SHEET BACKGROUND 1. Technical Field The present invention relates to a
sheet. 2, Related Art For exanple, JP 07-243190-A discloses a
magneti c recording paper that is mxed with 0.051% by wei ght based on pulp
of fibers whose surfaces are coated with a netal. The magnetic recording
paper has an excellent security. JP 2001- 055691- A di scl oses a.

met hod for making the paper which iSHBEAf ormed by uniformy dispersing a
col ored magnetic powder in at least a part of a pulp slurry and by bl endi ng
t he col ored magnetic powder therein in a process for producing the paper.
The col ored magnetic powder has a color other than bl ack and dark pay The
col ored magnetic powder is obtaiB&dKIBR@OXND ng the surface of a nagnetic
powder having intrinsic magnetic characteristics with an optional material.
SUMVARY Technical Fié18 present invention has been made in an effort to provide
sheet in which a magnetic material is inhibited frombei ng exposed at both
surfaces of gRfding to an aspect of the invention, a
sheet includgg ééggf%w?nggfe%&%hjéﬁlngar magnetic material. The linear
magnetic material has a substantially | arge Barkhausen effect and has
irregularities at an outer periphery of the Iinear nmagnetic material.

In the igﬁﬂF 3Faord|ng to (1), the linear magnetic material has a |inear
nagnet% ¢ core and a coated | ayer including glass. The coated | ayer
partially coats the outer periphery of the |inear magnetic material core.
(3) in the JiveexanekorHitg243d® ﬂdlsméeﬁom%agnieb%rreqos 1Ag paperwiheh sami¥edast

one sel ected from softwood pul p fibers and non-wood pul p fibers. (4)
| n t hewsh&ét5 15ebpmgighy bessd 0R)puln plfilris phpsbairfaces are xeaedumith sametabaskheone
sel ected from softwood pul p fibers and non-wood pul p fibers. (5 In

t he shmegneicaeradding phper(hd) an threllbntrsearritpagneti ¢ materi al has a magnetic
body core and coated | ayers. The coated |layers are cylindrically fornmed in
a circunf er gptioal -03i56€CAl dikclodes anmethibe fopakkipaahy papertwidcinaopetdrtet 0gy

core.
uniformly dispersing a colored magnetic powder in at least a part of a pulp slurry and by
blending the colored magnetic powder therein in a process for producing the paper. The
colored magnetic powder has a color other than black and dark gray. The colored magnetic

powder is obtained by coating the surface of a magnetic powder having intrinsic magnetic

characteristics with an optional material.

SUMMARY

The present invention has been made in an effort to provide sheet in which a magnetic
material is inhibited from being exposed at both surfaces of the sheet.

(1) According to an aspect of the invention, a sheet includes a pulp fiber and a linear
magnetic material. The linear magnetic material has a substantially large Barkhausen effect
and has irregularities at an outer periphery of the linear magnetic material.

(2) In the sheet according to (1), the linear magnetic material has a linear magnetic
material core and a coated layer including glass. The coated layer partially coats the outer

periphery of the linear magnetic material core.



(6) I'n the sheet according to (5), a plurality of cylindrically imted
| ayers of the coated |ayers are fornmed spaced apart fromeach other in a
| ongi tudinal direction of the magnetic body core. (7) I'n the sheet
according to (1), the linear magnetic material has a coated |aver. The
coated | ayer has a thickness of 1 to 100 um i ncl usive. (8) in. the

sheet accord ﬁlgth@cﬁheq apcording t9 ( hethe prbiyhleariie miveaderitiapt Ipess ore sdertesdfiomyer .

The coated | ayer has a thickness of 5 to 100 tun inclusive. (9) In
t he shedétwoadpoidiipgs tod (&) woad gelp fibetsneen t he coated layers is in a range
of 30 pmto 1000 urn inclusive. (10) In the sheet according to (6),

a gap bet weel It fie shoataecbrimgas £2) eipl@fib@ngmiaid widh htrleast oh®selQO fudm
i ncl usi ve. (11) In the sheet according to (1), the sheet includes 1

to 50 @Eﬁmqiug;ﬁﬁgpgaﬁ@g&ggvbgdmqueg i ncl usi ve. (12) in the sheet
accordi ng to he sheet includes 3 to 40 strands of the magnetic

mat eri al @gqg 6M@ Pheet ccor?&%ﬁé (Irlrg thd néﬂetﬁ% ﬁg%gbﬁﬁ Ha o (1}1)‘1gnettllaeoo??eet n

i ncl udes 5 rands o ghe |c materi al usive

t he sheet accor ( uI fiber ber.

non- wdte g ppiiapytd. {the cbifaliiehs wre iRl JomiRhlh B bRl ol o
fiber virg fiber, (16) in the sheet according to (1), the sheet
has a 41¥ﬁ°ER%@§§n8P£BE°THSW’i>2®f (BRMARRFHfSPRAY core. (17) in the sheet
according to (1), the linear magnetic material has a magnetic body core. A
conposi t i on(6fIntthe sheRfraseoiglingo iy (Do peplprlito oBeglindsicalty frang Biyers of the
Accordi ng to enbodi nents of the present invention, sheer in which the
magnetdoatedalagers adre ifsrmgthspiced dpnt dmb edanly oebcpdaeajlcatgitbdimhl duedtimoes the t he
sheet can be provided, conpared to the case where no irregularities are

pr esenhagiztit bedpusrer peri phery of the magnetic material. Accor di ng
to enbodi nents of the present invention, sheet in which the nmagnetic

material i S(7)MiHished AEqmRabND), SelaRerna nd¥iRtriateidl 1A 8 Soktbd Iher. Shaet can

be provided, conpared to the case where only pulp fiber other than softwood
tree p&é'afédfléytb‘?'ilaé‘mllél&féss\’mdtopl%&rﬁ LRGlsideS applied.
(8) In the sheet according to (1), the linear magnetic material has a coated layer. The
coated layer has a thickness of 5 to 100 pm inclusive.
(9) In the sheet according to (6), a gap between the coated layers is in a range of 30
pm to 1000 pm inclusive.
(10) In the sheet according to (6), a gap between the coated layers is in a range of 50
pm to 1000 um inclusive.
(11) In the sheet according to (1), the sheet includes 1 to 50 strands of the magnetic
material inclusive.
(12) In the sheet according to (1), the sheet includes 3 to 40 strands of the magnetic
material inclusive.
(13) In the sheet according to (1), the sheet includes 5 to 30 strands of the magnetic
material inclusive.
(14) In the sheet according to (1), the pulp fiber is a softwood pulp fiber or a non-

wood pulp fiber.



