~ e3ed( 6NTk{ MAGNETI C SHI ELDI NG STEEL SHEET AND METHOD FOR PRODUCI NG THE
SAME 5 [ TECHNI CAL FI ELD] The present invention relates to a T
used for a magnetic shielding component which is set insi de”lﬁmm@mwwa
=col or cathode ray tube, encircling the electron 10 path al ong t*l% glectron
beam i.e. a magnetic shielding steel sheet for a col or cathode y tube.
[ BACKGROUND ART] A basic arrangenent of caql or cathode ray tubes conprises
an electron gun for emtting electron bearh and 15 a phosphor

emtting light to devel op an i mnage when scanned by the el ect rlmmmmmmmm
el ectron beam may however be undesirpBb¢riaftromed by the effect ,of ...
geomagneti sm hence causing color deviation in the inmage. For preventing
such deflection, internal magnetic shields 20 (also termed inner shields or
i nner magnetic shields) are installed. Additionally, external magnetic
shiel ds (al so ter nedMAGHNBT IShiSHIBLRINGUISSIEBagRBEET ANRIMETHRDe provi ded
outside the color cathode ray tube, in sone cases. For sinplicity, those

i nner magnetic shields and out BPR PROQRYGENGc T8 F&MEare referred to as
magneti c shields hereinafter. Recently, as comrercial TV sets have been
enlarged 5 2 or widened in the screen size, the flight path | ength and
scanning length of the electron beam.increase ﬁ iificantly and thus TV
sets have becone nore suscepti bl el THCHNS Girly e%f gB]geomagneti sm |n other

ds, 5 devi at i f the | di i nt h h f
\glocractsr on gearenv:‘ ?ol n%gé’ﬁ%ﬁgaﬁggé’é'n ‘F%It)g ﬁ%?@tﬁe%’s&cogﬁéggg%éﬂ%ggggf élt:s[é%of
. t t . ! . | .
S e bora s fAEL18 GRAMRINGY Cdpohent WK TS BEACINAJOIE

10 in a cath éfé(etT’i']bf‘oFéfdcéehoﬁeo‘f%t?o'%'becp@fﬂffcI’!‘Lﬁ%‘ 8fe &bt i@t
crucial to reduce such color deviation Caused due to the geomagnetic drift.
In this gbrCWﬁn&@pn%t e8le LEEEEruneh N, tNee MRENRGIGH st €l gBiandiaid en
eval uated on the basis of known 15 paranmeters including the nagnetic
perneability duedl! sWemrgNEs i Caf cloadreqra vhbert rsapstabei.ally to the
geomagneti sm the coercive force, and the remanent flux density. One of
technol ogies for inproving the 20 [BRCKGROUND (ART bf steel sheet for
magneti c shields is disclosed in Japanese Patent Di scl osure (KOKAI) No.
361330 where the flerbasécgeairangenentmedr ¢alarsgadifede csayodinhedh steel
is defined to not |larger than 3.0 to inprove the magnetjc Eroperties . At
i s al so descra®eRrifessamhelagir ensgnBshirE eRdit tEd reLBf FEQ ThRGR AR
permeability of not |ess than 750 @ Ce,and the required coeﬁci ve farce of

not nore Bhar® PBSSPROL, §CHERT SR §R1tLING e SFVELEPe AR IRATE

ti ti f | | | ed st eel t i i
A Dornat i vel pieh cera8asd b dile ECRhER, pBAG cft SPRRRRRP BE iy,
/ i f Capane: ' . ; f s
mtorial of MRuRveR BOIEARH: I FRIBEIS 1Y) ERE Wrautp) of TROnClic

Japanese Pat e, ih §ale@SiWe, HEXA Jdadinglcd$835deval d 104 OMEE HERGRRIJ &,

shielding material "which Is used a 10 spécific conposition steel of i ch
the grain sizgpfpideeREIAUCEUuCH Hepl e®idn pnichbéyhag mlgneadrcshd dlnice
of not less than 3 Ce and remanent flux density of not less than 9 kG and
a manuf agur i (gl 56t bedmielde i aofe rasd ich sds anedinfsr tihagretdovehtiednds ) are
technol ogi es are 15 unsatisfactory in the magnetic shielding effect, they
may hardly ovimsvag ldehr adatd bhionafllily i negteqonalli tyagnetdd Hh el ds

devi ation pertinent to advanced commercial TV sets with the enlarged and/or
wi dened scr eetalsbttermeidgbhyt edesivicll d® @F o Herimpgbesd cscade Bta&r € or
20 magnetic shiel di ng which have a higher |evel of the magnetic shielding
effect. In arpwevided oTtgistethencpilrrIGphAes® ray tnkeynkiiSte csses .

El ectronics, Information, and Comuni cati on Engi neers, .vol.  J79- ﬁ;al | .No. 6,
p. 311-319, JRE $4Iw1idiktys toCHS ohRAPE BRIRLhLGNAPIEIR i R FafittT
per meabi I2ist y

magnetic shields are referred to as magnetic shields
hereinafter.

Recently, as commercial TV sets have been enlarged



.and magnetic shielding effect is described, and it is pointed out that the
hi gher the anhysteretic nagnetic 4 perneability is, the higher the
magneti c shielding effect becones. The article, however, only describes the
-rel ati onshi p between anhysteretic nmagnetic perneability 5 and magnetic
shielding effect, and it fails to disclose which type of steel sheet has a
higher | evel of the anhysteretic nagneticzgerneability. [ DI SCLOSURE OF THE
| NVENTI ON] The present invention has been<arried out in view 10 of the
above circunstances. Its object is to provide a steel sheet for magnetic
shi el ds whi chrhasdgerlé@hes 4ieyadcpéenheizrhysiher &l igagret hcl prgrdakinid ty
and i s capabl e of decreasing the color deviation caused by geonagnetic
drift to yielsdaaminggaenfgti gher ttef iglidcnonabeaan Lbnomeaisact uri ng et hod
t hereof. According to an aspect of the present invention, there is provided
a steel sheesifgrifiagastily fard dthyscdht a8 @tagheves bepgmeeinginie or | ess of
C and having a thickness of 0.05-0.5 mm and an anhysteresis magnetic

per meabi | i ty sofs 2ep75bd eoto ighed f e ofdg pgmagnaiot #ier  aEptNOF wawds,
present invention, there is provided a steel sheet for nagnetic shielding
consi sti ng e@sdﬂ‘lmtyoaf Odf 0d%: ol apdinghpaidiiyRn ot he, PhOSPRPBENSELIEED by
weight of Si, 1.5 ~ b ght or less 25 of M1, ,0.05 ~ { ht _oqr .| ess of
P, 0.04 ~ byOofeitdr e‘FE§§noPe§m Frem tb@rem%?ﬁﬁfln@rt%sé%? oVhACH 381

b h I 000 ~ h f bal

of Fo. “uher et AY RSt ERGEs °F c%e e ot PRl ge e E fece

han 3.0 Ce, d

:[Acggrdl ng togf%&f?%g?gaséz(‘éz?&%?)t 'he 8r 2sen Cpﬁe%%rgﬁpl%%£¥§kf%e%&%§58?%red a

met hod of pr%%égghil?ﬂ%gﬂ%ﬁéﬁﬁft%ﬂ' 1% % S&F&'é@fﬂ E%Rfé Sié‘%é&ﬁe%%%‘?ﬁ

of :hot-rolling a steef slab contal ning y wei ght 'or less of C and
then col dyrolsly 89:4 pRobt ré?”:ﬁﬂe&ﬁ@éh §$‘§€H pe&ﬂﬂﬁﬂél Rbhpeteel disphhgd
steel sheet; and skin-pass folling the 10 steel sheet at a reduction of 1.5
$ or less, ifiMeGeysdy.cAe6anadi e tredidt | shont bel oaspenti of ibhecpuasent
invention, there is provided a nethod of producing a magnetic shiel di ng
steel sheet cnigrtsi ahet rrahagaeafic tifolling a steel slab, which
contains 0.005-0.025 ~ by 15 weight of C, less than 0 .3 ~ by weight of Si,
1 .5 ~ by weight dm |esssotiMrums©sngehy sieeght sbueelt@su@edpfoor 0dre py
melght or less of S, 0.1 ~ by weight or less of Sol.Al, 0.01 ~ by weight or
less of N, 0MpoDBebigiship}dsepgltosten eypla@tsdgn é}fﬁ%b%#%%&ﬂ%
process, at a finishing 20 tenperature higher than the transformatio
tenperat&?e(ﬂa#@%etEGﬂ|¥&f¥n€lﬂattﬂﬁIW&?%?E%F PR& e%ﬁag %3nﬂ8r§t&%¥cﬁ

