- e3el.F: r86nT4= - 1 STEEL SHEET FOR HEAT SHRI NK BAND TECHNI CAL FI ELD The
present invention relates to a steel sheet for wheat shrink band

(hereinafter referred to as an HS band) for fastening a panel periphery of
a ‘col or cathode ray tube (hereinafter referred to 'as a (mmmmm EﬁWJND-
n a

ART A CRT nust be subjected to treatnment for preventing d
panel face and internal explosion of a tube body because the t19ge i nterior
is in a high vacuum state of about 1 x 10-'Torr. As one type of such
treatment, what we call heat shrinki ng't?eat ment has been done. In this
treatnent, a steel sheet for an HS band forned into a bandwﬁmﬁm i ted
to tenperatures in the range from 400 to 600C for several m‘ummm {ma
several tens seconds to be expandedESCRIPDEONI S fitted on a ghggs. panel of
a CRT. Subsequently, the steel sheet is cooled to be shrunk,, thereby
fastening a panel periphery. As a steel sheet for an HS band subjected to
heat shrinking treatnent STREp! 8HEETC RO @l teol et with a thickness
of 0.8 to 2mm has so far been used be(k:)gkug@AtTﬁgl%tIggl B?E@et for an HS band
nmust be light in weight and have high strength-and , ductility. In recent

years, in se the weight of a CRT, a demand for decreasing
T%rﬁq@%éﬁofhge’g‘g‘g@

t he t hi cknéess sheet - 2 for an HS band has been i ncreasing,

so that the ste faQr nd has further been required to have
hi gher strengt h?lh;&els?g%tssﬁn%éﬁpfﬁ\?ég’%f 53?!8%Fﬁa£°~iq sitiee lnghreti £o5n disfitng

properti eshafirfkhbanteGhe SOERAE £ OF rAF LIS RPRE a?éggh’}?é vaR a§¥ESE ;}al magnet i ¢
field such as geonagnetismare inproved, color deviation cats c?sotf i ng
error of & RANDh bearpberyhefscaeenloan derHRMICEsy StaABES | (GRHdMafJemand
for excel Ire t na?%icc shi el ding properties (that i's, high nmagnetic

per meabi | €Y PHE G &ty i ncreasingly as a TV screen has been nade

| arge and flat and as images of conputer nonitor have been nade fine. As a
met hod for achieving high strength and high magnetic perneability of a

st eel sheBACKGROMNDHAR®INd, for exanple, JP-A-11-86755 has disclosed a
method in which 1 to '2 mass% of Si is contained to achieve high strength
and hi gh magnet fc $RF newisitl i bg ismbg erdagiet to firelat meh tgepoRJ plevemtiiaye!

owi ng to gh% solid solution strengthening ability of Si. Also, »

JP- A11- 158528 TRRE 197 b B Ranedet A58 and vRtenneAcexples bon graantube odly a

Si - cont ai LA eeheas - ptioi zed,to_achi eve high strength and the
conposi ti oneg%lg}ang Ssitegﬁtg ?gtggﬁf’g igdifloazailaﬁglév‘éaqﬂ‘gh Shfffetqfc about 1

per meabi | x t YO~ 'Moptabl a@ wnleh typ gt hagdey ' in JP-A-11-86755 i s, that
either of the obtained _strengty%%and mgne??%é%gﬁ%e%bi‘#g?é\ ‘l%é %Sﬁ heat
suf fi ci enfRyiRkgng Arsormentr bbkeheant dohbe MAi o JeS@EtARMH Na steel

JP-A-11- 1§§éé% IFS t hat ﬁ tEough hi gh strength can be . achi eved by a finer
crystal grarn, tR& f3hefcPFBHafofmad, inteisat banddsdeeesels nheagedt ito

per neabi | téMpesathikat PAL+ROt L nae f, i gh gngt h and hi gh nagnetic
per neabi | i typgan be achﬁeelgg.%%%ﬂﬁéogﬁﬁ-é&{) %QFI ERVAF 3dhFEEPNBF t he
present itwesevenapr oehdeseaontisetosbeebxban Hanha C high
strength and hi gh nmagnetic perneability g? tﬁgaéaﬁegat ?ﬁ%?‘m%egéggég 8gj ect .

