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- sxreﬂgth i n handl i ng. ' Backgr ound A
col or picture tube such as a picture tue~used in a col or tel evision se
substantially conprises an electron gun and a fluorescent surface whic
converts el ectron beans into an i mage. The inside of the picture tube is
goyereg r1th ngggetic shield materials for preventing el ectron beans froﬁsca.
ei ng deflecte y terrestrial | As such

magnetic shield materials, thin s?ggegggggFgogn whi ch a bl ack treatnent
or a nickel plating is provided are used, wherein the thin steel sheets
are formed in a derighetithehfebd matteridily, amdthbdyofiiprahadiedy theBeadin
tubes at a-tenperature of around 600 [err]C. The steel sheets which are
used as the magnetic shield materials are required to neet favorable

nechani caland MPéP¢§FPc§u§% preduced, by, LRFRrPRFAEbrY ithe Materdeis
bendi ng and a handling strength capable of preventing the

Field of Art
The 'present invention relates to magnetic shield
materials used in color picture tubeé , amethod of producing the
materials and color picture tubes incorporating the materials,
and more particularly, magnetic shield materials used in color
picture tubes, a method of producing the materialé and color
picture tubes incorporating the materials which show an improved

strength in handliing.

Background
A color picture tube such as a picture tube used in a coloxr
television set substantially comprises an electron gun and a
fluorescent surface which converts electron beams into an image.
The inside of the picture tube is covered with magnetic shield
‘materials for preventing electron beams from being deflected by

terrestrial magnetism.



defornatlon of workpieces at the time of conveying the magnetic shield
materials before or after the fornmng opé@ation as well as at the tine of
pifiing the workpieces, in addition to excellent magneti c shield
properties such as high perneability, |l ow coercive force and. high
shield efficiency. To decrease the coercive force while increasing

the —permeabi!ity. b RAGSEREE s dl PRRRLLILIAN OfnfaTbOl oUdvOUEN:

carbide or nitride 1n |npe novenen
ferromagnetic domai n wal l nust be m nimzed and the grain growh nust be

pronot ed whihichlacbkask norddtimegrtaos a nhekedapyat g Heupghodecedantagsed,
carbon and nitrogen in the steel s while increasing the grain growth of
t he steel s provides an_inprovenent of formability S|nce t he

strength of WhfFsinedhe thin ﬁ'é%?%a"sléﬁﬁts &re fermefelnfa dafisadh Fhape dieel

sheets or wor kpi eces whi ch are produced by bending, they tend to suffer

fromirreguafdil & sady %e‘@%&easﬁgﬁ.gat £b"BAGIn | P €S tt%mb'&%ture of

around 600 . The steel sheets which are used as the magnetic
shield materials are required to meet favorable mechanical
charactéristics such as a favorable formability including
bending and a handling strength capable of preventing the
deformation of workpieces at the time of conveying the magnetic
shield materials before or after the forming operation as well as.
at the time of piling the workpieces, in addition to excellent
magnetic shield properties such as high permeability, low
coercive force and high shield efficiency.

To decrease the coercive f(_)rce wh.ile increasing the
permeability, the presence of precipitation of carbon,
nitrogen, carbide or nitride in the steéls which impedes the
movement of a ferromagnetic domain wall must be minimized and the
grain growth must be promoted while decreasing -the grain
boundary. Although decreasing of carbon and nitrogen in the

steels while increasing the grain growth of the steels provides



or.:t he s.wor kpi eces tend to be deforned due to the weight of the workpieces
piled. Al though the handling strength of 3t he steel sheets can be enhanced
by: grain refining or addition of a certain anount of carbon and nitrogen
into the steels so as to precipitate carbide and nitride in the steels,
such a met hod causes deterioration of magnetic characteristics. In this’

qi it t aneodt] §uREeySpnnt F ERriRpU TIPS EnS et BF g pdfiE 1o

favorabl'e handling strength which conflict with each ot her.

