is desjrable tq set the - C fqH he
steel . sheet atfrem &Fé?ma}%iﬁ'ﬁaﬁ?q}.tg’ﬁ/ocgfe\%eirghﬂ;s'cﬁ%%e :ﬁ?ltdtaeﬁte hENigcont ent

of the steel sheet is set |lower, th - QLY A & ddRAR 4185 St ance
of the 5 steel %rmqshi%# esfrgeee(ra'a%&lré)g? tcengg' tonttg‘g rendered |"ower

than that in the cASE GLE, (o N GPANINNYRE ahekes exnei d ey han

0. 01% by wei ght9 wever ; the Ncontent of the steel sheet is set at a
level not |over,dhan GO i geéghtnanc . e dnde nbl deighedn rhan f2% he M
content of the steel sheet 1s set higher than 0.6% by weight, it is

possi bl ejd 0 obtgd noyp veet g15€ aed Priyo€ reghere sitetracd tofbyt heelghde|ofsHbet under
hi gh tenperatures wthout deteriorating the nagnetic shielding properties;
and 15 iv) |f thet Sibghesheedn hawo3yy hhevekghosit ionnafethkghefoi thal out in
itemiii) described above is anneal ed under a tenperature regi on nqi hi gher
than the recryspa0l$ Zoy i welgktpef asok e, Al nat deyan|han %ﬁ?%% ap
satisfactory creep resistance under high tenperatures 20 and, até?#hfe sane
time, excellentlowenethan shieldiby weidperaf b, anvk theRtansk &t i'ch has
been arrived at on the basis of the findings pointed out ange. Ipe node of
wor ki ng the pr esméthavieat annaphy$temet b MREneicS RRFMeaR LY L ST sheet for

a tension mask according to a first enbodinent of th re t | 44
consi sts16 - 165e@@@neFarighef - | diterld H’a?r?i(f.af’g%ebfo\ﬁei% Sg:%%&, ngill\C)é\;\%g ﬁan

0.2% by weight of Si, 0.4 to 2% wei ght, of i gheret .dX0 by
wei ght  of P, no‘?aﬁ?gﬁ’éra?lﬁﬁﬁtﬁFﬁgX/gbg}agﬁ?ﬁﬁ? %%]n%égﬁnioﬂﬁ?g ferg]’?ihgél) % 01% by
wei ght 5 of sol. 0.003 t %6 by Wei nd the bal ance of Fe,
and has an anhygf'@"%{:'rcmﬂﬁﬁng??%géé%ﬁe%\éﬁ??%rg.;i%i,‘eo%o or higher. The
particul ar steel shee epsi ph ggﬁg’@&t&g@gﬁ@l eédemgneti c

shi el ding properties I\%\f%ﬁ%ﬂ?néeggr?%]r:g%éﬁg ot her 10 prop%rti es such as the
surface propertjgseapdohheegbeli g proPeasd s . mediied repsoasuf actuhing
contents of the conponenfs of the steel sheet noted above are as follows:
C Cis ng ectiyegfge1i BREBYI BOrt Beteneepn Lbasleséxcehtentf inheothebhesheet
under high tenperatures. However, if Cis added in an anmount not snaller:
than 0.1% by wepghbld@ngopiepegetest Eremi gepnagnetismeandnthfeCEGRR| sheet
So as to deteriorate the etching properties of the steel sheet. It follows
that the C 20 ceakestasbeubddee hbgbr temperatuzesy GePPELsipgctRfaply, the

C content should be not higher than 0.06% by wei ght, e preferabl ot
hi gher than 0. 08%ebs méighgaining a steel pXece gonsiggingpessen%QaXlg

of lower than 0.1% by weight of C, lower than 0.2% by

2b 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 S, not higher than



Si: Si fornms a nonnetallic inclusion so as to deteriorate the etching
"properties of the steel sheet 25 and, thus, should be added in an anount
smal ler than 0.2% by weight. It is nore desirable for the Si content to be
not hi gher than 0.05% by wei ght, furthernore -17 desirably not higher
‘than 0.03% by weight. Mi: M 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 Mh content is not |ower than 0.4%
by wei ght. However, if the Mh content exceeds 2% by weight, the particul ar
effect produced by the Wh addition is saturated. In other words, the W
addi tion exceegligik %’@ dej\_l@i-[gm;f GRls.eAlaN riote rlemmy itharhd (ROHRK andir | ng
cost 10 of the steel sheet. In addition, a central segregation is brought
about by the exgmssiteaiVho aoith thipwesigles ab Nawrel d:lt%fl@%tqw QkHityg of
the steel sheet. Under the circunstances, it is desirable for the M
content of thensteedblFhegtthe diddl \pidder calthgeoBfinMptReEh V- B 15 and 2%
by wei ght, preferably between 0.4% and 1.4% by weight. P:. P contributes to
i nprovenent i npllreahbthaof chimes rimyihrloirebked ggekrhget et P tends

to bring about a nonuniformetching derived fromthe segre I 0
Therefork, it withewtraml tnteymediate FpResting %%eﬁ{?e‘ﬁ? gﬁ@ééfﬁ%ﬁe%. 1% by
wei ght, desirably not higher than 0.03% b i ght_ i i ergf fect of
further suppreb%twgeﬂhéhﬁoﬁ@ﬁ#$%PFn%R%#;Fééfﬁﬁgi%r?{#¥ %yagéeége§§rable f or
the P content to be not higher than 0.02% 2 j ' | SkHBayoi dably
cont ai ned i n tRECBREG| 2 ﬁﬁg?% %??%Pd%ﬁY ?%e% $%e¥€%&§?%%§hs eet in an

anmount - 18 exceeding, 0. 03% by wej Ngs8etSacaused in the
steel sheet anﬁ?daFnPﬁégéﬁﬁe P?ﬁé?sgiﬁ%%BnI %?%1%?%%?ng derived fromthe S

segregation is generated. |t I thepancenbent shoul d desirably be
not 5 hi gher tﬁgﬂpﬁFﬁ Egﬁyrﬁgigﬁtggﬁﬁég @sirably not higher than 0.02% by
weight. N If NI i0edibh tBRpstaehrahsst asntaninepeaseekbeedi ng
0.02@6b93hei hf?ciﬁégﬁgg%g??cbprope?ties of the steel sheet are markedly

deteriorated. 1Qn0atbbetethAnghatdc pérheabilntyai rbd ks desbrabledfe¥ion
el ement, the creep resistance of the steel

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 lower thén 510C, more desirably under a
temperature range between the temperature not higher
than the recrystallization temperature and the

temperature not lower than 560C.

According to a still further aspect of the present
20 invention, there is provided a steel sheet for a
tension maék excellent in the shielding properties from
geomagnetism, sald steel sheet being manufactured by
the method comprising the steps of obta;ning a steel
plece comnsisting esgsentially of lower than 0.1% by
25 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 higher than 0.03% by welght of S, not higher than



sheet under high tenperatures can be inproved. However, if the N content of
the steel sheet is Iower than 0.003% by weight, the particul ar effect
cannot be 15 produced. Such being the situation, the N content should be
0.003 to 0.02% by weight. Also, if the N content is |lower than 0.01% by

wei ght, the steel sheet is allowed to exhibit excellent magnetic
properties. It follows that it is nore Qe§i[able for the N content to 20 be
not | ower than 0.003% by wei ght and | ower "than 0.'01% by wei ght. Sol. Al:
Sol. Al serves to fix solute Nin the steel as AIN. Therefore, if sol. Al
is contained in a large anount,. the anount of the solute N, whi glg 2%
produces the ebfert by wepgviof sok. chbepd r@d3 stante08? PReVELERL heet

under high tenperatures, is decreased. It foll th it.Ls-desirahkl e for
the - 19 anoNntané the. balaree pef g&esnket ngﬁiggigﬁ8.sE%§% §§%%%'the

situation, the sol. Al content is specjfied, [nh the e i ntion to be
not hi gher tharoddox9odbingePBrie.os gtpigrﬁgétyp8£ng%§§tgkgdgggs requi r ed
Cr, M, W etc., which are known to_jnproyv cree i g of the
steel sheet unH@ilﬁﬂgﬁtFE?rpEPﬁégr3&:}’{?’%“?Eﬁggge?ﬁ\i ?ni‘:gl?*c?%g?ragbl e to set
the sum of these additional el engn % b Laht agacentvi ew of 10
t he etchPng prBBEPPFéQQaﬁﬁe?ﬁgeﬁgg%é??%pé?é%e¥?¥ggggft?%ebs?egl sheet. In

t he present invention,.th ekol 8506h pedpheehavetaelashewiteretic
nmagneti c per ms&ﬁ&tf‘i F?léfmg, é%g@%rsﬁ ?g%gr. *The gt ebl sheet havi ng an 15

anhysteretic ”g%@ﬁhiCapgkgﬁéﬂbkhiﬁeaftﬁi@ﬁﬁe@é;hhghehnpeaduu@sthﬁisfactory
magneti c shielding properties. In order to obtain nore satisfactory

magneti ¢ shi el diglg1RhARE L@, shbeitSudi@err abtemperatheresregloshd&t t o have
an anhysteretic magnetic perneability of 5,200 or 20 higher, nore desirably
6,000 or hi ghehighbrt haast eble shesysitaliizesion FeE@eratU&fH&Cadf &hot

hi gher than the anhysteretic magnetic perneability after the cold rolling,
it is pogsible ineredse theclanbys¢ereslivanaonedign gnetic

perneability of 5,000 or higher 25 as described later. .In iti | [, the
impurity level in thacsoedings toe@ueddlli furdhsss aspest &fagﬂ"@ ﬁor%‘cfér{s eet