i s achi evR@YRF % Poned] ofhaeiRT or Sabsidgusartdy c @hkaé Bb&Y, sHBe 1T8ES Yoo DeQ05%
or |ess q;og,)eOgé t 0, 4% gf S|, 2%or less of Mi) 0.2%or less of P, 0.04%
or less of> S -0 5Bk bhers YsbpsErnipgo soPanele pordphryd. 0003 to 0. 004%

of B, 0.005% orasesstakilsr )0 -19% of .Sh, ' the bal ance bej ng
substantially for msdtof ngéhé@Bgle%EO%éﬁlb%ﬂ%Oﬁu e?FEEE&%Fﬂ&S?F%‘kngS a
graph shdwertnént r i gillareshicoUderoraaar staki vendof Bl ld thiaRdesanent -of

O FIG is a graph showing the relationship between relative perneability
and cont eht8 df° %dm, U ARF HGES been gisgdh belcamiseg theestekbat khaski fobeameen

relative r il nd co nt of B and B/ N. EMBCDI MENT FOR CARRYI NG QUT
TrE | NVERTH &F@ﬁehﬁtﬁéen %rglgéfdaﬁt "EHtdn A Hhavat hdgdi 1strength casd se |

ductility. 1In recent years, in order to decrease the weight of .

a CRT, a demand for decreasing the thiékness of the steel sheet



- 4 .precipitates advantageous in achieving high nagnetic perneability, and
conducted studi es on the achievenent of -high magnetic perneability of a
B-contai ned steel sheet . As a result , the follow ng findings were
obtained. 1) Since B, which is effective in achieving high magnetic
perneability, has a high affinity for O fine B2C6 capabl e of being
observed under an electron mcroscope is easily yielded at the tinme of slab
casting) which tends to decrease magnetic perneability. 2) At the tinme of
sl ab heating before hot rolling, the oxiédation of B proceeds in the surface
| ayer of slab and thus a B-exhausted layer is formed, which |eads to a
decrease in nmagnetic perneability. 3 ) Since B has an affinity for N,
coarse ni fordas kS eamtiHas beemednciiewsiay, 3b tHe: HHE el %Helé%agbiﬂ\lg or
at the tinme of annealing after cold rolling, nitriding reaction wt in
an at mosphRrBSoPaRdabrAgfprsbesdbeen requimetiate hayer hoghskabteengtre!
sheet; .s at_Jdt is.inpossible to sufficiently-make .the nost of the

ef f ect of&sggdcﬁ’t‘}%%itzf"rgjs %HUBPcFé}a’i 6fﬁ@/@ﬁﬂn@%écﬁ@ﬂidiglmprm@taest he
time of 'g8lgRecC 500 t f I f ' B-exhausted | ayer or nitrides
in the surfaceelgflée%ﬂo?ﬁéé]?gb% %ggsit b%hr}légtaﬁga&nﬁécPBa%EQFﬁn%gn‘P%ﬂPeHcO and
addi ti on HfeBd such les geomaghedlizhh gasti ef ' r

i nvention has been made based on the abo@%ggg%'r |d;)og'dgr:‘ ?%Xﬁ%g?%ﬁgﬁgé?au
will be dEctPPRENGeeBhrr of eleqtre|kadmnmhithebetween tahabeveeduced

per meabi | ] ent of B- added steels containing 0.002%C, 1.2% Si,
1% M, o%#%g?‘qﬁgggi% S, 2t IR L uesGelArnty. nagnekico. SiBieldBrg and