Convent i onalddreddwi £ have tirentphnepeFedesftréyifgnaiies stéeli aectisLebr
sheets having an excellent handling strength as the materials which have
magneti c shiel di ng characteristics. However, such steel sheets have not
been in praQnkrieqas vhich gre profdycedsby kgnrding appiheya temsc kot puEERENL
requi red by color picture tubes to the soft nagnetic silicon steel

sheets. from irregularities even wh_én a slight impact is applied to them
or the workpieces tend to be deformed due to the weight of the
workpieces piled. Although the handling strength of the steel
sheets can be enhanced by grain refining or addition of a certain
amount of carbon and nitrogen into the steels so as to
precipitate carbide and nitride inlthe steels, such a method
causes deterioration of magnetic characteristics. In this
manner, the steel sheets used as the magnetic shield materials
must simultaneously meet the excellent magnetic characteristics
and the favorable handling strength which conflict with each
bther.

Conventionally, there have been proposed soft magnetic
silicon steel sheets having an excellent handling strength as
the material.s which have magnetic shielding characteristics.
However, such steel sheets have not been in'pract"ical use,
since it is difficult to apply a black treatment required by

color picture tubes to the soft magnetic silicon steel sheets.



Al: present, as the magnetic shield materials, hyper-I|low carbon al um ni um
killed steel sheets provided with a bl ack treatment and ni ckel plated
steel sheets provided with a nickel plating. have been practically used.

Al t hough these steel sheets have excel l ent nmagnetic shield
characteristics, they do not have a sufficient handling strength.
Accor di ngl W+ Li.ol n | ' | t e\ etic
Shi ol d mat & brebRnfy O FAL Rionci ELRICT AiLERIAR,  Byoad A EaFBORC
and an excel |l ent handling strength, and a nethod for produci ng such

mat eri al s @alshnoigliom kifiledisteelbesheensoppovatiedgwithhanblaeki treateént

materi al s. Di sclosure of Invention The
magnetic shield materials according . to the present _-invention_are E[oduced
by subj ect iaRg mdckedi pd@tesystsrdofhepts| Proyifegswishept Park§lcBA3FLRENg

of equal to or less than 0.006 weight %of C, equal to or |ess than 0.002

\.!vei ght . % thaN'e %%Lé"ﬂ ﬁré&i%ralg.%sﬁstelaﬂn gll%h% ﬂh&:hzqsgf s%elosﬁ%e%SSTx%Eght
Yo of Si, Fé as a ancé and unavoi dable Inmpurities to a co rol I'rng,
excellent magnetic shield characteristics, they do not have a
sufficient handling strength.
Accordingly, it is an object of the present invention to
provide magnetic shield materials having excellent inner
magnetic shield characteristics and an excellent handling

strength, and a method for producing such materials and color.

picture tubes incorporating such magnetic shield materials.

Disclosure of Invention
The magnetic shield materials according to the present
invention are produced by subjecting hot rolled low carbon steel
strips essentially consisting of equal to or less than 0.006
weight % of C, equal to or less than 0.002 weight % of N, equal
to or less than 0.5 weight % of Mn, 0.5 - 2.5 weight % of Si, Fe .
as a balance and unavoidable impurities to a cold rolling,

annealing the cold rolled steel strip at a temperature of 500 -



anneallng the cold rolled steel strip at a tenperature of 500 -
-5- 700 [err]C and providing a nickel 5p|‘at| ng thereto after anneal i ng.

Best Mbde for
i nvention, it

Executing I nvention According to the present
is found that with an addition of Si to hyper-Iow carbon

steels, the tensile strength of the hyper-1ow carbon steels can be held

equal to or7o0 M®r#nd paBv4Rike/ mbﬁéﬁ]p%&% ttE%r@‘ESr&ﬁ@r m&%%ﬁ_tllﬂrd’ eof is

hel d equal

to or less than oer st

the magnetic s

materials used in color picture tubes having excellent nagnetic _
characteristics and an excellent handling strength at the same time can
be obtai ned. The present invention is described in detail hereinafter in

view of the follow ng enb

me
as the magnetic shield %qsetrpﬁfi? fReEXPRUESPEY

t he present

The f/ per -1 ow carbon steels used
etk t ubes according to
I nvention are preferably produced by subjecting the steels to

According to the present invention, it is found that
with an addition o.f Si to hyper-low carbon steels, the tehsile
strength of the hyper-low carbon steels can be held equal to or
more than 40 kg/mm? while the coercive force thereof is held
equal to or less than 1.2 o‘erstea whereby the magnetic shield
materials used in color picture tubes having excellent magnetic
characteristics and an excellent handling strength at the sazﬁe
time can be obtained. The present invention is described in
detail hereinafter in view of the following embodiment.