to have the anhysteretic nmagnetic perneability of -2 Q00. or hi gher.
The steel shet ifmyvendtitoansitheneadis Q@@Gﬂdﬁetﬁ’gatétz?ege(?&ﬁfqe §8dirent of the

present invention consists essentially of | r th %t bty of C

| ower 5 than 0.temshpnaiagh excedilent; dfRePq Wﬁ:b(? &%&ﬁ#ﬁ#ﬁ%ﬂﬁan 2%

of by wei ght M, not higher than 0.1% by wei gh [gemidan 0. 03%

by wei ght of SEnem gaqpagnetist @ (%Qhr% %e&%egi%quAfi,ﬂ not Iogmlgr t han

0. 006% and | ower than 0.01% b i ght_ .of e mdhibPeddnece@fbye, and
i

has an akhyst er@REGAIGHSS ¢ ity o or higher. The steel
sheet the method comprising the steps of obtaining 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% 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 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 the
steel piece; cold rolling once or a plurality of times
25 the hot-rolled steel sheet with or without an

intermediate annealing treatment interposed between the

adjacent cold rolling processes SO as to prepare a



meeting the conditions given above exhibits both the excellent magnetic
shi el ding properties and the excellent creep resistance under high
tenperatures. 15 The reasons for the definition of the contents of the
tonponents of the steel sheet given above are as follows Si: S

deteriorates the etching properties of the steel sheet as descri bed
previously in conjunction with 20 the firy b_enbodinent of the present
invention. Therefore, the Si content of the steel sheet should be | ower
than 0.2% by wei ght, desirably not higher than 0.05% by wei ght, and nore
desirably not higher than 0.03% by weight. 25 N._ As descri bed éeviously in
conj unction w islteelie shieest haniodi e PE tPW@iﬁﬁégéﬁFqHﬂﬁﬁﬁicﬁé)the st ee

sheet having the N content |ower than 0.01% b -21 i ght, perm

produci ng excelanaealihagn&hiec qﬁS@ﬂélatWte§.teﬁllso“¥’e§§ d’é‘éﬁ‘?%dt%?é%%g% ¥, the
solute Nin the steel permts inproving the cre r sisé.anlge of the steel
sheet under hi glegiompaodt highenthan, ﬁ@tﬁrYg%']E@ﬁ"q’ s&7'st ance under hi gh
tenperatures can be obtained if the N content s afa InQPH0 by
wei ght . Furt hertemperadiugg sohds G0 INATSRSE & ee@ﬁﬁép%%%#?heagﬁcel [ent

magneti c shi el ding properties and the excellent creep resistance under high
tenper at tres, REIMEAHe 4§ ¥eont ent and the Mh content, which will be

referred to herein |l gter, ar t .S hhah, i N L@ tof Sthét pregentt han
. 11 N
0. 006% by wei ght and C&%rﬂt‘%aﬁ:%o.ao%%lby wei ght and the Mh content is

hi gher than 0.6%.b i ght ].FEH_L% ldheded At P4 10n WRA SRt fofineld &6 bei ng
ggﬁ@%%é] t S g%% e

the situation, cont en e not |lower than 0.006% by wei ght and
| ower than 0.01%hw Vﬁ{%}; ddh 4 16 SRF Wk &b erd£ ofowée pheseft 13
invention. In view of the balance between the creep resistance under high
t enper at ur es argg{ L SRR I, DIGRES titesn 0 12% soPOvetbght abFeStor Ot KetR
content to be not |ower than 0.0070% by wei ght and | ower than 0.0100% by
vei ght, gpre desi r@*)/lh‘ye;[@tltlowennt hantOhaQ8ew haneityi® i vekehtt AENE
0. 0100% by wei ght . : M servers together with Nto inprove the 25 creep
resistance of thet Sibghesheedn U3t Hhywekalpkref uF esnoRshdgber; fagn
previously, the steel sheet is allowed to exhibit both the excell ent ¢reep
- 22 resistance. oty hwefghenpersely el an®- 993 €8t P2 tbﬁaﬂﬁ&fﬁ(’? °
shielding properties if the N content of the stefl sheet 'bssn (9 q_\éﬁr t han
0.006% by wei ght§, aamid | therbatarce @HEey IRIJEVIRIt AR BRYLSRNEre the Mh 5
content exceeds 0.6% by weight. On the_ot heﬁ hand1ll i% the Mh content
exceeds 2% by weagmetie pewneability|ohrovPRY PheltPREF resistance of the

t eel sheet d high t t ' t d. | '
Content Whgher than SeRaRRgrts ca AEL LR REn abpRE o T preRall

cost of the steel sheet. 0, the Ry f esakke faridd oF dvh
bri ngs about a &%ﬁ??ﬁ&%egﬁaﬁ?i %ﬁ,gg\ngﬁihgﬁegrggﬂﬂiéﬁhgﬁsgedef ective

etching of the giee e5alaelal1 PYCBEL bRt Rhasi toudts on,
t he Mh content gﬁgﬁ#‘dgﬂggﬁi %ﬁgrgiigg?ﬁaﬁgg 6% %y%/ei ght and not higher than

2% by wei ght, e LEaRkychi 9866t 8AN006%& byyWaedhtand e, MigheT t han
1. 4% by wei ght .ng?twgﬁghf:dggl cs:(') %e ngt ed that the creep resistance of the

steel sheet undgf,hi ?hskeaﬁerﬁburﬁigﬁaﬂ BRafBRkeblyy welphdvef Mn Mndt added
in 20 an anmount not [ower than 0.7% by weight. Therefore, the M1 content of
the steelygsheet hsgaukdthahl owilkhby wetghyeosf Phenatehighry Hiratki Gift3tnd
2. 0% by weight, nore desirably between 0.7% by weight and 1.4% b(}' v.veilght.
| by Weight of S, not higher than 0.0l1% by weight of sol.
Al, not lower than 0.006% and lower than 0.01% by
welght of N, and the balance of Fe, and having an
anhysteretic magnetic permeability of 5,000 or higher.
25 According to a still further aspect of the present
invention, there is provided a cathode ray tube

comprising a tension mask formed of a steel sheet



25 Sol. Al: Sol. Al serves to fix solute Nin the steel as ALN. Therefore,
if sol. Al is contained in a large anmount, the anount of the solute N,

whi ch -23 produces the effect of inproving the creep resistance of the
_steel sheet under high tenperatures, is decreased. It follows that, in
order to obtain the steel sheet exhibiting both the excellent magnetic 5
shi el ding properties and the excell ent cyﬁﬁp resi stance under high
tenperatures, it is desirable for the anount of sol. Al to be as small as
possi bl e. Such being the situation, the sol. Al content is specified in the
present invention to be not higher than 0.01% by weight. 10 Incidentally,
the reasons fogohfestehgnessentbalitteof towernthanhf eh?iBY| BokehEnah 0. 1%
by weight, the P content, which is not higher than 0.1% by weight, and the
S content, which Lewent thagher2&hby @ebghEb9fwBighf . 4afe éﬁuﬁ? velohbse
descri bed previously in conjunction 15 with the first enbodigeg# ﬁf t he
present inventobnMnltnpt highepotbenl 8.1% B¥dwasghEq0frBd B84 PHIREF

el enents such as G, Mo and W which are known to ingﬁoveotﬁf c&eep
resi stance of thansPeBBsshEevedghér ofii §h PeipBLgPEFesPeROr HIEN8Y s r st
enbodi nent of the present 20 invention. ln_thi ase, (i3 .1 s-dgsi le to
set the §un1ofwﬁﬁgg§ aﬁdFP'onéﬂ'epeﬂgﬁt§°a9'?é§b§ymgFéh#to§flgés%ﬁghe
reason for the definition qf the.a reti ' e khicty, which
shoul d be not Fgﬁebahﬁ8965?600?npsH§¥§hgegha%nggggﬁgkeégsgggﬁgg previ ousl y
in 25 conjunctiqQn W " &t i The met hod of manufacturing

t he steel sheePgFSFaég}gggi%E %égﬁgggggggghgrto each of the first and
second 1 -24 enbogd|,ppAbs  ohckBeaRhgseot al B¥eNli earehek aspebe dé€scri bed.
The steel having the conposition described above is snelted, hot rolled,
and pi ckl ed, a@ﬂecgh:@s%ﬁltl edvavnta onhe theewn isebrodided ascathodeairaya st eel
sheet having a predeterm ned thickness. It is possible to apply the cold
rollingignly ORg®eOtompRieialy ay tehsiione maskt foamednoér aediterd sheedl i ng
treatment interposed between the adjacent cold rolling processes. Were the
cold rolling 1@onsistappl eedentilaliy idfy lofer rebanwoA 3t by weight of
recrystallization annealing treatnent interposed as the internedi ate

anneal i ng treaCyeliovest whem ©0he sadiyasedighdolod S| M@hﬁroc%‘é’é‘eé’,'siit is
desirable for the final cold rollig% reduction to be at | east ZS%E%anrder
to 15 ensure thhadmotabilghersithanyt2t &Y Med shteQf %etmftegaiglh?& for use of

ol 11 ng.r educt Cor 4 REUMEHER 08 dasBOISLENRT (M fare e Sty U °' ¢
least 40% On the other Bandrdh T GY v¥ 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.
Further, according to a still further aspect of
20 the present invention, there is provided a method
capabié of improving a magnetic properties of a steel
sheet for a tension mask, comprising the steps of
preparing a cold-rolled steel sheet and annealing the
cold-rolled steel sheet under a temperature region not
25 higher than the recrystallization temperature so as to
increase the anhysteretic magnetilc permeability.

