:e3ef#cd ( "6"THGWB ~~0~ P~-3 1 2 Jl~I 2002 STRETCHED MASK FOR &f{es-3
_PI CTURE TUBE AND MATERI AL FOR THE MASK BACKGROUND OF THE | NVENTI ON The

pr esent inventimm 0 a stretched nask for a color picture tube
whi ch can be Usulm"ﬂ lmlHM”m ype of color picture tube, e.g. atkBaddly 2082k
- tubé or an aperture grille tube, in color television and conputer color

displays. In ¢ | tubes for color television and col or displays, a
mask for coIorl HMM@M“WHM@; used so that electron beans are applied to
phosphors.

pr edet er m ned 1 K the col or selection mask, a shadow mask forned
froma netal plate pfvided with a large nunber of small holes or an
aperture grille provided with a | arge nunber of slits is used. Wien a color

picture tube is used continuously for a |ong period of tinme, the shadow
mask or the aperture FRYFTEER bﬁéd’i eﬁp%é&{-ﬂ%e PACIURE, JUEE &MN&xtrons col |ide

against it, and distorted by tg@{ g e nsi,Qn, %is may cause the el ectron
beans to be gradually displace TEF'¥1€§ﬁtghgﬂ%A osphor screen, resulting

in color shift in the colored inage. In a color selection mask for a col or

picture tube, a stretched color discrimnation mask |ike an aperture

grille, which is stretched GREKGRGUNG GInd€HE INYEXA IONget her with a menber

pressed |i ke a gengral shadqw.mask. .- 1 2 JUL 2002 The stretched col or
di scriminati on maskS 6V (j%ﬂquﬁHQRmfe%R%ﬁﬁt%Poﬁl5 rﬁgﬁgggrﬁﬁﬁ tee

strip contaifyng RN dittilid i¥fe OR8N icarC@edusell edrt Qg gt having
a thickness of 0.02 mmto 0.30 nm After a | arge nunber of grid elenents
have been f ofimed lior thetwolariolded esteela sthadowonaetke ltiubg, orhearst eel strip

is welded to a frane Laﬁgg under pressure applied in a direction reverse

to the stretORFYLS il EUfen 10t K€ Jote L&Y 154 OPe #BFe FOMPULGEm, t ensi on

by the restqj;ng %gr%gjgkhthe frame. Thereafter, to prevent the generation
S1

S . . .
of secondary electro heat radiation, the formation of rust, etc., the

mask material i s Subjcedied pticteat tubeat fert cbdbrl@etlev28ishnahes i n an
oxi di zing atmpsphere at 450C to 470C, thereby bl ackening the surface of the
mask. color displays, a mask for color selection i5 used so that
electron beams are applied to predetermined phosphors. As
the color selection mask, a shadow mask formed from a
metal plate provided with a large number of small holes or
an aperture grille provided with a large number of slits
is used. When a color picture tube is used continuously
for a long period of time, the shadow mask or the aperture
grille is heated because accelerated electrons collide
against it, and distorted by thermal expansion. This may
cause the electron beams to be gradually displaced
relative to the phosphor screen, resulting in color shift
in the colored image.
In a color selection mask for a color picture tube,
a stretched color discrimination mask like an aperture

grille, which is stretched on a firm frame, is used

together with a member pressed like a general shadow mask.



Conventionally, there is a likelihood that the tension of the grid elenents
.of the color discrimnation mask may reduce during the producti OJ!], and this
is a matter of great concern in quality control. The problemis e 2002
fact that the grid elenents elongate by creep caused by heat and tension

- duri.ng the bl ackening of the color discrimnation mask material The grid

el ements having a | ow tension recovery factor and | owered tension because
of large creep have the problemthat if vibrations are applied to the grid
el ements, for exanphe, sthercid® soOLRE & Eyetimfnat Sheakik provigiaged nd he
sanme cabinet as that for the color picture tube, the grid elenents

t hensel ves viblhowswi tPh Hogrge ldmst i tawtes rhvausitieg 1o siterd ps ot ajim itntge

colored image. - 2 . 1 2 JU_.2 spl ve {he b JP2548133 (B2)

di scl oses a OB sit @1 H Pk %ﬁ@ﬁ%fﬁ rfé?iﬂ?r%ﬁ]ge#g@caar%b%e%t eel sheet
contai ning 40, PPyt R0 PR O Pi ¢ I @& 52583 o ( BAF tRHOROIES

| ow- car bon steel Sheet containing 0.20 to 2.0% by weight of & and 0.10 to
3.0% by wei gmimioér Mdf droind vek emees ehd oevloeeb ofo miesk | irs et scdiladre t he
probl em t hat because of |arge residual stresses, the tape portion of the

aperture grifPEled fheaboiLblly R etehing s &% it efats trdutetel 399025
(A) (USP 5, , 656 ' i 4 ! it ille

usi ng a mat g?%a %‘?‘ﬁ%é‘%ﬁiﬁ ?%%%[Efe%t}lg%s .lllr%jmgl\r/he?a?ec{)lef(%%slg&% he
tensil e strengtdrss tow hd hetree t ch balgrodi raw: tdrangehien, t haet preisenrieedavery
factor. Therefore, the tape of the aperture grille nmay break when the
aperture grifTeroyedste ef@HedenFiAhvperd wresStiing faras 1t dHel under a
tension wt i ch t i1l n Kk h i,ng «t i reduces
undesi r abl yh%%e?' th@ rggﬁtewéattﬁe%%.ewﬁﬁ%oEjhteec?egl%rr?tﬁg%r gsfeﬁtg%f)gl@eaﬁ ion is
to provide aBdéetshed KO£ SEidON Wy Eerdaich G Gudl Ctdde, tube that
has m nimal residual stresses and is free from problens such as tw sting
and t hat hastke magk teiertal tecobigotelactarheBUNNMERYTGRITHR 1 N\MENT @AY The

present invention provides a stretched mask for a d i ctyre. tuber which
is stretchedmd?’fltae%lafhe"‘fn 'ﬁ%lcg’tzrjé?%r?e ‘?ﬁi%?ﬁes aftor@d(a" rtpm4a car bon
steel sheet yhdreby ibadhénidPZ RO fHA A MR} L70 ppm of nitrogen on