700 C or | kI j d hot - r gl teel sheet: cold-rol
(he pi okl ed MASRBFRE et SROATPARILE] BRI G5y “ERh T80t 1 nuous y

anneal i ng the e a f
S00- 780 G (Eaéqm%/%h%tﬁ%ﬁ‘rci\‘d%l ReeBi e frRtniag 1€ it fegkimiee
invention wlj nge described in nore detail. In general, in a color

cat hode ray tJ%e magneti zation is carried out for adjustlng the effect 5
of external nagnetdgeféel € echmb LO§s BNt ONHhbroR itnfeghéhe operating

ci rcunst ance. Such denagnetization is generally inplenented by a nethod of
appl yi ngzan ai£F fatierd i ¢ €nb ft @ idwl dehegretior nga gnelts cmaint edldsutis de
the cathode ray tube when the TV set is switched 10 on or in other

opportuni ti ediddkoseidhadch peapahestehe aleengndtiisaal osurpr dFEYAI h Nhe 3 -
geonagneti sm whereby the magnetic shields in the cathode ray tube can
remain nore Hgh3 ) whenmet itheel fénnitieogrpbnfeteey ngabaineinzadspecidid by
magneti zation by the geonagnetism This 15 allows the nagnetic shields to

have arughew¢mggsl@nqnm§teel is defined to not larger than 3.0 to
improve the magnetic properties. It is also described in
25 the same disclosure that the required magnetic

permeability of not less than 750 G/Oe and the required

coercive force of not more than 1.25 Oe are mentioned as



Shielding effect than the condition of firstly perfectly demagneti zed and
successi vely magnetized by the geomagneti sm Accordingly, as described in
the article, Transaction ( in Japanese) of the Institute of Electronics, 20
~I nformation, and Communi cati on Engi neers, vol. J79-C- 11 No. 6, p. 311-319,
June 1996, the steel sheet suitable for magnetic shielding is the steel
sheet havi ng high "anhysteretic nmagnetic %erneability" whi ch is determ ned
by dividing remanent flux density after tWe 25 denmagneti zati on process in

t he geomagneti sm by geomagnetic field. In view of the above aspects, the

i nvent or s haesagshesed ft par efbyabeeemiagmegihet peoperpeesedioid ia ycaldBC

bi as magnetic field of 0.35 Oe over a variety of steel sheets which have
vari ous chenrodlednpoeketlli mleetrsfarr gnagnetvar shiimlidgs are: 5i ) ultra

| ow carbon steel which have relatively high nagnetic perneability at the

| ow magnetic fiel Altfernakangly,, clioclosest imelaRgRESE DREABEDI lity
denotes ,u 0.35 hereinafter),one of the paraneters used for eval uation, and

often used a®isrlemyret (KGR E) d¥°do 11%7 aflfay’s ESPRBLAYE HiYher | evel
of the anhysteretic, nagnetic !ger nmeabi | i t%‘b |}% gven rel ati Eel hiqc’yh %ar bon
steel s (@ of PEUHECHNg5aD INRRSE BAOPY FHsShaeds Uid  foP ;%é‘fae A6iyo.
005-0 . 025 ~ by weight ) Whi ch were very r I tili, rl

can exhi bit a‘arﬁ/eg%%"f‘gl 8€ei"fh&fvg]'f h@‘%nﬁﬁw&%ﬁ gfﬁ%éngﬁncs lpé?n%%blltl?ﬂr;eﬁ%en

t hey contain erren%i %E (Fe3C); iii) Using a steel sheet having the
anhystereti ctﬁjeﬂg’he ic pPerneability of 7500 or higher, preferably 8500 or

hi gher, for the i L el : It satgs nily
reduced to pract {Tgtg{]?%p%e%%gi%%&ﬁg%fgsgﬁﬁﬁf\%}i(mﬁg%qﬁ? %%oat@gﬁ?ll eads
[0 an | nereagh PEveReh@Egifet PECEn3RA d Thd hhateaSa 1l en deRRgBeUisZd iz0N
m ght be inpertectly carried out depending on the demagnetizing 25

condi tiong (idjedmantt d6Mpes it HeABgPeLlzo AgwRithethe Yha idewHgretd itig
anplitude, etc.). In such cases, even if the steel sheet has sufficiently
hi gh anhyst enaid duct 8i sugmet i smpelneadi havyngnabeetoeaiciiore didmre deyagdsi ng
process is insufficient and attenuation of color deviation is difficult. It
is also founddasmtthée Tokecané femepestoflldihoiersibydos. Botelgrd itthans
preferably less than 5 3.0 Ce for allowi ng general degaussing process to
achi eve a satd HGctang demagviacher dagt Pefihrtt thereohadif dlisRapeed-
devel oped the present invention thr Qu%h a series_of further studies based

on the foregoing ASidihgse FEWeRtiPNEIHIFTRAPLIOFLSGTE PFEsent invention

i | ai ned. A steel t f, ti hi el.d di tq t i rst

erbodt mep ot HAL pEaBRO Tt TR Rases he B he 8 i btk o et iy
d h t hi.ck f Q.05-0. 1 et IEHHI {

Sgr megzi ?i tyll}%]‘[]‘ig)s’7§8 (%gro ?g%%%?%&lcgﬁnp%@w}%%ﬁ&g%%e stggé}:gpfg#lgreadbl y

contains B Ofb,gé{,JQQé-rO- Vi oY 1 ¥R %fgr@meﬁer%oprae&%ﬁelen CHHRé AE 1 Q€ TV

nore el ements ected froma gro of Ti, Nb, and V, the total anmount of
which is 0 . Q85 BYtheitd Oh1keSed MEPor2&ildensdr bageaxs | her st gel
sheet is preferably coated with a C plating layer and/or an N plating

| ayer. Moreougighlys de@eitedetbopio v sdor empiravied 5sbe€d aheets| éoxr The
chem cal conposition, thickness, anhysteretic 25 nagnetic perneability,

pl ati ng, 2and mgnetie fsiriel dfi nghevisictel hakeeta driegkepl dievedl bef owhien nore
detail. 1. Chem cal conposition of the steel 9 C Cis an elenent the
content of wmadnesichemhbstidinmgortffiectn the present invention. It is
generally said that Cis a harnful element for the nmagnetic shielding steel
sheet, because it Teads astimleecTeassaqtian. 34n 57apangskdwPr oved from
the result of our studies that C has |less harnful, influence to the

anhyst er et i ¢ Faghétud HeinEASAtLRIesnelBL oAt IR o RRACYRMERLS aiPD

hi gh, the coerciye force wi.ll then ingrease and Limt, the conditjons
denmagnet i zat i BRI LBREEFsu Oy tjﬂg'lcb'ﬁiﬁ‘@%t eﬁr’eﬁ‘cgr}glgr?e][?t J;%’P%ela%él)‘?f tt?/].:e For
this reasgn, C content .is Q.15 ~ by i_ght l.es f ) y
vei ght o2l es’ée.fa e 2?%!@?’?%‘ Fﬁﬁly%%%féﬁ%gpgraﬁhg%?{'ghéég{a%élbthglﬁtge
anneal ed for decarburizatiop,aftes. t he w10l £0b dz Lokl PLRSESE 1%

| ower the C cdR eﬁ‘?gtnc?ﬁéssgﬁfgetlﬁi;lnﬁ%.888%01—' bly§v\%|g8%?.lb|%'si%eri ng clost of
st eel maki ng, % dit i EnBEet Bat G & 0Dk RYS tiet dii 1¢ t R gh@0:H005
~ by wei ght o?gl\gﬁé%gr dlgt ‘Ehlgi: é:ﬁfégfbt#g %i ve eﬁementﬁ}i n i ncreasi ng t he
anhysteretic nmagnetic perneability and its addition is 20 preferable. The
optimum effect of increasing the anhysteretic magnetic perneability may be
gi ven when B content is O . 0003 ~ by weight or nore. If B content exceeds
0. OL ~ by weight, the effect of increasing the anhysteretic magnetic
perneability may not only be saturated but also 25 the recrystallization
tenperature may rise or the harrplness of the steel may increase too nuch.
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.hitrides, and/or carbonitrides. When the aging property is inportant,
preferably they are added for avoiding the 5 stretcher-strain marks. If the
anmount is too high, the recrystallization tenperature may rise up or the