The hyper-low carbon steels used as the magnetic shield
materials used in color picture tubes according to the present
invention are preferably produced by subjecting the steels to
decarburization and aenitrization by a vaquum degassing so as to
decrease carbide and nitride in the steels and subsequently
subjecting the steels to a hot rolling and a continuous annealing
to promote the grain growth in the steels. Furthermore, since

carbide and nitride which are finely dispersed in the steels



decaruri zation and denitrization by a vacuum degassing so as to decr ease
carbide and nitride in the steels and subsequently subj ecting the steels
td a hot rolling and a conti nuous anneal i ng to pronote the grain growh
in the steels. Furthernore, since carbide and nitride which are finely

di spersed in the steels prevent the novenent of a ferromagnetic

domai n wal Hragdnkhis h@r t he manet i G ; .eristi-cs _ elenents
whi ch are brto Be ingl Egggﬁﬁgr&ﬁt %Egegt eel's nu e%é%gﬁéoﬁ‘%%%nafalllly arnetgtﬁ.f%i ed
and t he addti on amount thereof must be restricted as snmall as possi bl e.

Firstly, (bterdasatefthermagneticnchiiacienistics cnesliemdmed ugderbh ntde
steels and the addition anount of these el ements i s explained.

for C, in gcase where an ampunt of Cin the cold rolled steel sheets is
rich, car bFAPS NChidefleth $hecsteete Mt Be Breddminard lyvertricbeaiand
ferromagnetic domain wall is hindered while the grain growth i s hanpered.
Thus, it bepeMefidtidd Chbuh® thereof must be restricted as small as

possible. Firstly, the reason for restricting kinds of
elements .in'cluded in the steels and the addition amount of these
elements is explained.

As for C, in case where an amount of C in the cold rolled
steel sheets is rich, carbide in the steels is increased so that
the movement of the ferromagnetic domain wall is hindered while-
the grain gfowth is hampered. Thus, it becomes difficult to
lower the coercive forqe of the steels. Accordingly, the upper
limit of the amount of C should be 0.006 weight % . The lower
limit of the amount of C should be as low as possible provided
that the vacuum degassing can be effectively cafried out.

As for N, in case where .aluminium killed steels are used
as the magnetic shield materials for the present invention, N
reacts with solid-_solution s‘tate aluminium in the steel to form
fine AlN which deteriorates the magnetic characteristics.

Accordingly, the amount of N should be equal to or less than



l.ower the coercive force of the steels. Accordi ngly, the upper limt of

t he anobunt of C should be 0.006 wei ght ~od =~ The | ower limt of the anmount
of° C should be as | ow as possi bl e provided that the vacuum degassing can
be effectively carried out. As for N, in case where al um nium

killed steels are used as the magnetic shield materials for the present

i nventi on, oNoo2rwardist % t h solid-solution state alumniumin the steel to
form fine AIN which deteriorates the nagnetic characteristics.
Accordingly, the amount of N should be equal to or less than 0. 002
wei ght % AasféprMmh, tihee adddittiionn ofif MWhissnaeessanyyssnee eMihis S
bound to S in the steel and fixes Sin the steel as MhS to prevent t he

hot short orresponding to the decrease of the
amount of un9h1é° xéﬂeﬁ aﬁ?é £§’ é:%e FhEPERRYDS he RERBART of
Wh shoul d be equal to or Iess t han 0.5 wei ght % As for Si,