BRI EF DESCRI PTI ON OF THE DRAW NGS Exenpl ary enbodi nents of the

invention will be described in detail based on the follow ng figures,
wher ei n: Fig. 1is a plan viewillustrating paper according to an
enbodi nent of the present invention; Fig. 2 is a cross-sectiona
view illustrating the paper according to the enbodi mrent of the present

i nvention; (15) Inthephegs ac@uding t@€ ) athe pulpHereais vieginrlpuitkeri on di agr ans
illustrating a linear nmagnetic material (a magnetic body) according to an
enbodi ment @h) ihthephes andardivignd (101the sheet has FihfknedAdf@0do 423 pariaclssivemat i ¢
configuration diagramnms illustrating a |inear nmagnetic material (a magnetic
body) accordi7ngn tie: dieet heordnbead|INeik 10fcat fRgMRS@MeribNYAN m@fketic body Ei g.
S is a photo illustrating the surface of the paper nade in the Exanple,
taken byea Nic6mBsGARSof MBhagnetic bodyofk is@d-B-$ of E€REFBBLG. Vi ew to describe a
met hod for calculating a pul'p fiber coverage in the Exanple. DETAILED
DESCRI PTI ON - r.eh NA , odi t. - 1 h . 4 pv.enti will
fccording gfe&%B&He%Es ﬁﬂl% }gﬂeé‘e‘%@ ivethioh NEheRf %?g!_iﬁclﬂt ﬂll\ésx%%%%éﬁa

be descri be erence to € acconpanyi ng draw ng t hat

o7 or CHEE A RO BN Lt o BHROE LR SRS R S Ve Bt b6 BT Rak s on

thereof nmay be omtted. . Fig. . 1is aviewillustrating the paper
accor FWPAY & tesrisat HoRte Be lflﬁ%lﬂarrﬂé%seﬁr@ PIYEHt e g pstiplery of e
cross-sectional viewillustrating the paper according to the enbodi nent of

t he priesgsticimjaidli on. Figs. 3A to 3E arc schematic configuration, diagrans
illustrating a linear nagnetic material (a nagnetic body) according to the
enbodi nent dfccomingte smbbdimenenof dre. plesagut iBvantionestpehds whocht the aguetic
cross-sectional viewin Fig. | Sheet 10 according to the enbodi nent
of t hemptegslefit inhibiedt frem, besg hpowedi HutlhSurficaanst the itgecomf bguredded

i nclude for exanple, pulp fibers (not shown), a linear nagnetic material 12

(her ei Rafda®dd toltRE B4k QFhckO0@§ pRIPHSRIRtE RIS fihdbd 18 Pul Mg aAddbhineda such

as a filler, if necessary Specifically, the sheet 10 according to

the e Eggng g&khhe present invention is made, for exanple, by mxing the
magneti ¢ body f wth the sheet 10 which is conposed of pulp fibers. That
is, the sheet 10 according to the enbodi nent of the present invention is
obtained by m xing and di spersing pulp fibers and the nagnetic body 12 and

then paper making w th ke, SLXEWISION OF THE DRAWINGS

Exemplary embodiments of the invention will be described in detail based on the
following figures, wherein:

Fig. 1 is a plan view illustrating paper according to an embodiment of the present
invention;

Fig. 2 is a cross-sectional view illustrating the paper according to the embodiment of
the present invention;

Figs. 3A to 3E are schematic configuration diagrams illustrating a linear magnetic
material (a magnetic body) according to an embodiment of the present invention;

Figs. 4A and 4B are schematic configuration diagrams illustrating a linear magnetic
material (a magnetic body) according to another embodiment of the present invention;

Fig. 5 is a photo illustrating the surface of the paper made in the Example, taken by a

microscope; and



The magnetic body is a. magnetic body 12 which has a | arge Barkhausen
effect and irregularities consisting of convexes |2A and concaves 1213 on
the outer periphery of the magnetic body (See Figs. 3A to 3E and 4A to 4B).
A magnetic material is inhibited frombeing exposed at both surfaces of the
sheet 10 according to the enbodi nent of the present invention by including
t he nmagneti Fibddiy alZhehptehvigastioideseihgl santthpd Sororplqutpsing it Hp pbet gssrage

This is due to the fact Mat because the magnetic body 12 has irregularities
on t heinakd Examelei phery and pulp fibers are easily entangled by the
irregularities, pulp fibers are presently entangl ed on the outer periphery
even though the nmagnetic body 12 is present adjacent to both surfaces of
the sheet 10. And as a result, the magnetic body 12 is considered to be

i nhi bited from bei ng exposed atppei myiBeasprefotthe sheet 10. Sheet
i ncludes a paper that is used for inkjet printing, xerography printing and

ot her printi : I fi j.Qm, of t. .10
accordi ng tg&? ﬁgaféeﬁb%%ll)one n%'\ I%('S)? ?Ekﬁg{rgsreg@glﬁ?&g%v@ﬂw egé]ésgrgbegevgr(t}?f%%%? (i%r;[ ©
detail, First, the magnetic, bod will. be described.. The magnetic
body 118 se<eBzpsNg PRy It At B bt pEFRERURER Ay presomtdirdiee
(consisting of a convex portion 12A and a concave portion 12B) on the outer
per i phidg denioted by thgpgame refgrepge nﬂﬁérai%gﬁéw “bg&‘yd’f‘?’”é%*néli‘ #2 Qfriagng
exanpl e, a magnetic mai n body 14 whose dianeter is constant in the

| ongi taxalanationltheesof imgd besmyifted.| y speaking, it is not constant) and a coated
| ayer 16 partially forned on the outer periphery of the magnetic main body
14. iFiig.t hées amgevetiilestiatidy the papdieaccoingdtd aty embodinfent oétlanptesenti s
cylindrically formed in the circunferential direction on the outer

peri phiagsntioh. t hEigmegriet a cerod-dechady didw ahgtrating whal paper ofccoliénd ayeths are
formed spaced apart from each other in the I onger |ongitudinal direction of

t he magReddiGedMhdpi¥edidnvention. Figh. 3A€ DRUNEEIHenRAH L odRgurbi@P&iaghasl or med
by the partially forned coated |ayers 16 and the nagnetic main body 14,
provi d : : St : [ : ncave
Port 1 oS IR blRRicl R El krRlip BB oAy o M0 FeAufng: 3LRETT
portioqe&gtgnjgﬁconfigured by the partially forned coated | ayers 16 and the
concave p8r¥| na2B is configured by a gap between the adjacent coated
| ayers 16 spaced apart from each other. ... Jdn the magnetic body 12,
t he hei ght Eﬁiﬁﬁgnggﬁwgﬁub%?f¥' r%ﬁﬁe@FH@lYWVBRﬁg§ ‘of the coated |ayer 16
in the present enbodinent) nmay be, for exanple, 1 pm.or nore (preferably 5
to 100 pn. Sheet 10 acepeding ¢t the smbodined 9é dicepisert iBiEnion astHevgdp bt heen
the adj acent coated |ayers 16 spaced apart fromeach other in the
enbodi andn?,; ist penfigarast o ineludse fdrogxgimpledimvdp fhierse Giat shown).t héinpaigmegiaticrmi n
body 14) may be, for exanple, 30 umor nore (preferably 50 to 1000

material 12 (hereinafter, referred to as a magnetic body 12), and other additives such as a filler,

if necessary.

Specifically, the sheet 10 according to the embodiment of the present invention is
made, for example, by mixing the magnetic body 12 with the sheet 10 which is composed of
pulp fibers. That is, the sheet 10 according to the embodiment of the present invention is
obtained by mixing and dispersing pulp fibers and the magnetic body 12 and then paper-
making with the mixture.