a wei ght basis. The | ow carbon steel sheet is heat-treated at a tenperature
at whi ch recryst aldarranitaendddy ndtharak € splaadd keThboeodf ttdat tthe | ow car bon

steel sheet is provid wWith a resist pattern for form.ng apertuyres and
SUb] ot e t F TG | T ThE LS (P 19 GOt Bt Sogar gt i n
addi tion, the o esantyd MQNHAN Y PHAGT RIRITISHCheddTask o ars & col or
picture tube, which is stretched on a franme. The stretched nmask is forned

froma | ow ety stfeelredteetorcmrraiim ryall ppront rb2Q ppheoprobliemngén on a
wei ght basis, The | ow carbon steel sheet has a tension recovery factor of

not |ess th&vodn dhtterfasd igatedtha Gdce ¢ 1lameR tee Rgorgette Pat SRsiSEh
recrystalli j t . (o] 1Y f r,is

xpr eased ac e S DAE S RLRSTSATE b T BRI PRI e
recover ed t egican disddehimed ias heldkowaterfig . rragghiaf ebeimestsphaeenyghen a
| oad of 500 NN.nmR is applied thereto at 25C is defined as an initial

| engt h, and g Yoshdiens igRdércaayiedly e togsans dovwengs TrRasiemy Pecaussgt h
when the te i i ol t 5 t i_ng .heat 5 ith the
initial | engbrffhar?%i%%t ac%r?%g) gﬁgehglhé gggfbf%%mﬁﬁl?{&eé}l%atwl%%g%q&nge%r\g | oad of
100 N m? i sipgefilredagha gedey enethehersi Gdr ERamplihewhew ¢akbeausideel
sheet is provided with a resist pattern for formng agert ures and subjected
to etching tevedr mfagersPee&sti profd degwioathen ssmeerashset. asnthhg _
stretched mask, (bhe J.9%.cq1000 %' gbesn etk BrehetaRhyntentAkhRe1022 Vel oht

vibrate with large amplitudes, causing color shift in the

colored image.



i~2 JUL 2002 0.03 of C, not nore than 0.10 of Si, 0.10 to 0.60 of M), not
.hore than 0.10 of P, not nore than 0.10 of S, 70 ppmto 170 ppmof N, and
i-ncidental inpurities as conponents other than iron. In the stre19h?ngmm2
the | ow carbon steel sheet preferably contains 100 ppmto 170 ppmo
-nitrogen on a weight basis. In addition, the present invention provides a
stock for a stretched nmask for a color picture tube. The material is a

| ow- car bon steel sheet containing 70 ppmto 170 ppm of nitrogen on a

wei ght basis. The 1pwdqaidbahes el 1eheetrpks 48e3t- (beat ad sall od clseper at ur e
at which recrystallization does not take place, and has a tension recovery
factor of nctolassalest igovmadhaaddn iformerchd reme se A wWPaamionos tigredvi des a

material for_,a stretched. r_a.colar. picture tube. The i is a

| ow car bon §¥5%$:éﬁ%%EE%H%%@F%{%EmVﬁopﬁﬁpt pf76fp8&%5pgﬁprroggkgghgz4meight
basis. The |@scyhpbsdrel 19heelartan atk@NSishReteeovehY nfiact or, 20f taot |ess
than 90% after being heat-treated at a tenperature at which

recrystalli ZatGodylossigidt afalde pinacd.. 1Théot 8ndikobyr eedghity offadoar is
expressed as_the ratig of recovered tension to an initial tension. The
recover ed téﬁﬂ%ﬁ?qﬁ;§§9§Q1 WIEHEORoRS e ELEERGt RagR &NEePropilé®e when a
| oad of 500 J | r : 5C+1 in a i ti.

| engt h, andqy%ﬁ:éﬁéﬁﬁ%ﬁéﬁfqﬁ%?%h%% é ngtggkggg%%és%gﬁe%ﬁﬁgtFgfkﬁghgth
when the testf gphecapexrtuoe editlde?25€ ahfferobebng heakeddt ar422Cthet h t he
initial length - 5 1 2J UIl. 200Z maintained and held for 15 m nutes at
455C under ReRFadrSRMERUN Mz is defined as a recovered tension. In the
material for a str , o] a E e ahly
contains, on a meﬂgﬁ?@§g§r§§5néPgﬁnéég?%éﬁegyoéig§h8§ggo% ﬁ%?%géhgk 0.10%
of Si, 0.10¥rbdueinly eh MpertotrengiellbansOnd0& mitdtianHavimy @mhien 0. 10 of
S, 70 ppmto 170 ppmof N, and incidental inpurities as conponents other
than iron. kKestleadaisériegisesor Bowever cherlaiask, theet¢nmi bardorenyelel sheet

f er abl i 00 to 17 f nitr i ght basis.
DESCRI PT1 ONCAr LoHE . SREFERAED"ENBAP! RENF 82 A8E0r 1 Bt beRRbORr ESERTETY
invention, akewrcarpRersteet, sheettdpyidy enspasd i eryalre fOmd he

nitrogen content in particular is heated to a tenperature at whic
recrystal | i baebr&nwhess thet apak&upkagejliheiebytobtahaidng Bf sthet ched col or

di scrimnation nmask that has a gigg @egoveré factor and is gree,f om

pr obl ens suéﬁeﬁguﬁﬁegﬁégé?mﬁéns FREERABIURAGT ¢ % SERBFORNELE p@?lﬁ o

| ow- carbon sheekapBeat 13Uhbabbyelredihor sthetshigl ChEAs EOhOLedlh8gLi M nation
mask according to the present invention contains not nore than 0.03 (per

cent by wei ghtigstihebdgnefshal thapbéyt hereatméner) of C, not nore than 0. 10
of Si, 0.10 to 0.60 Of-Nht ngt nore than 0,10 of P, not nore than 0.10 of
S, and the bal ancRRFRPARACI Ati HRAtBFETFHurtRTEREIF t1he FOWEAYHOR 2t eel

sheet used gp.thenRpessnbyl QM@Q&'t?&m_@eéﬂ;gfﬁg@lrQiQ&o f%meufi “thoe 12

JUL 2002 content 1ncreases, the ability o ow- car bon steel sheet to be
etched in thkeatohas méhémbilonesidcal oglerpsoesicamg s ofess fsomnpaired.
Therefore, the C content is preferably not nore than 0.03.

problems such as twisting and that has a high tension

recovery factor.