-hardness of the steel may increase too nmuch. The total anount of one or
nore elements is preferably O . 08 ~ by weight or less . For yielding a
st-eel sheet having a very high level of the 10 anhysteretic magnetic
perneability, those elenents is preferabl§ added in conmbination with B. 2.
Thickness If the steel sheet used as a nmagnetic shield is too thin, its
magneti c shi gedimnieif eey 1By bredefyheedtheemadhensinghd eldihgséittecti th
hi gher anhysteretic magnetic perneability and also its rigidity may be
| ower ed. Thebek@nsesthe thickness is 0.05 nmor |larger. Fromthe viewpoint
of increasing the magnetic shielding effect, the thicker steel sheet is
preferabl e. Howevahe asrticle,2haesverd poly rdeseeibes dReal |l wei ght of
the color TV sets whose screen sizes are becom ng |arger and w der, the
t hi ckness i srelfmtionshipabledween amhysterat ic magretd CoPekmaAPilytihe
anhysteretic nmagnetic gerneability of the 25 magnetic _shield majerial is an

ef f ecti veb paprasemagnpFéR pdiakdbhpgyefdestod AR the £81dS J&RiTOMOER a
col or cathode ray tube. The magnetic shield material haying,the 11
anhyst er et i c WRdgiet F¥PBePle i §¢tySheets %rahs&@eEgeygéu F W€ col or
deviation to a | evel y _noti ceggﬁti n practice, even for a

)

i,ch is hardl
col or cat hodé‘nrhéﬁls?%f)gg# I";E\""rs%régéffe&?ré‘?ez% Hitgh- definition type. 5
Accordingly, the anhyStereih&SWﬁﬁTﬁgr%:gWﬁNﬁdﬁ ted to 7500 or

hi gher in this enbodi ment. ating T Ing layer and/or the N
plating layer is gggl :ﬁeéﬁhta'ltd\&%{?éboﬂa%rQi@éﬁyCaHﬁeQi i 091 hayelewl0
e

structure may be a si ayer or a nulti-layer structure. The plating may
be providgd F gifdespove Tidewhisbahked degtd ébgestedls sfeeprovhde a
plating layer 1s effective not only for anticorrosion property but also for
preventing tha Qgenedipééenf ot ﬂ@ﬁﬁ&itiimg sifi é s st et hshast adfi i yherlfevatlhode
ray tube. The total anmount of the plating |ayer is not necessary to be
limted and oy taididrleystgree idetrergneeilcsperiwatakiil thy aondeisadapebdre t he
surfaces) of the steel sheet. Also, the plating may be inplenented by .
partial ly pl atfi iteoweaslingarthe heml ¢ Endeniigf iw e hcaoselsk RimtIeragpfedcC 5.
Coercive force If the coercive force is excessively high, (it is necessary
to increase tdwlifenhgnaticedihg@ruimage M Phéhﬁér%ﬁ‘ﬂ%%g%fcﬁ@na'rrpﬁ’i‘&uﬁe f or
ensuring the magnetic 25 shieldjng effect, _which may limt the

demagnet i19i n@“%‘b@%ﬂﬁiﬂél%&‘%ﬂi?g, thereSfiasirabl e that coercive force is

PRI AT N e e L
hi el di t eel 1 t fl ' ' ' l; QY.
21 <1913 Lo P gh 4 J4L ShARE U L e drarniehbng

continuously (£ass, %aﬂg HBeHIOF ol d g4 1 HrkEOMRIMARRAISg dNEhickness of

conti nuously-cast slab may "be hot-rolled directly or after re-heated.
Al ternativel yy, §4He0CgnhinnHaUS by aatly St @PeFRY hagheit 1® gothedbdfltiary aopl ed
and then re-heated. The hot-rolled steel is then pickled in known manner,
col d-rol bed ,750¢ amne@dlgtefor recrystallization. Thereafter, if necessary,
the steel sheet may be skin-pass rolled. For ensuring the anhysteretic
magneti c properti esgccohdiby skianphberr adpeciton fshbealpir peeas spukentadn,
possi ble, preferably 1.5 ~ or |ess. Wen the shape and the agi ng property
of the steel where is notocidedal, att@ebksheﬁacsstpﬁlmﬁﬁgertéeﬁjcﬁﬁéﬁlidsmg
preferably not nore than O . 5 $ . Mre preferably, skin-pass.rolling may
not be appliezbngdsiisg ergarbipldst ivh AnPBaHONd ry? bRY pVE+Iddd %‘%rq ng
t he above-nenti oned procedure. The anpeali ng Jmay serve both,

|

: a
decar buri zat i b@SankBam Qg 3arkd BeW§38RE PLatiton lamhell Yngwﬁflsz’]x Of 1e88
cold-rolling. Finally, the steel sheet is coated with the platin 5
| ayer an@Por 2heMRir pPaliPnd 1BY e¥eifhfefdsskEs® ﬂ\%nstepdond(} %‘%%F*eme%ﬁsz he
present invention will now b escribed.. .13 A aggor gy t
the second endbdifidfit °of1‘n S%N"ne(?pfegehty veh ?o?lregts‘%%t iogﬁ]le§$(l:6%gi’sgjs'rtg]f J
0. 0050. 025 ~ by wei o 3£ Y Ve _8" 0l18SS pof Wi S PY¥s Wei it
or | ess of Mﬁ?yo"f’ﬁégﬁttbgrmgiegs%t %ofr I\f’eso\gedo@%, 85 O(}. %41)?c by J'v%rlil%ht or’ I'ess of
S, 0.1 ~ by weight or less of sol.Al, 0.01 ~ by weight or less of N,
0.0003-0.01 ~ by weight of, and the bal ance of Fe. The steel sheet has a
t hi ckness ranging 0.05-0.5 mm the coercive force of less than 3.0 Ce, and
t he anhysteretic nagnetic perneability 10 of 8500 or higher. Also, its
surfaces) may preferably be coated with a C plating |ayer and/or an Ni
plating layer. The conposition, thickness, coercive force, anhysteretic

Y o ~ - o, o,



.plating layer. Thus Si content is hence limted to less than 0.3 $ by

wei ght in this enbodi ment of the present invention. M. M is effective for
increasing the strength of 15 the steel sheet, resulting in inprovenment of
~handl i ng property. If the anount is excessively high, the cost wll
i'ncrease. Mh content is limted to 1 .5 ~ by weight or less in this

enbodi nent of the present invention. P. P.is effective for increasing the
strength of the 20 steel. If the anount o? Pis too high, its segregation
may result in cracking during the production of the steel sheet. The anpunt
is hence |linthedbaddhd®® SfbFeneivjidrein! eshe thidknesisodianpesof .t0fe
present invention. S: S content is preferably as small as possible for 25
keepi ng the @abumm,wa | coarciocafidwde gy kaspe. tira Sndlir®eof 384 A1 ni t ed
to 0.04 ~ by weight or less in this enbodi nent of the present invention.

15 Sol . Al : Adnhysaexssbat malgnatehenperse afoki BY za6i &v ¢Ratti §49NF% he

st eel maki ng process. If_its ampunt is too high, i ncl usi ons may increase.
The amount of Sol Aagordingdq fRritde% @ sPac orfyt\?kﬁ gress ég‘é"%'ht%%‘s
enmbodi nrent 5 of the present, i nvention. unt of. Nis g%ggssively

N ,If the a
high, it daytBgtse & rphe¥igedcds BrEtid sPiePratT P ¥hds MM andunt of
Nis limted o Q.01 ~ ight or less.jin thi ' t t ent
i nvention. 18 B_quhirgg §R:yqe\rl:§3?’tea%§ c&%ﬁ% P P‘l‘ﬁ%?r{‘gé;é%; @t Rgttar#ﬁls?éﬁgti c
magneti c perneabili.ty. Lf the taf 1B igSy] ]-tw 93s5. Y cWehght .
its effect r’rﬁyS Selli %ﬁaeb. q?n)?%g}?;ﬁguﬁt' 1§x§eg£%§% ~ (8§/09we$8h?, t he
i ncrease of areﬁ/] SFEi G o PEEBRAId idte 8RYs RBetal Wiaiesl 1R
while the re{(::p%gta f‘iza%ﬁg%%&tn?n%gféat%?e may rise uPb and t he hardness o? t he
steel may shgppl bPrilp6ieaset tdeNCcenddts; aaRankkafnBhass! ibillethg othe
0.0003-0.01 ~ by weight in this enbodi nent of the present invention. 2.
Thi cknesfp 20ske@ e stk easduasion dhe fi rstoremesd nent nades s Argkness
of the steel sheet of this enmbodinment is limted to 0.05-0.5 mm 3.
Coercive force |factk®mbiEngi ve fsdrickl i fuetbhessiaspgckarcde,the present
necessary to increase the demagnetizing current and the denagneti zi ng
anpl i tude fodnemesurion,t hbengnksi provilded ngd aretbed Wi PCAEPCHLNG ta t he

demagneti zi ng 16 procedure. Therefore, it is desirahle that coerci vg.
force is smamagnetkctphieddddd reheedi Shge tHGURRT L5 APehitivh StARScB&rci ve

force is limted to less than 3.0 oe. 5 4. Anhystergetic et.i
per mealbi | i !tyhPFFe'ré?ﬂ%‘éf‘Qr%t"f'&eﬁégﬁ%?Pc Bé‘ﬂ'ﬁé‘aﬁ%/qr\tti/l%# Q‘rr:@ggrﬁélng)t% % %RVel d

material is an .effectjye parangter i Gh. i s strong | at ed ot p the. or
devi at i of? onw§lé-’(ﬂtof’fc§t'hﬁaﬁs?§93?u(¥)\g$ C%I'Rél éﬁg’tq’l l(gééséfl'e'élald'?ra%tg i‘gﬁglﬁg\l‘}i ng
t he 10 anhysteret| ic pe bilJ 5 le g rp Cag. gar
effectively roerdSLceescﬁ @gﬁ{lbr gé\?irg:'?i (SJ E‘%eg&?gvg? \(%/r?is?hg;ir% %h?ﬂl 3‘2 % by
noti ceabl e i r i Ce, n rga goho RRdEgheYokubesd dargelsangen
size or hi ghggg’fﬁ%t?gnltgégeqﬁcscbrgi %g:%y;g%i he ‘anhysteretic magnetic 1?