vari ed anprdpsreie® i(Rnkhhe #aN o] t o 0. 01%,were .produced b

nel ting, then hot roI(I ed and 'cgﬁjdélﬁofﬁkgaggépo%gfggﬁéﬁgg RAA nBe%orXe
thi cknessstfong 2imecr&Sabseglerds \u ™hecekesl nabasdsn Welde 3326l 8Hadk1
tenperature_of 680 to 730C to change the crystal grain size;” by which a
yi el d poi#t9 (3P) 1BrI8S00f oceMDWParwvAONptepahaste baehhinadeagenethe content
of 0 was chang b husting the degassing tinme after the addition of Si
or Al. Also, ifeIg% Elygl%%'é‘(?edflog ?Jtcgf'ﬁi’ nPﬁ‘%\%Pcerq%tﬁhéﬁﬂi hjghfmagreblged

oxygen | didepiBi e g laralgls i.de erefqgre,. B was_ added
after de;passi ng andﬁ}’ugf.tf tbh:fore %259?%3 %rrgnﬁﬁ.{ h%yo Fglane(fog:t eef et

sanpl es, 5o Eps8eThStieas @lsckssvlre mekBadl On PREEH €1 M€ & iNSsss of
permeabil ity denotes perneability of vacuun) in the case where the test

pi ece wasSimyfetoid@inedtoanghieveod)igh Fetrengtienandf high hesguseid
differen C |y found betwe the anal ytical values..., after hot
rol ling g’ﬁeﬁéaié?éeﬁ%ﬁie%} i%ﬂ?gf‘ﬁﬁ%’afg%l‘af%rgmqtﬁ@m lggslagdprgdto Fl G
1 shows tme rebpihonshi;piBat ween i r.qeabi lity..and content_of 0. In
FIG 1, ~ denotes sanples contai r?:é"r%l@%]r:% el%(;%flqgg% ﬁff Hhid éatfé)rrot 'As'arrpl es
cont ai ni Ag--0. 5854 DfhasolpraiposkldGa detRyaals wrhah the aﬁgg%icgfﬂﬂf?%é ity
of B,-added steel closely relates to content of O and for both of the
sanpl es °f % SipRPBEALR4NEr steedi shuetAlimndpdinidedf teolachievi digh

rel ative Jper | lé{’ésqﬁ% bceo obt azi_g:ﬁdn\'l\/n%n the content of O is 0.005% or

| ess. The precipita and THS U3 HESfdonsc oht aPRtAB1e605% or
| ess of @charesredhsRylY @khgradich & tpé@rﬁe&@i‘fﬂtﬂ‘at B existed as coarse
,nitrides al nost conpletely. Al'so, for the sanples containing trace of
sol. Al, alnost all of oxides were Si'O-, and for the sanples containing -

-0.01% of .sol. A, alnost all of oxides were A103. 2. Rel ationship between
relative per medbPHARFIhFiddhtdig methodl desariteshia Wibd -QLIGEBBSE ik 2%

Si, 1% Mina@ Q@{¥nR 004 % ¥ospl . A.. 0 002%N, trace yr 0.0015%B,
0.002% O, and vgﬁeerdggngéétgbggigéc{i %QF%%QF%@% fagh et Perger ik ity e
producediby met t sagfithenthet niyH ed, ag9bd gol eg} gd ry the .
af orenent.i oned conditions to prgpare sanpl eé ﬂ%ﬁ)gylreg{]g{?% g{elrgnén%?\ |dty was
measur ed I8¢ ci®est dnedBndi-dAed S88uN0ds EhEt 21 Showeh thiegh eleidmghidan -
betvveen-b[ael a?_li ve - ~r¥per ability and content of Sb . In FIG.- 2 ;~ Q
_denot es2SafyrdS Ve Bt & HilRgTo CrYsFEin®RiB ) thed fingan crys tedmered.n

cont ai ni Ngaticaes Qf B r hat_th |l es to which 0.0015% of
Bis added exhibit hi Sﬁg‘%‘%e %t‘ﬁ%(/g‘q%g%we%%*?rl‘?%f - tHe WL 9Hhai ni ng

trace of B, and if Sb in the range fromO0.002 to 0.1% preferably in the
range from0.004 to 0.05% is added, far higher relative pernmeability can
be obtai ned. Chem cal analyses of B and N were nade in the sheet thickness
_ 7 _direction fromthe surface layer for the sanples containing trace and
0.02% of Sb to which B was added, and it was found that for the sanple
containing trace of Sh, B content decreased to a point nearly 50um fromthe
surface |layer. The reason .for this is thought to be that B was oxidi zed
preferentially. Also, N content in a region to nearly 30Eun fromthe