[Brief Description of Drawings]



20 increase in the cold rolling reduction |leads to an increase in the cold
rolling mll load. Therefore, the upper limt of the cold rolling reduction
shoul d desirably be 80% nore desirably 70% Incidentally, in the case of
performng a skin pass rolling described 25 herein later, the cold rolling
reduction of the final cold rolling represents the cold rolling reduction
of the cold rolling imedi ately before th& skin pass cold -25 rolling. It
is possible to apply a skin pass rolling % 'the steel sheet after the final
cold rolling or to pass the steel sheet after the final cold rolling
through a 5 shape-correcting line such as a tension leveler or a roller

|l evel er in order to FDGLett ishe skhape sécthenslecvlewhsheowipg pheagbtiest ep,
an annealing treatnment is applied to the steel sheet obtained after the
cold 10 rol | i ngagr tubet kguipped wasbt astiBpsdeBIMaSKt he shapecorrecting
treatnment after the cold rolling so as to_inprove the nggnehic properties
of the steel sheet. The aBes#k Mpdet pEalREkings tBg, LP¥ERLIP nder a
tenperature region in which the recrystallization dgpes _not ﬁgkg %g pl ace.
In the prior art, thZhgnpesseny LP¥SPEARP FLllaPPFelBeodPSEFt8P% A col d
rolling in order to decrease the residual stress within the steel sheet. In
the presént in@#e#&ldn, however, the annealing treatment is carried out

after the cold r°||in§|@§§%%% nh% ig@éﬁégiggSggglgggaekkﬁﬁggggggtggﬁ of

the steel sheet regaF sence~-o i nterna

stress. The anneal.ing tyeat t ] IsrJ IRE [1egi on
not hi gher thaﬁvﬁ}élarggé 3?( ar%%l édaaéno%ra]dtde %g&%:aelrj'e&q% o%tﬁa nor gﬁggargiafli g it

is desirable t%‘%x%‘r’m% é‘reﬁ:tﬂiu?eé%}% | C&q_aéy’ RGO At Vel ey ligadtiwges not

| ower than 450 “bDecau t 'to obtain the effect of inproving
the magnetic properddfisdds i Mo - 3 an3eaNN, NG .calnTaiNe isterd IShatout
under tenperatures |ower than 450C. In order to obtain a greater effect of
i nprovi ng the FaoNeld iUl g tHedd@lsmeeitsslkael dedrdaseathre desirable
to carry out the annealing 5 treatnent under tenperatures not |ower than
480. Parti cul amokevidie, simelcrsmetresdstanad lofivdhet s tead [Fheqthainder
anhysteretic nmagnetic perneability of 5,000 or higher stably if the
anneal i ng treatey temparatwrkouts Weder tanat@dat uLes ofber YREASt haRes10k
and the steel 10 sheet can be allowed to exhibit the anhystereti ¢ rmagnetic
perneabi | ity ofinfpr2ffementhiighethe fmagne tith anmepbidddiefRnds RS ed out
under tenperatures not lower than 560°C. It follows that it is furthernore
desirabl e to caontradicterartedinednnromerant ddhe £ieher at ures not

| ower than 510:, nost desirably under tenperatures pot.| t 560. It
shoul d b¥ not eEesiticange gL high hfee'%‘;gi‘?ﬁ"}ﬁ‘t e%b‘gpat?%ﬁégegggeds 600k
it is possible for the recrystallizati 4t 4y tdea 5t eel
sheet so as to Srjaﬁﬂftﬁjsprko 5%‘? e?’f%sf%ate %&r&%&pﬁa@é&l gc'?oal)glac&e&oegh ték;%a st eel

sheet' under hLl%h lenper uéﬁg.féé%g%oggg%gm_égngﬂﬂeﬁ'ﬂg@lbi@ tg the

anneal i ng tenpérature not to excee So,” in order to ensure the
stability int ﬁé'&i@%h‘iéﬂ&i OpESFeid e ¢ ey e tigid heay apilse 25
deterioration gﬁa e creep resiﬁ%ance under high tenperatures, it is
desirable to carry oy tdEe@ s iFecdiwvat reanta wulor tdigmay uresludas

hi gher than -27

: - 20 a mechanism of allowing an electric cur:ent to flow

| through a demagnetlizing coil when, for example, the

power supply 1s turned on so as to demagnetize the
materials within the cathode ray tube. However, the

demagnetization is carried out in an external magnetic

26 field such as the geomagnetic field, with the result
that the tension mask is not completely demagnetized

such that a residual magnetization is generated inside



590k nore desirably under tenperatures not higher than 580 . It is possible
to obtain a tension nmask by etching the steel sheet for a tension mask
according to any of 5 the first and second enbodi nents of the present
iinvention descri bed above so as to perforate the steel sheet, followed by
stretching the perforated steel sheet over a franme and subsequently

appl ying a bl ackening treatnent to the s;i tched steel sheet. The 10
tensi on mask thus prepared is unlikely to give rise to the color deviation
probl em because the raw material steel sheet exhibits excellent magnetic
shielding properties without deteriorating other properties or exhibits
both the excel Lgat +t8RgD6h i Baski elThengvdBierapminat mhdivdimadheent creep
resi stance under high tenperatures. It follows that the cathode r%X t ube
usi ng the partiesiavalenagnetimakios by thghepternahanesnetikt chleidal nost
free fromthe color deviation problem 20 FIG 1 is a Croif sectignal view
showi ng a cat hbdecaayefiubbe 1anbyateretici nagegEhcaPeEReaB Hek. A€ shown
in the drawi ng, the cathode ray tube 10 conprises a_pan ppytion-2 for

di spl ayi ng an enaggnahdmagnaﬁh§|f$eiﬁiaHCEﬁB?hEhﬁaﬂ E“ﬁgi?ig%“% ?E wel ded

to the funnel 25 portion 3. InteriqQr of the cathode,r e !
mai ntai nBd a hﬁbﬁpgaeméﬁPeﬁiﬁﬁo§ﬁH8F gBrﬁBH 3a86§¥eﬁng¥tﬁﬂgeg%93%§%n and

bl h h [ d insid =28 ' dat
Tk 115 arr agEl MAEPGnERBaBRoLBnbos oL e ehe PaRlegieTe, 2 1 PLS O

stretched by a franegiééﬁgﬁakggggekgggggg ﬁﬁék i028d thamBpeovel tretively

constitute a cBP5Meg ctro i nner nagnetic shield 6 is

arranged_on theagﬁggﬁéuékigidgkgt Sobediies bbRwedanthakl ¥leatrohegance

nuneral 7 showl ram ng denotes an electron gun, and a reference

nuneral 8 deno e sibnnkhakand. to [Exanple 1] Prepared were st eel
sanples Ato J%ﬁQV?H% ?%g conpositions shown in Table 1. Each of these

steel sagpl es was snghiied thet ciecuadtanicesl edhangresedtldnventeds Then,

after the recrystallization annealing, a secondary cold rolling with the

rolling reduct naweolcop@Uctes appleixtensdvieheesearedh andtheneal ed steel sheet
so as to obtain a steel sheet having a thickness of 0.1 mm_ Further, these
steel sheets waledatioeahdp hetween@ stesdo sheetsguddablgs £95 f9TMENgbt ai n
steel sheet sanples Nos. 2 to A and 6 to 15 shown in Table 2. Al so obtained
vere steel. sheetteswhonemanys antl dhe generatdioth ofn thenEA Py treat nent was

not applied to the steel sheet after the seconda cold roll
PP deviation so as to arrive at a method of manufa%QUring

15 a steel sheet for a tension mask excellent in both the
creep resistance under high temperatures and the
magnetic shielding properties and a tension mask
excellent in both the creep resistance under high
temperatures and the magnetic shielding properties,

20 which 1is manufactured by the particula: method, as
disclosed in Japané#e 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

25 excellent in both the creep resistance under high
temperatures and the magnetic shielding propertiles,

comprising the steps of hot rolling a steel sheet



25 29 Table 1 (\t% Steel Sanpl esCSi \nPSsol . ,

Al NCr A0. 0070. 010. 450. 0150. 0050. 0010. 00420. 04B0. 0080. 020. 460. 0120. 0060. 0050.
00720. 05C0. 0070. 020. 730. 0160. 0040. 0050. 00900. 05D0. 0080. 020. 940. 0080. 0 f

00. 0030. 00880. 05E0. 0070. 021. 100. 0070. 0030. 0080. 00910. 04F0. 0070. 021. 400. 0150
. 0050. 0050. 00850. 040. 0080. 010. 580. 0120. 0080. 0040. 02050. 04H0. 0180. 010. 900. 0
050. 0070. 0080. 00900. 051 0. 0410. 010. 850. 0090. 0060. 0040. 00960

. 04J0. 1200. 010. 600. 0070. 0050. 0080. 0087_ "0*404 The etching properties were
eval uated in respect of the steel sheet sanples Nos. 1 to 15 thus obtai ned.
5 Specifically, the steel sheet sanple was actually etched in the form of

the aperture grbhbiS01A§ &9seneiaBle of Slawdy tien @ al® by wekglt cof ng
(presence or absence of defect ) . Then, the creep resistance of steel
sheet sanples &) ABE. higherldéhander 0%’ ghy twedahttef eSi, vihi ¢hteet® PHund to
be satisfactory in the etching properties, was neasured. Further, th
magnetic propeweightobft Mesenstebightmethamndi @3t K apeloht fb.Fo Q%fe '
measured. The creep resi stance under high tenperatures was 15 eval %ed by
neasuring the htghat bhanhQ.OB&epYeWthhti@ﬁqgnd@?tthégg?ﬁt ?ﬂa&'#ﬂ st eel
sheet manufactured as descri bed above was kept heated gﬁ 450C fgrhgo
mnutes 6ith abyewsightopf£360ln AHe BBl fewer othar G QLPFRELYS19T30 The

magneti c properties were neasured as _foll ows, .An ul a e i havi
angouter giaﬁepérNoﬁnﬂSthﬁlQﬁéaaﬁeiHﬂe?eai%ﬂﬁ?e¥°g££§§ %%%mgésﬁgﬁgﬁtfronrg
t he steel sheet sanple to i ch heat _tr t r ondi t he
?Iagkening :LeHPﬁégBlHSG ﬁggﬁiaﬁgnga 3§n§§%53$oFﬁgggﬁ?ﬁu?g%gg%hgtgﬁ%ﬁIar.
est piece us. prepare n a i ahsearch coi
P@F I?Cgpg \é\@%’%?%g a"‘%EBoﬁdfﬂﬁg ebidakb®niRgi ko &h

and a DC—bias-ﬁ {0 neasure anhysteretic magnetic
permeabi i ty. 1Q.1R¢ARNLEERhChEHRARAbECaPoIEaRG! FbllusRsoNEAsr od as

follows: i) An~atténuating current was allowed to flow through the
magnet i zati on GQilarSnas BsderagBelyB1bpedt asktpetceheetporehy.
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 bias magnetic field of
15 27.9 A/m (0.35 Oe).