per meabi ity o 91 ignidyedd 0g8808r 01 e BEIBEN Ni, N0t 10i00) b0 NBNby ofretilgh tpodsent
invention. 5. Plating SimTar to the first enbodinent, the O plating | ayer
and/ or the Np,pdatdewtlpyer 4 stdesaradtieptdvigeddoesantat29 tonisbiog
property. The plating |ayer structure nay be a single |layer or a

mul ti-| ager temisdétaeurehkrighay hhamyheet paosifostnanient henpeta taixr odr
both sides of the steel sheet. The plating layer is effective not only for
anti corrosi oAnd pperilyibgtthesotorogl@dntstrel Ehestgaker digpebpture
degassing in the steel sheet of the cathode ray tube. The total anount of
the plating lofydro0 &nor hewessamyiclkl begl thet eaided RAL-Fdliedr i pfesd

det er m ned 17 so that it can, cover all, ov% t he surf

st eel OIshﬁet . fsAu%%i; t 68 18-3#9 hiindy the iRdFEhER J’d’tb'yr‘bgfgfigl %ﬁ)erﬂcﬁ;tﬁggg?\n ]E h
N i hiShi ng W =N )
the magnot ¢ SHEFEIAG s Pdel” Lt €of 2Tib SERGHR"OHEIN rafp L fet 18 ©

described_bel ow . First, the steel, hayi b - i d: chem cal

conposi tggn icé)vtqﬁef?ig,edtc531?%%0%?%\{0%&,g g\rélg'phr%ﬁélg? e%iﬁlgﬁzen§ r? o OF
manners. The&co tkgﬁot@l y-cast slab may be hot-rolled directly or after
re- heati ng. 4%7 ively, the continuously-cast slab may be hot-rolled
after cooled and re;hgalediofRerbR RGPMRPINGE BUF ab WECIRVENF PORY Tanges
1050-1300 C. If the"tenperature is lower than 15 1050 C, it is difficult to
ensure the finishing tenperature at the hot-rolling above the Ar3
transformation tenperature. If the tenperature exceeds 1300 C, oxides
generated on the slab surface may unfavorably be increased. For naking the
grain size of 20 the hot-rolled steel sheet uniform the finishing
tenperature is limted above the Ar3 transformation tenperature. Al so, the
coiling tenperature is preferably 700 C or lower. If the coiling

M B Y —r~ N~ L e e~ o~ o - s e



.The cold-rolled steel sheet is continuously annealed (as recrystallization
annealing) at a tenperature of 600-780 C. If the annealing tenperature is
| ower than 10 600 C, the recrystallization may not perfectly be conpl eted

-and deformation strain due to cold-rolling may remain. If the annealing
t-enperature exceeds 780 C, the anhysteretic magnetic perneability may
undesirably be declined. 15 After the annﬁaling, the steel sheet may be
skin pass rolled if necessary. For ensuri Mg the anhysteretic magnetic
properties, the deformation strain due to cold-rolling is preferably as
smal | as possi bl eThibpir e €F BV gn tikim-wibs okl begdes cmitbedrinedooet .
20 However, when the skin-pass rolling is inevitable for correcting the
shape of thed&h@@ﬂ, t he reduction should be as | ow as possible mnimzed.
The maxi num of skinpass reduction nmay preferably be 1 . 5 ~ . In case that
the shape and thelagigenetfalle ist eelcshest catdiade saycrtwddeld , 25 the
skin-pass rolling reduction is nore preferably kept at 0.5 ~ or |ower.

Final |y, thedemesinehbeationda cthnkikdt BatGEQr AdnYstitg HyRrebRars:
the NI plating |ayer if_ necessary. gEEXAI\/PLES 1. Example 1 Exa Ies 3f t he
first endodi AEnexfernxpiBrgrgtis Sicld w013 @P?EP@& Fﬁnﬁalb‘P

snelted, hot-rolled to a thickness of 1. ckl ed, and. t hen cold roll ed
at a reductlGHQﬁoﬁﬁﬁgﬁlD%(?kﬁ%ﬂﬂ§§a§F§HIﬁgﬂéks ﬁEﬁQﬂfYﬁ?egﬁgﬁsﬁﬁ

0.1-0.3 Th d, f ||

above the 109FRESAT TV ARRIHEE BRAePaL Ot Ehoolt ThR P Al mat fon -

t t led st heet ts

ooty a8 CHAAFERG sorenf Eh HiEcdeRaaReT 0, Hétl'lsfsgf‘?‘?;‘ﬁf%d ne
anneal i ng pr%%ecss%%d%hﬁ’ﬁe L&Eho& “zf%s%"‘@&ﬁeo\%?heh“%%e by B Gs %@itaﬁed

consi sted of I"ayer 20 mg/ n2 at the bottom and

Cr - oxi de&ay%r r 123%%&’&%%89%%&9@1&&@0 TRbaldth dA ) pakmite ttﬂpe
Table 1 em cal conposition ( CSi MhPSSol . Al NCr BNbTi St eel

A0. 00220. 010 g4tk 3@19@&@xﬁ0%ﬁuﬂ9@§9.QBOHheOgGBHEgﬁﬁﬁﬁém, whereby the
BO. 00180. 010. 320.0160. 0130. 0130. 00260. 0290. 0011Tr. Tr. St eel

C0. 00190. 010 nQafh &T#6. SA6@ 1S A DB . daiihoe0Tay. G ubk8Star|/remain more
DO. 0200. 020. 210. 0090. 0080. 0080. 00280. 033Tr. Tr. Tr. St eel )

E0. 0220. 010. A3 HIPYOomagne tio7ed 00hed. 03uds e0psTient ky edpmagnetized

FO. 0420. 010. 250. 0140. 0120. 0120. 00430. 046Tr. Tr. Tr. St eel

G0. 1620. 020. MMﬂGdODSOHmeD@ZQGJ@JBWYTFhW 9e°m%n?ﬁé5r¥h-gne"%f}3cs

bilit 0 .35 , th fl d t
For oo andB 1 ha %tmt%eqﬁsgﬁéﬁ?lg%‘ Ao neyec Vhahex, %&%‘%%efp&#leed as

Carri od out RO IBIFERG. ERARG s%bacre TR oo e, o R A P
Search ot bR Ridd J}gz}a §Qikd s(glx?@f#yh%guf&[gk@a gRongidc field.

Measur enent cChagnatic pef ne the “magnetic

permeabi lity >?(ecf)1{('a né% )smﬂt %ccééd@ﬁglfyn ddheer chua faregelraneitde

remanent flu ens or the HBX|nun1appI|ed magnetic field of 50 Ce were

carried out. T%@E'Bi‘.ﬁib@{ £LhCy Apaneicn) perorahind t ytues orasLsetrby ichs
followi ng steps. 1) Attenuating alternating current was supplied to 15 the

magnet i zapi on £Hb Fmatq odgMBONR i Gemthe caeios nens g pakfeast | Wwo R. ) IDE-CHIent
was supplied to the additional coil for DC bias field to generate a DC bi as
magnetic fi elnb of6,0p3530d -AM | KEup et TE9 64 t Eneas t @glas heetasnadg adure &0r was
20 supplied to the magneti zation coil, to sinulate the degau55|ng process
for the spemm&gnet3c)ahmeh@gnetmﬁﬂtkm gbeelnaheepphpydng tihighcurrent
to magneti ze the specinen and the remanent nma etlc flux generated was

det ect ed wit H' amkysseret ivimagnet j5t pprngalsl BLyy Eurhésh 25 dpeermined
anhysteretic magnetic perneability was deternlned fromthe B-H curve. 21
The magnet i c B opeviddnareeBABRR Y f hup| dedsiteodbrREt P with the type

of steel, the_thickness, and the skin-pass tollin redu%tlon 22 NNtd H
ULNNG-1. RECORIER 8BEEGZ BARYNBTEIRRS CF BVERE & GSna ModKoco '~ 7

geomagnetic field. In view of the above aspects, the

inventors have examined the anhysteretic magnetic



VcccMOOC~0O~et rC rMrrrCCf ~Ea~' U a-' N - O MOOOOOO00000C ~

pOOOr NMepl * ~OL~t 17~NNWVNNN~' NIVNr LNdUO

. U~00d00000000COALNLf ~O1~_CCCOLf ~00r 1~00T~~~C NQ CN d0O Qp . d CV
~AO~700~0000~0~ CNOOCVr 0000000, ~~ NNU ~AC ~MMC7 MVMNNNF , - v

