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, £3€ | $"t6TCHCL 2 JUL 2002 i w—-~W5~m~ i ~~~m~~a~ STRETCHED MASK FOR C~ nt

PI CTURE TI 7BE AND MATERI AL FOR THE MASK BACKGROUND OF THE | NVENTI ON The
present invention relates to a stretched mask for a color picture &fﬁ@ 200
whi ch can be used for any type of color picture tube, e.g. a shad& gk

t ube or e grille tube, in color television and conputer color

di spl aysjmwlmﬂmy@m cture tubes for mwmmmmﬁms' on and col or displays, a
mask for CcoO ion is used so t beans are applied to
predet er m nel’Pdsphors. As the col or selegisi=on mask, a shadow mask formed

froma netal plate provided with a |arge nunber of small holes or an
aperture grille provided with a | arge nunber of slits is used. Wien a color

pi cture tube is use .nyously for,~~ lon eriod time, the shadow
mask or the apertur%qéﬁﬁ%#@ﬂagﬁﬁ%%ggﬁ‘gécd&s IEEU@EeFﬁ%@dA&Ebctrons col i de
against it, and distorted by t I S his may cause the el ectron
beans to be gradually displacggﬁge étgég to ?ﬁ%ﬂghosphor 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 stretchedB¢XEROUNR PFadEE IYVENEdONoget her with a nember
pressed like a g ral 0 gz ~_2,.~Uz stretched col or
di scrim nation ngg% %ge%%%%egngg &PPO%EFaReﬁoF9r8|%235F§§§8a%6§% stee
strip cont o &g cedomilctutd tthbef, whGeBlcas el dsedl Fed havatsheet having
a thickness of 0.02 mmto 0.30 mm After a |arge nunber of grid el enents
have been Pdr §8d ot PigEvEs ddid e@ -st-e@l shadpy Bfs&t EBPRYOTt BA steel strip

is wel ded t I l.ace der, pressur l, i in diirection reverse
to the str@%@%ﬁ%ﬁ%g%Fg&?%o%P eﬁp 9 oﬁrgggggésﬁgnr3ﬁ§v88m§8kF5rn]tension
by the restoniorddieraayefl. the frame. Thereafter, to prevent the generation
of secondary el ectrons, heat radiation, the formation of rust, etc., the
mask material isIsubpdetetdicstureatubeesatatncolor televigboni andes in an

oxi di zing at spggrelat 450C _t 0 ,470C, thereb blgckenlng the surf ce of the
sk, - ConvERLOBNANTD. Rier & FESK ITPReFPRGBIPRAELLR LENUFSA 3P CRETgri d
el ements ok1khereal BlatsSareMapallii el EBSbr@&%té?ﬂyﬁéddHFbB$ﬁ5E§.DFQQUCti0”

and this is a matter of great concern in quality control. e problemis
due to thethaccoilbat selecdiot slasientssbhdnyaneskyforseg fazomed by heat and

Lenst on QUL Agthg Bl ackening of e coLor SLSeLLI et Lon Rl et erial,
Trstiee LpLepRr iR batact beaablem el hpuLbpakgunsonr e[ od Lo,
in the saméscabedet Wsenhhatcébbortpectutertypetis exdadecontingsusl gl enent s
themsel ves YibLale W L Laros malitudes. gaysing cpl gt ehifL Ln.the

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.



1 2 ~UL ?002 To solve the problem JP2548133 (F32) discloses a color

sel ecti on nmechanismforned froma | ow carbon steel sheet containing 40 ppm
to 100 ppm of nitrogen. JP2683674 (B2) proposes a | ow carbon stee* SU@ft
containing 0.20 to 2.0~ by weight of & and 0.10 to 3.0~ by weic~ gt NBZ
However, these | ow carbon steel sheets have the problemthat because of

| arge residual stresses, the tape portion of the aperture grille is
unfavorably tw sted after the heat treatnent. JP799025 (A) (USP 5, 552, 662)
di scl oses a net hbDde oétpetvdhedngo hor agesdrimigitide msskgi s fotesd as havi
ng smal 1 residual stresses. However, because the tensile strength is |ow,

there is afAbsPWfo chdRfe TR e t¥tsadPaechrsdy Stadforcontifdieifst e, the
tape of th ture. gt kLI y K, I ture. gry is

str ot ched. CTEDehe anartbr S5 Py PR PR LIERL e EREE 46 % B8 Wtn wni ch
the tape whatingtabtRakknébe stretlohimg tensi dn medugasdamdesidrafd y after
the heat treatnment. An object of the present invention is to provide a

st ret ched B@hbersefegridnedenprbsfbave kegnripimedrin tie ¢pbd-has m ni mal

residual stresses_and.is . free fro robl e such as twstin hat has a
i gh tonsi BRLTERoTEPSLT SEESP PEUNRRYIEE THE TRUET Ot maldat
invention 5oy desma SLA6EENEHIERSKréHEuPe CAWOTidd CIUTL dibEetbhch TS
stretched on a frane. The stretched nask is forned froma | ow carbon st eel

