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. SHI ELDI NG STEEL SHEET AND METHOD FOR PRODUCI NG THE SAME 5 [ TECHNI CAL FI ELD]
iﬁhe present invention relates to a steel sheet used for a magnetic
"Shi el ding conponent which is set inside or outside a color cathode ray
tube, encircling the electron 10 path along the electron beam i.e. a
magneti c shielding steel sheet for a color cathode ray tube. Al ND
ART] A basic arrangenent of color cathode ray tubes con9§&§¥§%§ﬁ§§1 ron
%gun*for emtting electron beam and 15 a phosphor screen for emtting |ight
"to devel op an i mrage when scanned by the el ectron beam The el ectron beam
may however be undesirably deflected by the effect of geomagneti sm hence
causing color deviation in the inage. For preventing such deflection,
.internal magnetic shields 20 (al so tBEgEHIEQQ L shields or inner magnetic
shields) are installed. Additionally, extéernal magnetic shields (also
termed outer shields or outer magnetic shields) are provided outside the
col or cathode ray tube, in some cases. For sinplicity, those inner nagnetic
shields and outer 25 MAGHETIEE SHIELOINaGr ETE8L.eFHBHTt dNASMABEHARL I ¢ shi el ds
hereinafter. Recently, as commercial_ TV sets have been enl arged 08
December 2004 2 or widened in tHe& STEEH F1% et % mid 5 i ght path | ength and
scanning length of the electron beamincrease significantly and thus TV
J§ets have becone nore susceptible to the effect of geomagnetism In other
‘words, 5 a deviation of the |andi ngepanntaronrtBepphosphor screen of the

el ectron beam fromthe designated point, which is caused by the effect of

geomagnet i sm (t hus T8EnBESaCREohRGHREFE: g ¥at9s (Fondys beel nEheakdtf Sfbre
than ever beforg, 9ing nQ{:QQ?I}P&MfHéIC%% 'o'ﬁe%*%ewﬁiéh'idé mRge; h§; heqest ed
10 in a cathode ray tube use or a persoﬁél conputer display, it is nost
‘cruci al to reduse:sitd acobDsr deMiideOfagatisios, de itr@ 1tihe granspneidtan dri ft.
In this circunstance, steel sheets used for the magnetic shields are often
eval uat ed off t 2 Yadilensf Yagowd eE% rpRr BRefer 5 - Bac UBH TRt He Thughet itg

perneability in @eélpvxéhrreaeqcneégrc Jicloeldo e ueit\ﬁla}jldeentrasuq}stb%nti ally to the
geomagneti sm the coercive force, and the remanent T1Ux density. One of
technol ogi es for inproving the 20 cdwdresdianistdes of steel sheet for
magnetic shields is disclosed in ,Japanese Patent D sclosure (KOKAI) No.
361 330 where the fedrbeeigr airaagpzaeninbér cPAcd spebpfEcrepnpobesi on st eel

'is defined to not larger than 3.0 to inprove t.he .magneti roperties, It is
al'so descr i bed § P e Lafd4rS8RoTUP & That® tid odur Fol ChabRati 1
permeabi i tys of s natodAsS LhareA50- & Qeiandnd he J1aguicr adveespciNeifayce of
not nore than |.25 Ce are nentioned as 08 Decenber 2004 3 exanpl es of
preferabl e magretér graoperd bestherebecolien rroddred Toecellesheen Foammegnet i c

shields. Alternatively, disc|losed.in J nese Patent Discl osure (KOKAI) No.
SAT1TT i ot ACHAT O T E T g ST Hadhii 1S B using of

Emagneti c materigloRfgyi Cdh | henkenBienind Ix o3enst i ¥« isnnof thessnddian 8 kG
’ For preventing such deflection, internal magnetic shields
20 (also termed inner shields or inner magnetic shields) are
installed. Additiconally, external magnetic shields
(also termed outer shields or outer magnetic shields) are
provided outside the coler cathode ray tube, in some cases.
For simplicity, those inner magnetic shields and outer
25 magnetic shields are referred to as magnetic shields

hereinafter.

Recently, as commercial TV sets have been enlarged



I n Japanese Patent Disclosure (KOKAI) No. 10-168551, an inproved nmagnetic
shielding material which is used a 10 specific conposition steel of which
the grain size of the product is kept small and having the coercive force
of not less than 3 Ce and remanent flux density of not less than 9 kG and
a manufacturing nethod thereof are disclosed. As those conventi onal
technol ogi es are 15 unsatisfactory in the magnetic shielding effec t hey
may hardly overcone degradation in the imge quality caggéﬁxﬁvﬂﬁﬁl 4

devi ation pertinent to advanced commercial TV sets with the enlarged and/ or
wi dened screens. It is highly desired to provide inproved steel sheets for
20 magnetic shielding which have a higher, I evel of the magnetic shielding
effect. In an article, Transaction (in Japanese) of the Institute of

El ectronics, Information, and Communication _Engineers, val. J79-C- Il No. 6,
b 311316, Jue THOE T Ha DB QTR o BEERbL AR TerERRE tnabte | ¢
‘perneabi lity andafARYRA tl@n§9h9$§'99e9é1§5£rb§ deskribeleagd it is pointed
out that the higher the anhysteretic magnetic 08 Decenber 2004 4
perneability isjighhéibaghety theé nhgmericsehsehavagretdretmbeecones. The

article, however, only describes the relationshig,betmeen anhysteretic
magneti c per meSBFFFRYIBI AP MYAECFETSH BFOPAGREF BBt , HhATPEIMA9%S t o

di scl ose which_t .0f . ste et : i.gher. | I a retic
magneti c pe%negb??l%§£1f%1%%ﬂ%%%ﬁﬁ”g§§¥ﬂ§nF%%EﬁPl%&% ?ﬁéségggeﬁg¥?%§ention
has been carried owd dirneadew bRaal fihe abheves<i fcisd grdes., Whicabiect is
to provide a steel sheet for magnetic shields which has a higher |evel of
‘the anhyst eret FRURRBNBY | ENPeffbadt| PEydanBagaebapabl €hef BHRER®ASENg t he

col or deviation S by geaqmagnetic drifi to yiel n_im f._higher
definition, anaegf%.gtggrgrﬁ% aclt%g‘ra)i’nrgé%%teh%nof’{%aesree%?.grggggrnd?%%gpgfﬁﬁeéspect

of the presentsifvenkigher tdef £nisidi omi dakk arshaelimseet sf epqiiagoeli c
fielding containing 0.15 % by weight or |less of C and having a thickness of
0. 05-0. 5 n® andnancahhyseeraystabaapnst fergepapabnpl toprefutzy 258018y hi gher.
According to angther aspect af t@e present i vention,d theEe IS 8rovided a
steel sheet fof magd¥tsc “Ehicerdi 5§ c%n%?%t?%@bé%géﬁilgfﬁﬁ 3f"0°085°9. D25 %
by wei ght of Cgukess thangBemadabyiwehghtrof Si, 1.5 %by weight or |ess 25?
of WMh, 0.05 % by weight or less of P, 0.04 ~ by weight or less of S, 0.1 % :
by wei ght or |ess ofn SgiisAlqig:Os Warse weitginl crhdedss ugfed\, Q. 0063- 0. 01 % |
by wei ght of B, and, . 0§5R%§fnber 2004 5 tge bahance of  Fe, mheLein t he 5
t hi ckness rangB898%BA°G B-HMAS AX 8T cFVEVRIFEE O &4€ A& 208" ari d an
anhysteresis npgpghkibcepsr fRaPiAhLLY 4$5e GROfh O NighelearAaGadiiRgat @cf;ur t her
aspect of the present invention, there 1s provided a nethod of producing