Eo0000000000sE- a~QQRO0NMO0UDuU! | LC~-Nr NMd' LNnG~1 ~00~O rr r 23 As shown in
Table 2, Nos.2, 3, and 5 to 10, prepared %cordi ng to the first enbodi nent
of the present invention, exhibited the arhysteretic nagnetic permeability
of above 7500 and the coercive force of below 5.5 Ce, thus providing 5 a
significant betelesthilhieymagneid o ids ehalyngtdicf ddielad tef @ h@5degaoysimg
process. On the other hand, No. 1 and No. 4 having skin-pass reductions of
hi gher than ¥ardetexbifbisttetel heheaelgstrethchawgnetacipusnedisinicglof |ess
t han 7500, hence providing 10 a poor |evel of the nagnetic shielding
effect. Al socdapoditéomisai ning C of nore than 0.15 ~ by wei ght exhibited

| arge coercive force, and thus deteriorating the denagnet|2|ng properties.
2. Exanple 2 15 EMTﬁIeEeéflltthe e oR UNE/MRSE nRe tare now expl ai ned Steel s
Hto Klisted in Table 3 were snelted. Thereafter, for Steels,H

hot-rol lihg were dt) WHL %] rﬁ%‘ﬁlwlP‘éPrp%FﬁFl}r gh&pkgéx@‘@ arr?dl‘?ﬁlf’ﬁ chlllglhng
Lhe cor | 1ng MARRaEtr &SRR AIBLE A loobh & 1PelpBEANer %ﬁ%ﬂeﬁf FHeF o e
e e B b B B R e
thereaftor, s ofoF Ee@%’?gagﬁﬂeg’ﬁs "CReBad k“%ﬁ%ﬁgpb’?}?ﬁ%]@ educti on

of 0.5-1.5 ~ee§)'}ﬁ %ﬁ@o‘ﬂer ge | DRSS dPIH 1R md et atlshfiel it desa

were Cr-plat ot h si the sheets. Thus, test pieces were

obtai ned49The 1Gia dPé %iﬁﬂbi@né'rﬁitﬁ@eﬁflékré@tcﬁf it G Hyayesret i95mada englam
at the bottom and a Cr-oxide Iayer of 12 5 20 ng/cn2 (converted into

metallic O) pdrmhégbiontylabl e 3 Chem cal conposition (w % CSi MiPSSol .

Al NBNb St eel

HO. 00220. 010. 140. GOBY. 608a. AR VDR Ty. MiGP6Sraebb®. GU5891 620 C272% 0100. 0110
. 0400. 00250. 0018Tr . Steel JO.0220.010. 230. 0100. 0070. 0350. 00200. 0025Tr . St eel
KO: 0420. 010. 2500 ©340..0528 ., 0pte feo4dul IS0 5 Thel fragheediroperpreabrriably

0. 35 ) , the remanent flux density, the coercive force, and_t he

anhyst eretic he@fhetPe 0 fehli W?tlﬁhd'-f) t W By ke p‘f"ef)&rlé%lrﬁéyn’éﬁtllldﬁé%fl
oG 1 - SHEAERCE el Ff ST b # oS0 RAGNAEEa i KR ranBy SERREF S|
d dditi | | _f f t, of
the anhyst er &340 ﬁﬁéh@?%ﬁﬁ%%b?? e it gne‘ﬁ%‘gnp%‘?“‘ngaﬁm%ﬁgﬁ?@?‘i 0
35) at 0 .35 Qoo hle Pl Chyge Or%ff‘eelé R8¢ ilae (1FORARAY sildpedeasity
plried mag reld

for the maxwrumap etic 100evvere carried out.
anhysteretic fmgngtic BerRAMH111¥y"8E 7839U0ed niyHdk, S@ﬂéféfr@m@%w of

Exanpl e 1.
or higher, for the magnetic shield, color deviation can
20 be satisfactorily reduced to practically negligible

level; and

v)increase of C content leads to an increase in the

coercive force and in this case the demagnetization might

be imperfectly carried out depending on the demagnetizing

25 conditions (the magnitude of a demagnetizing current, the
demagnetizing amplitude, etc.). In such cases, even if

the steel sheet has sufficiently high anhysteretic



.The magnetic properties are shown in Table 4 in 20 conbination with the
type of steel, the thickness, the 25 cold-rolling reduction, the
anneal i ng tenperature, and the skin-pass rolling reduction. 26 ULN
~“NMLj 7COCA ~1~00000) OCOo00 ' CVCVCVNCVCVCVCVc1l1C ~CvC)cj v LucC
ANcO~OML' ~CCr 00cO~ 100 ~~0 rri rM r~rri rri rc~ To r~"r rrUN
~(C00000000000C ~ M.t d1~c00~-0000~' Lnd' 1t7 cC pNNNMNNNNNMWVWML NQ+H~U +~ N
EoO0OO0OO0OO0OO0O0O0O0O0 UOLO~OMNOOO-O ~O%~ ~n ~rrTrrrrrCN by O cO -
ae~l 11111~~~ 1C U ~ ~rCCCLLACIIIIIIIIIIIb~ ¢~ Um0000000Mm~-nMMQ
~(~cOCDr | ~1~ma@rMdibEo~p¥rireabd + t ¥ freldvéddikbEliforl rd fité¥pdegaussing
~0000M ~00~Mb000000000LU ~OOx NnOA C7000000 UWM LnM--r MM OM OM OM O~00000000N
N=~ .... process is insufficient and attenuation of color deviation
is difficult. It is also found that the coercive force
should not exceed 5.5 Oe and it is preferably less than

5 3.0 Oe for allowing general degaussing process to achieve
a satisfactory demagnetization treatment.

The inventors have developed the present invention
through a series of further studies based on the foregoing
findings.

10 A first embodiment of the present invention is
explained. A steel sheet for magnetic shields according
to the first embodiment of the present invention contains
0.15 % by weight or less of C and has a thickness of
0.05-0.5 mm and the anhysteretic magnetic permeability of

15 7500 or higher.

The composition of the steel preferably contains B
of 0.0003-0.1 % by weight and more preferably contains one
or more elements selected from a group of Ti, Nb, and V,
the total amount of which is 0.08 % by weight or less. Also,

20 the surface of the steel sheet is preferably coated with
a Cr plating layer and/or an Ni plating layer.
Moreover, its coercive force is preferably 5.5 Oe or
smaller.

The chemical composition, thickness, anhysteretic

25 magnetic permeability, plating, and coercive force of the

steel sheet are explained below in more detail.

1. Chemical composition of the steel



=7 "7 ~ "7 -7 "7 Y. Npr NN NM Nd" NLn NCD Nl~ NOO NM NOM MN M 27 As
shown in Table 4 , Nos . 22 to 2 9 and No . 31 prepared according to the
second enbodi ment of the present invention exhibited the anhysteretic
~-magnetic perneability of abone 8500 and the coercive force of below5 3.0
Oe, thus providing a significant |evel of the magnetic shielding effect
af'ter the degaussing process. On the ot heg hand, No. 30 anneal ed at a
tenperature higher than that nentioned i n¥the second enbodi nent exhi bited
i nferior anhysteretic magnetic perneability, 10 hence providing a poor

| evel of the magneti ¢ sk eldigigeméfiectheBesiresntthE whercdi vies ftore enostNo.
30 exceeded 3.0 Oe and the demmgneti zing properties were deteriorated., No.
21, C contentimpbmart it Hegsasant0i0osns ipn weilthtis eenerabiytpaid
anhysteretic magnetic perneability of above 15 7500 but bel ow 8500 and its
nmagnet i ¢ shi ehditn ei$ eat haamfn ¥ aglemens rkaEhthige Magret s shel&sktbnd
enbodi nent. No. 32, C content of which was nmore than 0.025 $ by weight,
exhi bi ted a baegdr stveetivbetause titanleads kenthen&eqreang dBcony-35-
enbodi nent, hence providing inferior 20 de negi zing properties. set
forth abdve, IthdSpReveRt oV fivh the &&S‘?ﬁg @ e?ﬁﬁaﬁg‘égﬁﬁgs%gf"&hézﬁas
manuf acturing condition of steel sheets tq be_optimzed, .fo e .a. hi gher
anhysteretic ﬁ&g‘*ﬂéﬁ’é‘“ﬁ&&ﬂéﬁbﬁf‘???cﬁné%l@?ﬁaﬂn Hﬁ?go e%t%%epg%‘e?‘g]f‘ge, 25
hence ensuring superior magnetic shiel din ff t 8934ISK
process. Thepglré‘é%)a ﬁgéFydf ?[I?é”ep‘f%rséng!fi %\;‘gentaﬁ!gél?ﬂv\hg% tgggdsd 28ﬁ%§g'
magneti c shi S | =qlor o} ra e; I p lide ERe