sheet - 3 revdrgeJtup LRE2stvatahbiggdieppiono Thenppihef priessegeEn ion a
wei ght basis. Th {:ow-carbgn st eel Sh&% i s heat-treated a% a\hterrperature
at which reeP9Eed) FP 250 FBnCaRRLORRY ¢ TR 1A TS 28 ¥R | ow car bon
steel sheefrige Pr atdath dd) ad §rcilerRalthRr Bch@iatQl RE RIS, and
subjected to _ etching to formapertures in the | ow carbon steel sheet. In
addi tion, ¢hecpresentheéavenddoatpowyitdes fomstateiahedf maskt f cgta@. col or

pi cture tube, which is stretched on a franme. The stretched mask is_ forned

froma | ow-RarPRHk shaderighastsudettedni ¥Ry arhdm eFmeAF Ptk of© nFe reYen on a
i ght basj : | i f f
O eyl Lpecesiiesiod e A e Sy [t ¢

not | ess el ng at” a tenperature at’ which

recrystal | tizedelon Wbeskamwing akiee pduicfacel hef tansinask.ecovery factor is
expressed as the ratio of a recovered tension to an jnitial tension. The

recover ed tensi diPREHeiRrRtl ¥s ERRTOWS aTH Hedidapbithet ddie pi ece when a
| oad of 5 I | i t t | ' .an. 1.0t al
| engt h, agto raM%Eﬁsgf%n@tgéh)difgdvm?gﬁ%ﬁceétoe%?& pél Z:cog%{]fasr}&tdsr]%sjin%qﬁ%é ength
when the tesdk megeréducocdedine 25 @iddaictirimg dirhttedid A A%C with the
initial length maintained and held for 15 mnutes at 455C under a | oad of
100 N mmz WatERE i pbdipeata ¢eremer e tauslidly, comdiroli-he Thewpsabdem dteel

sheet is pyovide |t resist..pattern f.or fqrm t ) subj ect ed
to etchi ngch?eo 1#joo?trrlay\éapgar reséfntrf%eé rljbcgv-eclaeﬂﬁa@%rss teg‘gﬁnaﬁgﬁ?éee;gfl%@%e _
stretched dmsded the hewe caidorersd R Eheely MRS elalvercond FMsheon a wei ght
basis, not nore than - 4 ~ Z ~u~ 200 0.03 of C, not nore than 0.10% of

Si, 0.1.0 culax b ofiminamioon morsk tmserial10hef gpidned emengst havinglo of S,
Z? oppm 1o LAl Y ANLILS) GBIl T IRH TS AT HYRA FU S i 1er than
of large creep have the problem that if vibrations are
applied to the grid elements, for example, when the sound
level of a speaker provided in the same cabinet as that
for the color picture tube, the grid elements themselves

vibrate with large amplitudes, causing color shift in the

colored image.



In the stretched mask,. the |ow carbon steel sheet preferably contains 100
ppmto 170 ppmof nitrogen on a weight basis. In addition, the present

i nvention provides a stock for a stretched mask for a color picture tube.
The material is a | owcarbon steel sheet containing 70 ppmto 17bZpgdh 202
nitrogen on a wei ght basis. The | ow carbon steel sheet is heat-treated at a
tenperature at which recrystallization does not take place, and has a
tension recovery factor of not |less than 90~. In addition, the present

i nvention provi €8 BOHAR eFhal PFOPleMst FRATARIP hadie f sH eeki®T dicture

tube. The opieri gl Ls: Rohop:CRIRO, SEEE]e SNESL, COM A NING. O ppIiO 170 ppm
of nitrogen on a werg asrs. € | OWF car bon steel” shee as a tension
recovery fslitéot odnbeainirgs4ohapm %o Bit espibed hthiwerdgdr eatird 683 674
tenperature_at which recrystallization does not take place. The tension
recovery f&RBEZbrPTePesps edstaWasarhpen rateel otherlt BV inendi dh €@ an

initial tensi ... The. over ens) i,S fipned as fallows.. The | ength of
a test pi e_%‘ebghn%% %efélgg %{)f §g0£Wn¢’r§P? si‘%lg%‘!q%; ¥ querjeqq})t a‘_f M is defined
as an initighev&AOt Phed8dlgwiAShON sler IMH s ey d asle RhRASIARS the
initial length when the test piece is cooled to 25C after "being heated to
455C wi t h thet imdécaasel efigtargeSresiduall Milr 002 ndihe diapsl powtieb d for 15
m nutes at 455C under, a | oad, 100 N i§ defined as a recovered