The magnetic body is a magnetic body 12 which has a large Barkhausen effect and
irregularities consisting of convexes 12A and concaves 12B on the outer periphery of the
magnetic body (See Figs. 3A to 3E and 4A to 4B).
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I f the height of the convex portion 12A and the width of the concave
portion 128 are satisfied, the nmagnetic body 12 is easily entangled with
pul p fibers, such that the nagnetic material is easily inhibited from being
exposed at both surfaces of the paper. In the magnetic body 12, a
boundary portion between the convex portion | 2A and the concave portion
12B (that i <A mapectisndatbaelds athibitrsl Gomtbsing apesed1d bofh suiicendbée wbept 1 0may be
per pendi cul ar (see Figs. 3A and 3B) and slanted (see Figs. 3C and 3D), to

t he | omgotdiri tathedémeatimont of thehgreseag metengombiynnbloding1the magnetic bdde 1% dt h
of a plural coated |layers 16 partially formed (the width of the convex
por t i ophitR hés irkdpelatieBgbmthcputdi@etipigy.t udi nal direction of the magnetic main
body 14) nmay be constant (see Figs. 3A, 3C and 3D) or may be different (see

Fig. 3B).  This is dReto9@P 188t thiebRdhRCEPImARRICBoliRY e ifs 1RegRAGRd APkt from
each other (the wdth of the concave portion 1 13: the length in the

e
ot Bl Sk §e, Bl FeSRUG P B R BREE ERPH AW St O

respect to a cross-sectional shape of the magneti ¢ hQody 12 (a shape cut

al ong ddieeenbiyitothyisHERCed; ‘l’&bﬁ ebe%t hé\ifagh reéuléoﬂv %‘?ﬁl?etlc bo‘g’ ICI'gﬁnlsFi gs.
3A to 3E, the boundary portion (that is, the end face of the coated |ayer
16) i scamgidaredpigt b¢ snlngtted et bginghewese! ahbotagiriecnbvbh sheehrlOex 2hpite
when irregularities are fornmed by destructing the coated |ayer 16 of

gl ass, inhidetha padet thaeisdessd farbeld etymining, eanograglveprigingfaad etlwir phinangsl ural ity of
protrusions is produced). The magnetic nmain body 14 will be descri bed.
Magneti c pr ope¢ihafes, ebngpasiiifadon of fepsheeel € acafrdinpeo nikgaabodinmeai of thedy 14
are not particularly limted as long as the magnetic main body 14 is nade

of a r@gg&“@eﬂmrﬁmlpﬁea@gﬁm@mﬁmt eristics that cause a | arge Barkbausen
effect. However, nagnetic properties of the magnetic main body 14

may be eXC?'ﬁiEFRh%?@&cW& ‘?Q%ﬁfl%e'dlgsi%ﬁb&&‘.er eof is alnost rectangular and

the retention (He relatively small. The conposition of the

magneti ¢ maif b .4 hn al | - - o

Ni - based, a%gﬁ%@‘lgéigtbgﬁy tlzb%eo ?Vnelncﬁ?éga;n% ug%gt%)sl’ ?@f@%mﬂg@@%ﬁ jgmles

Co- Fe-B-Si.,..etc.) includi.n netic el enents Fe, and Ni), transition
net al S,co%gm@aggscppgm O%ﬂgggﬂgé cpcaye poign 1%,%’) &?%?i%%r%g)penkhgy. t hose nagi
tic main bodies _having variaqus neti ¢ characteristics obtained b

sel ecting t RECEERPDs S BREEHE PO o¢ CORSERP Il TG MBI A JRALHFUG mgmﬂ&ﬁ*étlﬁt uent
el ements are utilized. The col or of an _anorphous alloy consisting of the
el enenvhosesdigmetierisl ¢opstant mcthe dongjtudinel diggdtion dstrictly spdagiagn iisis not constanhe
shape of the magnetic main body 14 is not particularly limted as |ong as
it is aplpraptdddagerflémpacallyifognal drathgeuBapetpiens chthefagottic ain ttodg 1dhape
needs to be linear (wire type) because a certai.n length is required with
respect to thehcmagsetisewd ddatheaoardtigyee dgshr axBapkhustindidallgdbrmed in

The word "linear (wire type)" refers to a concept to include circular,

rect an@gul @cum@reidelircehdPea t_ﬁy%hte@speﬁpﬁa?nﬁ @ BN ndin Eboli%;rlﬂ, shape or a
curved shape, as a cross-sectional shape {a shape cut al ong the

crons, PEFALP IR benom D fespgin el angt gl sy i

gg:ﬁb; g%ﬁgggf@%{mggin%ggh%ﬂb(;sd,sl,clrh_that t he magnetic body may cause a | arge

In the magnetic body 12, steps are formed by the partially formed coated layers 16
and the magnetic main body 14, providing irregularities (consisting of a convex portion 12A
and a concave portion 12B). That is, in the magnetic body 12, for example, the convex
portion 12A is configured by the partially formed coated layers 16 and the concave portion

12B is configured by a gap between the adjacent coated layers 16 spaced apart from each

5



As a result, when the magnetic main body 14 is included in the paper which
has a thickness of, for exanple, 80 to 120 pminclusive, the magnetic main
body 14 may have a circul ar cross-sectional shape and the outer dianeter
thereof nmay be in the range of 10 to 60 pminclusive (preferably 15 to 55
pminclusive, and nore preferably 15 to 35 urn inclusive). The | ength of
the ma@fhett i c nain body 14 depends on the outer dianeter ereof, and may be
in the range of 10 to 40 mminclusive (preferably 10 to 30 m n incl usive,
and nore pr éh ¢reabhgnetis tody23, the hienght wditheyonne pottirm DA &he diidkmsseof ths i n
the range of, for exanple, 10 to 60 pin inclusive. The magnetic
body i &atdatiajerad ihalic greadplmbbiini@ib)tmagbe for@neaiple Inaher inddre (Rafksibigst he
nmelted magnetic material through a discharge port with a shape
correspondipg.to a desired cross-sectional shape, and cooling the material.
Specifically, a preparation nmethod (Tayl orUnt ovsky net hod) described in

e,g., US %%%H’[hl\&'tll% g&tﬁ:gvéﬁé&tioﬁ92ﬁqme p\%@llﬁflé%g! the 9(8'%6[39903%3 ﬁgethgLUdes

providing a nolten al a cooling rol is rotating at
speed to optain. a thin str.i or, a.twi.n.rqgll et i ch 1 nel

o ovi g et e P i Qe s TR G 60t DEHBREr Pt at i ng
at a high speed to . obtain a thin stri etc.. e used. equently, a
coat edMPERFEF MmN \ERP‘H P‘Bén@’e% f?rbf‘éampfea % pm Orl\}’B?‘g‘ra(i/’%ﬂ?"sraﬁéfS(attﬂ EHQ@H‘%id | ayer

16 are not particularly limted as |ong as they are known insul ating

mat eri al s, ahdrehgight ﬁ&ﬁwepvwor@%ﬂr%ﬁ@pd F}&Wﬁ%fhﬁf deicaneave@ogion 178} ¥&st er
resin), inorganic materials (e.g., silicon oxide, etc.), glass, etc.