Y M



of B.and B/N Steels containing 0.002%C, 1.2%Si, 1% Wi, 0.07% P, 0.004% S,
0.01% sol . Al) 0.003% N, 0.002% O 0.01% Sb, and varied anmpbunts of B in the
range fromtrace to 0.006% were produced by nelting, then hot rolled, cold
rol l ed, and anneal ed under the aforenentioned conditions to prepare sanples
:~ The' relative.; . : _ :~.. _ perneability was neasured by the .
af orenenti oned net hod. Also, for sanples containing 0. 002%C, 1.2% Si, 1%
Mh, 0 a07% P, 0.004% S, 0.01% sol.A, 0.003%N, 0.,002 or 0.006% 0, and
varied amounts of B in the range fromtrdace to 0.006% wi t hout the addition
of Sb, the sane test was conducted. FIG 3 shows the relationship between
relative perneability and content of B and B/IN. In FIG 3, ~ denotes .
sanpl es coft highngt feNgERoAEhdgh. MAINEDL c pARRIAS S3TR s aRY
0.002% O, and ~ denotes sanpl es containi ngpo. 006‘5?‘81.1 Eﬁ;’b{%%?lg'e%ﬁ
reveals that for the sanple containing 0.01% of Sb, higher magnetic

per meabi | i I&%’f} - | e without the addition of Sb can be

obt ai ned Prr:lt%tcg'e r%?q%ﬁwqu 0.004%of B, and if B/Nis in the
range from0.2 to 1.0, preferably in-the range fromO0.5 to 0.8) far higher
relative perneability can be obtained. In particular, remarkably high
relative perneaBnl bbyecanobetiodtpzionesh t\iareBtNonSplovideOh t and,
in the case where Sb is not added, the sanple COHF&?XIZHE O.g)k%%qogg%apt he
sanpl e cofPEi MhgHf. (Y0 ehkehi hashdikalspetrieugthi ghirbthigh ahhyRetic

per nmeabi | | /N IS out 0.9 and about 1.2, -respectively, but the
relative Bér¥tr¥e\é/§g’lg‘llﬁtt9( ft t EW:‘@? care not sufficiently high as
conpared with the sanple containing 0.01% Sb. The following is a
description of the reasons for limting conmposition elenments other than O,
Sb and B. C: |Thehebovet edtjecft CsexeRedved by0R5%¥teeGathibde PHECLRI fates |
whi ch decreases the magnetic perneability. Thg(r)ef org,e t he con?é%thgfﬁ%
shoul d bePBRBO599BEY g.SbY miasisgpr Ove95%t be Megsebifc cpennvabbl ks yoand

i ncreasesgth t th, FEor this yeason) the content of Si nust be 0.5% or
or e. Homg%érez,ét%gri%cﬁﬁ Sft IC!81‘ h(g Zéfé'egaﬁﬁgmi%’ h&s 04% preless et Son0t 2% |
increase pf NMBYHELIECsBEr, KBAD! Qb)Y o@N uses,deteri.qration | | dability
and brittleness. Therefore, the coﬁ?e%?ggf ggi NShguPQBEe%a g'bg"%&?gl\ﬁ‘u Vvh
is an el edef05%hat hassl|of td e agfdf _ecbogntb_h@, Irgg&_etg'tpl 'thgeggggguai%gi@&d

i ncreases the strength due to solid solution strengthening. For thrs
reason, MUhgtenbéadsnt £oxEedt @fnBentain g _ the strength, but the
content of M exceeding 2% deteriorates the magnetic perneability. .
Therefore, the content of M should be 2% or less. P: P has little effect
on the negmety CDRSEREBRTON br 28E géﬁgxgﬁg solid sol ution strengthening
ability even wwth a mnute anmount. For thi's reason, P should preferably be
cont ai ned) but the content of P exceeding 0.2%-significantly deteriorates
the weldability. Therefore, the content of P should be 0.2%or |ess.