Tensi on. 197 cHee mperrare forble TRreHEAT aRY (HESLAE G ifh el sheet
pref erabl y,cont @l OsrmOr @ Wei ght basis, not ,nore than 0.0'3$% of C, not
nore than 0.10 of Si, 0.10 to 0.60 of M, not nore than 0.10 of P, not nore
than 0.10 of S, JR/ P23 o(A70(P§ENn Df33Y, &hP) idicicdeses a mmibhad et as
conponents other,than iron. In the material for a stretched nask, the

| ow car borP QSRR FREBIEDI IF Torft dHSAGo Wi tad 190 "Bptadf ni trogen
on a weig e%é{%%ﬁ R B@EEEE@E%EN@@E%M&@:‘%ﬁ@t@ ng to
1 hven a sheet c

t he presen ion, ow- car bon $t €€ aving a specificc value for
the nitrogen hont effierd pardimediand schwnjedd ahr M@l Wecatemwhi ch
recrystallization does not take place, thereby obtaining a_stretched col or
di scri m ndfadrhasherafarss £he farecedvépy RREESRrandriid 1er BaYf rom

probl ens q?gge ¥@§P ret.ched . i t e. A
| ow car bofl&g%%e%ﬁ”rg%rge Sult A yls%si}dﬂfqoer ﬁ%t;r;@rtgh(%%{éd ggl r(ggigdi scrimnation
mask accorapdyruxe tdel Presedts t fseiidd it a renddlonTvieH haidh 03 ( per

cent by weight; the same shall apply hereinafter) of C not nore than 0.10
of Si, 0.19& FapPs0vbfl MRt Mtedor Ehanatuetodriod Sensdomdiedudtsh 0. 10 of

S, and thglrfaf]é .r}caeblFbgsagfr‘gief' ”@Aederpe;aﬁ% %%;tﬁniﬁgtes' In the | ow carbon steel

sheet use e pr i nvent'i Carbide. If the C- 6
An object of the present invention is to provide a

stretched color selection device for a color picture tube
that has minimal residual stresses and is free from
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



1 2 JUL 2002 content increases, the ability of the | ow cark~>0~A st eel
sheet to be etched in the color selection el ectrode produci ng process is

i mpai red. Therefore, the C content is preferably not nore than O.bé.JUE 2002
fornms silicate inclusions such as MU Si U2 and M0O-FeO-Si Oz and
consequently inpairs the etching properties. Therefore, the Si content is
preferably not nore than 0.10. The M content is preferably in the range of
fromO0.10% to 0.60 fromthe viewpoint of the deoxidizing action and hot
short ness porvenhing 7A phm tostéel ppmkofignptocgsss. ohfatheifhtobasns.

i ncreases, the_steel hardens, and the rollability of the steel degrades.
Ther ef or e, TRRelPYc6AFRAR FEeplefBRABI S nbeatbobeedto® @518, S forns sulfide
i ncl usi ons uept ]y i i p rties e, the
S cont ent [ rpeERBRER'EE ML LHPRLE By LD D R o e e R T

t he presenThéngefiteop phef boabbtyriont atasl 7éheept 1o Ardv e ofitht4s ogen by
wei ght ratio, even nore desirably 100 ppmto 170 ppm_ still nore d~"sirably
100 ppm t oF&58SppRRLFeTRhECRI FPEHERT cRPeEREr$S 3RdsSYPERCTRd pptn t he

strength r , nj ont e IS nore n_.170, p, rain
boundariesggggﬁﬁ?a#ée%?gﬂh%éggggpa%f%%o?%%lngr%ﬁﬁ$£€ %%%%%o?&%e%f et chi ng
properties. Afternbgdddci®h) ethe theed OV CRiRAL idre@irdisiagkd a t he present
invention is heat-treated under conditions where recrystallization will not
take pl acesthnebchedusasly Ber_a7color IpPctute 200% norhioxt digi ng at nosphere.
Consequently, the tensile_strength becones higher than that of_the

convent i on%‘lx‘/r‘?rjé‘?}é? afs ﬁa@??@esnﬁme Fgﬁ%e"gw&s@ fté’rlfﬁ‘%dt froM&ssi bl e
to obtain {eworabbsnhiebe1coReLat 858 £1060y PTORYH €5 1 Forgderapl e _
heat-treating conditions are as foll ows. e heat-treating tenperature is
in the rangetodgémn oom 450 1 oh 650851 aind Thive loeatcatrbeat istgeatli miheed ihast he

range of from 3 seconds to 120 seconds. eat -treati t epper at ur e hi gher
{han 650C 3 SLHRELTR o Sy abT &Y bERStRR PBigh (19 Adtatord HouA (h Shte Piace. I
the heat-tgeati erat ureqy Cﬁy\@g t C, } Y OVEIBN o N
properties %%% g%e% %rcgi %\gdélb?eltl ee]! eatetér‘gg'{k?ries%t .r#ﬁreﬁ;%sent I nc\)/enti on

w || be dedess hest bedlosv hpyavay dheexamplies rexarmplsy Faclow dar bon steel

materi als of O .1 nmin thickness nade of materials Ato G whose chem cal

conposi t i oWPEETShoh TRE TERFEC 19Het FRCAHRTES el TP di° A seconds at a
tenper at urg, of; SA0G 1 0; O0C N, are’@o’.?x%‘}e%t 'E%iquhei%f da¥dragen and nitrogen
in a continuous annéal1 ng~furnace.” Thé anneal’ éd 1 0w carbon steel

mat eri al sweskEl@ash ol ddnzitibeifh aSitdes phieceovhent A aowalt erf- sol ubl e casein
resist. After drying, the resists on the two sides of each material were
patterned WP WYY &SpaPPliedgltissedpyplatdsChasi A§ToBoEr 86 aAd reverse

pat ter ns iy ey soh, e509CL 18l | Loshauld s nated hat. dhe, v esi st

patterns viere Torne two di Tferent ways suc e aperturée direction
of slits frygrehdyirei i NOLersd 119 vieh rasd Hediatdiide Was codled tol Z JUL
2002 pazallel to the rolling direction, and the aperture direction of slits
fornmed by B2 chiaftenitrinhdentird tesisi’ patitdy rhsaspdrigdndiengtdr to the

rolling d5{§¥ﬁﬂé¥hed 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



Next, exposure, hardeni ng and baki ng processes were carried out.