correspondihg (ot hendrdmAse Of HBWBVBL, Of s¥nce corresponding to the
decreasé of the amount of Mn, the magnetic characteristics are
increased, the amount of Mn should be equal to or less than 0.5
weight %.
As for Si, corresponding to the increase of amount of Si,
the coercive force is lowered and the magnetic shield
characferistics are improved. However, the elongation is
decreased and the tensile strength is increased thus lowering
the formability. Although it depends on heat treatments which
will be carried out after the cold rolling, with the amount of
not less than 0.5 weight % of Si, the magnetic shield
characteristics and the handling strength required for the
present invention can be obtained, while withl the amount of more
than 2.5 weight % of Si, the workability and formability are
deteriorated. Accordingly, the upper limit of amount of Si
should be 2.5 weight % .

The production processes of thin steel sheets which can



ghe:toercive force is |lowered and the magnetic shield
are inproved.  However, the elongati®orPis decreased and the tensile
strength is increased thus | owering

on heat treatnents which wll be carried out after the cold rolling,
wi th the amount of not less than 0.5 weight %of Si, the magnetic

shi el d
pr esent

chgeaciedStdLS thed hhgnBeRg! | é‘tgléi&e'h%ibff&l'é r&fk-d Olexdi@ined

i nvention can be obtained, while with the anobunt of noreé t han

wei ght % of Si, the workability and formability are deteri orat ed.
Accordinglyﬁreheaﬁppeu limt of anpbunt of Si should be 2.5 weight %
The production processes of thin steel sheets which can

8 be used as the netic shi.eld ma er| lned herel ter.
Firstly, hyper-lo Iéi{rﬁgn TSI © ﬁf‘]iv Sl?ﬁ tg’r?e

conpositions which are produced by

chem ca

above-mentioned chemical compositions which are produced by
means of wvacuum réfining or vaccum degassing, are subjected to
pickling so as to remové an oxide film produced during a hot
rolling process. Subsequently, the hot rolled steel strips are
cold rolled at a rate of equal to or more than 70 % so as to make
the thickness of the steel strips 0.15 - 0.25 mm. With the cold
rolling rate of less than 70 %, when the steels strips are
annealed after the cold rolling, the tensile strength of the
strips becomes less than 40 kg/mm 2 so that the handling strength
required by the present invention cannot be obtained. Annealing
should preferably be carried out at. a temperature of 500 - 700 C

for 3 minutes - 5 hours depending on the required strength. When
the annealing temperature is less than 500 C, the steel strips
are not sufficiently softened so that the workability of the
steel strips bécomes poor. Meanwhile, with a smaller amount of
Si, when the annealing temperature is hidh, the tensile

strengh required by the present invention cannot be obtained.

characteristics

the formability. Although it depends

2.5



neans of* vacuum refining or vaccum degassi ng, are subjected to pi ckl
So as to renove an oxide f|In1produced d%rlng a hot rolling process.
Subsequently, the hot rolled steel strips are cold rolled at a rate of
equal to or nore than 70 % so as to nake t he thickness of the steel
strips 0.15 - 0.25 m Wth the cold rolling rate of less than 70 %
the steelSpakthasmdre, 8PBRAEHNAA! Surkheseakd ahahhltng,f e t §ARid &he
strength of the strips becomes |ess than 40 kg/mm [err] so that the
handl i ng strength required by the present |nvent|on cannot be obt ai ned.
Anneal i ng anahamhdgptempeabtyrbeexaeededﬂ@mﬁ3at the ergresElairstmEndido of 700

[err]C

t he annealinﬂ enperature is less than 500 Lerr]C, the steel_ stri
oy G 7

not sufficPH

f PENSPTH ThaR tite 48

ng

when

for 3 mnutes - 5 hours depending on the required strength. \Wen

B FREYigeds fior  Lhee/Piassns.

becones poor. Meanwhile, with a smaller anmount of Si, when the annealing

t enper at ur ¢nkankigh. cahét tt?‘en t@inedt 66881 €9 H 'h%‘itliylgt Béri%&s@ﬁtless
i nventi on cannot be obt ai ned

than 3 minutes. Preferably, annealing should be carried out at
a temperature of 550 -~ 650 T for 5 minutes- 2 hours
corresponding to the amount of Si. Manner of annealing may
either be a box annealing or a continuous annealing depending on
the heating temperature and the heating time.