Met hodsitisided, ftly miaggetichleodyok sdedsdy entangled vathmpulpparers, suftathay the magragicand

i ncl ude known thin filmformation nethods, such a.s a vapor phase film

f or mat materiaiEt baxdly inlnbltedlrog, befrgy exprsmiplt pthasusfpcdstodthaygppen Chem cal Vapor
Deposition (CVvD), a vacuum deposition, etc., or liquid phase filmformation

net hods i nclig@ien@agrie@t b8AAND| £hovAdehyRktich Ed@témihe canved! Jofiort D24 hitfJthea
spray coating, a coating using a so-gel nethod, etc., according to

mat er i @n%a\%oé’tﬁ{i&)ﬁ Y585 NGhat RE1HARIGHcd SYBE cdfed ATRAY6 LNEID enYRRRhe@NARG bhi | M

formation nethods arc preferred for formng a uniformand thinner coated

| ayer { ed r f LS f.0 r i gt hod
ooyt or PP ReRkE A QT 3R ] yahaPGet FigsgiTRt PIERY BhERRUIR 0%
used. ecificall a.netal lgy 1, charged in a glass tube and the front
edge O(ﬁpe[cﬁgnafﬁlggd[gggtéc F@lno]?f)gﬂyﬁgat ed and melted with an induction coil to
cover the peripher f the netal nolt mat eri al eri phe f the magnetic
mai n body 11)‘16kadH¥ ﬁglatlélaf%lcaé@dal?xm ﬁgi@fﬁl%’i gﬁrvg@dmee%f“@/ o the €80 Kng
mediumto forma coated | ayer 16 ,ofdgl ass on the outer peri pher)y of the
nmagnet Patipmil AAbdwylength in the longitydinglghiregtipm AL Hie mpgncte abad brdydi) 1y bey be
perfol | El ed sinultaneously with the nagnetic main body 14 (that is, the

W re natostagl (sedbigs.e3dams! @d 3D naimaenbadidfiesni tseerliteeBBal nmay be processed into
awre type, and imedi ately after a magnetic nmain body 14 is obtained, the
magneti ¢ maiTheadyfde adjycene csdtedildyanseldouslaye galrefiomaatio btheathe madthadfi ng

| ayer by a vapor phase filmfornmation nethod such as CVD, etc. For

examaphg con®lvb §dsidnor 2B :ahslagtiaicoatietkiluauRrl dikectpardfitad nagaetid Meinosder
peri phery nagnetie main body 14 may include the foll owethods. 1) A

met hod ] - b i RUIEL phery of the
magnet }A@%n?{ ]%r{)ggg%nﬁ(i&ﬁ?gg %r#%dgaﬁ%)ﬁoe&?%}ta%eg%ﬁ%gﬁg$S%?gléghjr%Sgdk;l)g]a? t he outer

ST PR St B APEATORS AAE bi .
, I i , . 16 .
Such SRePEEESHL S H S A0 SA0E i ded i 9 GRS b Grbge

coated | ayer 16 partially on the outer periphery of magneti c mai n pbody 14
by chatigphg! fermpsustic SAY dg (@ shena sl the Wﬁ@a@m%lﬁmft%%gﬁg the
preparation speed in a certain condition in the above-nenti oned nethod.,
and body123) a method for formng a coated layer 16 partially on the outer
peri phery of a magnetic main body 14 by coating the magnetic body wth,
e.g., a typilc&igst hartodp| thsboundaeg portiongthead, bt egl dxs aishengpateddhyatdp) &t c. |
and scraping the thernoplastic resin coating |layer at a predeterm ned

i nt er v@lenabtiels fidielienead itigeto ind. maliay BRVES €fbr example, when irregularities are
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Subsequently, the content of a magnetic body 12 will be described. The

content of the magnetic body 12 may be, for exanple, | to 50 strands
(preferably 3 to 40 strands, and nore preferably 5 to 30 strands) per
sheet of the sheet 10. The magnetic body 12 is not |limted to the

above-nmentioned. configuration, and may be, for exanpl e: 0 aformin
whi ch fanpedibndesioctng gheaoatefl dpyesd 621 eldse hiel sl paidaaibpd belovaps upsyca
coated | aver 16 continuously M med on the outer periphery of a nagnetic nom
body I1stirfanelwiith medurbhtyi dfipestnasiansps pwidded).by t he not ches, as shown in Fig.

4A, and 2) a formin which a coated |ayer 16 having a region in

whi ch parti ghkyndghédemnentbddyildkngisreksattedpresent is formed on the outer
peri phery of a magnetic main body 14 to provide irregularities between the
regi on havi ng,diefid BrRREtick NEGKNRERRS she, SBO¥kh @nd(?ngtic #Rin body 14 aARAY the
magnetic bodi es 12 déescribed above, a magnetic body 12 constituted with a
magnet | C.. TRI e i r cpat ed

| ayer élagtl% ugﬁlﬁtéd;aﬁ églggﬁgt%egﬁtdggﬁt{cs% ? (I)lrgrrtgigI §4ngt ﬁ%&%é? gr p re?f)hlgg?&agf a
magnet.i c. mai.n b due t&o the fact that the coated | ayer

dy..14 Thi i
16 na))w\?{éngp%braﬁc%r’%g}csftg?%ﬂseo%lafg?:eﬁ%kﬁaéﬁserb% Ybhery of the magnetic nain body

14 by tenperature control duri.ng ass coating or y be easi formed on
the outer p&laWsves W%Peqqﬂoﬁﬁﬁﬁ%?ﬁg%e Hﬁ’igﬁetlfd?}?/‘%ﬂ?dﬁgg\%?ryﬁ?er@‘cﬂb%‘t Rness
partially, and irregularities nmay be sinply provided on the outer periphery
of t hehyviegesist loep Bisespf ivalmpost egtapg ey anddhe ertenbien{(Hek isrelativalesmalde gl ass is
easily broken by inpact and a coated |ayer 16 of glass is apt to be
partial |y sdparcatgdsitoe of 6hd mpaotticahsierbodiid 4coay edtludeyadioyd Ge.gs Cocrased

t hroughout the outer periphery of a magnetic nmain body 14, irregularities
may beFsbarpl yNpbavd dedixed siitematiérest, pet,igpiapseidaliiyh€oBrgi) €ld-Ee-BeSiy etk 3.
Hereinafter, pulp fibers will be described. Known pulp fibers nmay be used.
Speci finglugtanphasetiof clpmbis feRer somay, kit NifarseR@npuelst iaBer glfK-Brming

har dwood tree bleached Kraft pulp fiber, hardwood tree unbl eached Kraft

pul p fl t r | eache f I Raifi : ;
T R e S e L T e e

har dwo t : jte,pu [ : sulfite
pal p PRSP EAERR S b B SR eS8 o Wb R RBBET SRR o
pul p fiber (e.g., cotton pulp fiber, he ulp fiber, straw (e.qg. ice
straw %’i‘&tl%g‘i‘tl %ﬁ@?ﬁsaﬁf B‘E‘Hfaf i t’)lglp é%%rggoapnpﬁ rgl’lol}%ra,lloye(‘eodls%ﬁflg 4 ﬁlgr ,
Kenaf pulp fiber, sugarcane pulp fiber, etc.). Speci fic exanpl es of
pul p folgaeRds papmimeallyeléectrdinde Fite gt §emser s prepared by nechanical |y
pul pi ng wood and chi ps, cherno-nechani cal pulp fibers prepared by _
nmechani cal | ;Thpwhmmgtp dhenr@elic impr dgAntléds wobpartigeladilpaited as longas it is

t henuo-i neehani cal pulp fibers prepared by pul ping slightly softened by
previ apprariagniongausmgaa taefd Bankhauwstg effect, but the shape needs to be linear (wire type)

because a certain length is required with respect to the cross-sectional area to cause a
Barkhausen effect.

The word “linear (wire type)” refers to a concept to include circular, rectangular, or
other shapes such as a shape extending as a line shape or a curved shape, as a cross-sectional
shape (a shape cut along the cross-sectional direction with respect to the longitudinal direction
of the magnetic main body 14).

The magnetic main body 14 may be 10 pm or more in the outer diameter, such that
the magnetic body may cause a large Barkhausen effect.