Thereafter, the patterned resist surfaces were sprayed with a ferric
chloride solution having a tenperature of 60C and a specific graViZt ylbf 2800
Be as an etching liquid by using a spray to performetching. After the
etching process, rinsing was carried out, and the resist was renoved with
an al kal i ne aqueous solution, followed by washing and drying to produce a
color discrimnation mask. Each col or discrimnation nask obtai ned was

eval uat ed ByOBheofol| omphgmeveal bhthof. i@t hofl. SThel r k8%l ts 0f 60heo€val uati on
are shown in Table 2 below Regarding the slit direction in Table 2,

"paral | el "MieaRQtiRaret hBaBplr £UF QL Br At O het 23R Y n0%ePe Parallel to

the rollingydirectionsgf sthe krgtesial " pendi yﬁﬁg" ans that the
apertures mer%ﬁﬁe?%end?c %aroto fhéhgo ??ﬁge ?%%cﬁﬂ%%f estggnsnittance IS
the rati o ¢emporsesed ashpertkhah) ipbnthe aperture area to the area of a

region |lying between the apertures at both ends. - 9 1 2 JUL 2002 Tabl e

1 CSi Mi P S N Bal bhgeSheekrhad mob7. 091l 22 P16 02 9bSe99s80 Fe and
A- - - ingi ' Pfi ial. 0. 4 4 0.007 0.0100
Fe and '.”ﬁ%?ﬁ%%?%ﬁ?ﬁ%ﬁ?ﬁﬁés ChbR Lt 0PRSS P it edd 0h 00 6 0 o122

B
Fe and C ingiglentpasigpurities Material 0.007 0.01 0.44 0.016 0.008 0.0140
Fe and D incidental inpurities Material 0.006 0.01 0.43 0.016 0.008 0.0150
Fe and E inci dental 24d@ptioni ckhatpessent oo 0@l REASLARD1E DLODY 0. 0163
Fe and F ipcidental jinmpuritie terial,0.008 0.01 0..42 0.013 009,0. 0170
Fo and G | hoF qensaretibar ek 285" 010s Byt fus’. O e’ ndrd T

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 tenq&on 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



(Eval uation Method) 1. Tape tw st After each color discrimnation mask had
been stretched under a |load of 30 Nm¥, the presence or absence ui tape
twi st was visually checked. 2. Tensile strength Tensile strengthMasjUL 2002
neasured according to JI'S Z2241 by using test piece No. 5 according to JIS
Z2201. 3. Tension recovery evaluation nethod Two different types of test

pi eces of 510 mMmmin length and 25 nmin width were prepared. One type of
test piece was formed so that the | ongitudinal direction thereof was

paral | el teaitzaimaerindlhelbd fof Iy miinutesst iatork 551%e Uradey taidiawd
direction o her .type of test piece was perpendicular to the materi
al rol 1 ioégfcg[? 11?} i 15n deEIQRY @St gpFSEQVﬁé§8hEEBSE39nt he hol di ng portions
of a tensile test] nhdRabdmigrans sty@behrd | pathe lopairtgdinglpg rection at
25C under an initial load of 500 NN m®2. The di stance between the hol di ng
portions attddi sslieate pvast emsdsly erbraiars,i rirt iaalwdisgyigt baxfid,hendtest pi ece.
Wth the distance between the hol ding portions nmaintained at the initial

| ength, tMPE%stRaR P HotHedr HRF MAE 18550/t dfasd hedt-ddt FUs55C at a
heating raf. I NY & i haatd ig h ' ttrfggg r The
test pi eczd \i‘fa(g hcé{yémf'or c?LBCS nrlr$1.‘nﬁeut es I{atrtg'4lc56 C%ufr,lmgfa'r ngﬂi ?)dgd:%f 1 hﬁ/lﬁ)n%z .

Next, coolohe was) i tted. LW tdprt ef N, Staaner d nedideesal- ikburitlies Hd 2002

t he hol ding portions set at the initial length, the load in the

| ongj t udi FRTRATANRES AERFT tHen eltoi ece at 25C was neasured as a recover ed

tension, and thel el op, LeeaveLy £ 36LAruRs salal aed by, Tenshon, recovery

factor (~) =(recovered tension/rnitial tension npar ative anple 1:
A | ow car el egledmtpefd BdraflP.conBains tinioc ppes Tchaviongpa e@posi tion
consisting essentially of, by weight ratio, 0.006 of C, 0.01 of Si, 0.44 of
M, 0.010 nftyegen goB fWwed ght deel sof N, and the bal ance Fe and i nci dent al
inpurities was treated 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