After carrying out the above-mentioned annealing, the
steel sheets are subjected to an electrocleaning for the removal
of grease and pickling in a diluted sulfuric acid so as to make
the surface of the steel sheets clean and activated.
Subsequently, a nickel plating is applied to the steel sheets
making use of a nickel plating bath such as a Watt bath, a nickel
chloride bath, sulfuric acid bath, which are commonly used in
nickel plating technique.

Increasing the plating amount is preferable for satisfying
corrosion-resistance but the smaller amount of plating should be

required in economical point of view. Terefore, the lower limit



Furt Hernore, even with a sufficient amount of Si, when the annealing
tenperature exceeds 700 C, the tensile™s Qéhgth of equal to or nore than
40 kg/mm [err] required for the present i nvention cannot be obtained even
with a heating period of |ess than 3 mnutes. Preferably, annealing
shoul d be carried out at a tenperature of 550 - 650 [err]C for 5

m nutes- 2 dPEhe am6@htesPANEM 1 4 ARBUOL 104 pi -arMa‘Eﬂgr ugégfnﬂfﬁit ng
may ei ther be a box annealing or a continuous anneal i ng dep I ng on

the heating tenperature and the heating tine. After carrying out
t he above-%%ﬁ#ﬁﬁﬁ%@séhdb&lmng, the steel sheets are subjected to an

el ectrocl eaning for the renoval of grease and pickling in a diluted

sul furic aqigx§ g )to make the surface of the steel sheets clean and
activated. = ~Subs %Jently, a nickel plating is applied to the steel sheets
maki ng use of a nickel plating bath such as a Watt bath, a nicke

chloride bath, sulrherpgessht Dvdntibh oy R 14RFTRRDY 24588 &ﬁb?ge'?g;ein'

—
r4

pl ati ng techni que. I ncreasing the plating anount iI's prefera
sati sfying corrosion-resi stance but the smaller anmount of plating should
be ~view of the following example.

Seven kinds of .steels A, B, C, D, E, Fand G respectively
having chemical compositions éhown in Table 1 were prepared in
the form of slabs by a vacuum degassing and then were subjected to
a hot rolling to produce hot rolled steel sheets having a
thickness of 1.8 mm. These hot rolled steel sheets were pickled
ih.sulfuric acid and then were subjected to cold rolling to
prc_)duce cold rolled steel sheets having a thickness of 0. 15 mm.
The cold rolled steel sheets were subjected to a continuous
annealing under 15 kinds of con@itions shown in Tables 2 - 3 to
produce substrates for plating. These substrates for plating
were subjected to an alkali electrocleaning for the removal of
grease énd were subjected to pickling in sulfuric acid. After
pickling, a nickel plating having a thickness of approximately
1.3 4 m was applied to respective substrates using a Watt bath

having an drdinary bath composition. The coercive force of the



neqUPred'in econom cal point of view Teref ore, the lower limt

-10 - of the anount of nickel platT rlg1 s 0.1 [err] mand the upper
limt thereof is 5.0 [err] m ( Exanpl e) The present invention
is further explained in detail in view of the follow ng exanple.

Seven kinds of steels A, B, C D, E, F and G respectively havi ng chem cal

conposi t i oaanshawa bamgﬁgkepﬂo&‘@é&i p.{r?pa"ifee@a&nmeﬂttESnfaﬁr%er{lééélpf%&yir?
vacuum degassi ng and then were subjected to a hot rolling to producé hot
rolled steel sheets having a t hickness of 1.8 mm These hot roll ed- steel-
sheet s wer sughcial @@nneim thatf @ ifdrsd doddd andera weyoorslijeict adbited walnd
rolling to produce cold rolled steel sheets having a thickness of 0.15

anneal i ng GRAEPAIEE AP iGe BB PRERE LRGP Thofabh cer todnes appiinice
substrates for plating. These substrates for plating
to the samples. The tensile strength of the nickel plated steel
sheets was measured by TENSILON.