SUMMARY OF THE INVENTION
The present invention provides a stretched mask for
a color picture tube, which is stretched on a frame. The

stretched mask is formed from a low-carbon steel sheet



Si fornms silicate inclusions such as Mi0-Si 02 and M0- FeO-Si 02 and
.consequently inpairs the etching properties. Therefore, the Si 1C%2\jlﬁ2t hzs
preferably not nore than 0.10% The M content is preferably in't rZ(Q of
fromO0.10 to 0.60 fromthe viewpoint of the deoxidizing action and hot

- shortness prevention in the steel making process. If the P content

i ncreases, the steel hardens, and the rollability of the steel degrades.
Therefore, the P content is preferably not nore than 0.10. S fornms sulfide
i ncl usi ons ey | i i t [ 4 i T, t he
S cont ent i%g?%?g%?yﬂ%ogp%?g %ﬁ%rﬁ%ﬂ i%fmﬁr:%%%p?ﬁé bagﬁﬂeslt ee 6{,1553% in

t he present ThHwendw-edapbehesodey sloadtal s Wéhtppimdated atppm of nitrogen by
wei ght ratio, even nore desirably 100 ppmto 170 ppm still nore desirably
100 ppmto IBmpprityretde WrifRgetCeomtEhtizatiasdasmmat v Rirce-
strength re h it i t. : i
boundari es g#%‘%‘?%#%%’%i etvﬁé c%&?_g %f\k?ﬁ/gérga%%% %@(’)ﬁ t rggrbvrsog‘{/)l\p%%w 0 r@ea(t]chi ng
properties. Adest beathgerwl fed, fédheinowpartharesstearl dugekdted he present
invention is. heat-treated under conditions where recrystallization wll

not take pl &ching tedieymgrerturas Angghedeywarked dtdaly sheafsphere.

Consequently, the tensi strength becones .higher. than that of_ the
conventi onal rrater]‘itrélésé%%ﬁ% S qlprreess%r{gzuﬁm%ﬂecé‘sogle ,roe\{r}éit%st qs possi bl e
to obtain fauarablitedifdsk efPerat s B € HeRk WORRIHd esih iRefiey abl e _
heat-treating conditions are as follows. The heat-treating tenperature is
i n the rangetofetfatond 450G tir8&OC, Tard stitetbhbat- mpeé&t ingfoirmed £riom ghe

range of frqoqm 3 seconds to 12Q seconds. A heat-treating_tenperature higher
{han 650C | SHBICHRAEr ST FRSRS G S 110 FERb S RS i ace I

the heat - treald RO LTRSTALM £l bW, 1hER 48QC.aPBohMBEQ¥EMRENhas
properties can be obtained by the heat treatnent. The present invention
wi || be desar ithetsiel avedywvenay fctexand et Bxawplthan d0dwafErdrobesitreel

materials of 0. 1 mmin_thickness nmade of materials A to G__whose chem cal

conposi ti ondre@te WINPT P Tl P PA WS Wt ¢PiBareF et M ‘Saddids at a
tenperature pf 540G tifa]?@%%d& a %ée@eﬁéﬁBﬁpPgéﬁvQ}Xhl‘ £pgen;gnd nitrogen
in a continuous anneall ng turnace. The anneal e OW-Car bon steel material s

were each ceaiptsfedatd tdidasmtitersols Wedbva raat eensdlowblte casei n resist.
After drying, the resists on the two sides of each material were patterned
by using a paiirticfl dlemssiayyplheeseravehgdoberssenahd defénsd patterns
drawn t hereqn,, ,respect.vyel oul n dth h si.gt patterns
were for rred%i%r%lto\)'\‘bsqdi %b\ér é%{’g\l%éyé@sgcge?ﬁﬁg%ﬁ% g%%&t%rgoélgr 8§ti on of slits

formed by etso mymudi ng appliedi shepatbesh 18Sc_ig defin@dalik 2002 parall el
to the rolling direction, and the aperture direction of slits formed by

et chi ng usi Aglthe lotissgtihesiand pattesysi opasingerpehdicbultie testh®iegd i ng

di rection. xt . . eXPos

r.e,. hardenin ang bagi n ocesses were carried out.
Thereafter, I’?e’tﬂ?ft tlél_rlnel(?lr Qsein %hs?j'?lte C ge Fé%%%&%d l\?/i tcﬁ’oalefder_ I C
chloride 50|215F°'C0%f!1%\k! e idhd eERAIRL Woe 4@E°@0Qi@ﬁdtﬁesﬁﬁﬁ!tfi'aq Aled\gthy of 48
Be as an etching liquid by using a spray to perform etching.
maintained and held for 15 minutes at 455°C under a load
of 100 N/mm®’ is defined as a recovered tension. Then, the
low-carbon steel sheet is provided with a resist pattern
for forming apertures and subjected to etching to form
apertures in the low-carbon steel sheet.
In the stretched mask, the low-carbon steel sheet

preferably contains, on a weight basis, not more than



After . the etching process, rinsing was carried out, and the resist was
renoved with an al kal i ne agueous sol ution, followed by washing and drying

to produce a color discrimnation nask. Each col or discrininalbfggﬁ?éﬁ
obt ai ned was eval uated by the foll ow ng eval uati on nethod. Th 021

- the evaluation are shown in Table 2 below. Regarding the slit direction in
Table 2, "parallel" neans that the apertures fornmed by the etching were
parallel to the rolling direction of the material, and "perpendicul ar”

means that they pest U esndereoper pendli 611 @ £ dhe goldd g, Brepiion. The
transmittance is the ratio (expressed as percent) of the aperture area to

t he area of Mn, agpomdye nthdet (wekd? tdie la,petditJmeattrbm D eamis.of I, 12
JUL 2002 Table 1 Materjal AC S M P S N Bal ance 0. 007 0.01 0.45 0.016
0.007 0. 0080’ EPRIMAES Nkl YRS OF MhurdRq el den i lo PR IGFA & B0 Fe and

|nC|dentaI|%§%#%éé{% gﬁ; fi%héh 9€1g001 B Nhterla! C 0.007 0.01 0. 46

0. 013 0. 006 Mat er1 al 7 0.01 Dincidental inpurities 0.44
0. 016 0. 008 0. Ol 4QrFe-tendstineicdent alaskypurhd ilesv-Matréiorals t@eQ0GH2 1 0. 43
0.016 0.008 0.0150 Fe and E incidental Material F

preferably contains 100 ppm to 170 ppm of nitrogen on a

weight basis.