S_tOCk_ was e_tched [ nDEQ@R§P’F§ONﬁMEa§HE @@P@H@Rm IeNmopIecires a col or
di scrimnation nask. The color discrimnation mask was evaluated in the

sane way as in Acceaipice th thee presents iofreniiécavakudtWoagbenshown in
Tabl e 2. Cs(%rg)ealr qsthieveec %(a%rrmlge a2: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



A col or discrimnation mask was produced in the sane way as in Conparative
Exanpl e 1 except that annealing process was not carried out. The col or

di scrimnati on mask was evaluated in the sane way as in Exanple11 émgezmn
results of the evaluation are shown in Table 2. Conparative Exanp R %4
1 2 JUL 2002 Ar:olor discrimnation mask was produced in the sane way as
in Conparative Exanple 1 by using the material B in Exanple 1 except that
the material B was not anneal ed. The col or discrimnation mask was

eval uat ed ¢ontért shmereasess the Blainpl ty Iof Tihe rlesutdartofn tdieeelal uat i pn

are shown in Table 2. Conparative Exanple 4: A | ow carbon steel stock of
0.1 mmin ill"ﬁ%tkn‘é%sb‘ha%%geé i § R SNy R 1y of, by

wei ght ratd 0,40 9. 01% Si.4 0. 0 5 fR..Q QQ8 of S,
0. 0200 of EsN?O an%ﬂl?ﬁe%%%snce %—e n(ap‘énadls"fendc"l dg‘ﬁteglfef?ﬂr%gtﬁr Fl?l%eié \%ggttern%aggd for
45 secondpwdferdlehpeatat terof tidD@ 168%H60C in a m xed at nosphere of
hydrogen and nitrogen in a heating oven. The anneal ed stock was etched in

the same way as i &S 1l qaF riciidss i@ s Sichdiase MR Watd.0AnAask. The
| di | A7 i | d.j 4 . in Ex le 1.
color di S%ﬂdﬂfﬁ—'ﬂb ”??1%1 %ﬁs@%ﬁeﬁﬁ%&nlhﬁa%gl gﬁg?e‘p?){tgﬁp' n =xanpi €

The resul ts of e eVal uation are arative Exanple

4, it was prpesstide, t Theekffor®, uthkoshn ebakliend. ikt prefdeamed hbat because
uni form etching could not be perfornmed, the |ineari té of the tape was
i nsuf fici &MLe ahan He- 1Gbhe Hae Mpi soagent ig prefezahly. in-thgbhrangen~

pnneal I na34 AL AN {468 TRETP AN UL SR Y rigover viactor () Bxam
1Mat eri al AtoieiRar 2 d ¢l 22 2o Na0 dte ReTJIeHE sGU bied2 i 32VaireY | al Hdonepar
al | el 22. 6none95doneper pendi cul ar 22. 5none95Mat eri al Cdonepar al | el 22: 5none96' d
oneper pend tad lamEXk o 98N s | al Ddonepar al | el 22. Snone96doneper pendi cul ar 2

Fdonopar al | 6l 22 i FOGRER e o ar a2, FhenBSTRt SR Seasan 0%t ol | of 2. 6
none97donener pendi A Brd2.Ananed 4. Bed.denanar ehbeb23-5nopgg6doneper pend
i cul ar 22. 4none89Conp. Ex. 2undonepar al | el 22. 6t w st ed84undoneper pendi cul ar 22. 6
twi st ed87Comg.edt. imdurefrrad el Gtowes ttdad@80nddteper pendi cul ar Z2. 5t wi st ed
89Conp. Bx. ddoneparal Lel 20,11 sted§Bdoneper pendi cul ar 2Q, 3t vi;steddg - 14
the 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



As has been descri bed above, the stretched nmask for a color picture tube
according to the present invention exhibits favorabl e high-tenperature
creep properties and is free from probl ens such as breakage mhepzsUU thQd
and tape twist in cozitrast to the conventional stretched masks u3|n§

| ow- carbon steel sheet as a raw material .- Therefore, it is possible to
obtain a color picture tube of high quality. - 15 1 2 JUL 2002 CLAIM S
1. A stretched mask for a color picture tube, which is stretched on a
frame, saiPRTPEtEhedndedkneshherei nFonseguenilyar foe $easlilsheet

cont ai ni ng 7 m.of _njitrogen on i ght basis, said

| ow car bon?%]?%r_é P@h%%?%%%? ﬁlgl%‘g%f-*i%%?@@‘wé t!t,}%rpg‘:e?rh‘ﬁﬂteldﬁa i ch
recrystal lhgeéi 0a) dogsving &mkel Prastaudef O sald | car bop steel sheet
is provided with a resist pattern for formng apertures and subjected to

etching t das v bpete whbtaim Savaribble dardlort eipeta sheetcréep A stret ched

mask for a color _picture tube, which s stretched on.a frane) said
stretched He3%e 1612?)?? sitfG T e 3%6%r§9§épgsﬁeé‘fjlé6ﬁpéi Ay @F00 ppmto -