a magneti c shi sBhdnrgist éélegsheetihaVveny anbanhysiel by i conagaetic
perneability of 7500 or nore, the nethod conprising the steps of:
hotrolling a sﬁ%BPagPEBlEBntE\P‘%i%‘bejb‘?i‘se0/5 Seiigt TG FEEENGFTCIARY t hen
cold-rolling thgyhetyrolled steel sheet; 10 annealing the cold-rolled steel
sheet; and skin-pass’rolling the steel sheet at a reduction of 1.5 % or

| ess, if necessary.ordccof dieghrialsiidd fan thmrrasipecttief the present
invention, there is provided a nethod_of producing a 15 magnetic shiel ding
st eel shee?ohaﬁpﬁéaageéhﬁ§§Fér€FiEt991 sheet for magnetic Shields 1is

disclosed in Japanese Patent Disclosure (KOKAI) No. 3-
61330 where the ferrite grain size number in a specific
compesition steel 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/Ce and the required

coercive force of not more than 1.25 Ce are mentioned as



magnetic perneability of 8500 or nore, the nethod conprising the steps ef:
hot-rolling a steel slab, which contains 0.005-0.02S % by weight of C |ess
than 0.3 % by weight of Si, 1.5 % by weight or Iess of M1, 0.05 % by wei ght
or less 20 of p, 0.04 % by weight or less of S, 0.1 % by weight or |ess of
-Sol . Al, 0.01 % by weight or less of N, 0.0003-0.01% by wei ght of 8,
directly or after a re-heating process, at a finishing tepperatur i,gher
than the transfornmation tenperature of Ar3; coiling the&f} P?B]tqeégobf‘eel
sheet at a 25 tenperature of 700 C or lower; pickling the coiled hotrolled
steel sheet; cold-rolling the pickled hot-rolled steel at a reduction of
70-94 % and continuously annealing the cgld-rolled steel sheet at a
tenperature in the range of 600-780 'C 30 (BEST MODE FOR CARRYI NG QUT THE
| NVENTI ON] 08 Decenber 2004 6 The present .invention wll now be _described
in nore detail . #X3PRivercdl  PIS o 0% GRS o de BFQAP SETHES d@Tagn&tiiZation i s
carried out for.adjdstding it he, & atlr 72X EMale1Rrgnetic field to a
constant condition under the operating circunstance. Such denagneti zation
is generally inplenedtednbyiaechet hadsoloappl yhngapanaséeraathng current to
t he demagneti zi ng coils nounted outside the cathode ray tube when the Tv
set is sw tchedEF e i (KBtHer Wpportiddit’i é€. TRECHBINEE g€ ts the
demagneti zat.i o cess in. t. t.ism, - rehy th gnet.i i el ds
im t he-cat hode PAY A oRY ol e VERRT R i SR B R BRrese
perfectly demagneidzied fod howed byempgrehkzat f oaxbyeddher genmagnetiesm This
15 allows the magnetic shields to have a higher |evel of the shielding
effect than thé&xondi thon of firstly perfectly denmagnetized and

successi vely magnetized. by the o] netism Accordingl esgribed in
the article, TransacPi %?19 ?%Sﬁgggﬁggg?b?cf%%u?%é P?(@gg %?%Soe-gtsfs mids, 20
I nformation, ang, GHPRAIILAaQRENG BBELI a1 %Gl maddB1ErdnlNon £5 dbesldkl- 319,
June 1996, the steel sheet suitable for magnetic shielding is the steel

sheet havi n@ higgrecigrhy sbepetsiic imagnetet qgfewineabi th¢ \dradh ehzesoteather ni ned
by dividing remanent flux densit aftgr the 25 denqgneiization grocess in

the geomagnet i sﬁﬁOddgftgéSn]éﬁ?}%tsim@ i 8 .ha\vrfr\ﬂ EWEO?O He- 4have caspedtd, the
inventors have examRee thee afy stahfbhe PGP L it08 rDReeMess 2004, 7
perneability at DC bias magnetic field of D.35 Oe over a variety of steel
sheets whi ch hav&Giarindus chenfeakuconposethonst hdsear raasuldiscdursed.ndi ngs
are: 51i) ultra |ow carbon steel which have relatively high magnetic

permeability at the®Pow REGNEPPECPFEPBLt HFCBRAMPIESS0fTH. 35 Ce; the
magneti ¢ pefreaftd d iy AENQLSS s 7C: 0 38 JASkeLnall 1] feclihec pay aiggt er s
used for eva?l uati on, sand ofrﬁzrllnuse% ag tﬁe rr%%neti]ér?%%ifglegtst'dgpﬁ%t 0

al ways exhi bit rearhighervdrevele afegtrh@aanbyster ehecimagenaid £l jpeyr meatsdd ty;

ii) even relatively high carbon steels (C of 0.005-0.15 ~, preferably 0.005
1006, and mor EHrERKIS 5 OGS (2SI RSy e  GHATC hiCORTRECd Vel r ar el y

utilized 15 for : i bi i A f, t ysteretLc
magneti c per rreaﬁ% %("ryl e%nrg%hmergla::ro%é;iagnﬁ/g}r#eg{ﬁ teen%(jFéE%%)e;%Qll@i'i )?Es?hg a
steel sheet hawiinghtsheisanhwysd eretd @ wREN alnipt grefdrealkidli tah«@ft s7FRQ- or

hi gher, preferably 8500 or higher, for the nmagnetic shield, color deviation
can 20 be s#ti SFEEYriY & iredubiew o ntadidv@ald Y ivd@it digyied lodvétye and i v)

i ncrease of C contneentt.c! esqflselté)i an |fnfcerceca_se in the coercive force and in

this case the d“earﬁagne i Zat’ion r]ﬁ’gghet
In an article, Transaction (in Japanese) of the
Institute of Electronics, Information, and Communication
Engineers, vol. J79-C-II No. 6, p. 311-319, June 1996, the
25 relationship between anhysteretic magnetic permeability

and magnetic shielding effect is described, and it is

pointed out that the higher the anhysteretic magnetic



be inperfectly carried out depending on the demagnetizing 25 conditions
(the magni tude of a denmagneti zing current, the denmagneti zing anplitude,
etc.). In such cases, even if the steel sheet has sufficiently high
anhysteretic 08 Decenber 2004 s magnetic perneability, magnetization
after degaussing process is insufficient and attenuation of col or deviation
is difficult. It is also found that the coercive force U|d8ﬁ%$§®6ﬁeed
5.5 Ce and it is preferably less than 5 3.0 oe for all &Cﬁ

degaussi ng process to achieve a satisfactory denmagnetization treatnment. The
i nventors have devel oped the present invention through a series of further
st udi es based on the foregoing findings. 10 A first enbodi nent of the
present invention is explained. A steel sheet for magnetic shields
according to the first enbodi mrent of the present invention contains 0.15 ~
by wei ght or | ¥ C ardd hEs W% I‘iilél?%ﬁés‘gh%fma@.“@%-lé’. 81 il AR tHe SCt
anhysteretic nggnetic perneability of 15 7500 or higher. The conposition of
the steel preferably contains B of 0.0003-0.1 ~ by weight and nore
preferably contai nstaeeaetigbee Bbesestks selectedckipasatgeoup of Ti, Nb,
and V, the total anount of which is 0.08 ~ by weight or less. Also, 20 the
surface of the SHE8igHdEtP PetyeereprBbY§tesatea DRy real P FIMRIHG 1@y er
and/or an Ni. plat}] | ayer r er, i oercive, force is pr.efer y 5.5
Qe or snallgr.E%ng%ﬁg%¥€§iS%%ﬁ%%éﬁ?igg%%F%VcéﬁgséF g% g%t%ﬁeaﬁ%giﬁ?%
magnetic pernmeapiddd Voygd ald NhecaANGHGRAT Giake f arichf e 1stegeltnsheet are
expl ained below in nore detail. 1. Chem cal conposition of the steel 08
Decenber 2004 Ry éxetarr alaagmeEitia e wormttanititof- which is the nost