In addition, the present invention provides a stock
for a stretched mask for a color picture tube. The material
is a low-carbon steel sheet containing 70 ppm to 170 ppm
of nitrogen on a weight basis. The low-carbon steel sheét
is heat-treated at a temperature at which
recrystallization does not take place, and has a tension
recovery factor of not less than 90%.

In addition, the present invention provides a material
for a stretched mask for a color picture tube. The material
is a low—-carbon steel sheet containing 70 ppm to 170 ppm
of nitrogen on a weight basis. The low-carbon steel sheet
has a tension recovery factor of not less than 90% after
being heat-treated at a temperature at which
recrystallization does not take place. The tension
recovery factor is expressed as the ratio of a recovered
tension to an initial tension. The recovered tension is
defined as follows. The length of a test piece when a load
of 500 N/mm’ is applied thereto at 25°C is defined as an
initial length, and a tension under which the test piece
has the initial length when the test piece is cooled to

25°C after being heated to 455°C with the initial length



i'mpurities 0.008 0.01 0.45 0.015 0.007 0.0l 63 Fe and incidental Materi al
~0.008 0.01 Ginpurities 0.42 0.013 0.009 0.0170 Fe and incidental
inmpurities - 10 1 2J UL 2002 (Evaluation Method) 1. Tape tw st After

each col or discrimnation mask had been stretched under a Ioaql Q_f @E ﬁﬂ?ﬂﬂ
- the presence or absence of tape tw st was visually checked. 2. er\ I
strength Tensile strength was neasured according to JI'S Z2241 by using test
pi ece No. 5 according to JI'S Z2201. 3. Tension recovery eval uation nethod

Two differenaiypeshdd 4E$thdPi8CESr Of s T IFRd i efHdt anhedd JMddy Wi dth

were prepared. One type of test piece was fornmed so that the | ongitudinal
di rection thef enfo whbnfaral Helf inedt he matecbakeredl kengidhrection. The

| ongi tudi nal direction of the other type of test piece s perpendicular to
the material rolliffy erg'ﬁ{:‘?rd ?.Poéaﬁh?/1$8§fheﬂi e SMas \Aﬁ%‘ﬁ/‘qeﬁf@%l di ng

portions of nsd ' ,{%hi Fag}gl tr i .Qngi i nal
direction atsatzeg!sé(-::1 usénH erg gﬁztélfn%l a Iéogz?t1 0 %Ooogf\qum%%.l%t;%égsltcg;nc%&get ween
t he hol di ng npmrd it ai. A3% of ide nEs ass Wteth as. 1% 0T t9igl d.aog cof the
test piece. Wth the distance between the hol ding portions maintained at

the initial §<ffyt Rt M Ml MEREh6 edPd IRd Hol diatg Megie itda viast Heat ed

to 455C at q¥ﬂ ti f 1L.nute 4 n £, V.en .\ . pr
at nosphere. gsa’t eFfs.!%:j d’ﬁ?&egceoom]/aéocjfﬁgng%%rﬁﬁ?%ﬁ?ng}dels%e{]t%aj'Sggpun Zc;legé 1%ad of
100 Nmm2. dNesdoneind icthevashdmaritresh, Wth the di stance between - 11
In the material for a stretched mask, the low-carbon
steel sheet preferably contains 100 ppm to 170 ppm of

nitrogen on a weight basis.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

According to the present invention, a low-carbon
steel sheet having a specific value for the nitrogen
content in particular is heated to a temperature at which
recrystallization does not take place, thereby obtaining a
stretched color discrimination mask that has a high
recovery factor and is free from problems such as breakage
when stretched and twist of the tape.

A low-carbon steel sheet suitably used for the
stretched color discrimination mask according to the
present invention contains not more than 0.03% (per cent
by weight; the same shall apply hereinafter) of C, not
more than 0.10% of Si, 0.10% to 0.60% of Mn, not more than
0.10% of P, not more than 0.10% of S, and the balance Fe
and incidental impurities. In the low-carbon steel sheet

used in the present invention, C forms carbide. If the C



12 ~1UL 2002 the holding portions set at the initial length, the load in
.the longitudinal direction of the test piece at 25C was neasured as a
recovered tension, and the tension recovery factor was obtained by Tension
recovery factor (%9 =(recovered tension/initial tensi on)x1001 nm;?ﬂme

- Exanple 1: A lowcarbon steel material of 0.1 mmin thickness havt
conposition consisting essentially of, by weight ratio, 0.006 of C, 0.01 of
Si, 0.44 of M1, 0.010 of P, 0.0080 of S, 0.00600 of N, and the bal ance Fe
and i nci dent i ri g t t fs o] i e ture of
540C to 560 |nnt!éatﬂ)drjﬁlxﬁeddteea%tér;lgta)sz'pht:ahfécja1 ag)?hﬁ%lr é)bgfe:lt%%nggﬁii ?:Irac]):{g%eotrg1 irgntga eating
oven. The amealted stk @msedtichathd tdle sayedEyme lidetoatpl e 1 to
produce a color discrimnation mask. The col or discrimnation mask was
eval uat ed | PEMBIGdHE RERFHS i1F BfRppied:. Thereéstirr sthe £hecetgntatFon

are shown i%r}éﬁé)elﬁiagzlya%?%oar% \8, Wﬁ 2: A color discrimnmnation mask

was produce ne way as 1n nparati ve Exanple 1 except that

anneal i ng process ssasoiels ednriicadeouhncllizeonel elicti aer MAoAALIoYNaf@sk was
evaluated in the sane way as in Exanple 1. The results of the eval uation
are shown | MrPatfle©-51QGoApdr aen§edrsahpyeimpairg othe atohjny 2002 A col or

di scrimnatiqn was i n_ihe.sane as_in tive, Exanpl e
1 by using Fﬁﬁ*%%ﬁéf?ﬁl ggggg§§gﬁblggi 2 c%%?%?%5t1§h%F%£€£$#gV BOlias not

anneal ed. The r&tWardicsaroyri NneheoMnMBsKt¥AE e¥abratefabNyt b SREBEr¥AYeas in
Exanple 1. The results of the evaluation are showmn in Table 2. Conparative