170 ppm of ¢4 15PPEN 1k MBI -GiHe NAHS tehBledakQWeCIEOOR %h%elra_?ip%e%fha\/i ng a

tension recovery factor of not |oss than 90% after being heat-treated at a

t enper at urgrean 450t tecdy3t@l | azdt tlon hkes- trda ttiadee milmec e, s sial dcHeensi on

recovery factor b |$]go exgressed as, a ratio of cla)ée'recovered tension to an
ar’Pte

initial tefidn,° RRTAT IR 1P AR et | RreBe@bchTERELRS | ength of
t est i i S j ) { i defi d
a test pi ﬁ%ﬁ%qﬁgfé&r%@aﬁvmd %@%ﬂcﬁdﬁﬂ%%l% Hel3fed S define

as an init t ensi on under e test piece has the
initial | ergtdysiell iteti@stwpibterdice gl t 0f25Reahbak-hekeagihgated to
455C with the initial |ength maintained and held for 15 m nutes at 455C
under a | JRIFRATABVI N Mhelowelcihaed EE @ mecdwpreyenendi df) said

| ow car bogaerfcipeeer.lt‘fg'segﬁarg |’}§é1 @ﬁq‘ o)y %\é%]?cﬁge }[Métaft% %rre%pimstn&pat tern for

formng a ures and subjec o0 et orm-apertures in said

| ow-carbon st eelTishgateseht Arstdrlighediinaskhef desaradledr RGBS tde, which
is stretched on a franme, said stretched mask conprising: a | ow carbon steel

sheet contdi M¥APPIREa wei ght basis, not nore than 0.03% of C, not nore
t han O. 10%}{0 10,. 10%to 0.60% of Mh, not nore -16

Jmﬁ%é

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 atmosRhere of
hydrogen and nitrogen in a continuous annealinézfurnace.
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 such that the aperture direction of

slits formed by etching using one resist pattern was




1 2 JUL 2002 than 0.10% of P) not nore than 0.10%of S, 70 ppmto 170 ppm
of N, anal incidental inpurities as conponents other than iron, and said

| ow- carbon steel sheet being heat-treated at a tenperature at which
recrystallization does not take place, before said | ow carbon stle2l Jhe¥(?
is provided with a resist pattern for form ng apertures and subjected to
etching to formapertures in said | owcarbon steel sheet. 4. A stretched
mask for a color picture tube, which is stretched on a frane, said

stret ched paskl Tolpto Sting: ral 1 brg cél bedt isdreelargheagie apdmiurang, on a wei ght
basis, not nore than 0.03%of C, not nore than 0.10%of Si, 0.10%to 0.60%
of M, notdFWRE PP D. 3bdh B fymedtbyAtchingh uwp irmstdie QthRF ppmto 170
ppm of N, . incl i ! t s .gt;her. and said
| ow carbon s e%?%ﬁ%%a@%? %Eééﬁ%%f%ghye ac]{]'g'rngt);wl nr}oelt ﬁ?sns' t han
90% af ter being N@et, ta:api Qur@f eatdRimii@taie balk iy Proceysed aldrdezat i on
does not take place, said tension recovery factor bei'n% expressed as a

rati o of &arcirdredt ¢ eddiedealfedn ithiet pattesnsdonesigtdsreéaresed tensi on

bei defi ned h th | h of o] wh l.oad. of 500 N mmR
i gl ggpl ?e&g]?eﬁeefsg‘%%a%efétﬁ%q gang ﬁ%ecdacgtéleogéfqpehiesfoﬁé]ltﬁ%glh ahvf)l%%?? a tension

under whi Gl dt@ste Q:BﬁC@O*@Saﬂci‘ea is!}iéciiaéid %tv*lt%.%"f. tp t%stagoiaqpe i S
cooled to 25C after being heated to 455C with the i'nitial |ength maintained
and hel d fercHimgr hiqwisd dty 4550 qireleapra Y dad pefr £t Mtoiinigs def i ned as a
recovered tensiqn, sai I arbon steel sheet .then beicgtgrgprovi ded with a

0
resist pattern f t?rort(rjﬁ%ge URFLETF s FB S&Cfe @ 3o Hisdh & 'form
apertures gy sadl tutSanban sieSleshanh & Allischeddgisk according to

claiml1 or 2, wherein said- owcarbon steel sheet contains, on a'weight
basi s, notsainrte drhyanfdl P88édfbo ¥ waritinmrand lsnyigl @% giroSiuced.al0% to 0. 60%
of M) not rmrer?{ﬁhan 0.10% of P) not nore than 0.10% of S, 100 ppmto 170
ppm of N, SEPH i 43 TR i%3Ys as conponents other than iron. - if

L2 UL 2002 6 gRdPIRIIdY didcAmilatliohehalRs sptalin@acqaar picture tube,

said material conprising: a |l ow carbon steel sheet containing 100 ppmto

170 ppm ofevd Iuaageh on theveidifowias) svalalat ilodwmeahan sTrhel rebegtsbei ng
heat-treated at a tenperature at which recrystallization does not take

pl ace, an®hkdihe |9l Hon arelshdetimipldg 8 bPedsion Regaveipdfactor of
not |ess téﬁg]slit direction in Table 2, “parallel” means that the

apertures formed by the etching were parallel to the
rolling direction of the material, and “perpendicular” means
that the apertunﬁs were perpendicular to the rolling
direction. The tfansmittance is the ratio (expressed as
percent) of the aperture area to the area of a region

lying between the apertures at both ends.