The present inventors have conducted a further
research so as to find:
i) If the steel sheet after the final cold
rolling is annealed under temperatures not higher than
20 the recrystallization temperature, it is possible to
improve the anhysteretic magnetic permeability of the
steel sheet after the blackening treatment under the DC
bias magnetic field of 27.9 A/m (0.35 Oe):
ii) 1In order.to further improve the anhysteretic
26 magnetic permeability of the steel sheet after the
blackening treatment under the DC bias magnetic field

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



15 11) An attenuating AC current was allowed to flow again through the
magneti zation coil under the state that a DC bias nmagnetic field of 27.9
Alm (0.35 Ce) was generated by allowing a DC current to flow t hrough the
DC-bias-field coil, so as to demagnetize the test piece. 20 iii) A DC
current was allowed to flow through the nmagnetization soil so as to excite
the test piece, and the generated magnetic flux was detected by the search
coil so as to measure a B-H curve. iv) ThdBanhysteretic magnetic
permeability was 25 cal culated fromthe B-H curve thus prepared. Table 2
shows the annealing tenperatures, the etching properties, the results of

eval uation of tdg tent3bCHORP steeilssheet wider leivell flewesr dhared .&d t he
results of neasurenent of the magnetic properties for the steel sheet

sanpl es Nos. 1 gy widtghlthe basis for the eval uation of etching properties 5
is as follows. The evaluation "~" given in Table 2 denotes that the_ etching
properties was good iili)heIfatbevNerententseft thasskeels shratvisudPty after
the etching. Also, the evaluation "x" in Table 2 denotes that th t.chi ng
properti es was Jweer itharthd (e byhated ohd .o ther fTee I S FHERR & the
etching. The basis for the evaluation of the crggp rgﬁistanq; under high

t enper at Ut es i sSteek ghesis under &igh, HETReTatufias FeNesTs £ denotes t hat

the creep resistance under high tenperatur was, ex | ent, . he 16 case
wher e the anourferfexefd Jfﬂ“éf‘e"pq%?adh %ﬁ%ﬁ%&aﬁeagﬁeﬁatrﬁ%.%ot% t he
eval uation "~" denotes that_the steel sheet ' &EAgee Wher e
t he anount of t‘Ffé“*c‘?’é’%d‘%‘?%g%hqvﬁ%&@é%d?%.?%g%%:aﬁgﬁg)eisﬁn%l{]%xceed' 0. 50%
and the eval uatjgn, X dEROLES i Mnddif U AUneGelomannols heotiseel i

0

the case where tAEE%OUN he creep el ongation exceeds 0.50% The test

was perfornmed bot iy ther M dddMGrld arldody and veight ansdersal the rect i on,
and the averagegvgftglﬁggtta en for the evaluation. 25 -32 Table 2

Propertigs No. Sieel Alpeal inctHe mercintenid®rtls natedd chhey sbp set
Resi st ance under H gh TenperaturesMagnetic Properti esSanples Cold Rolling
(O g Propertieshfyrep thangelé®rby weight, it is possible to obtain a
satisfactory creep resistance of the steel sheet under
high temperatures without deteriorating the magnetic
shielding properties; and
15 iv) If the steel sheet having the compositions
set as pointed out in item 1ii) described above is
annealed under a temperature region not higher than the
recrystallization temperature, it 1s possible to obtain
a satisfactory creep resistance under high temperatures
20 . and, at the same time, excellent magnetic shielding
properties.
The present invention 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 accordling to a

first embodiment of the present invention consists



(© Evaluation Anhysteretic Magnetic PerneabilitylNo

Anneal i ngQ00. 85x49002A55000. 50068003B54000. 31053004C58000. 170064005No

Anneal i ngQ0. 53x4600651000. 130061007D56000. 13006300858000. 12005400961000. 88x
:10E54000. 1300630011F54000. 1200620012G54000. 18003330013H57000. 12006200141 560
(0. 1100 ~510015J560x--- It should be noted that the conpositions of the
steels used for preparing the steel sheet 1!s)a_rrpl es Nos. 6 2 to 4, 6 to 8,

10, 11, 13 and 14 fell within the range specified in the first enbodi nent
of the present invention. In addition, each of these steal sanples was
anneal ed under the tenperature not higher than the recrystallization
tenperature af leaisenitd allilyalofc dlosrer0 thenl Ong% Ry wedahdnof ComILHf® 2,

t hese steel sheet sanples were satisfactory in the etching_pro raﬁi es and
excel l ent in tmamgnesi dyswiedighitn@pSdpeOt-idedohedabde Wed: s‘{)fg D sheet
sanpl es had hi gh anhysteretic netic pernpeability not Jl.ower than

ma , i..e.,

5,000. - 33 Furathdvighereddan delldshyetedght &f Fer Do, HignER o n the
creep resistance under high tenperatures, .i.e. he t eep
el ongati on was M3y hygate of Soofof Me&l%wmﬁr&stbgelvs%ﬁ%tg
sanples Nos. 4, 6 to 8, 10, 11 3 gn 4 whi ¢ | it hi ages
specifiedin tRE ssétilond\lent?ocﬂq?e#to g]f'%e B é’segr#hq!l r?vf(,amrﬁ'i oaﬁf& 2‘2}:%1 of the
steel sanples ysed contained M J qp%[ﬁﬂﬁrsqggi%g.’qi %4y weight and
not |arger 10 %Wﬁ&%’gtﬁnda%fag;laso cont al ne I\?q?nna%an amount not
smal | er than O. 006%41[%11\/&}9}&5 %",cbo"‘d”’ﬁ_lxl 1 e OrfdY%ply twighir sheel

SHee

result, these R sanples exhibited a very small anount of the

creep el ongati Oafn}leféﬁ For WPltdf U dan Sdifbtanskce @it annysetietic 16
111

magneti c pernea y SO0 as to support both the excellent creep resistance

under hi gh t enpg{ Al 1 H5y Prbpdre: e atd duts et ekt tarprioperetieerf rom
geomagneti sm On the other hand, steel sheet sanples Nos. 1 and 5 had the

anhyster gyi C MagRGid ct 1168 NBigdh |dd Vil vairidus @fope00leHeardistheot h of

t hese steel sanples were not annealed after the final cold rolling. Steel
sheet sanpl e Noet&hind phopsdrties anneal i ng tenperature was hi gher than the
| evel specified in the present invention, was found to be inferio& in_the
creep 25 resistance UMderrénsgng digiertharcantants R the KLIMRARERTELRH) e
No. 12 was low in the anhysteretic nmagnetic perneabi]jty because the steel
sanpl e used forthe-s’eelelmmmf#@;tQ%ea%‘?‘é%la%e%? %%Ljp?ésbont ai ned an

excessively large anmount of N Steel sheet sanple.No. .15 fective in
the etching propertiés b&cdifs &LHRS Ve | °§h§‘§{£’t}:§é’ﬁﬁ’lge t}'eu\g%(sje or preparing
the Stee|15Sheetresistance of the steel sheet under high temperatures.'
However, if C is added in an amount not smaller than
0.1% by welght, a coarse cementite 1s precipitated in
the steel sheet so as to deterlorate the etching
properties of the steel sheet. It follows that the C
20 content should be lower than 0.1% by welght. Preferably,
thé C content should be not higher than 0.06% by weight,
more preferably not higher than 0.03% by weilght.
Si: Si forms a nonmetallic inclusion so as to
deteriorate the etching properties of the steel sheet
25 and, thus, should be added in an amount smaller than

0.2% by weight. It is more desirable for the Si content

to be not higher than 0.05% by weight, furthermore



6 sanple No. 15 had a high C (carbon) content. [Exanple 2] Prepared were

i ngots of steel sanples Kto Q having the conpositions shown in Table 3.
Each of these steel sanples was hot rolled and pickled, cold rolled. 10
Then, after the rearystallization annealing, a secondary cold rolling with
the rolling reduction of 60% was applied to the rolled and anneal ed st eel
sheet so as to obtain a steel sheet having a thickness of 0.1 nm Further,

t hese steel sheet was anneal ed at 510 to 28 580C for 50 seconds so as to
obtain steel sheet sanples Nos. 21, 22, 24 to 27 and 29 to 35 shown in
Table 4. Also obtained were steel sheet sanples Nos. 23 and 28, in which an
anneal i ng trea%]rg%q_tra\mif Mt 3RYHead thar e odiledly sheeghfter the secondary
cold rolling. 20 Incidéntally, the inpurity levels in these steel sanples K
to Q were |ower thanMphatMhnsetrees sagptherAwith]Noftot Hapmesepitdel, 25