inmportant in the present invention, Lt I neral | jdthat Cis a
har nf ul el enent for the magﬁﬁtt%Sggﬁ}’ﬁFdP%gggFeéﬁvgﬁgisy?because it leads to
the decrease in (0. 3Re Brikkeh® NAVeREO¥RAnhLOPRLAC-LL8ULE Hfc O Sitdidi es
that C has less harnful influence to the anhysteretic nagnetic

per neabi | i t10 However ,abdve lvd rgmmugra ngfesC | $tsoobhiegh, i s heo gqoercide & or ce
will then increase and limt the conditi Qns of demaqpeti zation for ensuring

the 10 anhysjterseft‘?%JL GiTet  8F pErIRsEbiq Pty S1ES YRAFR .ae%§‘oﬂf‘g]€ieﬁo]n'?ve tis
D.15 % by wei ghtr Qfhd g8 yand Rt ef e abh ¥ D QR b BIghL nar 1 L &Sspatid | €
considering the other properties, the steel may be anneal ed for

decar buri zat i orcfafderrddwitptcheorodolrddeol htnignpracess by deovergndteiC

content to less_ 15 than 0, D005 % by wei ght. Considering cost of

st eel maki ng, hoWeler , t9 t¥ 1% Drigt erdiil%e C’t%d"tl@ec’brﬂeefrﬁmi%l%'macné]d %0 0.0005
$ by wei ght,or higher . B f j)Me element in increasing the
anhystereti 1(:sornatr!(g;glnetl CCtp‘Efrﬁe%abnﬁiiar{by@ae;lgeclitétos@addi tion is 20 preferable. The
opti mum ef fect of i nereasiing tdenaupesites ettine paganett dnpennaahl, | titegramy be
gi ven when B content is 0.0003 % by weight or nore. If B content exceeds
0.01 % by wei ghts PERE 18PHE EL6F L TE TadPAJNd et afh 4 £ AP HlghEt 119
permeability may. not, o)y, g saburaled b Alsa 53,405 Leehyskalilzadion
tenperature may rise or the~ hardness of the steel nmay~increase too much.
Thus, the prefesadd-e B eentant an Sardsirddaets aag®e@Qe3pOrRdaribytwaight, if
08 Decenber 2004 io added. Ti, Nb, and V: These elenents tend to form

car bi des, n#&ri tes? @ndiv¥hearbonitrides. Wien the aging property is

i nportant, preferabl th%yé are add% for_avoi difntqhé he 5 stretcher-strain

.COT ng, to ano er aspecC D YesSent invent 10
marks. |f the amount i's t08°hi gh, "the rec?ys%al | T 2ati on tenperarfure ‘may

rise up or the hgedoness pfodestLelcd@y dnwdeass oM sihe 1ot
anount of one or nore elenents is preferably 0.08 ~ by weight or |ess. For
yi el di ng a st eetosheet ihavearpE: varly gt -[0éveld .0f25t hebiOwanhistefeti c
magneti c perneabili t,}’ t hose el enents i S%Eref erably added . ipn conbj nation

: d
with B. 2. Thi cknesstihan the &t 8E| YEHBBE Usetfas @ madielFeI8hi 8F d %5t 0o
thin, its net hi i< fect y ,he | Lped eyep,1 I.ng: t eel
sheet wit hn%?gh%% C}éﬁhyg'?ﬁetgji %fynggﬁgg?cogerlgnggbh@l tgf/ ghgq a?s%?ivtp(glfli]gi dity
may be | owered.odhesed as€,s t he it ki ekneesghs 0rO%esm 6F Lalgel, &#rom$ he
vi ewpoi nt of increasing the magnetic shielding effect, the thicker steel
sheet is preferablweeidHweretesasof tNi §-800dedi-Pddithy maiditzett Re dVeral |
wei ght of the color TV sets whose screen sizes are becom ng | arger and
wi der, the thickness is 0.5 mmor smaller.



3. Anhysteretic magnetic perneability The anhysteretic magnetic
pernmeability of the 25 magnetic shield material is an effective paraneter
which is strongly related to the color deviation on a col or cathode ray
tube. The nmagnetic shield material having the 08 Decenber 2004 11
anhysteretic magnetic perneability of 7500 or higher can reduce the col or
deviation to a level which is hardly noticeable in practice, even f86 a

col or cathode ray tube of large screen size or high-def 08 Peesmpepd004%
accordingly, the anhysteretic magnetic perneability is limted to 7500 or
higher in this enbodinment. 4. Plating The Cr plating |layer and/or the N
plating layer is desired for anticorrosion property. The plating |ayer 10
structure may be a single layer or a nmulti-layer structure. The plating may
be provided qQpeehbhghcONE: Hede aerboh heigd des Rhebbersipal whees.s The,
plating layer is effective not only for anticorrosion property but also for
preventing t Re REFELHE| 6R¥EE d8gd§8FnGlPR Fhe SteclPlEnédt FHYERETE% ¢ at hode

ray tube. Thenayakelc aimwelabelithelPlaabiongr| @ierd.s not necessary to be
limted and may arbitrdarily be erm ned so that it can_cover all over the

d

surfaces) of the STEH IFect %’3 ST REPFAL Phg T8y BESERPI SAEREEH by
partial ly Pl atieng % tgrdiideddat hethdd b Hmguetihdy 2O0nahr=arimt eht eedtment . 5.
Coercive forg the coercive force i s _excess| hi it. s, ecessary
to increase tsﬁgé%eﬁgﬁﬁ%??azﬁ{lgq ¢ur rent Sgﬁﬁe%h% ‘Hye%a%ﬁleat i%rzéll‘rnmﬁglé%%fl{}teuo e for
ensuring the 798gnettd cm@se shitbkedimrrhokf ecompritsiiol e | Ehepst lpd:  hot- _
demagneti Zi ng. By p6E UM o ASEOLBLL Indity 4RSI Ak |B3ENCOSE Class fg¥ ce s
smal l er. The coercive force Is preﬁera% y 5.5 08" Decemer 2004 12 Ce or
snmal | er and For &nfr eft&eabl FoRdt TabHER hdrhes. (e roAladnufaethr | #eetet hod of

t he magneid c ashk&] di 1t @@hasheptediatlde bhest; RO dHRIBNba¥k | folBing
descri bed below. 5 Fi.rst, the steel havi ngoabove- menti oned chem cal.