sol . Al : sol . Al EHoulldipragErrBIshawing ihei rekh t tonisitt e het woeasradd thege ,. but . -

t he cont Al _exceeding O_. 2% increases the cost. Therefore, the
cont ent rng E.niﬂ'igﬁoé Sgng?ﬁ&sf Péss . A'so; in order to stabl y form- -

Si Z as an oxi derg. hesGrgts Ly _be 0.001% or .
less, and in order to st agl yB?OS?{rg%QJZqQ e tflle C&%ﬁ%?%ﬁpgmr%ﬁv&

pr ef er abIBeIReaR DOEYY oandocenteéht NoLasbt yaydel ds. precipitates and .
deteriorates t-r}iérﬂ%nfti c perneability. Therefore, the content of N should
be 0 . O1% or | - 3 1s a graph showing the redeatiidushig betwsenared ddisnee of Sn’

of 0-.003,dndavPlo+@r a8 to.0_ . 2% can be contained to.
b Fr{a do%'xa%ng o%g€

prevent the formation o es of da?ﬂeBﬁFtriding of surface |ayer)

al t hough these el enents have | ess effect than Sb. The manufacturing net hod
for the steel sheet for an HS band in accordance with the present invention
i s not sUBRADIMENTEOR GARRYENG rQUT r'THE i INVERDIORXanpl e, after being
produced by nelting using a converter, a steel whose conposition has been

- zo controlled by degassing is cast, then hot rolled, cold rolled, and

annealed in th i n : cessary,..the hot .rolled steel can be
anneal ed after q?l% gpgléﬁl?er?g% ggi% a&.‘gtlsje&”c b8 goql’fémﬁaéﬁ&ya%%% iIGRRT®EL hod

in which a process of cold rolling and annealing is repeated two tines can
be applied. Al so, fromthe viewpoint of corrosion resistance, the steel
sheet for an HS band can be provided with a plating layer of Zn, N, Al,
Sn) C, Zn-N alloy, Zn-Al alloy, etc. Also, the steel sheet can be plated
Wi th the above-described netals in nultiple layers , or the plating netal
and base iron can be alloyed partially or wholly. Furthernore) as
necessary, chem cal surface treatment can be carried out on' the steel
sheet or the plating |ayer. After being nelted using a converter, sl abs

- .o o " N 1 [T . I Y I e 1 o g,



pi ckl ed, the obtained hot rolled steel sheets were cold rolled to a

t hi ckness of |.2mm and anneal ed at a tenperature of 680 to 8,20C for 60
seconds in an atnosphere of 10%z-90%\~, by which steel sheet sanples 1 to
12 were prepared. Subsequently, steel sheet sanples 2 and 9 were subjected
to skin pass rolling of an elongation ratio of 0.3 . to 1.5% For steel sheet
sanples 1 to ' 12 ; the chem cal analysis of conposition and the
measurenent of yield point using a JIS No. 5 tensile test piece and
relative - 11 perneability in the ta¥e-where a 25cm Epstein test piece
was magnetized to 23. 9A/ mwere made. The results of chemical analysis are
given in Table -1, and the results of neasurenent of yield poi nt and

rel ative pesapbtatey aramlwinteagésudablig 2. abhiedinke SeEsh f I aEghalie 2
that the steel sheets for_ an HS band according to the present |nvent|on

have bot FPOFMeRkhlytE} Rbi Crﬂn%&ﬂ gituddlest iove ther aeabevengnitof e ghane
time. For_the co arat % when the yield point is high, the
rel ative TEFPHeRET PEE 3\56%11366 rrg a\/\ﬁeﬁo’f‘ﬁéi’f*%@éttle\?el paeebabils ayressilii.gh)
t he yle|Ckﬂnggliéwiﬁ fiH@{nég Zggéhogfaigﬁdcharacterlstlcs cannot be

achi eved at the sane HNNG 41 NNNyd yd ~my vy
E E EOQy~yNEEED- SEl':ndB/B EwhEchExs @@@@@W@Oé&ﬁiem&vﬁa@n&ié ~0

mMJUUUUZ \N. On a0 c
permeability, has a high affinity for O, fine B,0, capable of being
observed under an electron mieroscope 1s easily yielded at the
time of slab casting, which tends to decrease magnetic
permeability.