Exanpl e 4: Afl dwomarfbd dstteel0 .$t08c Krofm Ghe mieiwpotihitckiesdehavi ng a
conposition consisti,ng essentially.of, by weight ratio, .0.0Q C, 0.01 of
S0 as of PRRGIGH A1 a8 BB tss R rEB68 SoP AT SR OtA b e Snce Fe and
incidental igpani .88 e lJealsed for 45 seconds at a tenperature of 540C
to 560C in a m xed at nosphere of hydrogen and nitrogen in a heating oven.

The anneal ed stocKfwaheePchedtentt hacgaaeewnyths sheEXahplkdehs) oaphdoduce a
color discrimnation mask. The color discrimnation nask was eval uated in

the same waflgsTerlBRapity f the P&satt segrafRe - evibemtfoRcar EM8hBun in
s | PR Y BTl dnck s bRSBLILE o peron i forr
the linearity of Bhé€otrapeswasidesuhtiaseohs and tbestgpenvdy twmpated. - 13
12 Juk 2002the etching properties. Therefore, the S content is
preferably not more than 0.10%.
The low-carbon steel used in the present invention
preferably contains 70 ppm to 170 ppm of nitrogen by
weight ratio, even more desirably 100 ppm to 170 ppm,
still more desirably 100 ppm to 150 ppm. If the nitrogen
content is less than 70 ppm, the strength reduces. If the
nitrogen content is more than 170 ppm, grain boundaries
grow larger, which is unfavorable from the viewpoint of
etching properties.
After being rolled, the low-carbon steel used in the

present invention is.heat-treated under conditions where

recrystallization will not take place in a reducing or



Tabl e, 2
~Anneal ingSlitTransm ttanceTapeTensi ondi rection($)tw strecoveryfactor (
) Exanpl e
1NhteriaIAdoneparaIIeI22.5none90doneperpendicuIar22.6none92Nhteigﬁgﬁﬁg§@@er
- al | el 22. 6none95doneper pendi cul ar 22. 5none95Mat eri al Cdonepar al | el
, doneper pendi cul ar 22. 4none96Mat eri al Ddonepar al | el 22. Snone96doneper pendi cul a
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12 JUL 2002 r he r a color
pi cture tubéﬁEEcorépng to t éigggggﬁgﬁsaiggﬁi3%%§E%Q§$¥EP?5§€ abl e

hi gh- t enper aineperariesn pPepéetriableandatstieaeifigoovpaobiens suvehass
br eakage when stretched and tape twist in contrast to the conventi onal
stretched méidsawsi-ngThel baatarbeatingerennesttuseal sainnbber range of

157 25 B AR T Al PeEOka e o ST BHE 1 ube,

which is stneiefedOfrad Ramcoaid tat netockedomask CANpessHPgeatihgwW car bon
steel sheet containing 100 ppmto 170 ppm of nitrogen on a weight basis,
sai d | ow cartisswestadalires Ihé@theb?elt@@nhééto °Cr dat @@tapreftembéEaber:eu&e whi ch

recrystalllzatlon t t ake pl bef ore sa OW- car bo sheet
| b ovi ded SR 4 P ad Bt 1S ¢ BHl O ERK PO PR agkt « FP BN aRh SERFECP8A Lo
etching to fRMeARSI 8% 1BWed &ha@W4Garkon net %brek}e%nthA St ret ched
mask for a color picture tube, which is stretched on a frame, said

stret ched nmpslopeatpeissicag: ba b@WaaanobysteelheheetreammanM|ng 100 ppmto
170 ppm of nitrogen on a weight basis, said | owcarbon steel sheet having a

t ensi on recovery FQ@tBFGSPnﬁoPnV8§§lPﬁaﬂléé%Pﬁf9%FC5éPﬁ6 Redfvwt P¥atad at a
tenper at ure gt WAl ehesecrystal lization does not take place, said tension
recovery factor bei ng expressed as aratio of a recovered tension to an
initial tenExampleaild recovered tension being defined such that a length of
a test piece when_a |load of 500 NNmm® is applled thereto at 25C is defined
as an Low-carbon steel materialsof 0.1 mm in thickness made

of materials A to G, whose chemical compositions are shown

in Table 1 below, were treated for 45 seconds at a

temperature of 540°C to 560°C in a mixed atmosphere of

hydrogen and nitrogen in a continuous annealing furnace.

The annealed low-carbon steel materialswere each coated at

both sides thereof with a water-soluble casein resist.

After drying, the resists on the two sides of each material

were patterned by using a pair of glass dryplates having

obverse and reverse patterns drawn thereon, respectively.