-35 Table 3 (% Steel Sanpl esCSi vMnPSsol . '

Al NCr KO. 0070. 0 ket r2GAG1GORE: QL LIz seed4 shestly oamder 42898070. 0030. 0030.
00700. 03MD. 0070. 010. 710. 0050. 0020. 0030. 00930. 03N0. 0070. 010, 920, 0040.,0100. 00
60. 00870. 0400. (e 0SS O0RLr6d2018530£66660 CERPFOPHP BB 0T, 0050
. 0050. 00880. 03Q0. 0080. 010. 470. 0050. 0070. 0040. 0131 0.03 The eé hj ng
properti &5 wer eanelwhensl the M pentent e nedtovigkethanfr g s. 21 to

35 thus obtained. 5 The etching properties were eval uat eg b gt § agﬁ_@h
met hod and basiweighties#iomeyen.n iEdhe dm contept LFeeo? hale St Co hset

sanpl es were satisfactory in the etching. properti e Legkst ances
of these steel BHedqarEfar @FfeRt %gq"gc%%%d@?ehgghagg%gg?atures wer e

eval uated. The magnetic. prqperties £Sg15a EXCEN dRted@isg dere
measur ed. The % q’é%‘?stg:ﬁ‘cé’tur?(fegjoﬁ'ltg t%g%pg]rﬂa%?r es was eva?uatlﬁgd by the

same met hod and, pasi 585 GGSEEL DY ifldon UMl end mékutascuengagoet C

properties, the Xafe Test pieces as described in Exanple 1 were prepared so

as to neasure t AWYSt &S £l dkedRINal GdEITIRAD) ld toedyrahessgregationd.
Tabl e 4 Shows the annealing tenperatures, the 20 etching properties, the

results of eval pathos,@ht tASo6t C6P thE| sxcoseivadan hdghtienpecardr &9 and
t he - 36 results of  neasurenent of the magnetic properties for the steel
sheet sanpl es Nogus@lat@eB&ctive etching of the steel sheet. Under the
circumstances, it is desirable for the Mn content of
the steel sheet to_fall within a range of between 0.4%
15 and 2% by welght, preferably between 0.4% and 1.4% by
weight.

P: P contributes to improvement in the mechanical
strength of the steel sheet. However, P tends to bring
about a nonuniformletching derived from the segregation.

.20 Therefore, it is desirable for the P content to be not
higher than 0.1% by we:l.gh.t, desirably not higher than
0.03% by weight in view of the effect of further
suppressing the nonuniform etching. It is furthermore
desirable for the P content to be not higher than 0.02%
25 by weight.

S: S is unavoidably contained in the steel.

Where S is contained in the steel sheet in an amount



Tabl e 4 Properties Steel Annealing TenperatureCreep Resistance under Hi gh
“Tenper at ur esMagneti c Properti esNo. sanpl esafter Final Cold Rolling

(O Etching PropertiesCreep Elongation (C) EvaluationAnhysteretic Mgnetic
Per meabi | i t y21K57000. 380880022L58000. 310820023No

Anneal i ngQ0. 41049002451000. 160660025M55000. 13074002657000. 13081002758000. 12
0860028No

Anneal i ngQ0. 39049002951000. 130650030N5600H 13080003158000. 12085003261000. 88
X-33C67000. 130780034P58000. 124770035A58000. 1606800 5 It shoul d be noted
that the conpositions of the steels used for preparing the steel sheet

sanpl es Nos. 1ed 6 03 bewéDgid, 33nhevdsRértakkswilshicausied dange
specified in %F%‘ec%%} slt?éenbodi melznt o:th he present invention. In addition,

each of these gigelisdieesnddr sai@| est Wweke asameal edmender nonpanild@Fey at ure not
hi gher than the recrystallization tenperature after the final cold rolling.
As appar ent fré{@ﬂfﬁ@edér1¢@®5ﬁr6meEhesﬁesegsagptégnméﬁegﬁﬂﬁQﬁQ%%nr}tin

the etching properties and excellent in the magnetic shieldin - 37
properties bectobkowsetikattthé¢ SheententipFBeul dﬁﬁéﬁ%yﬁeeg’éﬁ c magnetic

perneability. Further, these steel sheet sanples were tisfagctar
conmpar ath vel y hhgheér thawrp0e@3dtsb¥nveldhler MRF§H dﬁéﬂ'ﬁ'@i’g‘tyuf‘é)s, th:%‘%"er the 5

anount of the creep elongation was not |arger than 0.50% The anhysteretic
magneti ¢ per methani 0y02% b¥ie¥elghtel sheet sanples Nos. 21, 22, 24 to 27,

Cover than 6, 000, ~1oNParis dLI S |gPRTatRedetn oHa, StakT BabeE 1hfm 107 o
enbodi mont of  eREupFeesrecarpentr BRY BIcHedeAh. B AR e ™
29 by vl ght aRECRPEBTEBNEE EE o hrehretne - dor e 2 T han 0, 00856 by
wei ght ?Bd SnabhthEhgﬂhgroﬁ%iﬁ¥ if N is contained as a solid
solution element, the creep resistance of the steel
sheet 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
15 produced. Such being the situation, the N content
should be 0.003 to 0.02% by weight. Also, if the N
content 1s lower than 0.01% by weight, 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 and lower than 0.01%
by weight. | R
Sol. Al: Sol. Al serves to fix solute N in the
steel as AlN. Therefore, if sol. Al i1s contained in a
large amount, the amount of the solute N, which
256 produces the effect of improving the creep resistance
of the steel sheet under high temperatures, is

decreased. It follows that it is desirable for the



weight. As a result, these steel sheet sanples exhibited a very snal

amount of the creep elongation, i.e., not larger than 0.30% and a high
anhysteretic 20 nagnetic perneability so as to support both the excellent
creep resistance under high tenperatures and the excellent shielding
properties from geomagneti sm On the other hand, steel sheet sanples Nos.
23 and 28 had the anhysteretic nagnetic perneability |lower 25 than 5,000
because both of these steel sheet sanpl esl®ere not annealed after the final
cold rolling. Steel sheet sanple No. 32, in which the annealing tenperature
-38 was higher than the |level specified in the present invention, was found
to be inferioryidfudfe£r&6D. r£si sbapeeasndpalhi g pespdbdeur eSuch As

descri bed above, the present invention makes it possible to obtain a steel
sheet for a tefsing fRsKsibtaiteshi bthe sniel Réncomigndt il spesidiled
properties without deteriorating other properties such as the surface
properties andighen€tshesgndr dpeehtion sndbal sotlbhighess thandsdlf &% o
obtain a steel sheet for a tension mask exhibiting both the excellent
magneti c shi elwebghproperties and the excellent creep resistance under high
tenperatures by controlling the conposition of the steg%ﬁﬁg%gt. (yr%per,
the presgnt inventi oftnbfkealse p9spdBiPpLe AGdBEaT TR & mask Wit h

i nprovenents in, for exanple, the color deviati at_ a lo ring
cost and a cat@bde. rapichbareckpPiy £ HRPLSYS: | acfre[eé’n\é%er(gr?'ryr\gas .éJZO

-39 CLAI MS 1. A steel sheet for, a nsi | e I he
shi el di ng propeftthe Pt8RLgEBRE nEPP?ﬁi%géﬁhq%?gg%§gﬁé§%LcoggigPﬁﬁg

essentially of lower than Q.1%b i C, vgg e 0. 2% by wei ght
of Si, 0.4 to 998y &%i8ﬁt885{ﬁﬁ¥1%bﬁﬁh?§ﬁéﬁﬁ¥%5ﬂhg.1@6by wei ght of P, not

hi gher than 0. 03¢ I f t 4R I 126 Mmel o £ sol
Allg 0.003 to Oaéégﬂ?%gﬂ%?g%?%gpﬁ§ Iglz;t%nc}l’%!t %%eg’zﬁilggte%olg Feg,yand“ﬁf;f/"iv ng an

anhyst egﬁt ic 1thag@gh&&gg?g§?%?itlﬂetsy aa THY handti Db eproperfiles steel

sheet f a tensron nas ng to claim1, wherein said anhysteretic
magnetic perneggélgegehssgeggg or higher. 3. The steel sheet for a tension
mask accordi ng to claim1, wherein said anhysteretic nagnetic
perneability is 6, 00@nOknbi phesent i1hvemithiash ofthmretfest shert alsteel sheet
for a tension nmask excellent in the shielding properties fromgeonagneti sm
conpri sing t heggapedofto Havebtaai rniystestatlc pnwee‘éb%smm?@b’e%%%ﬁti ally
of lower than 0.1% by weight of C, lower than 0.2%by weight of Si, 0.4 to
2% by wei ght ob£Ms,, 006t ohi gHathethan Thel wtiee lnshfat &aﬁngcﬁn hi gher than
0.03% by weight of S, not higher than 0.01% by, wei ght_of . sol . 0. 003
to 0.02%bby weiagitysdferetishmagne g am:%“%ﬁb#ﬁ%wgf 52008%: Atgné

produces satisfactory magnetic shielding properties. 1In
order to obtain more satisfactory magnetic shielding
properties, it 1s desirable for the steel sheet to have
an anhysteretic magnetic permeability of 5,200 or