conposi ti on iF8Ssrithaedd, SBE%t i Rfoudl yFERSEIBN P hénhot - 181 | &85Fn Kifown

manners. Theneeassamiausl y-cast slab may be hot-rolled directly or after

re-heated. Alternativel. t he contj.nuqusly-cast_slab may hot 10 rolled
after cool ed and cé’ﬁ%?égheté?eds.tlllnle %(LJIUTIF%Q%TI e%sPsetcgel Q’?s Fﬁeen I%ﬁ%ﬁﬁné:d in
known manner ingehtiarol | ¢éhereants ammealidddf on reenlyst alolfi zpredurirEhereaf t er,

i f necessary . .Lhg- st eel, ;shaet.ma skip:Rass, L9l Led,For gosuULing Lt he
anhystereti cma gne% cesl;?rlc%pg?t?es%t%%le 1%%5 I n- paassgre uct iaonpsﬁéo‘u . ‘be as
smal | as pos®pghetipmefraegbiity I 8500 esstoppertheh&eshagecameridi@gagi ng

property of the sfeglk Sheet Hot-Boi1dIChal grddie skip; PaAs chol bédGhik@duct i on
i's preferablé not nore than 0.5 ~. Mire preferably, skin-pass rolling may
not be appliBd?°20P A2S0* McaebaRFzafi 6n iRFRaFFFTy Hrey HEHrRAIEd °duri ng
t he above-nept| onesl procadiche dhelasmesd iy waYSSeEr ¥¢ Weidhtor less
decar buri.zation_an li,ng_and, recrystal lizatjon, anneal ing.after the
col d-rol Izl%Jng?gF?’na({]'leoé, %t %@ 2P scfv{eétesf‘:‘so o%t eod'%vﬁ Tt h’gl%)t fTaticng 25
| ayer and/orefh&oNahpl atiolg % ayerweightecessbese Jf skcopde@rbodioagnbyof the
present invepiign Wi lpnow; Pe d€SCll befer P8-LP868MGE 200%ess, at =
finishing temperature higher than the transformation
temperature of Ar3; coiling the hot-rolled steel sheet at a
25 temperature of 700 °*C or lower; pickling the coiled hot-
rolled steel sheet; cold-rolling the pickled hot-rolled
steel at a reduction of 70-%4 %; and continuously annealing
the cold-rolled =steel sheet at a temperature in the range of
£00-780 "C.

30 [{BEST MODE FOR CARRYING OUT THE INVENTION]



13 A steel sheet according to the second enbodi nent of the present

i nvention essentially consists of 0.0050.025 ~ by weight of C, 0.3 ~ by
wei ght or less of Si, 1.5 by weight or less of Mi, 0.05 ~ by weight or |ess
of P, 5 0.04 ~ by weight or less of 5g 0.1 ~ by weight or |ess 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 thickness ranging 0.05-0.5 the coercive
force of less than 3.0 Ce, and the anhysteretic nmagneti €8 QRﬁﬁﬁq2d 10 of
8500 or higher. Also, its surfaces) nay preferably be coated with a Cr
plating |layer and/or an N plating |ayer. The conposition, thickness,
coercive force, anhysteretic nmagnetic peggeability, and plating of the 15
steel sheet are explained belowin nore detail. 1. Chemical conposition of
the steel sheet C Cis an elenent the con; nt of whjch i, st i nport ant
in this invention. T1¢iR GEer % EEE Hh ﬁ gorsPe qfasr(fﬁlaiem'glléjnﬁ‘ﬁtref or the
magneti ¢ shi el gi.ng ;steel 20 sheet, because the precipitation of Fe3C | eads
to the decrease in,CLO.35. It is, however, found fromour studies that the
presence of Fe3C decthi gesetse, magnet¢€l peraeainde tyawattabd ow magnetic field
but increases the anhysteretic magnetic perneability. It is hence 25
unnecessary t o dedsoriedt 2ekd oBaiBof2 EBRERNTLE of Ve rdf Bifdh 4P hridtin € TEFST
exanpl e, no re 0] o~ i S | Of..ar | ower
TmL of C Gontent PatBano o e hata it b B et £ N BT SR IeF 1o
ensure the exi $heneee<ahthe3Ce idewretncel tHechmemigeéc GZasidwoiki gh, the
coercive force may increase and |limt the conditions of demagnetization for
ensuring the ameystreddyi dnpdgnenitedpbymealieitibpy. cfoPPRlyARE AEason, C
content is lim_ted to l.ess than 0.025, ~ by weight .in this.enbodi nent, of the
pr esent i nvent i% %Fﬁnﬁt&PﬁeFuf e&%kgotﬁgécégpgﬁggkﬁgﬁgg ac™ Ssggﬁﬁgﬁ%3_o Ce.
Si: Si tends t@uhe ¢eNe8Bt fatgdaatriha iy hace ehet be séeels shaetondur i ng

t he anneal ing process, resulting in 10 unfavorable deterioration in the
adhesi on pri@perty oof irhe tbleat iomgolrdpert ithus Thecontkpd PsrhéhetPenited to
| ess than 0.3 ~ by weight i.n this enbodi nent of the gresenthinvgnghpn. Vh:
M is effectivé DS @&éPHgPFHEGE?ﬁthgﬁ gFo18IPReE et "ShEet ¢

resul ting in inproweent Lot Randling RIARRILY rabf thhe SIRUNNd Sy exgessi vel y
hi gh, the cost wi'il increase. Mi content is |imted to 1.5 ~ by wei ght or

| ess in this erbadilyemtagofettiredprésentt hiosee perdectPy EBemsgefftdetidve for
i ncreasing the strength of the 20 steel. anount ofGP IS Eoo hi gh

I f the
its segregati orf NEYYESs B MAFRGHE TG MG 1 St BECPPIRELSEn of “the stee

sheet. The @amount J.5 RERCE LD 18EH Q1 UDS o nhYe BN QT 15688 &P il S
enbodi nent of the present invention. S S content is preferably as small as

possi bl e for 2Xrkegping effeevactbemwald ciomdtihe opab holler s ayy tnehef ecThHe anpunt

of Sislimted to 0.04 $ by weight or less in this enbodi nent of the
present i nvent ittaInads a5t @fte s TEE S1y o3y mAgreAiged by dd€ential el ement

SO 2 LA, 8 SR A ARG AR AR, 3 oo
~ by wei ght or tessddtidi $ignedineert) &f ahet hes itesent figlwarntianics,
20 Information, and Communication Engineers, vol. J79-C-11I
No. 6, p. 311-319, June 1996, the steel sheet suitable for
magnetic shielding is the steel sheet having high
“anhysteretic magnetic permeability” which is determined
by dividing remanent flux density after the
25 demagnetization process in the geomagnetism, by

geomagnetic field. 1In view of the above aspects, the

inventors have examined the anhysteretic magnetic



N: If the anbunt of N is excessively high, it may cause surface defects of
the steel sheet. Thus, the anbunt of Nis limted to 0.01 $ by weight or
|l ess in this enbodi ment of the present invention. 10 B: B is an inportant
el ement for increasing the anhysteretic nmagnetic perneability. If the
anount of Bis less than 0.0003 ~ by weight, its effect may be little. If
t he anbunt exceeds 0.0l ~ by weight, the increase of the anhystereti
magnetic permeability may be saturated 15 while the redQ@E*%?FﬁEﬁ@pQﬁ
temperature may rise up and the hardness of the steel nmay sharply be
i ncreased. Hence, the amount of Bis limted to 0.0003-0.01 ~ by weight in
this enbodi nent of the present invention.,2. Thickness 20 Fromthe sane
reason as of the first enbodi ment, the thickness of the steel sheet of this
enbodinent is limted to 0.05-0.5 nm 3. Coercive force |If the coercive
force i s exces®VEGHEAJE 3t Pt P 0&° MY 6 itheredsd tPe OVer @
demagnet i zi ng cunrrient, and Jhe demmanet Ljing aAR LUde LAr (RRsYELAY the
magneti c shielding effect, which nmay limt the demagneti zi ng 08 Decenber
2004 7s procedumapoEherieinar.e, it is desirable that coercive force is
smaller. In this enbodi nent of the present invention, the coercive force is
limted to | ess thahs320reeuls, 40upnhyReeresi T Fagneti c perneability The
anhystereti ¢ magneti il i i rial. LS an
effective p%r anet erk&/n‘lplg I[ra:agt%g’t‘lr:%%}é% %Q‘Tﬁ%fg’gﬂl%% Eﬁggco‘%gar&g‘;ee\e/lli}a?lllgﬁ] on a
col or cathode maynldiie. pHigemMANQltyC aghitled 108t efikghebayvi Agelle( 16r
anhysteretic nmagnetic perneability of 8500 or higher can nore effectively
reduce the col exagelicat pdnlt 5 ®d;evbe mhjrhtic dramHap jottiycéabkéesnit
practi ce, evenof%% coLorgﬁgggode ra HHQP of I%ﬁgp scre%pf%ize or