i mproved the%b%gnée(??%cgﬁieelf(ﬂ&ﬁéggegséét *a#%rlﬂggﬁs%néﬂﬁrgggs% and t hus

successful l'y f&&g@-&ﬂs oF YeMiSyhatiidncpssedory RAMPOAG! ithedri ft.
Accordi ngly, ctoﬁle steel sheeet f%r m;gneti c shields can bg provi ded for

yi el di ng1§i gR iffd ekbend MRafset ic2PeChiidfi lith.st eelr sieet feasomgnetic
shields containi'ng 0.15 ~ by weight or less of C and having a thickness of
0. 05- 0.5 nmm adh t8én 8nhy st e1 6t kchyegetyht per dess land ppfe5e76800yod . & 2.
A steel sheet according to claim1, further containing 0.0003-0.01 ~ by

wei ght of B. b¥. wAisthaebrshess . acdbidiengons icleat ind tdye ot hfayy PEEPIIN A% ni ng
one or nore elenments selected froma group of 10 Ti, Nb, and V, the total
amount of whitdte ist@edsmaybpendingreabed o decarkpgdizadiR? aEESKIERF to

any one of clainms 1 to 3, wherein its surface is coated with Cr Ia&in

| ayer and/ or hatplog FRGA-KRE110g BrogessEP LAUEE @&‘3& HPH‘&%t%ﬂ/ Sﬁ% of

| ai 1to 4, wh ' ' f is 5,5 Ce heet
or magnati c SrbRaD Seaa BF) W5 abSent LAY frorg posteot DAL Ingant
f C | t 0 .3 ~.hy wei f S = ' s ol .05
g 20 bye\?\Zi g %n%?v?ﬁés loy J\&?I}ggéﬁgfab%yl%\elfgﬁf g%/ e gQ% Oré,s ﬁngégyh\yveogght
or |less of S(H. os%%fﬁé&%%%& q{-éﬁéﬁ_.of N, 0.0003-0.01 ~ by wei ght

e, [

of B, and the bal ahce 0 erein the thickness ranges 0.05-0.5 mm the
coercive force is desg §haR3.Jr£BctINe L andiet enesimcregsenioc e

perneability is 8500 or higher. 7. A steel sheet according to claim®,
wherein its siffpseeretientRdgheti A gérpeabiing tyayendadd/soraddibiion is
20 preferable. The optimum effect of increasing the
anhysteretic magnetic permeability may be given when B
content is 0.0003 % by weight or more. If Bcontent exceeds
0.01 % by weight, the effect of increasing the anhysteretic
magnetic permeability may not only be saturated but also
25 the recrystallization temperature may rise or the hardness

of the steel may increase too much. Thus, the preferable

B content is determined as 0.0003-0.01 % by weight, if



.30 plating layer. 8. A method of producing a magnetic shielding steel sheet
conprising the steps of: hot-rolling a steel slab containing 0.15 ~ by
weight 5 or less of C cold-rolling the hot-rolled steel sheet; annealing
~-the cold-rolled steel sheet; and skin-pass rolling the steel sheet at a
reduction of 1.5 ~ or less, if necessary. 10 9. A nethod according to claim
8,  wherein the steel slab further contai n% 0. 0003-0.01 ~ by weight of B.

10. A method according to clains 8 or 9, Werein the steel slab further
containing one or nore elenents selected froma group of Ti, Nb, and V, the
total anmount a§ded.which is 0.08 ~ by weight or less. 11. A nethod
according to any one of clains 8 to 10, further conprising the step of
coating the surfamd , ok hamst a6 Hese Q\lemeat@ tginad it flayercanbidesan Ni
plating layer. 20 12. A nethod of producing a netic shielding steel

sheet conpri iy idesst apd /o chgtbawitriges st en|tdie athirG RHAPSIAY
0.0050. 025 ~ by weight of C, Iess than 0.3 ~ by weight of Si, 1.5 ~b

wei ght or | eds dmpartants priefewakhy B’ﬂelYe§§e29 e‘b for @VQlﬁ}n\ﬂei‘: or
less of S, 0.1 ~ by weight or |less_of Sal.Al A qght orle%%of
N, 0.00039. Ofty%‘spnﬁrgﬁttr&l% m@IFF§ctI>Iforthaqt%‘P°‘anFe Yisodt hghi98s

process, at a fini Shl erature hi her than the transfo

terrperatulre EFCAF%ST(? I’1z : 1R tr%?jpﬁs Iéldfle;sf“@é’ rs'Lﬁeeeflpa?r égan%%FgP&ﬁes of

700 C 5

the pi okl eS:‘%Eﬁ ‘?bc HAY HAvaEngTedih 18R Blo ot USEAL ARbETA0 g O
t {

anneal | ng %n%%oq' 1&8 ?%%gﬁngglggfgg% ?Ee?a%ﬁ[??r%dJ?eo* 'Ehetlhfh{ YWeells.

600-780 C. 1 o clai her conpri sing the
step of coat '#&Fcayl 205 Sfebhesgbeel nahesly W LBry Bigh aldvil I ehe

and/or an N

. A9. A[ . Al A%ﬂ t?ei‘e%&'é Iﬁghéthic@'éﬂﬁéaﬁillﬂ@n, AshoAen A dmést s Asls. As_.
AnASAsA5AsnRA5AHLoAs AYNE. . A. AYH3. Al n #-DFX; evO h R {
JU val gb] X] c3lreaf 6phbalcaldded al aaloajlci atjoa] calltca] Ba] ca] ca] ca] ca] cal] ca]
ca] ca] ca] ca] calU] ca] ca] ca] ca] cRa] c<a] ca! U u
; kP/i L+L| w mxx YT htako®]ssa] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
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Z: p, a7pP\ } xsni d_Z]11 e a§ tapdapdaata|usgdapsapclpedlataieciripdd] df &9Ta] ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj c‘ﬁLca Jcal\d
el | ##IH~HHHHIITEVE %pYBIBRIBEES S g Rk e A R @é]fg%ﬁfca{‘}%bé] Rejdeslipesd ECh] ca
calca c ca] ca] ca] ca] ca] ca] ca] ca ca a alca cglcalca cal >' x
](\ (] (>%) B_,_%uSJ].ng]Oan%F%%a)‘l] ]a ] ] ] l;ﬁ ]r JnchjllsgL el\: J L%net:.c
xsnid_Z al.cal ca ca a calc cal cal ca
Jxem 2111 cat el cglqaleal eahe ] ag Leghealey] sl cgkealsal saheal cal cal

ca] ca] ca] ca]

> >d>’7@A I K ca ca
]ca] cal ca] ca] c%{ g | dalﬂﬂ(] 2&]{':]%]& %ga c@a@cﬁmgﬁaﬁg %g] cafgg;]“gg]rgeg] ca
] ca] cal LMBM NWANF RLRSSST XOYA Gh LAY K Ri1¢ 41§ eamised pajina] ca
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\ Vmhc”YU] ca] cal] ca] ca] ca] cal] ca] cal] ca] ca] ca] cal] ca] cal] ca] cal] ca] cal] cal] ¢
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4. Plating
The Cr plating layer and/or the Ni plating layer is
desired for anticorrosion property. The plating layer
10 structure may be a single layeror amulti-layer structure.
The plating may be provided on either one side or both sides
of the steel sheet. The plating layer is effective not
only for anticorrosion property but also for preventing
the generation of degassing in the steel sheet of the
15 cathode ray tube. The total amount of the plating layer
is not necessary to be limited and may arbitrarily be
determined so that it can cover all over the surface(s)
of the steel sheet. Also, the plating may be implemented
by partially plating with Ni and then finishing with
20 chromate treatment.
5. Coercive force
If the coercive force is excessively high, it is
necessary to increase the demagnetizing current and the
demagnetizing amplitude for ensuring the magnetic
256 shielding effect, which may limit the demagnetizing
procedure. Therefore, it is desirable that coercive

force is smaller. The coercive force is preferably 5.5
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necessary, the steel sheet may be skin-pass rolled. For
ensuring the anhysteretic magnetic properties, the

15 skin-pass reduction should be as small as possible,
preferably 1.5 % or less. When the shape and the aging
property of the steel sheet is not crucial, the skin-pass
rolling reduction is preferably not more than 0.5 %. More
preferably, skin-pass rolling may not be applied.