.20 " higher, more desirably 6,000 ox higher._ If the steel
sheet is annealed dndef a temperature not higher than
the anhysteretic magnetic permeability after the cold
rolling, it is possible for the steel sheet to have the
anhysteretic magnetic permeability of 5,000 or higher

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

sheet to have the anhysteretic magnetic permeability of



hot rolling said steel piece; cold rolling once or a plurality of tines the
“hot ', - 40 rolled steel sheet with or without an internedi ate anneal i ng
treatment interposed between the adjacent cold rolling processes so as to
prepare a steel sheet having a predeterm ned thickness; and 5 annealing the
resultant steel sheet under a tenperature region not higher than the
recrystallization tenperature so as to ipg@gase the anhysteretic nagnetic
perneability. 5. The nmethod of nmanufacturfng a steel sheet for 10 a tension
mask according to claim4, wherein said annealing step is carried out under
a tenperature range between the recrystallization tenperature and 510. 6.
The et hod of gegod ast Hiigigen. steel sheet for a tension mask according to
claim4, wherein said 15 annealing step is carried out under ¢ t epperat ure
range between the refesttesl zsheoh fefper HeRFLoRNHagK0aCFOTRIBILP Sheet
for a tension nmask excellent in both the shieldin roperties.fraom
geomagnet i sm asecdid @mbe@imests?ﬁnébeuHHSFeHFgﬁngégﬁépgt3P8§}S§§id st ee

20 sheet consisting essentially of |ower than, 0.1% by, weight Qqf | ower
than 0.2% by wessgntbalky ofij AWET KBAROOs3PahT HEL toR&r I&t'hgr?“’g% by

AR REE e e

having an anhyStaher| EhARgARL PE. DX HEAGME Mool Bighist hatl 0728 ¥

anhystereti ¢ rHBHERECOBePeaBt PRgHEE. Shotl O3 b, Febot IS, SR
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

10 balance 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 shielding properties and the
excellent creep resistance under high temperatures.

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

Si: Si deteriorates the etching properties of the
steel sheet as desdribed previously in conjunction with

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

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



9. The steel sheet for a tension mask according 5 to claim?7, wherein said
“anhysteretic magnetic perneability is 6,000 or higher. 10. A nethod of
manuf acturing a steel sheet for a tension mask excellent in both the
shi el ding properties from geonmagneti smand the creep resistance under high
10 tenperatures, conprising the steps of: obtaining a steel piece
consisting essentially of |lower than 0.1% by weight of C, |ower than 0.2%
by wei ght of Si, higher than 0.6% and not 2hi'gher than 2% by wei ght of M,
not higher than 0.1% by weight of P, 15 not higher than 0.03% by wei ght of
S, not higher than 0.01% by weight of sol. Al, not |ower than 0.006% and

| ower than 0. 0%"&8»&1:“?59}%&@ phiodaied nghexkelldent oladhet it properntigssai d
steel piece; coldrolling once or a plurality of tines the hot 20 rolled

steel sheet wi jhiggr wist Begicrabeidn previduaily atbealsodgtter dhtdrertid nt er posed
bet ween the adjacent cold rolling processes so as to prepare a steel sheet
havi ng a predegessilnperimiitek depsovimy dhecmrieep mesistanqemt dh&l sheet
under a 25 tenperature region not higher than the recrystalli ati%n

t enper at ure sos&eelo sheerte swderh & lghh rempesstuLesyne e epBFﬁﬂéBPPity. -42
11. The method of manufacturing a steel sheet for .a tension.mask accordi ng
to clainb10, weEeepn resils taneeaUnips tdgh SeamasadPmif SHHE® a temperature

range between the recrystallization tenperature .and Ts t hod
of manuf act uri ﬁ@téléleé’élifsﬁé’@( N gont ﬁsoﬁ’%sllgvéecrg(])&ﬁlﬁgol’tzooosc Z‘#r;elo,

between the r cBRAGPAI | FHEEBRE oRDEr SLGRE SNGTodg, mlTowed Hof chaisaL
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 set such that the N
content is not lower than 0.006% by weight and lower
than 0.01% by weight and the Mn content 1s 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 1s
20 desirable for the N content to be not lower than
0.0670% by.weight and:iower than 0.0100% by weight,
more desirably not lowef than 0.0080% by weight and
lower than 0.0100% by weight.
Mn: Mn serves together with N to improve the
25 creep resistance of the steel sheet under high
temperatures. As described previously, the steel sheet

is allowed to exhibit both the excellent creep



13. A steel sheet for a tension mask excellent in 10 the shielding
properties from geonagneti sm said steel sheet being manufactured by the
nmet hod conprising the steps of obtaining a steel piece consisting
essentially of lower than 0.1% by weight of C, |ower than 0.2% by 15 wei ght
of Si, 0.4 to 2% by weight of M1, not higher than 0.1% by wei ght of P, not
hi gher than 0.03% by wei ght of S, not higher than 0.01% by wei ght of sol.
Al, 0.003 to 0.02% by wei ght of N, and th#2 bal ance of Fe; hot rolling said
steel piece; 20 cold rolling once or a plurality of times the hot rolled
steel sheet with or without an internedi ate annealing treatnent interposed

bet ween the adiagestamebdun@bti RUgRr bempeLatsremsand thepaxeeblenrbel sheet
havi ng a predeterm ned thickness; and 25 annealing the resultant steel

sheet under a hggRetatUERibR@iing pobparghes ifiathe i certert a0fi EREi on
tenperature so as to increase the -43 anhysteretic magnetic perneability.
14. A steel shgetefosheetensi notnheweexthanehi 006 boy WehghthRedi ng
properties from geomagneti sm and the creep resistance under high
tenperatures, ewdrstheh B.6R&ebybwehghhahnf blheupese hyhere hHeenda
conprising the steps of obtaining a steel giece consistingbﬁfsqyti ly of

| ower than 0. lewbyenti gkceeflsCO.béwby WRAALD: 2B ERR PYheHLARL: Higher

than 0.6% and not hi gher than 2% 10 bé wei ght  of . Mh, . not Pie erfthan 0.1%
by weight of PthmoMnhcgré&enthgwceedso#hybyerghenbs &en8fTRFHhRF than 0.01%

g? Kfiggg ?Lesg&pgségng?%pEPQ%%egh%gsgsgggg%agg LRYEL £ LB3NsRe81 Yuhderei ght

high temperatures 1is saturated. In other words, the Mn
content higher than 2% by weight 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

15 than 0.6% by welght and not higher than 2% by welght,
more desirably higher than 0.6% by welght and not
higher than 1.4% by weight. It should also be noted
that the creep resiétance of the steel sheet under high
temperatures can bé markedly improved if Mn is added in

20 an amount not lower than 0.7% by weilght. Therefore,lthe

| Mn corntent of the éteel sheet should fall within a

range of between 0.7% by weight and 2.0% by weilght,
more desirably between 0.7% by weight and 1.4% by
weight.

25 Sol. Al: Sol. Al serves to fix solute N in the
steel as AlN. Therefore, if sol. Al 1s contained in a

large amount, the amount of the solute N, which



]
hot rolling said steel piece; 15 cold rolling once or a plurality of tines
the'hot rolled steel sheet with or without an internmedi ate annealing
treatment interposed between the adjacent cold rolling processes so as to
prepare a steel sheet having a predeterm ned thickness; and 20 anneal i ng
the resultant steel sheet under a tenperature region not higher than the
recrystallization tenperature so as to increase the anhysteretic magnetic
perneability. 15. A tension mask forned ‘43 2 steel sheet 25 consisti ng
essentially of lower than 0.1% by weight of C, |ower than 0.2% by wei ght of
Si, 0.4 to 2% by weight of Mh, not higher than 0.1% by wei ght of P, not
hi gher  -44 thapalcA3%hy weEEBt of Snpnorinmggtiee cheepOresdsbynggi ght of
sol. A, 0.003to 0.02% by weight of N, and the bal ance of Fe, and havi ng
an anhystereti prmpgaekiteepesheabi tnder oiigh Obemperatyhes: £S16. A tension
mask formed of a steel sheet consisting essentially of |ower than 0.1% by
wei ght of C, | aeeretsad.0.8ofyllewgHthadt, Jin QFdffertq }%t#rsoo thd not
hi gher than 2% by wei ght of M, not higher than Oﬁqo b¥ wei gghgf P, not
hi gher than 0. 63&eBy sheieghexbiblbing RethntRReP*ERANDT0THFBY "wei ght of

sol. A, not |lower than 0.006% and |o than 0,019 b- 1.0 nd the
bal ance 6f Fe, shd@lddmangrareLhisst @P&#Eenﬁﬁﬁg%ggl{%e%ﬁéggi P%ts?/t;g%hg,éooo or

hi gher. 17. A cathod t ub i.Si t ensi 5
Ct ool shoei coRBOSE: g BLSEPPEREYEEF | Bhcr™1 RAR -DIR0 0y el ot "ot e T ower

0 ! o5 AR, WLty astpates a0 L

by wei ght of PP we t o , nhot higher than 0.01%

by wei ght of soal,..  Al, 0.0Q3 .t . 0290 &8nR¥neehghpakilieandnt lthebal ance of
Fe, and having séﬁuz?h]%fsnt'erqee‘l %oﬁ'égéeti cnpe?rreabi I |pty of 5,000 or higher.