2) At the time of slab heating before hot rolling, the
oxidation of B proceeds in the surface layer of slab and thus
a B-exhausted layer 1is formed, which leads to a decfease in
magnetic permeability. | |

3) Since B has an affinity for N, coarse nitrides are easily
formed. However, at the time of slab heating orlat the time of
annealing after cold rolling, nitriding reaction with N in an
atmosphere of heating proceeds in the surface layer of slab or
eteel sheet; so that it is impossible to sufficiently -make the -
most of the effect of B addition. -

4) In order to prevent the yielding of B,0, at the time of

'slab casting and the formation of B-exhausted layer or nitrides
| in the surface layer of slab or steel sheet, a decrease in content'.

of O and addition of Sb at the time of slab casting are effective.

The present invention has been made based on the

Iabove-described findihgs. The detail will be described below.

§
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1. Relationship between relative permeability and content
of O

B-added steels containing 0.002% C, 1.2% Si, 1% Mn, 0.07%
P, 0.004% S, trace or 0.01% sol.Al, 0.002% N, 0.0016% B, and varied
amounts of O in the range from 0.001 to 0.01% were produced by
melting, then hot rolled and cold rolled into steel sheets having
a thickness of 1.2mm. Subsequently, the steel sheets were
‘annealed at a temperature of 680 to 730°C to change the crystal
grain size, by which a yleld point (YP) of 330 to 340MPa was
prepared. In this case,' the content of O was changed by adjusting
the degassing time after the addition of Si or Al.. Also, if B
is added in.a state in which the quantity of dissolved oxygen
is large, B might be consumed as ox'ides. Therefore, B was added
after degassing and just before casting.

From the obtained steel .sheet samples, 25cm Epstein test
pieces were.take'n to measure relative permeability (w/p,: W,
denotes permeability of vacuum) in the case where the test pliece
was magnetized to 23.9A/m (0.30e). -For content of O, because . .
a difference was scarcely found between . the analytical values
after hot rolling and after annealing, the value after annealing
was adoptle'd. o . . _ _ .

FIG. 1 shows the relationship between relative
permeability and content of 0. 1In FIG. 1, O denotes samples
containing trace of sol.Al, and @ denotes samples containing
0.01% of sol.Al.

FIG. 1 reveals that the magnetic permeability of B-added

steel closely relates to content of O, and for both of the samples
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containing trace of sol.Al énd 0.0.1%. of sol.Al, high relati_.ve
permeability can be obtained when the content of O is 0.005% or -
less. The precipitates and inclusions of the sample containing
0.005% or less of O were observed, and it was found that B existed
as coarse nitrides almost completely. Also, for the samples
containin_g' trace of sol.Al, almost all of oxides were Si0,, and
for the sambl_es containing 0.01% 6f so0l.Al, almost all of oxides

were Al,0,.

2. Relationship between relative permeability and content
of Sb . ,

Steels containing 0.002% C, 1.2%'S.:L, 13 Mn, 0.07% P, 0.004%
S, 0.02_% sol.Al, 0.002% N, trace or 0.0015%B, 0.002% O, and varied
amounts of Sb in the range from trace to 0.2% were produced by
melting, then hot rolled, cold rolled, and annealed under t'he
aforementioned conditions to 'prepare samples. The relative
per’meability was measured by the aforementioned method.
_ FIG. 2 'shows the relationship  between - relative
permeability and content of Sb. In FIG. 2, O-de-not—es--s-amples.-
containing 0.0015% of B, and @ denotes samples containing trace
of B. _ _ : _ o o _
. FIG. 2 reveals that the samples to which 0.0015% of B is
added exhibit higher relative permeability than the samples
containing trace of B, and if Sb in the range from 0.002 to 0.1%,
breferably in the range from 0.004 to 0.05%, is added, far higher
relative permeability can be obtained.