20 Also, decarburization annealing may be provided
during the above-mentioned procedure. The annealing may
serve both as decarburization annealing and
recrystallization annealing after the cold-rolling.
Finally, the steel sheet is coated with the Cr plating

25 layer and/or the Ni plating layer if necessary.

A second embodiment of the present invention will now

be described.
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10%m&' ()-F4khan 0.3 % by weight in this embodiment of the present
invention.
Mn: Mn is effective for increasing the strength of
15 the steel sheet, resulting in improvement of handling
property. If the amount is excessively high, the costwiil
increase. Mn content is limited to 1.5 % by weight or less
in this embodiment of the present invention.
P: P is effective for increasing the strength of the
20 steel. If the amount of P is too high, its segregation
may result in cracking during the production of the steel
sheet. The amount is hence limited to 0.05 % by weight
or less in this embodiment of the present invention.
S: S content is preferably as small as possible for
25 keeping the vacuum well in the cathode ray tube. The

amount of S is limited to 0.04 % by weight or less in this

embodiment of the present invention.
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5 of the present invention.

N: If the amount of N is excessively high, it may cause
surface defects of the steel sheet. Thus, the amount of
N is limited to 0.01 % by weight or less in this embodiment
of the present invention.

10 B: B is an important element for increasing the
anhysteretic magnetic permeability. If the amount of B
is less than 0.0003 % by weight, its effect may be little.

If the amount exceeds 0.01 % by weight, the increase of
the anhysteretic magnetic permeability may be saturated

15 while the recrystallization temperature may rise up and
the hardness of the steel may sharply be increased. Hence,
the amount of B is limited to 0.0003-0.01 % by weight in
this embodiment of the present invention.

2. Thickness

20 From the same reason as of the first embodiment, the
thickness of the steel sheet of this embodiment is limited
tO O . 05_0 . 5 mm .

3. Coercive force

If the coercive force is excessively large, it is

25 necessary to increase the demagnetizing current and the

demagnetizing amplitude for ensuring the magnetic

shielding effect, which may limit the demagnetizing
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Oe.
5 4. Anhysteretic magnetic permeability
The anhysteretic magnetic permeability of the
magnetic shield material is an effective parameter which
is strongly related to the color deviation on a color
cathode ray tube. The magnetic shieldmaterial having the
10 anhysteretic magnetic permeability of 8500 or higher can
more effectively reduce the color deviation to a level
which is hardly noticeable in practice, even for a color
cathode ray tube of large screen size or high-definition
type. Accordingly, the anhysteretic magnetic
15 permeability is limited to 8500 or higher in this
embodiment of the present invention.
5. Plating
Similar to the first embodiment, the Cr plating layer
and/or the Ni plating layer is desirably provided for anti
20 corrosion property. The plating layer structure may be
a single layer or a multi-layer structure. The plating
may be provided on either one side or both sides of the
steel sheet. The plating layer is effective not only for
anticorrosion property but also for preventing the
25 generation of degassing in the steel sheet of the cathode

ray tube. The total amount of the plating layer is not

necessary to be limited and may arbitrarily be determined
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plating with Ni and then finishing with chromate
treatment.

A manufacturing method of the magnetic shielding
steel sheet of the second embodiment will be described
below.

First, the steel having above-mentioned chemical
composition is smelted, continuously cast, and hot-rolled
in known manners. The continuously-cast slab may be
hot-rolled directly or after re-heating. Alternatively,
the continuously-cast slab may be hot-rolled after cooled
and re-heated. The re-heating temperature preferably
ranges 1050-1300 °C. If the temperature is lower than
1050 °C, it is difficult to ensure the finishing
temperature at the hot-rolling above the Ar,;
transformation temperature. If the temperature exceeds
1300 °C, oxides generated on the slab surface may
unfavorably be increased. For making the grain size of
the hot-rolled steel sheet uniform, the finishing
temperature is limited above the Ar, transformation
temperature. Also, thecoiling temperature is preferably
700 °C or lower. If thecoiling temperature exceeds 700°C,
film-like Fe,C may precipitate along grain boundaries of
the hot-rolled steel sheet, hence deteriorating the
uniformity.

The hot-rolled steel sheet is then pickled and then
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sheet become too large, causing the steel sheet to be
unfavorably softened. If the reduction exceeds 94 %, the
anhysteretic magnetic permeability may be declined.
Preferably, the reduction is 90 % or less.

The cold-rolled steel sheet is continuously annealed
(as recrystallization annealing) at a temperature of
600-780 °C. If the annealing temperature is lower than
600 °C, the recrystallization may not perfectly be
completed and deformation strain due to cold-rolling may
remain. If the annealing temperature exceeds 780 °C, the
anhysteretic magnetic permeability may undesirably be
declined. |

After the annealing, the steel sheet may be skin-
pass rolled if necessary. For ensuring the anhysteretic
magnetic properties, the deformation strain due to
cold-rolling is preferably as small as possible. Most
preferably, skin-pass rolling is not carried out.
However, when the skin-pass rolling is inevitable for
correcting the shape of the sheet, the reduction should
be as low as possible minimized. The maximum of skin-
pass reduction may preferably be 1.5 %. In case that the
shape and the aging of the steel sheet are not so crucial,
the skin-pass rolling reduction is more preferably kept
at 0.5 % or lower.

Finally, the steel sheet is coated with the Cr plating
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Examples of the first embodiment are explained.

5 Steels A to G listed in Table 1 were smelted,
hot-rolled to a thickness of 1.8 mm, pickled, and then
cold-rolled at a reduction of 83-94 % to produce steel
sheets having thickness of 0.1-0.3 mm. Then, they were
annealed for recrystallization at temperature above the

10 recrystallization temperature and below the
transformation temperature. The annealed steel sheets
were Cr-plated on both surfaces, directly after annealing
or after skin-pass rolled 0.5 -2.0 % following the
annealing precess. Thus, test pieces were obtained.

15 The Cr-plating consisted of a metallic Cr layer of
95-120 mg/m2 at the bottom and a Cr-oxide layer of 12-

20 mg/cm2 (converted into metallic Cr) at the top.

Table 1
Chemical composition (wt%)
C Si | Mn P S |[Sol Al N Cr B Nb Ti
Steel A| 0.0022]0.01] 0.14 | 0.008 | 0.008| 0.008 | 0.0024{0.030| Tr. [0.026| Tr.
Steel B| 0.0018| 0.01 | 0.3210.016 | 0.013| 0.013 | 0.0026 | 0.029 | 0.0011| Tr. Tr.
Steel C| 0.0019| 0.01 | 0.95| 0.074 | 0.006 | 0.006 |0.0018| 0.041]0.0005] Tr. | 0.048
Steel D} 0.020 | 0.02 | 0.21}0.009| 0.008 | 0.008 | 0.0028| 0.033| Tr. Tr. | Tr
Steel E| 0.022 | 0.01| 0.23]0.010| 0.007| 0.007 |0.0020| 0.034 | 0.0015| Tr. Tr.
Steel F| 0.042 [ 0.01]0.25]|0.014]|0.012| 0,012 | 0.0043]0.046| Tr. Tr. Tr.
Steel G| 0.162 | 0.02]0.68{0.011]0.008| 0.008 |0.0029]|0.035| Tr. Tr. Tr.
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permeability of the samples prepared as mentioned above
were examined. The examination for each condition was
5 carried out using ring-shaped specimens wound with a
magnetization coil, a search coil, and an additional coil
for applying DC bias magnetic field. Measurement of the
anhysteretic magnetic permeability, the magnetic
permeability (4 0.35) at 0.35 Oe, and the coercive force
10 and the remanent flux density for the maximum applied
magnetic field of 50 Oe were carried out.
The anhysteretic magnetic permeability was measured
by the following steps.
1) Attenuating alternating current was supplied to
15 the magnetization coil, to demagnetize the specimens
perfectly.
2) DC current was supplied to the additional coil for
DC bias field to generate a DC bias magnetic field of 0.35
Oe and then, the attenuating alternating current was
20 supplied to the magnetization coil, to simulate the
degaussing process for the specimens.
3) the magnetization coil was supplied with a current
to magnetize the specimen and the remanent magnetic flux
generated was detected with the search coil, to obtain a
25 B-H curves.

4) the anhysteretic magnetic permeability was

determined from the B-H curve.