It should be noted that the resist patterns were formed in

two different ways sych that the aperture direction of

slits formed by etching using one resist pattern was



initial length, and a tension under which the test piece has the initial
length when the test piece is cooled to 25C after being heated to 455C with

theinitial length maintained and held for 15 m nutes at 455C under a | oad
of 100 Nm?® is defined as a recovered tension, said | ow cal BodUtt 282 sheet
- then being provided with a resist pattern for form ng apertures and
subjected to etching to formapertures in said | owcarbon steel sheet. 3. A
stretched mask for a color picture tube, which is stretched on a frane,
said stretc 1 S1 Q0 st { ning, on a
wei ght basi ?grna{ot@ér(rlore t %’5\ %@loli’,%éc)gﬂﬁ%%ﬁoragﬂt r@née%.tpl % olfaé Si, 0.10%to
0. 60% of Mh,dindctiosre of 1s i tJdLf @00 by tdtarh ihgl Afbiofg Rhenatthraxr e t han

0.10% of S, 70 ppmto 170 p‘%rg of N, and incidental inpurities as conponents
ot her than iFohSaRPASHE T IGE REBUIREIRE 25 ettty Het direttdP™t a

tenperature at whi e | 23t , for aid
| ow- car bon st eel s[\ﬁ%e%’ %ﬁ%ér%lv]%éde Avﬁéﬁlqgl%fgglgitstbtag{gﬁgg ?f% oersl%%c?r n“‘{%r%
apertures arshrtiieaed. t ghetrelifigrt, other puaperhudesesiissasdrifawesar bon
steel sheet. 4. A stretched mask for a color picture tube ) which is
stretched owerd ramrayedhivit &t reetfdied el iseilygion hawiedsr fon st eel

heet t ai ni j o ' t e than.Q.03% of, .C t
Than 0. 1006 ST a) i R SOIHT AP St bror SN O 0B oPP AR o e
than 0.10% Qfthind 1RALP By APy of Mrandd perdedletidwg ties as

conponents other than iron, and said | ow carbon steel sheet having a
tensi on recovery fAddtegr tdfe redichiggs privar s80%rahiséngbeiasg chaatiedr eatted at a

tenperature at ich recrystallization does not .take place, said tension
recovery fa@m% g é"’sassecfeé[?vef({é“ﬁ%g‘_ Gt 5#@5&\?& E4YEENSi on to an
initial tensimtitRl,d FRAMNRIELGH Y %&%hQ&gb%'n@ig_d@S/fih@e‘%osﬁ%dh%t 2 length of
a test piece when a |load of 500 'NNm®2 is applied thereto at 25C is defined

as an initi aollcengtitscramd rea ttiems im@skunder whi ch the test piece has the

initial length when the test piece ii;s cooled to 25C after being heated to
455C with the ini &R GO STt Red LQRdMREKIOPSA 1R RTt es at 455C

under a | oa f ]:[pwt' fi r Si 0 saj
| ow car bon %tvgle]]ujag%ecg theﬂrﬁes bfglleir%é)n Wg%@i?&%&%%%? éﬁaﬁg’ecéﬁsﬁt. pg{l?e?&ﬁg?(l)tr:s
form ng apeptfureés arG lsidijiect edd Ghewhhiing Thdlkornbapewt urksgaAdsagd

| ow- carbon steel sheet. 5. A stretched mask according to claim1l or 2,
wher ei n sai #heoflddr Ko estdon dpedebdéniai n®2ared lelilemghnshasrs) thét nore

t han 0. 03% % e h%n 1509 }1 i, 09 19:.60%.0f ,,\h, not nore
t han 0. 10%% e&’tu%%ts %rre “Chan % %Oéoacg lg,g Ygfsépé%}:go f?o]{%pfr% g? N, and
i nci dental rpUANG @9 rastdompeferhe @thanl,tdhan MpeRpendicular” means

that the apertures were perpendicular to the rolling

direction. The transmittance is the ratio (expressed as

percent) of the aperture area to the area of a region

lying between the apertures at both ends.



I 2 JUL 2002 18 6. A material for a stretched mask for a color picture
_tube, said material conprising: a |low carbon steel sheet containing 100 ppm
to 170 ppm of nitrogen on a weight basis, said | owcarbon steel sheet being
heat-treated at a tenperature at which recrystallization doe‘andULtm(]Q

- place, and said | owcarbon steel sheet having a tension recovery factor of
not less than 90% 7. A material for a stretched mask for a color picture
tube, said material conprising: a | owcarbon steel sheet containing 100 ppm
to 170 ppmof nitrogen on a weight basig, sS3id |ow carbon steel sheet
having a tension recovery factor of not less than 90% after being
heat-treated at a tenperature at which recrystallization does not take

pl ace, said tension recovery factor being expressed as a ratio of a
recovered tension to anCiniti &8 teA8ion, Faid re¥overed tensBsdassieng
defined suc : | en 0, t est, pi gc oad ~af, 500 N s
applied the?lg%ré%étaq%@lgghdeéi%%adeozsis%gngi’ﬁll%e?gq]’ (foeangt%h,O%gr?d get 8ﬁ§1izon under
which the test mpiece has the initial |ength when the test piegeihsnerpl ed
to 25C after being heated to 455C with the initial |ength naintained and
held for 15 minutes at 455C under a |oad of 100 NNm® is defimmarbsies
recovered tension. .8. /A pateri for,.a st C sk for _a golor picture
tube, said EFLAT c8r‘r85|%si y'ta 44 cgréﬁa Qf‘(ejoeq?shegﬁogon‘%ﬁi APflg, on a
wei ght basis, npt nore than 0.03%of C, not nore than 0.10% gf-Sienfal0% to0
0. 60% of M1, not nore than 0.10% of P, not nore than 0.10%of S, 70ppmto
170ppm of N, and incidental inpurities as conponents other tiwuritigs and
sai d | owcarpon steel sh % bei eat-treated at a tenperature at which
recrystalli IﬁléFFSﬁagosé'ﬁg t%k(glgpl agé, Anbldai% 9%w- QgBﬁgﬁ sfeefndheet
having a tension recovery factor of not |ess than 90% 1 242002 19
9. Amaterial for a stretched mask for a color picture tube, said materi al
conprising: a | ow carbon steel sheet containing, on a wei ghtinastis;igot
nore than 0.03% of _C, not_nore than 0.10% of Si, 0.10%to 0.60% of WM, not
nore than 0M288Fd81P, OnBP7 mdt Pt h&n4d. 1909668 S - OGpphr PE4270BPnRE N, and

i ncidental i rrpLHi ties as conponents other than iron, and sai ql ! ox)\griat;%on
. 1l
steel sheet having a tension recovery factor of not than |ess oafter