As a result, when the magnetic main body 14 is included in the paper which has a
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Pul p fiber may be used alone or a conbination if two or nore pulp fibers
may be used. Anmong the pulp fibers, softwood tree pulp fiber (e.e.”
softwood tree bl eached Kraft pulp fiber, softwood tree unbl eached Kraft
pul p fiber, softwood tree bleached sulfite pulp fiber, softwood tree

unbl eached sulfite pulp fiber, etc.) and. non-wood pulp fiber are

pr ef erthislinessids &r sapmpiso 40 ttp d&0 pum pndlisdhes, thgmagesiiowaid dypl4 merhayead to
have | onger fibers than other pulp fibers, and thus are easily entangl ed
wi t h aciratmetdss-sbamyallshapanad ferdutawlianetys tharevé grgtticcintht eanigalofil6 te&bi | y

i nhi bited from bei ng exposed to both surfaces of a paper. At | east
one seh@Gh@dsive grefch®lys 0f toePdnt heRisie] énd hbergeRnbly e tadh uwdediusivtp
fibers may be present in an anmount of 1 to 100% by mass (preferably 5 to

80% byl"l'igaféﬁ%thbﬁstﬁ‘éjm(ﬁ@nétfé%iiﬁtb%hy anupindRfontthe obtel BiakeR@rthereof, and mhp®ecpul p
fibers may be prepared fromonly virgin pulp fibers or conbined with waste

paper Ry Qra%-kg gf(": ﬁ% gj 4@&%%?{?%&& (Pxﬁeg%ral&lgll@ tQ@Ptnilrﬁlf{uﬂ“ﬁsivé Qﬁd \‘riarrggfégé&%%lgoi S

pref erably by a ne es onl'y chloriné dioxid

ozonel 1y B BomI BB Be e TS GeSaist b BrRHe BFTRe EoMo R4S hot

Chlorine Free: TCF). Raw materials for the waste paper pulp fibers
i ncl ud8YRNFi nt ed waste papers of extremely high-quality, high-qua
medi um grade white, |owgrade, and other white papers 11 that are cut,
damaged, andhermaggatiabodnissibianerbfns catagle bty Helilkged@psnetis r#HesHopRSSINgut t i ng
facilities, and the like; high-quality printed waste papers such as

woodf rtbe nattdd coanettt matedélrtbeugh pelisheigatpodvatips shape dowespooding th a iesited
papers printed with inks such as aqueous and oil -based inks or with | ead
penci | §pssnes@adehapspsiccqipgribe anndral.ni SgcHotuidy,ta slepgrati@afdedtod (@hylpr-i nt ed
hi gh-qual ity papers, high-quality coated paper, nedi um grade papers, or
nedi unyBiveds; ©edberddRamRidsh eandU Washeniapey,s5afs4reslicalnedys af€e aPRkthod
medi um gr ade coated papers, pulp papers, and the |ike. Preferably,

vast e J?ﬁ‘i@ﬁ lri% o e? r?fr&\h&ihg aqgsl@émﬂ)ryg d c%ﬁh% o1t Gz]?ﬁcht&’ rQERREO hild¥ IhaQens

per oxi de g treatnent of w materfrals for waste papers nay be used.
I n order,, . tal ' I: ' ' it RN

pref eroitin & SR B-EARR PARRR A e b ot LB0REE meld biecn 2
the bl eaching,.treatnent. in the range of 5Q .to, 100% by weight. Fromthe

i ewpdrolspotg SR dBtih e eyt SrraeB e gorany e & wael bR,
pul ps is nore preferably in the range of 70 to 100% by wei ght.

Subsequent | ﬁPbﬁqH%‘Ft{YaélaP%tFQ/@é’ewq Wﬂgee %égebq ed. Exanpl es of fillers
to be added to the sheet 10 include white inorganic p%?nents such a.s heavy
cal ci um car Béatetias foy gist cassgclayer dardsomat dartichirly, likded iap lorgptithtydarel ay,
talc, calciumsulfate, bariumsulfate, titanium dioxide, zinc oxide, zinc
sul fi dejovai nculeting ord¢rels, andnnaynmaidd, dat exangelkciesim wiateriokt @, 2. npgmestirum
silicate, synthetic silica, alum num hydroxide, alumna, sericite, white
car bonesiappadtghtc neddrialsu@grailioniokidentit 9, glswdétum ni onnoril l onite,

bentonite, and the like; and organic pignents such as acrylic plastic

pi gments, OQhyREAY R NBrmABGhE Ratcie18i61S16 hfe WoShAtIBAREY IRNikdISadT enchidended
to the base paper, the blending amount of the filler should be adjusted by

previ m G HFREREHb BRI SeueR aﬁgiyvagﬁ anhgsé hen E&&%a‘(@ﬁh‘?‘dﬂ%@ﬁndﬁ&iﬁé,i al's.

An in Sl zing agent 1s prefera to the sheet 10. Exanpl@és of

N N T I T e R

(ASA) ’li(ﬁl!i(lf ythlfiseet %?n% tccj)irmngtﬁc)sn Aé't%old)s’ingﬂlging, for example, a dipping coating, a roller
coating, a spray coating, a coating using a sol-gel method, etc., according to materials
constituting the coated layer 16. Among them, vapor phase film formation methods are
preferred for forming a uniform and thinner coated layer 16.

When a coated layer 16 of glass is formed, a preparation method (Taylor-Ulitovsky
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petrol eum si n-based sizing agents. When the surface of the sheet 10
is desirably nodified to be cationic, the surface may be treated by a
hydrophilic cation resin or the like, In order to suppress
penetration of the cationic resin into the sheet 10, the sizing degree of

t he paper before application of the cationic resin is preferably 10 seconds
or norwetind) fesssbehanego BSecFatnt No. 3,256, 5R4pmpe be stseéngiitecifipglpvemeidy be
added internally or externally to the sheet 10, if necessary.

Exanpl &kyadf chirgepapeplast tubaght thenfromtordge iofi theuglassstilar simvertwdicfliaed nsdl@dches,
veget abl e guns, carboxynet hyl eel | ul ose, pol yvinyl al eohol, pol yacryl am dc,
ur ea- fwithmh dedution ceR itd Sovdraha pefighe-p bt cd@ byt oltes inseriadi(pdribdbyydef skar ch,
pol yet hyl enei m ne, epoxi di zed pol yam des, pol yam de-epi chl orohydrin resins,
et hyl ghs 'ﬁdi@@o@?h%tﬂ%ﬁe@%ﬁs@%ﬁd‘ itderdpl@YyicweRd vHLa cooling medi@hi tguUS
agents nixed wth typically used paper nedia, such as dye and pH adj uster,

etc.., Ry abc%af%g(if}gr Eﬁ'&% gl%is : (#Heﬁi% obfr g?ri ,he(r)¥ of 1€ rr?a%ﬁ@t]ic 14‘19inr%\r{rlgqg. treated with

a surface-sizing-so necess a surface treatnent to forma
coat | ayer e perf d. The, surface treatnent carried.out by
appl ying a gﬁ’%ftg%ﬁéqnzgﬁa%sﬁq%‘?fm%ﬂgaf“%b? By OQB?{?%BLﬁF@S?uShumlﬁhnt “a
coating |l ayer to,a, ba paper by using an_application dul e typically used
' t henagelic s bady &B%‘F’éé% Wl@ﬁpﬂﬁl@k&OEﬁW@%ﬂ moltg) magesapatctinly
coater. air knife coater, rod bl ade coater, blade water, etc,. The