|

hi gh- defi ni tion type.S"Accordigl’y, % Re anty SEEFEE € “fagiieti ¢ °15

permeability | SJdifd@dd,02820006n Ris@Rehsi $hd sy reredsAeat gofad hetpr esent
invention. 5. Plating Simlar to the first enbodinent, the C plating |ayer
and/ or the W pllataysgekhykitisshdebér disvwelpebtildednipstantt i@@ageratdsi on
property. The plati ng l.ayer structure may be a single layer or a

mul ti-layer str .ll‘liﬁé’;pl ating may be provided on either one side or
both sides of the steel .sbgete;lhevphathbgn! @¥eEohsSselliest jyvespot only for
anticorrosion property but also for preventing the 25 generation of
degassing in tHe Stedl. Isheetpoffddrbicath0dé +@ay0 § ubaed Mhee trotegleravdgnt  of
the plating layer is not necessary to be |[imted and nmay arbitrarily be

deternined 08 ECerbdl? 2060 V&3 Hdr TRICRY TR EFTI1A2bYEY Y ‘A5t aces)
of the steels shegtyo,AlS0calhe,pkating il de ichegenigd M Rard el ily
plating wth NI and then finishing wth chromate treatnment. 5 A
manuf act uri ng netdrod iaf peheenaghet y ovisdn ehdy ngpreteiel cehestivé (e econd
enbodi ment will be described below. First, the steel having above-nentioned
chemical conpositiofiits ¥féPeed, SEBRLI ANBESI J2¥A8F, TAAJ2ABYSFBFFREC10 in
known manners. T i - t_sl - -r i | W, Or
after re-heati r%nga%ﬁcct%gr ﬁ%#?‘\%%h%,ﬁ?%eoioﬁﬂ%ugﬁg?ggétgé%g%gn%{/ye?g%
hot-rol |l ed afterr aaojted: ,afd r ehkeabgdet Theskeebeat ¢ oo enperat ige can
preferably ranges 10S0-1300 C. If the tenperature is |ower than 15 1050 C,
it is diffi%ul tba ¢ dnisifras i i disshiang tenpergtiice 1dty tied IiGHAS | i ng
above the Ar, tr avnef_orana ion tenperature. |If the tenperature exceeds 1300
C, oxides genera%e ‘ont tthe sl ab surface may unfavorably be increased. For
maki ng the grain size)ehc2@akbeshaf whoklgd steek sheel iHBrERE® if hae
finishing tenperature is limted above the Ar, transformation tenperature.
Al so, the coil iTnpteEnperargeeaid ipr ehésabdse 706G Cepaghoneratidnimiegoi | i ng
tenperature exceeds 700 C,_ _filmljke Fe, C may recipitate along grain
boundari es of 25 tRBERGESEIF| B Bt Eb P SHEer St ALAS & HED &rd Brd T & Hig

25 conditions (the magnitude of a demagnetizing current, the

demagnetizing amplitude, etc.). In such cases, even if

the steel sheet has sufficiently high anhysteretic



uniformty. The hot-rolled steel sheet is then pickled and then 08
Decenber 2004 18 cold-rolled at a reduction of 70-94 ~. If the reduction is
| ower than 70 ~, the grain size of the anneal ed steel sheet become too

| arge, causing the steel sheet to be unfavorably softened. If the reduction
exceeds 94 $, the 5 anhysteretic nmagnetic perneability may be declined.
Preferably, the reduction is 90 ~ or less. The COld-rO&ka ste ?ﬂﬁ IS
continuously anneal ed (as recrystallization annealing) ﬁc?gﬁﬁé are of
600-780 C. If the annealing tenperature is |lower than 10 600 C, the
recrystallization may not perfectly be conpleted and deformation strain due
to cold-rolling may remain. If the anneal%ng tenperature exceeds 780 C, the
anhysteretic magnetic perneability may undesirably be declined. 15 After
the annealing, the steel sheet may be skinpass rolled if necessar For

ensuring the affSterét IRETREGRIC Ypr BREMETeS 2 tiRE el 6rnefraH S5t 8in due
Lo, col d-rol |1 ng ok vl 3l 3% ;MBI 4 25,0855 L6k 6 ML) BE el v
skin-pass rolling is not carrie However, when t Ki n- pass
rolling is inevist aldlre ifcan tcor tecis ngl ¢ bef shaper ipdt the sheatci vdheareduct i on
shoul d be as | ow as possi ble m nimzed. The maxi num of skin pass reduction
may pref erably $@uld not jexcegde St haP et hed shhpes it S G AFset R st eel
sheet are nqt sp Lhruc 5 the skln ss. rolling reduction is I
preferably (I%eptsj atFJ %Or 24 = na? dSEgE%SeSJ‘s'%eE ggtt?saccgget %d with
the O plating. Q& Qef%mﬁr %@Qcégll%tll e:rloalnd/r@ratwéatNl plating layer if
necessary. [EXAVPLES] 1. Exanple 1 Exanples of the first enbodi nent are
expl ai ned. 5 Steel sTAet on@&higredhine TadteldreRridis maiaseaht Hotveardliodd to a
t hi ckness of 1.8 nm pickled, and_then cold-rolled at a reduction .of 83-94
$ to produce sttgbqousgﬁgﬂtsse%?ﬁ R§ TH Ckee§$ U6 %6 12953 ORnt PTHET SIHEY wer e
anneal ed for recrystald.ization at tenperature above the 10
recrystallization tenperature and bel ow the transformation tenperature. The
anneal ed st@el sheeasfwese Embphamedtonfbbbh suaéacEsindénEtthiafter
annealing or after skin-pass rolled 0.5 -2.0 ~ Iomnﬁg}the anneal i ng

precess. Thus, GE’EgtaJﬂleé’cesAmé?%ebb?ra‘?%te(forlga?ﬁgtﬁz i B of a
metallic O |ayer gt Pér;@%ﬂm!d@%e% BEet}b@tp&%@e%@dlﬁvgt%ﬁ 4 dayi§fs of
1220 ng/cn2 (converted into netallic &) at the top. Table 1 Chemi cal
conposi tion (wd.0)CSi MapSSelighAl NCr BRle¥i Btfeel and has a thickness of

AD. 00220. 010. 140. 0080. 0080. 0080. 00240. 03DTr ., D. 026Tr . St eel

BD. 00180. Ot 0. 320 U160, DEB0? B 5 2002BIF 290t b FEARFricpepReability of

C0. 00190. OH%-95ﬂﬂ9749:Q§ g960.00t80.0410.0005Tr.0.048Stee

DO. 0200. 020. 210. 0090. 0080. 0080. 00280. 033Tr. Tr. Tr. St eel

EO0. 0220. 010. 230. 010@haozemgez@teeaoafoena H045Trpder Staely contains B

FO. 0420. 010. 250. 0140. 0120. Q120. 00430. 046Tr . Tr. Tr. St eel

0. 1620. 020. 68> 01600886 - 0B HY0O2 VBN DI T nIF e Br L e oP LNeERRBRINSCUS 20
The magnetic perneafil it r t Sl ux dgpsi the
coerci veforce, nﬁ“?heeé%ﬁggFgrgﬁﬁgcégané??% %gfﬂﬁngF|? thiysaaples
prepared as Menti£nedaabeia ies £ wiXam ied. oimebgemmgmatdlomefser e rdo ,
condition was 5 carried out using ring-shaped speci nrens wound with a
magnet i zat i ¥h coi¢ sur iSawr o tbelsteml sresdddist PoRARTrably fortappiiithg DC
bi as magnetic fleld N? ure nt of tgg anh sh?rethctna %tIC perneablllty
the magnetic pet nedbi Pi F§ a%%f At“0°55%0e, an& £hé "CoefdiVe force 10
and the rerranemmféwegenﬁﬂg yccf@fmme f8P0d d1LHY %ﬂ&%ﬂﬁg@tﬂ od il d of 50
Oe were carried out. The anhysteretic magnetic perneability was neasured by
the foll owi ng stepsied) Attenuating alternating current was supplled to 15
t he magneti zation coil, to demagneti ze the specinens perfe

current was supplleghﬁocpﬁgléﬁalF BREEIEGPP f G IBEDEF s FPBV8¥F6€§éﬁerate a
DC bi as magpet i ¢, A L el i99 30dp1 Deng | NG PLLEPUEL NG Ald BENALL NG

L
current was 20 su I ed tO t he mag %et’ijzatlo COICf, to sinulate
degaussi ng proceséeioghéé\e SPeCiAENSined below in more detail.