being heat-treated at a tenperature at which recrystalli zatijgposg d¥ot
take place, said tension recovery factor being expressed as a ratio of a
recovered t¥aseohato @n0Pai t4-411 t @rdBond - @h$ d Or-808vef edl BBnsT®OMM@i ng
defined such tl&at as length of a test piece when a | oad of %oocil\g rrr%ali S
applied thereto at 25C is defined as a initial length, and a tenst o under
which the test piece has the initial |ength when the test pijegmdisieeol ed
to 25C after being heated to 45SC with the initial |ength nmaintained and
held for 15Matenies o@.ABSCOoMder 0Oadboaldl ©F5 10000 8l gaf iFrchrd a
recovered tension. 10. A material for a stretched nmask according,to claimé®6
or 7, wherein Said | owcarbon steel sheet contains, on a weighHt*¥dsi%, not
more than 0.03%of C, not nore than 0.10%of Si, 0.10%to 04 %%qutilg@, not
nore than 0.10% of P, not nore than 0.10% of S, 100 ppmto 170 ppm of N,
and inci derfMateriplri@i@38 ad.AdnpOnéht L cdhier 0LHAA i@ 0M170 Fe and

.ASn. A. AL, . AS. A" . AH. AF. A. AL AU. A5. A. A A A@A. As. Al sL. ASE[ wWWeht |

[ df g} xsni c”Y] cH] ¢ aU]c a]ca] ca] ca] ca] ca] ca] ca] ca] c"a] ca] ca] d&jdsisntal

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRa] c"a] ca! 3457f o] iﬁBﬁH@ie@ prery
"T$"$$$} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca]c

a]J ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]c

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! $$78&<&' ' **:*>*K*?, @,--#-[-//00
0024444444506| wr mhc”™Y] ca] ca] ca] ca] ¢

ajcaJca]ca]calcalc"aU]c"a]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]c"a]ca]calca]cal
ca] ca] ca] ca] c"a! Obe5p5555. 6; 6F6{6666666f 7g799{ 9| 9; <<<=
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aJca] ca] ca]cal cal]ca]cal calca]ca]caljcaljcalc a]ca]ca]ca]calc

- aljcalca]calcalc"alca]ca]c

al =XXYTYYYY[cN " df MOO) PnPP8QQRQQAONES=X} xr mhc”~Y] ca] ca] ca]cajc aU] c

aJ ca] ca] ca]ca] ca]ca]ca] ca]ca]ca] caljca]calcalcalc aUc a]ca]ca]ca]ca]ca]c

ajcajca]calc DR &' ()- 109 ()-Y 109 ()-109%&k ()-#109%&' () -
#S' 109! 5! & ﬁ%’iﬁ%‘%‘% 4 ()-+ 10%&' ()-* 109%& ()-! 109%& ()-,,
109 () -, GLOPR fIpeet i@ @ 10% / & ()- .%0% & ()-Y 10 10 10 910%& () - S2
109&' () - F@10%&' ()-e ~ =109% @ 10%4| 4| & ()-8A.10%| & ()-4 10/ 10/

10/, 910% & () -! @ 'MfUvgy £39h codan 4 iningtHnrd Zaek Tad dven 04|

stretched under a load of 30 N/mm?, the presence or absence
of tape twist was visually checked.
2. Tensile strength

Tensile strength was measured according to JIS Z2241
by using test piece No. 5 according to JIS Z72201.
3. Tension recovery evaluation method

Two different types of test pieces of 510 mm in
length and 25 mm in width were prepared. One type of teét
piece was formed so that the longitudinal direction
thereof was parallel to the material rolling direction. The
longitudinal direction of the other type of test piece was
perpendicular to the material rolling direction.

Each test piece was held by the holding portions of
a tensile testing machine and stretched in the
longitudinal direction at 25°C under an initial load of
500 N/mm’. The distance between the holding portions at
this time was measured as an initial length of the test
piece.

With the distance between the holding portions
maintained at the initial length, the test piece between
the holding portions was heated to 455°C at a heating rate
of 1°C/minute in a heating oven with an air atmosphere.
The test piece was held for 15 minutes at 455°C under a

load of 100 N/mm?.

Next, cooling was started. With the distance between

- 11 -
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the holding portions set at the initial length, the load
in the longitudinal direction of the test piece at 25°C
was measured as a recovered tension, and the tension

recovery factor was obtained by

Tension recovery factor (%)

=(recovered tension/initial tension)x100

Comparative Example 1:

A low-carbon steel material of 0.1 mm in thickness
having a composition consisting essentially of, by weigﬁt
ratio, 0.006% of C, 0.01% of Si, 0.44% of Mn, 0.010% of P,
0.008% of S, 0.0060% of N, and the balance Fe and
incidental impurities was treated for 45 seconds at a
temperature of 540°C to 560°C in a mixed atmosphere of
hydrogen and nitrogen in a heating oven. The annealed
stock was etched in the same way as in Example 1 to
produce a color discrimination mask. The color
discrimination mask was evaluated in the same way as in
Example 1. The results of the evaluation are shown in
Table 2.

Comparative Example 2:

A color discrimination mask was produced in the same
way as in Comparative Example 1 except that annealing
process was not carried out. The color discrimination mask
was evaluated in the same way as in Example 1. The results
of the evaluation are shown in Table 2.

Comparative Example 3:

...12_
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A color discrimination mask was produced in the same
way as in Comparative Example 1 by using the material B in
Example 1 except that the material B was not annealed. The
color discrimination mask was evaluated in the same way as
in Example 1. The results of the evaluation are shown in
Table 2.

Comparative Example 4:

A low-carbon steel stock of 0.1 mm in thickness
having a composition consisting essentially of, by weight
ratio, 0.007% of C, 0.01% of Si, 0.45% of Mn, 0.015% of P,
0.008% of S, 0.0200% of N, and the balance Fe and |
incidental impurities was treated for 45 seconds at a
temperature of 540°C to 560°C in a mixed atmosphere of
hydrogen and nitrogen in a heating oven. The annealed
stock was etched in the same way as in Example 1 to
produce a color discrimination mask. The color
discrimination mask was evaluated in the same way as in
Example 1. The results of the evaluation are shown in
Table 2.

In Comparative Example 4, it was impossible to
perform uniform etching. It is deemed that because uniform
etching could not be performed, the linearity of the tape

was insufficient, and the tape was twisted.