t hi ckrigay bef Propesseshpep araijrebepes and daspgiascly gifter ¢ maengdignmain begy dtnisf t er
the present invention will he described in nore detail wth reference to
Exanpl @gginéihviby eragnetac maof bodedé rixabplsasuliasempty cortled the dortro ah iinruiatinge
present invention. [Exanple 1] (Preparation of Magnetic Body A) Magnetic

body ilaystbiyehvapor pighst ditrh tfoesatmhendthsdmdhlay (e tdtal |y form ng a gl ass-coat ed
| ayer (Figs. 3Ato 3E, etc.) A gl ass-coated nagnetic body is

prepared by Fohexabayb ohefdblid fFRVEKYinERE dbatkd(18Pdrn 6l A0 @Dthc ddgergieiphbny out er

di aneter: 50 pm and inner dianeter: 30 pm, 1 g of a nagnetic wire cut

into p&f%crﬁé%}féiic%imd}nléi £agt e tH%Folfo?&ﬁRg fel@@s.mM beaker (water: 400 nl),

and the resulting mxture 1S stirred w a stirrer (Labo-Stirrer Model

LR-51A, many %;n%ﬁlec% %\0{ f%%qi?igoal %ﬁa‘éﬁed;fa%l&l %6 rtia(l)lg:](}q\'e?hefoqlr er%ger@.??ry-r th]éi R

used for stiﬁrln S 2) rom the F an ‘n W

SURIAL AR SITENIE o T AN S TG R NER L
malgnetringgnbe(t)ig>;nai1irsl b((j)[i; Eigl inzr(]:gorrcriggc%e\;/}tﬁ tltljé) gg’ov%—ringntg)glg ?1{6%(110 | arllndt 'Phiersl pg}itlnal gr '
providing mechanical load (e.g., such as pressure, friction, shock, etc.) to the coated layer 16
to partially remove the coated layer 16,

2) a method for forming a coated layer 16 partially on the outer periphery of a
magnetic main body 14 by changing a rapid cooling condition by a cooling medium or
changing the preparation speed in a certain condition in the above-mentioned method, and

3) a method for forming a coated layer 16 partiailly on the outer periphery of a
magnetic main body 14 by coating the magnetic body with, e.g., a typical thermoplastic resin
instead of glass using a blade, etc., and scraping the thermoplastic resin coating layer at a
predetermined interval after the coating, etc., may be used.

Subsequently, the content of a magnetic body 12 will be described.

The content of the magnetic body 12 may be, for example, 1 to 50 strands (preferably
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(Control of Pulp Slurry) Pulp slurry using softwod tree pul ps TO a
pulp slurry including 90 parts by nass of a pulp slurry OF hardwood tree
bl eached Kraft pulp (1..BKP) and 10 parts by mass of a pulp slurry- of
softwood tree bl eached Kraft pulp (NEM), 0.15 part by mass of a cationized
starch (trade name: M54600 manufactured by N hon Shoknhin Kako Co. Ltd.)
and 0.3 tqrt strangds,mad snase pepterablivSrip3O0streeds) per haetyadthaghee bl an 81 |

manuf actured by National Starch & Chem cal Japan Co., Ltd.) respectively
based on 100 hpanigiety bods 2 of ndtHaniswsl todhp abgyefintgronad eomtgiedion| Makimy of
Paper) 10 strands of the nmagnetic body A are mxed with a pulp

sl urr e lsradxag@lel sol i d concentration 1.0% by nass) and a hand sheet is
manuflictured by a round sheet machi ne (manufactured by Kumagai Ri ki El egy

Co., Ltd.) )a form THSvVITBNHiAGhUhdhane fSeRL atl tBe PrRRESSIRY iAtcPf@SsHhe Of
10 kgficnmRc for 1 win with a square sheet machi ne press (manufactured by

Kumagal,,, dl%ﬁﬁ%glgi %&%%%slﬁog?ﬁ%ggege %Eﬁﬁfﬁ&%{& (Zf[ 4 Igﬁ t{c%giﬁ)boggilﬂrand

(manuf acture eating tenperature of
100V and rotation s d of 10 cn m.n to qbtai,n_the paper having an
aver agh B HB G RETO S e P e SRR e Y flifnet 1 ¢ Body B)

Magnetic body in which jrregularitie re.thrmed by rtially formng a
resi n- coat e%l"‘a ’(nFWB@{’ a399"’tt?5{ @?r i? 3‘.3)’“15’ a IegloTh 1 ﬁ&“ﬁ’oﬁ%éﬁ élggé?rgest er
resin &Tyl onal MD I 500 manufactured by Teyobo Ca, Ltd.,) is applied to

bot h stickaesses afe prepangrietpenad pbdke Origr MerigF B difehpgnets awin RPAY Wi dPh: 80
lint, length: 200 mm and thickness: 40 )trn) manufactured by a single roil
met hodprsvich itrégtarities befwsen gk tebiookbaeisng differeimtahichecsses; isashowingnibing. e r ange

of 25 to 30 pill, and then dries. After drying, the applied surface is cut
ai an i nt er vahorgf thd nagnétic bakes B dgsotvel dbvave,ngmagnastidbbdpl 2 40ktihaed@@hpm and
a depth of 15 to 20 pmin the transverse direction. Next, a segnent haying

a W dth nofond@O nidin d0dy a4l aaDhNcoafed2BQeril ik profeepdnadrafd cotited Myer a6l ength
of 25 mm The magnetic body B is prepared in this manner. (Making of Paper)

A pul I Yold<S : | b B : nner as in
Exawpﬁgéllil?{ngy)glég 15‘3[?({3"'%2513J fofde@Be tﬁe%tfgg’g)ﬁ/b%éf? So%% Bid R@msrﬁ)’ﬂi? 198

cept t the magnetic used 1 nstead of the magnetic
body A This is due to the fact that the coated layer 16 may be partially formed on the outer

periphery of the magnetic main body 14 by temperature control during glass coating or may
be easily formed on the outer periphery of the magnetic main body 14 by varying its thickness
partially, and irregularities may be simply provided on the outer periphery of the magnetic
body 12. It is also due to the fact that because glass is easily broken by impact and a coated
layer 16 of glass is apt to be partially separated due to impact after the coated layer 16 is
formed throughout the outer periphery of a magnetic main body 14, irregularities may be
simply provided on the outer periphery of the magnetic body 12.

Hereinafter, pulp fibers will be described.

Known pulp fibers may be used.