18. A cathode ray [t 19 %A B O igsdr f erardoodla byewelighdet
consi sting essénti al y O ower than 0.1% by weight of C, [ower than 0.2%

by weight, of 26 Si, Righ@edtiany). e%e sedsoas Hoghthet dafindtdpnweifght of

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

S, not higher than @.dokedit, whizhwvisghower sblan Al.13ndy Medeht-hdR€. 006%

and | ower than 0.01% by wei ght of N, and the bal ance of Fe, and havi an

anhysteretic negneirteqer et iitsy noft Sigberothangifelt Py yelghtet

capabl e of inproving a nagnetic properties of a steel shegﬁ%f ﬁ& a tensi on
shée

mask, conprisi rthd he sompsnbi wedghrisgnat caighes| FBansPe Fehdy

annealing the cold-rolled steel sheet undera tenperature regqi t __hi gher
than the 10 re@Enstejual #t9d cﬂhQSﬁer&rb@ds@r&é’anﬁc tjé’asc’fa\(’(%\:t")lde;ll':H:QLm{.|

anhysteretic nmagnetic perneability.

' |
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.~ytoje [V]ca] ca] ca] ca](ga] c,g cg%f%@haﬂg%@]ﬁﬂm]{@]ﬁ@dm@adm] ca]calc

ay ca] ca] ca] calf'te) 23] a3 e

creep resistance of the steel sheet under high
temperatures, as in the first embodiment of the present

20 invention. In this case, it is desirable to set the sum
of these additional elements at 1% by weight or less.
The reason for the definition of the anhysteretic
magnetic permeability, which should be not lower than
5,000, 1s also equal to that described previously in

26 conjunction with the first embodiment.

The method of manufacturing the steel sheet for a

tension mask according to each of the first and second
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desirably be 80%, more desirably 70%. Incidentally, in

the case of performing a skin pass rolling described
25 herein later, the cold rolling reduction of the final
cold rolling represents the cold rolling reduction of

the cold rolling immediately before the skin pass cold
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steel sheet after the final cold rolling or to pass the
steel sheet after the final cold rolling through a
shape-correcting line such as a tension leveler or a
roller leveler in order to correct the shape of the

steel sheet,

In the next step, an annealing treatment is
applied to the steel sheet obtained after the cold
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. The
annealing treatment 1is carried out under a temperature
region in which the recrystallization does not take
place. In the prior art, the annealing treatment is
carried out after the cold rolling in order to decrease
the residual stress within the steel sheet. 1In the
present invention, however, the annealing treatment is

carried out after the cold rolling in order to improve

 the magnetic properties of the steel sheet regardless

of the presehce.or absence of the internal stress. The
annealing treatment is carried out under a temperature
region not higher than the recrystallization
temperature. To be more specific, it is desirable to
carry out the annealing treatment under temperatures
not lower than 450TC because it is difficult to obtain

the effect of improving the magnetic properties 1f the
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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 1f 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

156 temperatures not lower than 510C, most desirably under
temperatures not lower than 560C. It should be noted,
however, that, i1f the annealing temperature exceeds
600C, it is possible for the recrystallization to be
started within the steel sheet so as to rapidly

20 deteriorate the_creep resistance of the steel sheet
under high'temperatures. It follows that it is
desirable for the annealing temperature not to exceed
600C. Also, in order to ensure the stability in the
manufacturing process while preventing the rapid

25 deterioration of the creep resistance under high
temperatures, it is desirable to carry out the

annealing treatment under temperatures not higher than
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It is 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
sheet, 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 is unlikely to give rise to
the color deviation problem because the raw material
steel sheet exhibits excellent magnetic shielding
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 is almost free from the color
deviation problem.
20 . FIG. 1 is a cross sectional view showing a cathode.
ray tube 10 equipped with such a tension mask. As shown
in the drawing, the cathode ray tube 10 comprises a
panel portion 2 for displaying an image and a funnel
portion 3. The panel portion 2 is welded to the funnel
25 portion 3. Interior of the cathode ray tube 10 1s

maintained a high vacuum. A phosphor screen 4 coated

with red, green and blue phosphors 1s arranged 1inside
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stretched by a ffame 5, and these tension mask 1 and
frame 5 collectively constitute a color selecting
5 electrode. An inner magnetic shield 6 is arranged on
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 smelted, hot rolled, pickled and cold

15 rolled. Then, after the recrystallization annealing, a
secondary cold rolling with the rolling reduction of
60% 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 sheets were annealed at 510C

20 to 580C for 50 seconds so as to obtain steel sheet
sampies Noé. 2 to 4 and 6 to 15 shoWn in Table 2. Also
obtained were steel sheet samples Nos. 1 and 5, in
which an annealing'treatment was not applied to the

steel sheet after the secondary cold rolling.
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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 (presence or
absence of defect).
Then, the creep resistance of steel sheet 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 except for No. 9 were measured.
The creep resistance under high temperatures was
15 evaluated by measuring the amount of the creep
elongation under the state that the steel sheet
manufactured as described above was kept heated at 450C
for 20 minutes with a tension of 300 N/mm’ applied to

the steel sheet.
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' and an inner diameter of 33 mm was taken from the steel
sheet sample to which a heat treatment corresponding to

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

10 The anhysteretic magnetic permeability was
measured as follows:

i) An attenuating AC current was allowed to flow
through the magnetization coil so as to demagnetize the
test plece completely.

15 1i) An attenuating AC current was allowed to fldw
again through the magnetization coil under the state
that a DC bias magnetic field of 27.9 A/m (0.35 Oe) was
generated by allowing a DC current to flow through the
DC-bias-field coil, so as to demagnetize the test pilece.

20 : .. 4ii) A DC current was allowed to flow through' the
magnetiZétion coll so as to excite the test plece, and
the generated magnetic flux was detected by the search
coll so as to measure a B-H curve.

iv) The anhysteretic magnetic permeability was

25 calculated from the B-H curve thus prepared.

Table 2 shows the annealing temperatures, the

etching properties, the results of evaluation of the
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creep resistance under high temperatures and the
results of measurement of the magnetic properties for
the steel sheet samples Nos. 1 to 15:
The basls for the evaluation of etching properties
b 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 creep
resistance under high temperatures is as follows. The
evaluation "©Q" 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 evaluation *O" denotes that the
steel sheet can be used in the case where the amount 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%. The test was
performed both in the rolling direction and the
transversal direction, and the average value was taken

for the evaluation.
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steels used for preparing the steel sheet samples Nos.

cCvUICL( 109%(

10

2 to 4,

6 to 8,

10,

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 the final cold

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 permeability, i.e., not lower than 5,000.
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and a high anhysteretic

15 magnetic permeability so as to support both the

excellent creep resistance under high temperatures and

the excellent shielding 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

annealed after the final cold rolling. Steel sheet

sample No. 9, in which the annealing temperature was

higher than the level specified in the present

invention, was found to be inferior in the creep

Further, steel

256 resistance under high temperatures.

sheet sample No. 12 was low in the anhysteretic

magnetic permeability because the steel sample used for
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HIO%#& ()- Hl@fepxing HR4shB]) -sheet sample contained an
excessively large amount of N. Steel sheet sample No.
15 was defective in the etching properties because the
steel sheet sample J used for preparing the steel sheet
b sample No. 15 had a high C (carbon) content.
[Example 2]
Prepared were ingots of steel samples K to Q
having the compositions shown in Table 3. Each of these
steel samples was hot rolled and pickled, cold rolled.
10 Then, after the recrystallilzation annealing, a
secondary cold rolling with the rolling reduction of
60% 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
15 580°C 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 obtained were steel sheet samples Nos. 23 and 28,
in which an annealing treatment was not applied to the
steel sheet after the secondary cold rolling.
20 = 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.
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Table 3

(wtt%)

Steel [~ | giiMn| P | s |sol. Al N | Cr
Samples

K 0007001046 0006]0003] 0.001 |0.0044] 0.04

L [0.007 | 0010440007 |0.003| 0.003 |0.0070] 0.03

M 10007001071 0005|0002| 0.003 |0.0093] 0.03

N 100070011092 0004]0010| 0.006 |0.0087] 0.04

0 100070001 1.090004|0.002] 0.003 [0.0090] 0.04

B 10007001139 0006|0.005] 0.005 |0.0088] 0.03

Q0008|001 047]0005|0007| 0.004 [0.0131] 0.03

The etching properties were evaluated in respect
of the steel sheet samples Nos. 21 to 35 thus obtained.
5 The etching properties were evaluated by the same
method and basls as described in Example 1. As a result,
these steel sheet samples were satisfactory in the
etching properties.
The creep resistances of these steel sheet samples
10 Nos. 21 to 35 under high temperatures were evaluated.
The magnetic properties of these samples except for
No.32 were measured.
The creep resistance under high temperatures was
evaluated by the same method and basis as described in
15 Example 1. As for the magnetic properties, the same
test pleces as described in Example 1 were prepared so
as to measure the anhysteretic magnetic permeability by
the same method.
Table 4 shows the annealing temperatures, the
20 etching properties, the results of evaluation of the.

creep resistance under high temperatures and the
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results of measurement of the magnetic properties for

the steel sheet samples Nos. 21 to 35:

Table 4
Properties

Annealing Creep Resistance under Magnetic

Stee| | TeMperature High Temperatures Properties

No. Samples after Fm_al Etchin.g Cree Anhvstereti

Cold Rolling | Properties P \ nhysteretic

°C) Elongation Evaluation] Magnetic

°c) Permeability
21 K 570 O 0.38 ®) 8800
22 L 580 _ O 0.31 O 8200
23 No Annealing O 0.41 O 4900
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
35 Q 580 O 0.16 © 6800

5 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 speclfied in the first embodimént of the present
invention. 1In addition, each of these steel sheet

10 samples was annealed under the temperature not higher-
than the récrystallization 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