Measured resulté are shown in Tables 2 - 3. It is
understood that the magnetic shield materials according to the
present invention has lower coercive force, and at the same time
higher tensile strength so that the materials can preferably be
used as the magnetic shield materials used in color pictui:e tubes .

On the contrary, Comparative Example A-1 and A-2 failed to
obtain sufficient magnetic shield characteristics and a
sufficient tensile strength, while Comparative Example G-1 and
G-2 showed excessively high tensile strength compared to the
tensile strength requiréd for the present invention so that they.
had poor formability.

Because of excellent magnetic characteristics and a
handling.strength, the magnetic shield materials of the present

invention can be used not only as inner shield materials of color

picture tubes but also as frame materials which are interposed



wer e.'subj ected to an alkali electrocleaning for the renoval of grease and
were subjected to pickling in sulfuric ddid. After pi ckling, a nickel
pl'ati ng having a thickness of approximtely 1.3 [err] mwas applied to
respective substrates using a Watt bath -having an ordinary bath -
conposition. The coercive force of the anneal ed sanpl es produced
in the way bANele i a first_coil and
a second C'S%%Q&\g?e V\D\llﬁglép%?%l%%g #\ﬁ%eggﬁ%%'eagu%%?o%g%%ﬁ %é#?]é‘-f'%f%fsﬁo
oersted was applied to the sanples. The tensile strength of the nickel

pl ated steesb tosfizesdlyesecmrss wheth ity PEASLEON Sample coddéaAIRhHAsH ts
are shown in Tables 2 - 3. It is under st ood that the magnetic shield

materi al s accordk ng to the present invention has |ower coercive force,
and at theNUBReT{ IR Tahighe? 8BAsP dndicakgt magsetis shieldmatenialan
preferably be used as the magnetic shield materials used in color picture

t ubes. OBrblfceaNt Al ¥si P ™RINAL F Eﬁﬁé‘rE@Lfafg 1 (%@f“‘&oé?i&? doE° the

material codes ) shown in Table 1 and varying conditions

(right portion of the material codes ) .



obt-ain sufficient nmagnetic shield characteristics and a  sufficient
‘tensile strength, while Conparative Exhgpte G 1 and G 2 showed
-excessively high tensile strength conpared to the tensile strength
“required for the present invention so that they had poor formability.
Because of excellent magnetic characteristics and a handling strength, the-
magnetic shield materials of the present i nvention can be used not only
as i-nner shield materials of color picture tubes but also as frane
materials which are interposed - 12 -
between the inner shield materials and shadow mask materials so as to
fixedly secure themto panels. Sanple codes (Al phabet - Nunber) in Tables
2 and 3 indicate magnetic shield nmaterials produced by using kinds of
materials (left portion of the material codes ) shown in Table 1 and
varying conditions (right portion of the material codes).

Table 1 (wt %)
kind of c N Mn Si Fe
sieel
A 0. 006 0. 002 0. 47 0.10 balance
B 0. 005 0. 002 0. 39 0. 50 balance
c 0.006 0. 002 0. 42 1. 01 balance
D 0. 006 0. 002 0.47 | 1.52 balance
E 0. 005 0.002 0.44 1.99 balance
F 0. 006 0. 002 0. 41 2. 49 balance
G 0. 006 0. 002 0.42 3. 01 balance