Specific examples of pulp fibers may include wood pulp fiber (e.g., hardwood tree
bleached Kraft pulp fiber, hardwood tree unbleached Kraft pulp fiber, softwood tree bleached
Kraft pulp fiber, softwood tree unbleached Kraft pulp fiber, hardwood tree bleached sulfite
pulp fiber, hardwood tree unbleached sulfite pulp fiber, softwood tree bleached sulfite pulp
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[ Exanpl e 3] (Control of Pulp Slurry) A pulp slurry using non-wood pulp
To a pulp slurry including 90 parts by mass of a pulp slurry of hardwood
tree bl eached Kraft pulp (LBKP) and 10 parts by mass of a pulp slurry of
Kenaf (non-wood pul p), 0.15 part by mass of a cationized starch (trade
name: N rs4600 manufactured by N hon Shokuhin Kako Co. Ltd.) and 0.1 part
by nasibess softvagidkeasyunbiaaeladniuefitg i Fibere cicpianr aeng1oodnmip £1Rex (fracdiipn
Nati onal Starch & Chem cal Japan Co., Ltd.), respectively, based on 100
parts p fibss hemptivdp Sber eirpul(pgf rbestrav end dddely Jtheav)muilp fiben bambegpulp
controlled in this manner. (Making of Paper) The paper is made in
t he safierfm@edpiilpdibet, Kdnxppp €ibkr, sepeeept pulpafibdrheec. pbt ai ned pul p slurry is
sed. [Exanmple 4] (Control of Pulp Slurry) Pulp slurry u,ing pul ps other

than softwo e&i‘ﬁ@%xﬁ?ﬂﬂg% o1 APerdRRS, BUhBE ground wooPp@p FiHeRs ﬁﬂegzﬁﬂé& b
including / 00 parts by mass of a pul'p slurry of hardwood tree Ieac%’ed

o PR o SRR ) s PR S5 160 et pae
o S B S B DG M08,
TR o ey Solh R Tt At e pulp Shury L coptrolled 1n
as in ExanplP?Jl;! ﬁberer);g)? %E: JSQ(? Elloglge()r%béoa}liltggzﬂio%ucl)tp twsoI grmmiofe gglle)dﬁbers may be

used.

Among the pulp fibers, softwood tree pulp fiber (e.g., softwood tree bleached Kraft
pulp fiber, softwood tree unbleached Kraft pulp fiber, softwood tree bleached sulfite pulp fiber,
softwood tree unbleached sulfite pulp fiber, etc.) and non-wood pulp fiber are preferred.
These softwood tree pulp fiber and non-wood pulp fiber tend to have longer fibers than other
pulp fibers, and thus are easily entangled with a magnetic body 12, and particularly, a
magnetic material is easily inhibited from being exposed to both surfaces of a paper.

At least one selected from the softwood tree pulp fibers and the non-wood pulp fibers
may be present in an amount of 1 to 100% by mass (preferably 5 to 80% by mass) based on
the total amount of the pulp fiber.

The pulp fibers may be prepared from only virgin pulp fibers or combined with waste
paper pulp fibers if necessary.

In particular, the virgin pulp is preferably bleached by a method that uses only
chlorine dioxide but not chlorine gas (Elementally Chlorine Free: ECF) or by a method that
uses ozone/hydrogen peroxide or the like but not a chlorine compound (Total Chlorine Free:
TCF).

Raw materials for the waste paper pulp fibers include unprinted waste papers of

extremely high-quality, high-quality, medium-grade white, low-grade, and other white papers
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[ Conpar ati ve Exanple 1] (Preparation of Conparative Magnetic Body) Magnetic

body without irregularities A gi a.ss-coated magnetic body wire (main
ingredients: Co and Ni, outer diameter O um and inner dianeter: 30 pn) is
prepared by Tayl obillitovsky nethod and cut into pieces of 40 nmin |ength.

A conparative magnetic body is prepared in this manner. (Making of Paper)
A pul pthet aver guti damagads onfl derearar 1heizpgeagrafed Wpbeokmpketie DERIFRORFRFHEMEZaS | n
Exanpl e | except that the conparative magnetic body is used instead of the
magnet facilitioslyandl tlieevikbuhtghenality printed wastevmberat §ush iass woedfrer med watetlhe
paper obtained by varying the degree of exposure of the magnetic body to
bot h swobdfesspapkrst thet papemtaisod @pldsvaste papers p‘itiméd(e'dhriﬁkst sueh wfaqubeis
magnetic body of the paper obtained is photographed at :50x magnification

by usif{ll 8il1HaSéOHIQAPE: GWHBRA FHRBU: acdurth Ql%rb\‘aéaéf@%tﬁﬁerﬁecogﬁﬁlﬂﬁ 5 adveiking See

Fig. 5). The magnification is 150-fold or nore he m xed portion of the
magnet j.a ho tRMRLA g f Lo NG RARELra QD £t O
eval uat e (&F:ﬂr@ e%he%s‘g]r %pt?g&p ‘Ef %th EOJ ogr apﬁep(frrl m%ge ra? Tp%?%ér rcoat ed
portions landrn n%oateaﬁr ar air ﬂ% Lnred to e@u radrg
i engt WETEHGERTY FOPRd TERGT €l WAt el Tomedrnt ﬁea %ngR%rti & Body P
non- coat e %ﬂfortloq fromthg e tral portion of the nagnetic body (see Fig.
6). ThHOH aB?\ﬁSn@‘PBF‘I?ﬁﬁf Anfl &h Fied to the result to calculate a pulp
fiber coverage, p fiber_ coverage i = [(full length of a
magnet i c bod’yeferabbfnwtq Eanjr w8l fib é@%%@aﬂb& qaétn§1 hyer (y1 07088 i nhyirogen
magnetic body] 100 The evaluation standard is as follows. A. 80% or
nmor e oferpuitlp bidabking dreatmeny of ohwamategale tfor wWasid ypapeitsimapn baweed gdn afrderQto
st rands B: 60% or nore and | ess than 80% of pulp fiber coverage of a
magnet eltaibedyasaiphperavhialy & hge 10 fwhitensst riaidsreferable to fdakd 086 ldending eatimndt | ess
than 60% of pulp fiber coverage of a magnetic body average of 10 strands
the waste paper pulps obtained by the bleaching treatment in the range of 50 to 100% by
weight. From the viewpoint of resource recycling, the blending ratio of the waste paper
pulps is more preferably in the range of 70 to 100% by weight.
Subsequently, other additives will be described.
Examples of fillers to be added to the sheet 10 include white inorganic pigments such
as heavy calcium carbonate, light calcium carbonate, chalk, kaolin, calcined clay, talc,
calcium sulfate, barium sulfate, titanium dioxide, zinc oxide, zinc sulfide, zinc carbonate,
aluminum silicate, calcium silicate, magnesium silicate, synthetic silica, aluminum hydroxide,
alumina, sericite, white carbon, saponite, calcium monmorillonite, sodium monmorillonite,
bentonite, and the like; and organic pigments such as acrylic plastic pigments, polyethylene,
and urea resins. If waste paper pulps are blended to the base paper, the blending amount of
the filler should be adjusted by previously estimating the ashes contained in the raw waste-
paper materials.
An internal sizing agent is preferably added to the sheet 10. Examples of the
internal sizing agents include those used in neutral sheeting processes such as neutral rosin-

based sizing agents, alkenyl succinic anhydrides (ASA), alkylketene dimers (AKD), and
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D: 25% or nore and | ess than 40% of pulp fiber coverage of a nmagnetic body
with an average of 10 strands F. |ess than 25% of pulp fiber coverage of a
magneti ¢ body with an average of 10 strands [Table 1] Degree of exposure of
both surface of a

petroleum resin-based sizing agents.

When the surface of the sheet 10 is desirably modified to be cationic, the surface may
be treated by a hydrophilic cation resin or the like.

In order to suppress penetration of the cationic resin into the sheet 10, the sizing
degree of the paper before application of the cationic resin is preferably 10 seconds or more
and less than 60 seconds.

A paper-strength improver may be added internally or externally to the sheet 10, if
necessary.