90% 7. A material for a stretched nmask for a color picture tube, said

mat erial conprising: a | ow carbon steel sheet containing 100 ppmto 170 m
of nitrogen on a weight basis, said | owcarbon steel sheet haviﬂdZaﬂleﬂﬁﬁgn
recovery factor of not |less than 90% after being heat-treated at a
tenperature 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 | ength of
a test piece when a |load of 500 N nm&2hke dpplied thereto at 25C i s defined
as an 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 the initial dengtlgimai nirai ned mnd hegd for M5 m rdagdrese at 455C
under a |load of 100 NNmm? is defined as a recovered tension. 8. A nmateri al
for a stréfairdiatasilk 087 aleBlor0 %t Or816ub@; 0@Ai P RSN | Ze eddprising: a

| ow- car bon ~~, steel sheet containing, on a weight basis, not mre t?an
0.03% of C) ndt- nore than 0.10% of Si) 0.10%to 0.60% of ,ngFnFrB e -

than 0.10% of P, not nore than 0.10%of S, 70ppmto 170ppm@b,MN + a4
incidental inpurities as conponents other than iron, and said | owcarbon
steel sheMatssiiigg h€allr e@t 0 t. 43 t EnpPédatUr@0at OMHLED r Eer patal | i zati on
dose not take_place, and said | ow carbon steel sheet having a,tensifn
recovery facs%r of not less than 90% -18 .Ah .A {?2.A ;.A?lpcidenta

R Ay.Ase. A . ANR Au. A “y. A y. A5sR. AF. AYy. A. A9. A( ! Lb~Ue@
] suwhzupkfa\Wca] ca]c,alcalcalcalc aUc

a] ca] ca] cdadexilad’ aPc@Pda) @adt. & .cf cal oaBcal ca]€ajoc@leR] cagcahda] ca] cRa] cR
ajc"alUlc"al h?HU {! V$SSS$$R [ *] *_*e*h*A- z- 0)060124444~ytoje‘2t%c ayl c

a] ca] ca] ca] cafc a] ca]ca]calca]c"alUc"a]c"aU c"a]ca] calc altechfensesc

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] c"a] ca] cal 44441 57771 7' 7* 7T#8{ impyrities
; <E<&XI <O<R<=] =@aA AAAVEEE} wr | gb] We ZU Ul c.a]calcalc aU'c aJc aUc

a] ca] ca] cofpcardallc aupo7ale. @l)] o .dldcapcal 6ajxajan] oapad 48U Eeapnidal] ¢
ajcalcalcalcalc aUc a EEEESI]I _IjI KK KKKK L
KMKLaLLL:NM’%OQRRﬁ#RSTU?quoj e [V]]ca]ca]ca]calc aUc incidental

aJca] ca] ca]ca] ca] ca]ca] ca]ca]ca] ca]jca]ca]ca]c"alc"a]c" aU]]ﬁnég% a%f:e c aUc
ajJ ca] ca] ca] ca] c. al 7XXX_YYYYYYYYOZ<ZU Z[[[=\\8""_j "~ "{zugj ﬁa cal calcalc
a]c aUlc spealliea] ce]l oebca) c@j cal.aad] cal oascal aajecapcalea] crkcahe allc ajc
aUc alJcalcalcalcalcalca !Lb~i K-ss10%& ()-10%& ()-s S

1099&' () - 109688 ()-109%&' ()-y109d& ()-:y&L0%W& () - incidental

Uehl -ss10%0&' (). 10%0& ()-+ 1090& ()- 10%& () -,

impurities

impurities
Material 0.008 0.01 0.45 0.015 0.007 0.0163 Fe and
F incidental
impurities
Material 0.008 0.01 0.42 0.013 0.009 0.0170 Fe and
G incidental

impurities
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f1090& ()-3@0%& ()-, MOW& ()-@~_=ss10! " $10%& ()-@ , 10%&' ()- S&L0Y& () -
10T 10T 10T910%& ()-! sOf 109%HTH& () - ~\:ss! 10% (& ()-%

10% (& ()-°d0% & ()-3 10 10 12 JuL 2007
10F810%&' ()-!x $10%n& ()- @] pgrs}rg\=ss! &10%& ()-4 10( 10(
10(3y810% & ()-!" 010% (& ()- 0109& ()-'V 10% (& ()-%tw ~"?4=

10<F810%<& () -!x!10%wW& ()-F"110% & ()-F'"!1109%<& ()-F"1dY,!109XX& () -
Y,1109%& ()- ~KilgH= 10<F! 10% & ()- !'sF 109%8(S(& ()-!xF 10%.L& ()-F

10% & () - vdBvg&ugyion Method)

1. Tape twist

After each color discrimination mask had been
stretched under a load of 30 N/mm?, the presence or absence
oL 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 Z2201,
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 -