- 13 -
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Table 2
Annealing Slit Transmittance Tape Tension
direction (%) twist recovery
factor (%)
Example 1
Material A done parallel 22.5 none 90
done perpendicular 22.6 none 92
Material B done parallel 22.6 none 95
done perpendicular 22.5 none 95_
Material C done parallel 22.5 none 96
done perpendicular 22.4 none 96
Material D done parallel 22.5 none 96
done perpendicular 22.4 none 96
Material E done parallel 22.5 none 97
done perpendicular 22.6 none 97
Material F done parallel 22.5 none 87
done perpendicular 22.4 none 97
Material G done parallel 22.6 none 97
done perpendicular 22.4 none 97
Comp.Ex.1 done parallel 22.5 none 86
done perpendicular 22.4 none 89
Comp.Ex.2 undone parallel 22.6 twisted 84
undone perpendicular 22.6 twisted 87
Comp.Ex.3 undone parallel 22.6 twisted 88
undone perpendicular 22.5 twisted 89
Comp.Ex.4 done -parallel 20.1 twisted 88
done perpendicular 20.2 twisted 89
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As has been described above, the stretched mask for
a color picture tube according to the present invention
exhibits favorable high-temperature creep properties and
is free from problems such as breakage when stretched and
tape twist in contrast to the conventional stretched masks
using a low-carbon steel sheet as a raw material.
Therefore, it is possible to obtain a color picture tube

of high quality.
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A stretched mask for a color picture tube, which is stretched on a frame,
said stretched mask comprising:

a low-carbon steel sheet containing 100 ppm to 170 ppm of nitrogen on
a weight basis, said low-carbon steel sheet being heat-treated at a
temperature at which recrystallization does not take place, before said
low-carbon steel sheet is provided with a resist pattern for forming
apertures and subjected to etching to form apertures in said low-carbon

steel sheet.

A stretched mask for a color picture tube, which is stretched on a frame,
said stretched mask comprising:

a low-carbon steel sheet containing 100 ppm to 170 ppm of nitrogen on
a weight basis, said low-carbon steel sheet having a tension recovery
factor of not less than 90% after being heat-treated at a temperature at
which recrystallization does not take place, said tension recovery factor
being expressed as a ratio of a recovered tension to an initial tension,
said recovered tension being defined such that a length of a test piece
when a load of 500 N/mm?2 is applied thereto at 25°C is defined as an
initial length, and a tension under which the test piece has the initial
length when the test piece is cooled to 250C after being heated to 455°C
with the initial length maintained and held for 15 minutes at 455°C
under a load of 100 N/mm? is defined as a recovered tension, said
low-carbon steel sheet then being provided with a resist pattern for
forming apertures and subjected to etching to form apertures in said

low-carbon steel sheet,

A stretched mask for a cblor picture tube, which is stretched on a frame,
said stretched mask comprising:

a low-carbon steel sheet containing, on a weight basis, not more than
0.03% of C, not more than 0.10% of Si, 0.10% to 0.60% of Mn, not more
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than 0.10% of P, not more than 0.10% of S, 70 ppm to 170 ppm of N,
and incidental impurities as components other than iron, and

said low-carbon steel sheet being heat-treated at a temperature at which
recrystallization does not take place, before said low-carbon steel sheet
is provided with a resist pattern for forming apertures and subjected to

etching to form apertures in said low-carbon steel sheet.

A stretched mask for a color picture tube, which is stretched on a frame,
said stretched mask comprising:

a low-carbon steel sheet containing, on a weight basis, not more than
0.03% of C, not more than 0.10% of Si, 0.10% to 0.60% of Mn, not more
than 0.10% of P, not more than 0.10% of S, 70 ppm to 170 ppm of N,
and incidental impurities as components other than iron, and

said low-carbon steel sheet having a tension recovery factor of not less
than 90% after being heat-treated at a temperature at which
recrystallization does not take place, said tension recovery factor being
expressed as a ratio of a recovered tension to an initial tension, said
recovered tension being defined such that a length of a test piece when a
load of 500 N/mm? is applied thereto at 25°C is defined as an initial
length, and a tension under which the test piece has the initial length
when the test piece is cooled to 250C after being heated to 455°C with
the initial length maintained and held for 15 minutes at 455°C under a
load of 100 N/mm? is defined as a recovered tension, said low-carbon
steel sheet then being provided with a resist pattern for forming
apertures and subjected to etching to form apertures in said low-carbon

steel sheet.

A stretched mask according to claim 1 or 2, wherein said low-carbon
steel sheet contains, on a weight basis, not more than 0.03% of C, not
more than 0.10% of Si, 0.10% to 0.60% of Mn, not more than 0.10% of
P, not more than 0.10% of S, 100 ppm to 170 ppm of N, and incidental

impurities as components other than iron.
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a low-carbon steel sheet containing, on a weight basis, not more than
0.03% of C, not more than 0.10% of Si, 0.10% to 0.60% of Mn, not more
than 0.10% of P, not more than 0.10% of S, 70ppm to 170ppm of N, and
incidental impurities as components other than iron, and said low-
carbon steel sheet being heat-treated at a temperature at which
recrystallization dose not take place, and said low-carbon steel sheet

having a tension recovery factor of not less than 90%.
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carbon steel sheet having a tension recovery factor of not than less 90%

after being heat-treated at a temperature at which recrystallization dose
not take place, said tension recovery factor being expressed as a ratio of
a recovered tension to an initial tension, said recovered tension being
defined such that as length of a test piece when a load of 500 N/mm? is
applied thereto at 25°C is defined as a initial length, and a tension under
which the test piece has the initial length when the test piece is cooled
to 250C after being heated to 455°C with the initial length maintained
and held for 15 minutes at 455°C under a load of 100N/mm? is defined

as a recovered tension.

10. A material for a stretched mask according to claim 6 or 7, wherein said
low-carbon steel sheet contains, on a weight basis, not more than 0.03%
of C, not more than 0.10% of Si, 0.10% to 0.60% of Mn, not more than
0.10% of P, not more than 0.10% of S, 100 ppm to 170 ppm of N, and

incidental impurities as components other than iron.