X10UK#&' () -/ < X109Kk#& ()-/< Xx10%#& ()-/< x10%#&' ()-/< x109K#& ()-/<
X100Kk#&' () -/ 23<GHLML, 4< x109%K#& ()-/5W w< x109K#& ()-/< x10%K#& ()-/<
X10%K#& () -/ (< x10%K#& ()-/LT nrz_?, 4< x10% x100K#& ()-/< x10%#& ()-/<
X109K#&' () -/ < x10%K#&' ()-/< x10%KE&' ()-/< x10%K#& ()-/gG, 4< x10%

X 109K#&' () -/ < x10%K#&' ()-/< x10%K#&' ()-/< x10%K#& ()-/< x10%K#& ()-/<
X109K#&' () -/ M, 4< x10%K#&' ()-/5W W< X109K#&' () -/ < X10%K#& ()-/ <
Xx109&K#& ()-/< X109K#& ()-/ _?,4< x10% x10UR4& ()-/< x10%K#& ()-/<

properties because these steel sheet samples had high
anhysteretic magnetic permeability. Further, these
steel sheet samples were satisfactory comparatively in
the creep resistance under high temperatures, i.e., the

5 amount of the creep elongation was not larger than
0.50%. The anhysteretic magnetic permeability of these
steel sheet samples Nos. 21, 22, 24 to 27, 29 to 31 and
33 to 35 were higher than that of the Example 1, i.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 second embodiment of the present
invention, each of the steel samples.used contained Mn
in an amount exceeding 0.6% by welght and not larger

15 than 2% by weight and also contained N in an amount nof
smaller than 0.006% by weight and smaller than 0.01% by
weight. As a result, these steel sheet samples
exhibited a very small amount of the creep elongation,
i.e., not larger than 0.30%, and a high anhfsteretic

20 magnetic permeability so as to support both the
excellent creep resistance under high témperatures and
the excellent shielding properties from geomagnetism.

On the other hand, steel sheet samples Nos. 23 and
28 had the anhysteretic magnetic permeability lower

25 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



X109K#&' () -/ < X10%K#&' ()-/< X10UK#&' ()-/< x10%K#& ()-/nN., 4< x10%K#& ()-/<
X10UK#&' () -/ < X109%K#& () -/ < X10%K#& ()-/< x109%#& ()-/5W wnl, 4<
xlO%#&' ()-/< X10%#& ()-//< x109%#& ()-/5W w#< X10%#& ()-/< X10%#& ()-/
L-,4< xX10%K#& ()-/5W w< x10%K#& ()-/< X109%K#& ()-/< x10%K#& ()-/<
X109%#& ()-/ '%,.3dD, 4< X10%k#& (< X109%K#& ()-/< x10%#& ()-/<
X10UK#&' () -/ < X109%K#& () -/ < X10W%K#& () -/ < x10%#& ()-/3479=?DnN., 4<
X10UK#&' ()-/< X10UK#&' ()-/< X10%K#& ()-/< 109k #&' ()-/< x109%#& ()-/5W
WDFKLOPTNQL, 4<
was higher than the level specified in the present
invention, was found to be inferior in the creep

resistance under high temperatures.

5 As described above, the present invention makes it
possible to obtain a steel sheet for a tension mask
-that exhibits excellent magnetic shielding properties
without deteriorating other properties such as the
surface properties and the etching properties, and also

10 makes 1t possible to obtain a steel sheet for a tension
mask exhibiting both the excellent magnetic shielding
properties and the excellent creep resistance under
high temperatures by controlling the composition of the
steel sheet. Further, the present invention makes it

15 possible to obtain a tenslion mask with improvements in;
for example, the color deviation at a low manufacturing
cost and a cathode ray tube comprising the particular

tension mask.

20



X109%K#&' () -/ < x10%K#& ()-//< X10%#& ()-/5W w#< x10%#& ()-/<
X10%Kk#& () -/ TV[]bcfl-,4< x10%#& ()-/5W w< Xx10%#& ()-/< x10%#& ()-/<
X109K#& () -/ < x10%#& ()-/fgknrtydD, 4< x109%K#& (< X10%K#& ()-/<
X109K#& () -/ < x10%K#& ()-/< xL10%K#&' ()-/< x109%&K#& ()-/<
X10%#& ()-/yz}~rR2, 4< x10%K#& ()-/< X10%K#& ()-/< xX10%#& ()-/<
ﬁg?ﬁzi 8 f;@xmw#fb%#/ 5W )Nerl 4< xlg #& () -/ < X10%#& ()-/<

< X & < X109%#& ()-/1-,4< 9 () -
x109&k#&' () -1 < x109#& ()-/< 0 A XAOUAEL) - IO e
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CLAIMS

1. A steel sheet for a tension mask excellent in
the shielding properties from geomagnetism, saidlsteel
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 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
magnetic permeability of 5,000 or higher.

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

3. The steel sheet for a tension mask according
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:

obtaining a sfeel_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% by weight of P, not higher than 0.03% by
welght of S, not higher than 0.01% by welight of sol. Al,
0.003 to 0.02% by welight of N, and the balance of Fe;

hot rolling said steel pilece;

cold rolling once or a plurality of times the hot-



X10UKH#&' () -1 < X10UK#& () -1 _?, 4< x10%k#< X10UK#& ()-/< X10%K#& ()-/<
X100&#& ()-/< X100K#& ()-/< X10%K#& ()-/< x10%#& ()-/rR2, 4< x109K#& ()-/<
X109K#& ()-/< x10%#& ()-/< x109%K#& ()-/< x100K#& ()-/5W wiQl, 4<

Xx109K#&' () -/ < x10%K#& ()-/< x10%#& ()-/5W wi< x10%K#&' ()-/ <

x109K#&' ()-/1-,4< x109K#&' ()-/5W w< x109K#&' ()-/< x10%K#&' ()-/<
X100K#&' () -/ < X10%K#& () -/ _?, 4< x10%#< x10%K#&' ()-/< Xx10%K#& ()-/<

X10%K#& () -/ < x10%#& ()-/< x109%#& ()-/< 0ok #& ()-/nN., 4< xX10%#& ()-/<

rolled steel sheet with or without an intermediéte
annealing treatment lnterposed between the adjacent
cold rolling procesgses so as to prepare a steel sheet
having a predetermined thickness; and

5 annealing the resultant steel sheet under a
temperature region not higher than the
recrystallization teMperature so as to lncrease the
anhysteretic magnetic permeability.

5. The method of manufacturing a steel sheet for

10 a tension mask according to claim 4, wherein said
annealing step i1s carried out under a temperature range
between the recrystallization temperature and 510C.

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

15 annealing step 1s carried out under a temperature rangé
between the recrystallization temperature and 560C.

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

20 . sheet 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% 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.

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

anhysteretic magnetic permeability of 5,000 or higher.



)_(10%(#&' ()-/< xX109%#& ()-/< xX109%#& ()-/< x109%#& ()-/5W w#$')-nvt, 4<
X10%K#& () -/ < X10%#& ()-/< x10%#& ()-/5W w#< x10%K#& ()-/<
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s!@#lO@ﬁ&.()-g/ 7 1 @10% & ()-g s "10%& ()-9g2q| [ NAd< 10 10 10 s K ~ @#10%
& ()-s s @#10% & ()-s s L3_10%W & ()-/ <

8. The steel sheet for a tension mask according
to claim 7, wherein said anhysteretic magnetic
permeability is 5,200 or higher.

9. The steel sheet for a tension mask according

5 to claim 7, wherein said anhysteretic magnetic
permeability is 6,000 or higher.

10. A method of manufacturing a steel sheet for a
tension magk excellent in both the shielding properties
from geomagnetism and the creep resistance under high

10 temperatures, comprising the steps of:

obtaining a steel plece 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 weight of P,

15 not higher than 0.03% by weight of 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;

hot rolling said steel piece:

cold rolling once or a plurality of times the hot-

20 rolled steel sheet with or without an intermediate
annealing treatment ihterposed between the adjacent
cold rolling processes so as to prepare a steel sheet
having a predetermined 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 permeability.
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between the recrystallization temperature and 510C.

5 12. The method of manufacturing a steel sheet for
a tension mask according to claim 10, wherein saild
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, said steel
sheet being manufactured by the method comprising the
steps of:

obtaining a steel piece consisting essentially of
lower than 0.1% by weight of C, lower than 0.2% by

15 weight of Si, 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 salid steel pilece;

20 ' cold rolling once or a plurality of times the hot-
rolled steel sheet with or without an intermediate
annealing treatment interposed between the adjacent
cold rolling processes so as to prepare a steel sheet

having a predetermined thickness; and

25 annealing the resultant steel sheet under a

temperature region not higher than the

recrystallization temperature so as to lncrease the
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both the shielding properties from geomagnetism and the
creep resistance under high temperatures, said steel

b sheet being manufactured by the method comprising the

steps of:
obtalning a steel piece 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%

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

hot rolling sald steel piece;

15 cold rolling once or a plurality of times the hot-
rolled steel sheet with or without an intermediate
annealing treatment interposed between the adjacent
cold rolling processes so as to prepare a steel sheet
having a predetermined thickness; and

20 Co 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

2b 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 weight of P, not higher
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b 16. A tension mask formed of a steel sheet

by weight of

r 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 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.

17. A cathode ray tube comprising a tension mask

15 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

weight of P, not higher than 0.03% by weight 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 cathode 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

of Mn, not higher than 0.1% by weight of

2% by weight

P, not higher

than 0.03% by weight of S, not higher than 0.01% by
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higher.

5 19. A method capable of improving a magnetic
properties of a steel sheet for a tension mask,
comprising the steps of preparing a cold-rolled steel
sheet and annealing the cold-rolled steel sheet under -a
temperature region not higher than the

10 recrystallization temperature so as to increase the

anhysteretic magnetic permeability.