10< 10<1h?EFGHU~_ @ 10<3109%& ()-3&10%F& ()- 10( 10( 10(Y810% & () -

91110% & ()-! " F10%@ @& ()- € {!'}[9~ @10!s "10% ()-I!i3s

1099 T& ()-33109d& ()-! 110%:& ()- 12 JuL 200

| 109470&" () - ! Xx3109%MN& () - 3! #V$$$$$$$aVK@ 10! s 10T 10T

10T38109%F& ()-5109& ()- 3109%& ()-!" "109%T& ()-1 "109%& ()-1$$%&' ()} [ IVK@

10! s&! 109%&&&' ()- ! & 10% ()- .!'& 10%& ()- .!'& 10%b&' ()- . & 10%& () -
.P%lmm&gk %WX?WZW*W,GJ;:lm!S]ﬂ%m&(i-1%@&(%3%1@@&(%
e 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 we¥gﬂt
ratio,'0.00G% 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“}n
Example 1. The results of the evaluation are shown iﬂ
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 -




10b 10b 10b810%b& ()-!'L& 10% & ()- .6-A-z- 0&0' 0(0)060uj @ 10!'!9%40%0& () -
10b 10b 10b 810%& ()-" 10%& ()-3'd 10%~& ()- 10%u& ()-60011224}[< _@
10l'g 109%& ()-,!'Q 109%XX& ()--!'Q 10900& ()-- 10%&&]()--!CB,SIZ JUL 200
109XOXQ&' ()-3,S 109%&' ()-444444415u5_=
10T @&! 10% u-u& ()-#! @ 10% - & ()-#10% u& ()-Y%0% u& ()- 100 100
10083810%0% () -ub56 _6667{Z8 = 1!L@! 10%uyu& ()-# @l 10% u-u& ()-#
@ 10% u-u& ()-# @ 10% u-u& ()-# @ 10% u-u& ()-#
#@! 10% u- u&' () -H73qYar 1d7FTr Min A dDMaE K )wdsvViprifdetd () REhe same
10%&f()-96109&&!(2- 10-u 10-u 10-uy8910% u& ()-7#8{89::;z[9 @ )
way as 1n 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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Ctwige recovery
factor (%)
ample 1
Material A done parallel 22.5 None 90
done perpendi Culay 22,6 None 92
Material B done parallel 22.¢ nNone a5
done perpendicular 22.5 nNong 95_ ]
Ma teriay c done parallel 22.5 Nong 9¢ |
done perpendi Culay 22.4 lone 9g
My Leria} D done parallel 22.5 none 96
done perpendi Culayp 22,4 none 3¢
Material E done parellel 22,5 none 87
done perpendicular 22.¢6 None 87
Material F done parallel 22,5 Rone 97
done perpendicul ar 22.4 None 97
" Ma terial G done perellel 2.5 None 97
. done perpendicular 22.4 nlone 37
Comp “Ex.1 done parallel 22.5 none 86
done perpendi Culayp 22,4 None 8s
Comp, Ex.o Undone parallel 22,6 twisted 84
Undona perpendicular 22,6 twisted 87
Comp ‘Ex, 3 Undone parallel 22.5 twisted 88
Undone perpendi Culay 22,5 twig teq 83
Omp., Ex 4 done parallel 20,1 twisted 88
done perpendicular 20,2 twisted 89
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ME @ 109& ()-+@ 10%& ()-+@ 109&' ()-+@ 10%& ()-+l 111 1(1+liJ+ @10% (@
109%& () - +@ 109%& () - +@ 10%&' () - +@ 10%& () - +@ 109&' () - +@

109& () -++1,1-1.131 Al FIwX9+: @ 10%& ()-+1@ 10%&' ()-+1@ 10%& ()-+1@

109&' ()-+@ 109%&' ()-+5W M= FINFQ RISIZI[I\1sRES: 10$10$ F@: 1094 )JUp 2007
109 ()-+5W M= @ 109&' ()-+@ 109%& ()-+\1]1]j1 KKK KKKvi HLO$1 m 109%/X#V&' () -
10! 101 10! F8:10% & ()- F[Y 10% & ()- FYd09% & ()-10$K KmKKLaLL|[: vi H
FS1096#& ()- F10%#H&' ()- L@ 1090X#9& ()- L@ 10999& ()- F 10%K#& () -
F*109#& ()- LLAMENN\ OO [: vi H F' 109%<#& ()- F$ %0%& ()-f F! 10%#& ()-S _@
1096H#&! % @ 1096<#& () - F109%#& () - - OQQRRRRR#R| obU4 F$10% ( & () -
10X#10XATOXMF =1096¢#&' ()- n° 3 109%6%& ()-g r3 10%H& ()-g

F,) 109%#& () - @RRST T3UU|[:bU4 F F@10% ( & ()- F@10% ( & ()- F@10%

& ()- ng. 103&/0 é‘r_ré&tlchzec_l rrlngﬁ ég(?éolcﬁ é:i)cilfrelztu e,1 %"ic(h 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.

2. 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? is applied thereto at 250C 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 250°C 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.

3. 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
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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.

4. 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 25°C 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.

5. 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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mprising:

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, and said
low-carbon 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
comprising:
a low-carbon: Eteel 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? is applied thereto at 259C 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 4355°C
with the initial length maintained and held for 15 mirnites at 455°C

under a load of 100 N/mm? is defined as a recovered tension.

8. A material for a stretched mask for a color picture tube, said material
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, 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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