Chemical analyses of B and N were made in the sheet thickness
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direction from the surface layer for the samples containing trace
and 0.02% of Sb to which B was added, and it was found that_for
the sample containing trace of Sb, B content decfeased to a point'
nearly 50um from the surface layer. The reason for this is
thought to be that B was oxidized preferéntially. Also, Ncontent

. in a region to nearly 30um ffom the surface 1ayér was slightly
higher than that in the central portion of the sheet thickness,
éndnitridingolewasobserved. Ontheotherhand,forthesample'
containing .0 .02% of Sb, neither oxidation nor nitriding of B was

observed.

3. Relationship between relative permeability and content
of B and B/ﬁ ' |

Steels dontaining 0.002% C, 1.2% Si, 1% Mn, 0.07% P, 0.004%
S, 0.01% sol.Al, 0.003% N, 0.002% O, 0.01% Sb, and varied amounts
of B in the range from trace to 0.006% wére produced by melting,
then hot rolled, cold rolled, and annealed under the
aforementioned' conditions to prepare samplés. The relative . - - -
permeability was measured by the aforementioned method. Also,

'.f_o_r samples cont_ain:Lng 0.002% C, 1.2% Si, 1% Mn, 0.07% P, 0.004%

S, 0.01% s_ol'.'All',' 0.003% N, o...'oo'-z_or 0.006% O, and varied amounts
of B in the range'fromltréce to 6;006% without thg addition of
Sb, the same test was conducted.

FIG. 3 shows the relationship Dbetween relative
permeability and content of B and B/N. In FIG. 3, O denotes
samples containing 0.002% O and 0.01% Sb, @ denotes samples

containing 0.002% O, and A denotes samples containing 0.006% 0.



- 14 CLAIM5S 1. A steel sheet for wheat shrink band, containing, by mass%
0.005%or less of C, 0.5 to 4%of Si, 2%or less of M) 0.2%or |ess of P,
0.04%or less of S, 0.2%or less of sol.A, 0.01%or less of N) 0.0003 to
0.004% of B, 0.005%or less of O and 0.002 to 0.1% of Sb, the bal ance

bei ng substantially forned of Fe . 2 . The steel sheet for a heat shrink
band according to claim1) wherein content of Sb is 0.004 to 0.05% 3. The
steel sheet for a heat shrink band according to claim1, wherein the ratio
of content of B to content of N (B/N) -ig further in the range from0.2 to
1. 4 : The steel sheet for a heat shrink band according to claim~~ 2)
wherein the ratio of content of B to content of N~(B/N) is further inthe

range fromO0. 2 1. I t for heat shri,nk an accordi ng
to claim 3, whe%.glc'n %%eev(ﬁ—#\]e] sth:%gt £ Q ef FORLE q‘i‘ g :

st eel sheetigher madeet 16 d ke ik Ct@{ | e / N)
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a] ca] ca] ca e]L_ sufficiently high as compared with the sample containing
BBBpBBBBBBB2B5BPBx BzBBBBBz U0j d_Yni d_] cal] ca] cal] ca] cal] ca] ca] c
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al ca The following is a description of the reasons. fo
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10ns@$10%& ()SEs @B1ORE¢Yes sRE 108§ BL € lespéme &b A YNOY @)r&(incr}efaﬁe@ -
I'ts! nA0%h<h<& ()-!nYZ" 10%<& ()- 10%& () -

10wM L@ $109 09
' 10%<8C? (7" %9_% %/8”(’)5 HePSQv the ForGeRY of Si must be 0.5%

or more. However, the content of Si exceeding 4% has little .