1. Chemical composition of the steel



3 ) the magnetization coil was supplied with a current to nagnetize the
speci nen and the remanent magnetic flux generated was detected wth the
search coil, to obtain a 25 B-H curves. 4) the anhysteretic nagnetic
perneability was determ ned fromthe B-H curve. 08 Decenber 2004 21 The
magneti c properties are shown in Table 2 in conbination with the type of
"steel, the thickness, and the skin-pass rolling reductiaon, D%S nber
2004 22 Na~ mH U O 4-N N ON t~07 NLt) (VOO VDJ VNNOO/ embw g
TCENT-ttCFNO VT .~CNX 7 ~U, 1 " MI~~OmNOt0O Mt YNrI\/D?O\WrCI\IV\WCU Cm
ET V =' ~MOOOOOOO0000~ O0~0. - NM DI ~Ch4' >E ~NNWMNNN~NWN. -NaV T " U ' =~"
~0000000000~ np00 t DOOOOOOOOEN~ g

C: C is an element the content of which is the most
important in the present invention. It is generally said
that C is a harmful element for the magnetic shielding
steel sheet, because it leads to the decrease in #£0.35.

5 It is now proved from the result of our studies that C has
less harmful influence to the anhysteretic magnetic
permeability. However, if the amount of C is tooc high,
the coercive force will then increase and limit the
conditions of demagnetization for ensuring the

10 anhysteretic magnetic permeability. For this reason, C
content i1s 0.15 % by weight or less and preferably 0.06 %
by weight or less. Whileconsidering the other properties,
the steel may be annealed for decarburization after the
hot-~ or cold-rolling process to lower the C content to less

15 than 0.0005 % by weight. Consideringcost of steelmaking,
however, it is preferable that C content is limited to
6.0005 % by weight or higher.

B: B is an effective element in increasing the
anhysteretic magnetic permeability and its addition is

20 preferable. The optimum effect of increasing the
anhysteretic magnetic permeability may be given when B
content is ¢.0003 % by weight or more. If Bcontent exceeds
0.01 % by weight, the effect of increasing the anhysteretic
magnetic permeabiiity may not only be saturated but also

25 therecrystallization 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, 1if




~0 A~ ,~IfJ ~In (O~ Of ~~ J.tf~-NFO-OFMs E °~ c a~a ac meo.00- E ~
v~onmpono00ou, o~ ~t VOOcVr 000000Y p7 VI "h NNCE MMMMMMNN N rv
Eao000000000LN ~a a a mmmo o w ~ c~ NWt! 7l pnc90O) ~r 08 Decenber 2004
23 As shown in Table 2, Nos.2, 3, and 5 to 10, prepared according to the
first enbodi ment of the present invention, exhibited the anhysteretic
magheti c perneability of above 7500 and the coercive force of l%el .5 Ceg,
thus providing 5 a significant |evel of the magnetic sf&PErag @F%ﬁg after
t he- degaussi ng process. On the other hand, No. 1 and No. 4 having skin-pass
reductions of higher than 1.5 ~ exhibited the anhysteretic nmagnetic
perneability of |ess than 7500, hence pro1vd' ding 10 a poor level of the
magneti c shielding effect. Also, No. 11 containing C of nore than 0.15 8 by
wei ght exhi bited | arge coercive force, and thus deteriorating the

denagnet i zi ng tEPetti es. 2. Exanple 2 15 Exanpl es of the second enbodi nent
are now expl ai ned. .ee K ki 0TI e I .
Thereafter, for St e?ﬁs’ ‘Ib-ﬁérl?'d*ﬂo,v'h%!tj%gldﬂ%e%gteg’td\l\?l%ef?ﬁi% |nlgdes'

t enperature of B9%r Gandaali/bhecgobbhDgrieaper atiye tak 620n & pfpeSiyeel s J
and K, the finishing 20 tenperature and the coiling tenperature was 870 C
and 620 C, respettinpsInfantheRIeABE2PoY| BBt asiiedt $oned e pi ek éd eand

then cold-raqlled at, the reduction q(f 75- %4{;%8 Qrtr?tfi‘]in st eel heek'lts tr}l%vi ng
S

. e her -~ Yalll MdXr - s Too 1
t hi ckness of O.S_L-I(_).%Cmﬂ e col'd-Ta egi eél “sheetfs were theh anneal ed

for 25 recrystatddzaliom afa 630 85Qperandrethey eafkenp c30MBeOfa thieaanneal ed
sheets were skin-pass rolled at reduction of 0.5-1.5 ~ and sone were not

ski n-pass rol | ezt threstakl ohy i08réeeentey ma@dy 24he total amount of

one or more elements is preferably 0.08 % by weight or less.
For yielding a steel sheet having a very high level of the
10 anhysteretic magnetic permeability, those elements is
preferably added in combination witﬁ B.
2. Thickness
If the steel sheet used as a magnetic shield is too
thin, its magnetic shielding effect may be declined even
15 using a steel sheet with higher anhysteretic magnetic
permeability and also its rigidity may be lowered.
Therefore, the thickness is 0.05 mm or larger. From the
viewpoint of increasing the magnetic shielding effect, the
thicker steel sheet is preferable. However, as it is
20 desired tominimize the overall weight of the color TV sets
whose screen sizes are becoming larger and wider, the
thickness is 0.5 mm or smaller.
3. Anhysteretic magnetic pgrmeability
The anhysteretic magnetic permeability of the
25 magnetic shield material is an effective parameter which
is strongly related to the color deviation en a color

cathode ray tube. The magnetic shieldmaterial having the



these were Cr-plated on both sides of the sheets. Thus, test pieces were
obtai ned. The Cr-plating consisted of a netallic C layer of 95-120 ny/nR
at the bottomand a Cr-oxide layer of 12 5 20 ng/cn2 (converted into
netallic C) at the top. Table 3 Chem cal conposition (wth)CSi MhPSSol

Al NBNbSt eel HO. 00220. 010. 140. 0080. 0080. 0380. 0024Tr . 0. 026St eel

f 0. 00560. 020. 270. 0100. 0110. 0400. 00250. 0018Tr. St eel

J0. 0220. 010. 230. 0100. 0070. 0350. 00200. 0025Tr . St eel 08 December 2004

KO. 0420. 010. 250. 0140. 0120. 0410. 00430. 0015Tr. The magnetic perneability (
/10 .35 ) ( the remanent flux density,thecoerciveforce,and theanhysteretic
magnetic perneability of the sanples pre qred as nentioned above were
exam ned. The exam nation for each condition was 10 carried out using

ri ng- shaped spegknens wound with a magnetization coil arch coil, and

as

an additional @Bl FEEEPHI TR DES HiA Shty et Ofi P 80 e tefif "of the
anhysteretic nagagtkCcper FBaRL! hkyiatRenmegngticyper prabh! Ekynkr49y35) at
0.35 Oe, and the coercive force 15 and the renmanent flux density for the
maxi mum appl i edordigrebvile fn @lrdhcafick) Eeewefer Garpiled ocathodderagnhysteretic
magnetic perneability was neasured in the sane procedure as of Exanple 1.
The magnetic pPOpéREPEsSSFEBhEWASI ATTABPB-4efhn2BieBnbYRSti on with the

type of Ste§|’AEBSrEF%%SQeS§hetQﬁhys@@r ES”HQERQQQé éérﬁg%?iigk&gggction.

reduction, the annea fenperature, and the In-paSs rolling

08 Decenber 20Q4m2se¥ NoH7boh4or_ Nigher in this embodiment.

N ~tf 7t pQ ~r ~N~Ot DWONNNNNNCV( VCVC7NMUNOOC NC .