Table 1 (W %  kind of e N
Si Fe steel A 0. 6084 - 0. 002 0.47
0.10 bal ance B 0. 005 0. 002 0. 39
0.50 . bal ance C 0. 006 0. 002 0.42
1.01 bal ance D 0. 006 0. 002 0.47
1.52 bal ance E 0. 005 Table @. 002 0. 44
1.99° bal ance F 0. 006 0. 002 0.41
bal ance G 0. 900 0. 002 or42 30t
bal ance - e . ., 1gble 2 Sanp
anneal i ng condi t[i8AP1e cAPRFRIANE £RRfd}jop | coercive | tensile
code force strength Classification
temperature | time (0e) | (kg/mm2)
(T) (min)
A-1 500 300 1. 22 18 Example e}
la i
A-2 700 3 1. 23 217 Example 4
w
B -1 500 . 300 1. 19 40 Example 4]
=
B -2 700 3 1. 20 40 Example s
C-1 500 300 1.15 42 Example
c-2 700 3 115 41 Example —
=]
D -1 450 300 1. 11 57 Example <
(o]
D -2 500 300 1. 11 50 Example =]
D-3 550 210 1. 10 48 Example —
(o]
D-4 700 - -3 1. 10 45 Example | B
D-5 750 3 0.09 33 Comparat.ive
Example

2.49



code . . - force strength

Cl assification t enper aturley - ti ne (De) ('kg/ nme)
- ([err] QO (mn) A-1 500 300 1.22
-'18 Exanpl e [err] A- 2 700 3 1.23
27 - Exanpl e [err] B-1 500 300 1
19 40 Exanpl e [err] B- 2 700 3
1.20 40 Exanpl e - [err] cC-1 500
300 1.15 42 - Exanpl e [err] C- 2 700
3 1. 15 41 Exanpl e [err] D-1 450
300 1. 11 57 Exanpl e [err] D- 2 500
300 1. 11 50 Exanpl e [err] D- 3 550
210 1. 10 48 Exanpl e [err] D- 4 700
3 - 1.10 - 45 Exanpl e [err] D-5 750
3 0. 09 33 Conparati ve - '
Exanpl e
Table 3
Sample annealing condition coercive | tensile
code force strength | Classification
temperature | time (0e) | (kg/mm2)
() (min)
E -1 500 300 1,07 60 Example
E -2 700 3 1. 07 52 Example
invent
F -1 500 300 1. 02 67 Example ion
F-2 700 3 1.02 60 Example
G -1 500 300 0.98 75
Comparative
_ Example
6-12 700 3 -0.98 70




- .157 - Table 3 - Sanple
anneal i ng condi tion coercive tensil®e lftode

force strength Cassification t enperature tinme
(Ce) (kg/ Mmm) ([err]© (mn) E- 1 500
300 1.07 60 Exanpl e E- 2 700 3
. 07 52 Exanpl e ; ; s 3
iln\?ent ! WEOO IndustrsJO%l Appl:l.cafld.i.ty 67 Exanpl e
i on F- 2 700 3 1.02 60 Exanpl e
G-1 500 300 0.98 75
Conparative

: 708, . 3 0. 98 70
The magnetic shield materials according to the present

"Exanpl e G-2
invention are magnetic shield materials used in color picture
tubes which are produced by subjecting a hot rolled low carbon_
steel strip essentially consisting of equal to or less than 0.006
weight % of C, equal to or less than 0.0oz.wcight % of N, equal

_ to or less than 0.5 weight % of Mn, 0.5 - 2.5 weight % of Si, Fe
as a balance and unavoidable impurities to a cold rolling and
annealing the cold rolled steel strip at a temperature of 500 -
700 T and applying a nickel plating thereto after annealing.
The materials having a low coercive force have excellent
magnetic shield characteristics and a high handling strength so

that the materials are preferably be used as the magnetic shield

materials used in color picture tubes.



~.167- " | ndustri al plicability
magnetic shield materials according to'tﬁg present ““"I{tl“l&“lﬂ(]ﬂ!ﬁ'ﬂ"net e
shield materials used in color picture t ubes whi ch ar« produ

subj ecting a hot rolled | ow carbon steel strip essentially consisting of
equal to or less than 0.006 weight %of C equal to or |ess than 0.002
wei ght % of N, equal to or less thag;Qimgrei ght % of My, 0.5 - 2.5 weight
% of Si, Fe as a bal ance and unavoi dable inpurities to a cold rolling and
anneal ing the cold rolled steel strip at a tenperature of 500 - 700
[err]C and applying a nickel plating thereto after annealing.  The
materials having a | ow coercive force'have excellent magnetic shield