| effect on the increase in magnetic permeab'ility; and causes
deterioration in weldabiiity and brittleness. Therefore, the '
content of Si should be 0.5 to 4%.
Mn: Mn is an element that has little effect on the magnetic
permeability and increases the strength due to solid solution

str_engthening. For this reason, Mn must be contained to maiﬁtain
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98" 10%4| & ()- 98" 10%4& () - S#H10%| & () - gbci 2l uv7 10wW3 10%& ()-Y }0%& ()-
109 ()- 104| 4| 104| 4| 104|4|!'VL6F"10%[4]| & ()-410%| & ()-1ro ! #zX6uIV7
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Y109 () - # ##H##XYDYWO6 S4 10 Z"10% = %) OF s10% & ()-10% & ()-!  &10%&' () -
I 110%K & tl} gprengph; but the content’ of Mn exceeding 2% deteriorates
the magnetic permeability. Therefore,_ the content of Mn should
be 2% or less. |
P: P has little effect on the magnetic permeability, and
also has solid solution strengthening ability even with a minute
- amount. For this reason, P should preferably be contained, but
the content of P exceeding 0.2% significantly deteriorates the
weldability. < Therefore, the content of P should be 0.2% or less.
$O0l.Al: sol.Al should preferably be contained to decrease
O as oxides, but the content of sol.Al exceeding 0.2% increases.
the COst. Therefore, the content of sol.Al should be 0.2% or
less. Also, in order to stably form SiO, ds an oxide, the content
of sol.Al should preferably be 0.001% o_r'less, and in order to
stably form Al,0;, the content of sol.Al should preferably be
~0.005% or more.
N: N easily ylelds precipitates and deteriorates the _

magnetic permeability. Therefore, the content of N should be
0.01% or less. |

Besides, at least one kind of Sn of 0.003 to 6.15% andCu ~~ -

0f 0.05 to 0.2% can be contained to prevent the formation of oxides
of B and the nitriding of surface layer although these elements_.
have less effect than Sb.

The manufacturing method for the steel sheet for an HS band
in accordance with the present invention is not subject to any
special restriction. For example, after being produced by

melting using a converter, a steel whose composition has been
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Table 2

. Steel\lks’.heet Skin p::;oel(;;\gation YP (N/mm?) : @/ 1o Remarks
1 B 310 " 660 Example

2 _ - 350 750 Example

2 ' _ 0.3 320 700 Example

2 0.8 330 620 Example

2 1.5 370 540 . Example

-3 - 390 . 830 Example

4 B 340 680 Example

5 - | 350 680 Example

6 - ' ‘s 690  Example
"9 | - 350 740 Example
8 - 350 650 C‘;’:gfn';g“
0 - 340 e40 | Comearative
9 03 | 310 590 C°:;§;’:,§"°

9 1.5 350 440 'C°e";:s::|ﬂ"°
o | - S IS M
1" - 350 s | CoeTg::lteive
12 | - 350 §10 Comparauve
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CLAIMS

1. A steel sheet for a heat shrink band, containing, by
mass¥, 0.005% or lesé of C, 0.5 to 4% of S1, 2% or less of Mn,
.0.2% or less of P, 0.04% or less of S, 0.2% or less of sol.Al,
0.01% or less of N, 0.0003 to 0.004% of B, 0.005% cr ‘less of O,

and 0.002 to 0.1% of Sb, the balance being substant"ially formed
of Fe.

2. The steel sheet for a heat shrink band according to claim
1, wherein content of Sb is 0.004 to 0.05%.

- 3. The stee_l sheet for a heat shrink band according to claim .
‘1, wherein the ratio of content of B to content of N (B/N) is

further in the range frorﬁ 0.2 to 1.
4. The steel sheet for a heat shrink band according to ¢claim
2, wherein th_e ratio of content of B to content of N (B/N) is

'further in the range from 0.2 to 1.

5. The steel sheet for a heat shrink band according to claim
3, wherein the (B/N) is in the range from 0.5 to 0.8.

6. The steel sheet for a heat shrink band according to claim
4, wherein the (B/N) is in the range from 0.5 to 0.8.

7. A heat shrink band _formed of the steel sheet according
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