.10%mm& () - F4v
10%me () - Fav
10%m& () - F4v

~10%m& () - F4v
10%mm& () - FAY
10%m& () - F4v
10%m& () - F4v
10%mr& () - F4v

10%me () - F4v 10%m& () - F4l LOv 10%m& () - F4v 10%mg () - F4v
10%m®&' () - FAv 10%m®& ()- F4v 10%m®& ()- F4v 10%m®& () - F4gl LOv
10%m®&' v 10%m& () - F4v 10%m& () - F4v 10%m& () - F4v

10%m& () - F4j J*1 LOv 10%m& () - F4v 10%m& () - F4v 10%m& () - F4v
, M"H #% 20V 10%mv 10%mmg () - FAv 10%mg () - FAv 10%m& () - Fdv
10%m®&’ () - F4v 10%m& () - F4(Vgi +, -E)?0v 10%m& ()-F4Y , Mn"Hv
10%m®&' () - FAv 10%m®&' ()- F4-2101345pT8v 10% 10%m& () - F4nv
10%m& () - F4v 10%m& () - F4v 10%m& () - F4v 10%m& () - F4v

10%m® () - F4568: <P@:Dova §R&t it0yp ridemes ep- fde 19wk (In FPablev@ndin ) - F4v

10%m& () - F4v

10%m& () - F4v 10%m& () - FA@CDEFMLD8V v 10%m& () - F4Y , Mn" Hv

10%1mg () - F4EomHtharei 6 - Fil th 10HemEy - G ¢@D08e th 10kares sSLOMMELhe- F4v

10%m&’ () - F4v

10%m&’ () - F4v

skin-pass rolling reduction.
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exhibited the anhysteretic magnetic permeability of above
7500 and the coercive force of below 5.5 Oe, thus providing

5 asignificantlevel<1Ethenmgneticshieldingeffectafter
the degaussing process.

on the other hand, No. 1 and No. 4 having skin-pass

reductions of higher than1l.5 $ exhibited the anhysteretic
magnetic permeability of less than 7500, hence providing

10 a poor level of the magnetic shielding effect. Also, No.
11 containing C of more than 0.15 % by weight exhibited
large coercive force, and thus deteriorating the
demagnetizing properties.
2. Example 2

15 Examples of the second embodiment are now explained.

Steels H to K listed in Table 3 were smelted.

Thereafter, for Steels H and I, hot-rolling were at the
finishing temperature of 890 °C and at the coiling
temperature of 620 °C; for Steels J and K, the finishing

20 temperature and the coiling temperature was 870 °C and
620 °C, respectively. Then, hot-rolled steel sheets were
pickled and then cold-rolled at the reduction of 75-94 %
to obtain steel sheets having thickness of 0.1-0.5 mm. The
cold-rolled steel sheets were then annealed for

25 recrystallization at 630-850 °C and, thereafter, some of
the annealed sheets were skin-pass rolled at reduction of

0.5-1.5 % and some were not skin-pass rolled, then all of
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The Cr-plating consisted of a metallic Cr layer of
95-120 mg/m2 at the bottom and a Cr-oxide layer of 12-

5 20 mg/cm2 (converted into metallic Cr) at the top.

Table 3
Chemical composition (wt%)
C Si | Mn P S |Sol. Alj N B Nb
Steel H| 0.0022| 0.01] 0.14 | 0.008 | 0.008 | 0.038 | 0.0024| Tr. | 0.026
Steel [ 0.0056 | 0.02] 0.27 | 0.010| 0.011| 0.040 | 0.0025| 0.0018| Tr.
Steel J| 0.022 | 0.01{0.23]|0.010]0.007| 0.035 | 0.0020] 0.0025| Tr.
Steel K| 0.042 | 0.01]0.25]| 0.014] 0.012| 0.041 | 0.0043 [ 0.0015] Tr.

The magnetic permeability (#£0.35), the remanent flux
density, the coercive force, and the anhysteretic magnetic
permeability of the samples prepared as mentioned above
were examined. The examination for each condition was

10 carried out using ring-shaped specimens wound with a
magnetization coil, a search coil, and an additional coil
foe applying DC bias magnetic field. Measurement of the
anhysteretic magnetic permeability, the magnetic
permeability (x#0.35) at 0.35 Oe, and the coercive force

15 and the remanent flux density for the maximum applied
magnetic field of 10 Oe were carried out.

The anhysteretic magnetic permeability was measured
in the same procedure as of Example 1.

The magnetic properties are shown in Table 4 in

20 combination with the type of steel, the thickness, the
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invention exhibited the anhysteretic magnetic
permeability of abone 8500 and the coercive force of below
5 3.0 Oe, thus providing a significant level of the magnetic
shielding effect after the degaussing process.

Oon the other hand, No. 30 annealed at a temperature
higher than that mentioned in the second embodiment
exhibited inferior anhysteretic magnetic permeability,

10 hence providing a poor level of the magnetic shielding
effect. Besides, the coercive force of No. 30 exceeded
3.0 Oe and the demagnetizing properties were deteriorated.
No. 21, C content of which was less than 0.005 % by weight,
exhibited the anhysteretic magnetic permeability of above

15 7500 but below 8500 and its magnetic shielding effect hence
failed to reach the level of the second embodiment. No.
32, C content of which was more than 0.025 % by weight,
exhibited a larger coercive force than that mentioned in
the second embodiment, hence providing inferior

20 demagnetizing properties.

As set forth above, the present invention allows the
chemical composition and manufacturing condition of steel
sheets to be optimized, to have a higher anhysteretic
magneticpermeabilityandalsoanjmmrovedcoerciveforce,

25 hence ensuring superior magnetic shielding effect after

the degaussing process.

The steel sheet of the present invention, when used
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degaussing process, and thus successfully reduce the color

deviation caused by geomagnetic drift. Accordingly, the
5 steel sheet for magnetic shields can be provided for

yielding high definition images.
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0.15 % by weight or less of C and having a thickness of
0.05-0.5 mm and an anhysteretic magnetic permeability of
5 7500 or more.

2. A steel sheet according to claim 1, further
containing 0.0003-0.01 % by weight of B.

3. A steel sheet according to claim 1 or 2, further
containing one or more elements selected from a group of

10 Ti, Nb, and V, the total amount of which is 0.08 % by weight
or less.

4. A steel sheet according to any one of claims 1 to
3, wherein its surface is coated with Cr plating layer
and/or Ni plating layer.

15 5. A steel sheet according to any one of claims 1 to
4, wherein a coercive force is 5.5 Oe or less.

6. A steel sheet for magnetic shields consisting
essentially of 0.005-0.025 % by weight of C, less than 0.3 %
by weight of Si, 1.5 % by weight or less of Mn, 0.05 %

20 by weight or less of P{ 0.04 % by weight or less of SAT 0.1 %
by weight or less of Sol.Aii 0.01 % by weight or less of
¥, 0.0003-0.01 % by weight of B, and the balance of Fe,
wherein the thickness ranges 0.05-0.5 mm, the coercive
force is less than 3.0 Oe, and an anhysteresis magnetic

25 permeability is 8500 or higher.

7. A steel sheet according to claim 6, wherein its

surface is coated with a Cr plating layer and/or an Ni
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10Aﬂn&.(?-F4§1$Q%j 'iaYEﬁVYbAIOnn1v 10 s#10% & ()- g s#10% & ()- b
3#10@& & ()- O s#10% & ()- 10% & ()-10miLOm V/ L+~{ Z9A10mm %#+10%-
& ()-&z %10% &. (A- Rk tWEDIN fddut ingg B0Ma g€ 1c#abie 1 ing s beglow-
& ()-y~vwaomm - #1098& ()-( M10%& ()-( 10%& ()-' Y10%& ()-s1l0~ 10~ 10~
b %10% & (sheetUidompRisding &He - steps of:

hot-rolling a steel slab containing 0.15 % by weight

5 or less of C;

cold-rolling the hot-rolled steel sheet;

annealing the cold-rolled steel sheet; and

skin-pass rolling the steel sheet at a reduction of
1.5 $ or less, if necessary.

10 9. A method according to claim 8, wherein the steel
slab further contains 0.0003-0.01 % by weight of B.

10. A method according to claims 8 or 9, wherein the
steel slab further containing one or more elements
selected from a group of Ti, Nb, and V, the total amount

15 of which is 0.08 % by weight or less.

11. A method according to any one of claims 8 to 10,
further comprising the step of coating the surface of the
steel sheet with a Cr plating layer and/or an Ni plating
layer.

20 12. A method of producing a magnetic shielding steel
sheet comprising the steps of:

hot-rolling a steel slab, which contains 0.005~-
0.025 % by weight of C, less than 0.3 % by weight of Si,
1.5 % by weight or less of Mn, 0.05 % by weight or less

25 of P, 0.04 % by weight or less of S, 0.1 % by weight or
less of Sol.Al, 0.01 % by weight or less of N, 0.0003-

0.01 % by weight of B, directly or after a re-heating
\
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the step of coating the surface of the steel sheet with

a Cr plating layer and/or an Ni plating layer.