CNLOVOO) | ~t 0, - 4~1RFIRESRBvi vriricioa; ~ri,x3U ), ~ y47 '-' | n0O000O0O0O000000C ~
ML171 ~t 0Q07CO07V4A7~..1170CONNNVNNNNNVMVE La w tvL' FEoQ0QQ000Qa-~ .

. 0000000000~ O tU M8 MM g(N)mf~16}<IEQVRIRI??$fII\7FE%~Nf? Otp’ﬁi(il? e L4 ac

MNEN CN desired for anticorrosion property. The plating layer
10 structure may be a single layer or 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 cof 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 sc 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
25 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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M ~ 08 Decenber 2004 2~ As shown in Table 4, Nos. 22 to 29 and No.

prepared according to the second enbodi nent of the preséﬁiDPﬁ@@PQF3904

exhi bited the anhysteretic nmagnetic perneability of abone 8500 and the

coercive force of below 5 3.0 Ce, thus providing a significant |evel of the

magneti c shielding effect after the degaq sing process. on the other hand,

No. 3D anneal ed at a tenperature higher than that nmentioned in the second

enbodi nent exhi bited inferior anhysteretic netic rneablllty, 10 hence
providing a po6F*FEV@Paéﬂthénﬂaﬂ%E?lEr§ﬁ?ﬁ?ﬁgﬁg“%ﬁf£§ﬁ & Yhe

coercive force of i erties
wer e deteriorated. A5 m§9&?§§?§g§g%nTQ%§€%E?g the 9?@@ a%ﬁ%g%%%QQ by

wei ght, exhi bi tsatkdihe tanrdry strerete (Ilmgn@ﬁﬂb@dp&remiﬁabﬂﬂlllt ‘peofﬂeaba\ieeiliS 7500
but bel ow 8500 and its magnetic shielding effect hence failed to reach the
| evel of the s&®fd-embodi nent. No. 32, C content of which was nore than

0. 025 ~ by i ght, exhibit er_coerciye force than,t ioned in
t he second gﬁbodlnen%rsﬁénggep?%gfglﬁﬁvf% e%?§¥eZﬁeﬁtﬁ%ﬁﬁ%tggé%gggi

properties. As saipdardibabeyvendihedr esartinudvienti enasal,l awa kthenchem cal
conposi tion and manufacturing condition of steel sheets to be optim zed, to
have a hi gher dihystedrierd énngeret ing naeatPeablChiet §o rpdn 29 wHL Bre 4 fip rsevaéd

rcivefor .
coe C, eto Ce’may be hot-rolled directly or after re-heated.

Alternatively, the continuously-cast slab may be hot-

10 rolled after cooled and then re-heated. The hot-rolled
steel is then pickled in known manner, ccld-rolled , and
annealed for recrystallization. Thereafter, if
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 nct 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.



25 hence ensuring superior magnetic shielding effect after the degaussing
process. The steel sheet of the present invention, when used 08 Decenber
2004 28 as mmgnetic shields in a color cathode ray tube, enables to provide
an inproved the magnetic shielding effect after degaussi ngprocess, and thus’
successfully reduce the col or deviation caused by geomagnetic drift.
Accordingly, the 5 steel sheet for nagnetic shields can bi?prOV|d2ﬂ§Hpr
yi el ding high definition inmages. 08 December 2004 29 @9 Ajqggmber eel
sheet for magnetic shields containing 0.15 % by weight or |ess of C and
having a thickness of 0.05-0.5 nmand an anhysteretic magnetic pernmeability
of 5 7500 or nore. 2. A steel sheet accor ing to claiml, further
cont ai ni ng 0.0003-0.01 % by wei ght of H. A steel sheet according to
claim1 or 2, further containing one or nDre el enents selected froma group
of 70 Ti, Nb, and \* %qﬁ?lt@ﬁ&@taﬁﬁﬁﬁFdéﬁgmh?c?P?S§QFQﬂ?‘%N&?Qh&egﬁtoér | ess.
4. A steel sheet accor |ng to gne_ i ts surface
is coated with %} Bfaflng a§8§@¥0 % 3 ?i??ngoﬁ§§ng ig § d Esteel

sheet according .bQSa%'I%yoﬂél@ﬁt@ﬁtl}rSU .13 op ¢ waHe bR PeLoORRCEYE f.Orge s
5.5 Ce or less. 6. A steel sheet for magnetic shields consisting
essentially ofb®.®©5g®t025 Ve by méi%ﬂu Qﬁ03:%|h¥EWQﬂ%ﬁ¢ ©@r31%Ely ofiePght of

Si, 1.5 %b [ | ess .of Mh % 2 ht, or. | ess of P 0.04 %
by wei ght o¥ m@sg of %Y Y§ 19 % By Q\E?Gh‘i’f ’ I%etszls %\QEY%&? igft érf 5% By wei ght
or less of N, @090Q3- Oooél%sblyy“@éﬂ%:ﬁtqrslzesaéqdaﬂﬁﬁ kaloanee 0Qf 1F., pyherein
the thickness ranges 0.05-0 coercive force is less than 3.0 Oe,
and an anhyst ewetigbt mAgnabd ctIAS hedrangabiolfi Fy .1 STBS0O- ¥l Hhglegr hak. aA st eel

sheet accordin% to claim6, wherein its surface is coated with a C plating
| ayer and/or afPRFkPeE8 REEHbEr é’ém? 2307 pl T (G oSy S TRTCA Het B8 of
produci ng a ma i¢ ghigld Iﬁgﬁ h gnetic
perneability o?%%%oo grbﬁnr%ﬂgﬁﬁgg d CS%%¥{§%ﬁ§%fﬁg é?%g%ﬁ%&§1€§
hot-rol li ngoa stteebosl ab soghar ni rrg b 15 1% by nvieicghits yomalyepsedbr€ply
cold-rolling the hot-rolled steel sheet; annealing the cold-rolled steel
sheet: and ski Rep5Setegl Fihg PhErsPeaFiBHepYSE ANALAGCEPONLOPIAEERI0 % or
less, it necessary., 9. A method according to claime, wherein the steel

Bl ab further contains o.0003-0.01 % by weight of B. 10. A nethod according
to clainms 8 or 9, whesetampdieisieel ©iabkiend heroeonivd nidyg-«one or nore

el enments selected 15 froma group of Ti, Nb, and V, the total anount of
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magneti c perneability of 8500 or nore, the nmethod conprising the steps of:
hot-rolling a steeICsIfébiSvmmcﬁl%WTaime FQUSI 026 Y5y Meigfhit of C,

|l ess than 0.3 %b y e ht oLhS|) 1 5,? b _eht or Ies of I~tnlh0 05 ~ by
wei ght or |ess ‘8F°P, 5 odnby wei ght®Brfoss of 'S G5 ﬁ)&y'melght 8F | ess

of Sol.Al, 0.0k tsby W@kﬂhﬁ_loéléx@éﬁt ofoﬂ\l,trQle%Sr i YpilkM dwRiggREcefi 8,
directly or after a re-heating OS Decenber 2004 x 31 process, at a

finishing t2@npenatarebhicghee thanptrheibtiansfonnmati r3tehperat bretbf Ar3;
coiling the hot-rolled steel sheet at a tenperature of 700 C or |ower;
pi ckling the cOECEGaRELIREI0-EF st &8I SR¥EFETe ol WRDEFPRP L hE TPRLRFed

hot -rol | ed Ste%ha%tt%er%qggkhgg gk %Q394dec1§BQsCQHE'BH?H%%Xca““ea|'ng t he
cold-rolled steel sheet "at a tenperature in the range of 600-780 C. 10 13.