pref arably be hed as HEORAGNE: PEeRfCRat aa?-@r v LT TP oPSPLRFEL ur e
t ubes. .
tubes being produced by subjectlng hot rolled low carbon steel
strips essentially consisting of equal to or less than 0.006
weight % of C, equal to or less than 0.002 weight % of N, equal
to or less than 0.5 weight % of Mn, 0.5 - 2.5 weight % of Si, Fe
as a balance and unavoidable impurities to a cold rolling,
annealing the cold rolled steel strip at a temperature of 500 -
700 C and applying a nickel plating thereto after annealing.
2. Method of producing magnetic shield;materials used
. 1in color picture tubes comprising subjecting hot rolled low
carbon steel strips essentially consisting of equal to or less
than 0.006 weight % of C, equal to or less than 0.002 weight %
of N, equal to or less than 0.5 weight % of Mn, 0.5 - 2.5 weight
% of Si, Fe as a balance and unavoidable impurities to a cold
rolling, annealing the cold rolled steel strip at a temperature
of 500 - 700 C and applying a nikel plating thereto after

annealing.

3. Color picture tubes incorporating magnetic shield



d-ains- - 1. Magnetic shield materials used i

~ tubes being produced by subjecting hot” A8l red 1 ow car bommlam”nllgmﬂla“l
essentially consisting of equal to or less than 0.006  teightt %"of SC, *
equal to or |ess than 0.002 weight % of N, equal to or less than

0. 5wei ght % of M1, 0.5 - 2.5 weight %of Si, Fe as a bal ance and

unavoi dabl faiBRYEALI #5149 L BE0ah0bA 00 sub 18RREAL! Higk LA 160 folAld byt el
strip at a tenperature of 500 700 err]SC and applying a nickel plating
thereto after annealing. 2. Met hod of producing nagnetic shield
material s steel sitwips essenttialdyt coesisdripgi sfngasallj dot iow lexs ridided

| ow carbon steel stri ps essentl ally consisting of equal to or |ess t han
0. 006 wei ght % of

or less th OSGSW%QBF °‘V°5f M?q"(?%;%ot‘ggg‘i%ogﬁf‘ %I‘i?% igq'{fe%sggul‘?'l He

bal ance and unavoi dable inpurities to a cold rolling, annealing the cold
rolled steghudlif t& ¥ 18skCFR&h &, lsrﬁelgH% %08 mMd 00 d.& L14 SRy 95 o @

ni kel plating thereto after anneal 1 hg.

Si, Fe as a balance and unavoidable impurities to acold rolling,
subsequently annealing the cold rolled steel strip at a
temperature of 500 - 700 C and applying a nickel plating thereto

afer annealing.



3.. °- Col or picture tubes incorporating gnetic shield material s
whi ch are produced by subjecting hot roﬂaaa | ow car bon steel strips
essentially consisting of equal to or |ess than 0. 006 wei ght % of C,

equal to or less than 0.002 wei ght % of N, equal to or less than 0.5

wei ght % of M1, 0.5 - 2.5 weight % of Si, Fe as a bal ance and

unavoi dable inpurities to a cold roll Apgtracsubsequently annealing the cold
rolled steel strip at a tenperature of 500 - 700 [err]C and applying a

ni ckel plating thereto afer anneal i ng.

Magnetic shield materials used in color picture tubes which
have excellent inner magnetic shield characteristics and an
excellent handli_.ng strength, mephod for producing the
materials and color picture' tubes produced by incorporating the
matej:'ials are provided. The magnetic shield materials produced
by subjecting hot rolled low carbon steel strips essentially
consisting of equal to or less than 0.006 weight % of C, equal to
or less than 0.002 weight % of N, equal to or less than 0.5
weight % of Mn, 0.5 - 2.5 weight % of Si, Fe as a.balance and
unavoidable impurities to a cold rolling and subsequently
annealing the cold rolled steel strip at a temperature of 500 -

700 C and applying a nickel plating thereto after annealing.
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