A net hod accor ghengeta® icliaiymat2 a2 fiowt hegneodpr iftdieng bhe shepeetesoahkeng the
surface of the steel sheet with o _
anhysteretic magnetic permeability. It is hence
25 unnecessary to restrict the carbon content to very small
amount {for example, not more than 0.0030 % by weight) as

in the prior arts. The lower limit of C content is 0.005 %
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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 welght

or less in this embodiment of the present invention.
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.



aUlc aJc aUc aJc aUc alJc aUc alJc aJcaljc aUc alJcaljc aUc a]Jc aJcalJc alUc
ajc aUc ajJc aUc ajc aUc aJjc aUc aJc aUc alJc a CE\bhjlngsvxz|~}xsni c”Yc
alJ]calc aUc aJcajcalc alJcaljc aJca]c aJca]jc aJcalJc aJjcalc aJcalc a]calc
aJcalJc aJca]c aJcalc aJcalc aJcalc a]jca]c a]Jcal!'[jk;Z[wW vgkfa[V}xsnicrYc Jc
aUlc aJcalc aUc aJc aUc aJc aUc

08 December 2004

15

Sol.Al: Al is an essential element for decoxidization
reaction in the steelmaking process. If its amount is too
high, inclusicons may increase. The amount of Sol.Al is
thus limited to 0.1 $ by weight or less in this embodiment

5 o0f 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
¢f 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 emboediment, the
thickness of the steel sheet of this embodiment is limited
toe 0.05-0.5 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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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 shield material having the
i 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 bhe
a single layver or a multi-layer structure. The plating
may be provided on either one side or both sides of the
steel sheet. The plating laver is effective not only for
anticorresion property but alse for preventing the
26 generation cof degassing in the steel sheet of the cathode
ray tube. The total amount of the plating layver is not

necessary to be limited and may arbitrarily be determined
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steel sheet of the second embodiment will be described
below.

First, the steel having above-mentioned chemicél
compositicn is smelted, continucusly cast, and hot-rolled

10 in known manners. The continuously-cast slab may be

hot-rolled directly or after re-heating. Alternatively,
the continucusly~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

15 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

20 the hot-rolied steel sheet uniform, the finishing
temperature is limited above the Ar, transformation
temperature. Also, thecoiling temperature is preferably
700°C or lower. Ifthecoilingtemperature exceeds 700°C,
film-like Fe,C may precipitate along grain boundaries of

25 the heot-rolled steel sheet, hence deteriorating the
uniformity.

The hot-rolled steel sheet is then pickled and then
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unfavorably softened. 1If the reduction exceeds 94 %, the

5 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

10 600 °C, the recrystallization may not perfectly bhe
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.

15 After the annealing, the steel sheet may be skin-
pass rolled if necessary. For ensuring the anhysteretic
magnetic properties, the deformaticn strain due to
cold-rolling is preferably as smail as possible. Most
preferably, skin-pass rolling is not carried out.

20 However, when the skin-pass rolling is 1inevitable for
correcting the shape of the sheet, the yreduction shounld
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,

25 the skin-pass reolling reduction is more preferably kept
at 0.5 % or lower.

Finally, the steel sheet is coated with the Cr plating
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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 pleces 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 S| Mn P S [Sol. Al N Cr B N Ti
Steel A[ 0.0022] 0.01 | 0.14 | 0.008 | 0.008 | 0.008 | 0.0024 | 0.030 Tr, 00261 Tr.
Steel B[ 0.0018] 0.01| 032 | 0.016] 0.013] 0013 {0.0026|0.029100011| Tr. Tr.
Steel G| 0.00190.01 (1095|0074} 0.006} 0006 |0.0018| 0.041]0.0005( Tr. {0.048
Steel D| 0.020 | 0.02] 0.210.009} 0.008| 0.008 | 0.0028| 0.033 Tr, Tr. Tr.
Steel E| 0.022 | 0.01023|0.010}0.007} 0.007 {0.0020|0.034{0.0015| Tr. Tr.
Steel F| 0042 | 001 | 02510014 0.012} 0.012 | 0.0043 | 0.046 Tr. Tr. Tr.
Steel G| 0.162 [0.02 {068 |0.011|0.008] 0008 10.0028|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 additicnal coil for
DC bias field to generate a DC bias ﬁagnetic 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 magnetlize the specimen and the remanent magnetic flux
generated was detected with the search ceil, to obtain a

25 B-H curves. -
4) the anhysteretic magnetic permeability was

determined from the B-H curve.
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As shown in Table 2, Nos.2, 3, and 5 to 10; prepared
accordingtothefirstembodimentofthepresentinﬁention,
exhibited the anhysteretic magnetic permeability of above
7500 and the coercive force of below 5.5 Oe, thus providing

5 asignificant level of the magnetic shielding effect after
the degaussing process.

On the other hand, No. 1 and No. 4 having skin-pass
reductions of higher than 1.5 % exhibited the anhysteretic
magnetic permeability of less than 7500, hence providing

10 & poor level of the magnetic shielding effect. BAlso, 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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these were Cr—piated on both sides of the sheets. Thus,
test pieces were obtained.

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 compaosition (wt%)
C S | Mn P S5 |Sol Al N B Nb

Steel Hj 0.002210.01] 014 0.008 | 0.008 | 0038 |0.0024{ Tr. |0.026
Steel [10.0056| 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 | 0.00201 0.0025| Tr.
Steel K| 0.042 10.01}1025]0.014|0012| 0041 | 0.0043)0.0015| Tr.

The magnetic permeability (4 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 ceil, a search coil, and an additiohal coil
foe applying DC bias magnetic field. Measurement of the
anhysteretic magnetic permeability, the magnetic
permeability (40.35) at 0.35 Qe, 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 maghetic properties are shown in Table 4 in

20 combination with the type of steel, the thickness, the
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cold-rolling reduction, the annealing temperature, and

the skin-pass roliing reduction.
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10. A method according to claims 8 or 9, wherein the

steel slab further containing one or more elements selected
15 from a group of Ti, Nb, and V, the total amount 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

20 layer.

12. A method of producing a magnetic shielding steel
sheet having an anhysteretic magnetic permeability of 8500
or more, the method comprising the steps of:

hot-rolling a steel slab, which contains 0.005-0.025 %

25 by weight of C, less than 0.3 % by weight of 8i, 1.5 % by
weight or less of Mn, 0.05 % by weight or less 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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I"H#PUR () *+, -./ 0023456788%=; hot-rolled steel sheet at a temperature of
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cold-rolling the pickled hot-rolled steel at a reduction
of 70-94 %; and
continuously annealing the cold-rolled steel sheet at a
temperature in the range of 600-780 °C.

10 13. Amethod according toclaim 12, further comprising
the step of coating the surface of the steel sheet with

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