Examples of the paper-strength improvers include starch, modified starches,
vegetable gums, carboxymethylcellulose, polyvinylalcohol, polyacrylamide, urea-
formaldehyde resins, melamine-formaldehyde resins, dialdehyde starch, polyethyleneimine,
epoxidized polyamides, polyamide-epichlorohydrin resins, methylol-modified polyamides,
chitosan derivatives, etc.

Various agents mixed with typically used paper media, such as dye and pH adjuster,
etc., may be added to the sheet 10.

The sheet 10 may be treated with a surface-sizing solution if necessary, or a surface
treatment to form a coat layer may be performed. The surface treatment may be carried out
by applying a surface sizing solution or a coating solution for forming a coating layer to a
base paper by using an application module typically used in the art, such as size press, shim
size, gate roll, roll coater, bar coater, air knife coater, rod blade coater, blade coater, etc.

The thickness of the paper may be, for example, 80 to 120 pm.

Hereinafter, the present invention will be described in more detail with reference to
Examples. However, each of these Examples is not intended to limit the present invention.

[Example 1]

(Preparation of Magnetic Body A)

Magnetic body in which irregularities are formed by partially forming a glass-coated
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magneti ¢ body paper

layer (Figs. 3A to 3E, etc.)

A glass-coated magnetic body is prepared by the Taylor Ulitovsky method (main
ingredient: Co and Ni, outer diameter: 50 pm, and inner diameter: 30 pm), 1 g of a magnetic
wire cut into pieces of 40 mm in length is put into a 500 ml beaker (water: 400 ml), and the
resulting mixture is stirred with a stirrer (Labo-Stirrer Model LR-51A, manufactured by
Yamato Scientific Co., Ltd.) for 30 min. The fin used for stirring is 30 mm in length from
the center and 12 mm in width, and stirrer has 4 fins (rectangular). The stirring speed is 10
(maximum) of the memory (10 steps) of the stirrer. After the stirring is completed, a
magnetic body is dried.

The magnetic body A is prepared in this manner.

(Control of Pulp Slurry)

Pulp slurry using softwood tree pulps

To a pulp slurry including 90 parts by mass of a pulp slurry of hardwood tree
bleached Kraft pulp (LBKP) and 10 parts by mass of a pulp slurry of softwood tree bleached
Kraft pulp (NBKP), 0.15 part by mass of a cationized starch (trade name: MS4600
manufactured by Nihon Shokuhin Kako Co., Ltd.) and 0.1 part by mass of an alkenyl succinic
anhydride (Fiblan 81, manufactured by National Starch & Chemical Japan Co., Ltd.)
respectively based on 100 parts by mass of the solid pulp fiber are added.

(Making of Paper)

10 strands of the magnetic body A are mixed with a pulp slurry obtained (solid
concentration 1.0% by mass) and a hand sheet is manufactured by a round sheet machine
(manufactured by Kumagai Riki Kogyo Co., Ltd.)

The manufactured hand sheet is pressed at a pressure of 10 kgf/em®c for 1 min with a
square sheet machine press (manufactured by Kumagai Riki Kogyo Co., Ltd.), and dries with
a KRK rotary drier (manufactured by Kumagai Riki Kogyo Co., Ltd.) at a heating
temperature of 100°C and a rotation speed of 10 cm/min to obtain the paper having an
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Exanmple 1 A

average of 86 g/m”.

[Example 2]

(Preparation of Magnetic Body B)

Magnetic body in which irregularities are formed by partially forming a resin-coated
layer (Figs. 3A to 3E, etc.)

A thermoplastic polyester resin (Vylonal MD 1500 manufactured by Toyobo Co., Ltd.)
is applied to both surfaces of a magnetic ribbon (main ingredients: Co and Ni, width: 80 mm,
length: 200 mm, and thickness: 40 pm) manufactured by a single roll method such that the
applied thickness of the one surface is in the range of 25 to 30 pm, and then dries. After
drying, the applied surface is cut at an interval of 1 mm to make a groove having a width of
400 to 600 pm and a depth of 15 to 20 pm in the transverse direction. Next, a segment
having a width of 100 pm and a length of 200 mm is prepared and cut into a length of 25 mm.

The magnetic body B is prepared in this manner.

(Making of Paper)

A pulp slurry is controlled and the paper is made in the same manner as in Example 1,
except that the magnetic body B is used instead of the magnetic body A.

[Example 3]

(Control of Pulp Slurry)

A pulp slurry using non-wood pulp

To a pulp slurry including 90 parts by mass of a pulp slurry of hardwood tree
bleached Kraft pulp (LBKP) and 10 parts by mass of a pulp slurry of Kenaf (non-wood pulp),
0.15 part by mass of a cationized starch (trade name: MS4600 manufactured by Nihon
Shokuhin Kako Co., Ltd.) and 0.1 part by mass of an alkenyl succinic anhydride (Fiblan 81,
manufactured by National Starch & Chemical Japan Co., Ltd.), respectively, based on 100
parts by mass of the solid pulp fiber are added

The pulp slurry is controlled in this manner.
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Exampl e 2 Exampl e 3

(Making of Paper)

The paper is made in the same manner as in Example 1, except that the obtained pulp
slurry is used.

[Example 4]

(Control of Pulp Slurry)

Pulp slurry using pulps other than softwood tree pulps and non-wood pulps

To a pulp slurry including 100 parts by mass of a pulp slurry of hardwood tree
bleached Kraft pulp (LBKP), 0.15 part by mass of a cationized starch (trade name: MS4600
manufactured by Nihon Shokuhin Kako Co., Ltd.) and 0.1 part by mass of an alkenyl succinic
anhydride (Fiblan 81, manufactured by National Starch & Chemical Japan Co., Ltd.),
respectively, based on 100 parts by mass of the solid pulp fiber are added.

The pulp slurry is controlled in this manner.

(Making of Paper)

The paper is made in the same manner as in Example 1, except that the obtained pulp
slurry is used.

[Comparative Example 1]

(Preparation of Comparative Magnetic Body)

Magnetic body without irregularities

A glass-coated magnetic body wire (main ingredients: Co and Ni, outer diameter: 50
pum, and inner diameter: 30 um) is prepared by the Taylor-Ulitovsky method and cut into
pieces of 40 mm in length.

A comparative magnetic body is prepared in this manner.

(Making of Paper)

A pulp slurry is controlled and the paper is made in the same manner as in Example 1,
except that the comparative magnetic body is used instead of the magnetic body A.

[Evaluation]
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Exanpl e 4

An evaluation is performed on the paper obtained by varying the degree of exposure
of the magnetic body to both surfaces of the paper as follows.

A mixed portion of the magnetic body of the paper obtained is photographed at 150x
magnification by using a microscope (VH-8000 manufactured by Keyence Corporation) (See
Fig. 5). The magnification is 150-fold or more. The mixed portion of the magnetic body is
photographed on both surfaces of the paper obtained to evaluate both of the surfaces. From
a photographed image, pulp fiber coated portions and non-coated portions are visually
confirmed to measure the length (length in the longitudinal direction of the magnetic body) of
a non-coated portion from the central portion of the magnetic body (see Fig. 6). The
following formula is applied to the result to calculate a pulp fiber coverage.

Pulp fiber coverage (%) = [(full length of a magnetic body — sum of lengths of
exposed portions)/full length of a magnetic body] x 100

The evaluation standard is as follows.

A: 80% or more of pulp fiber coverage of a magnetic body with an average of 10
strands

B: 60% or more and less than 80% of pulp fiber coverage of a magnetic body with an
average of 10 strands

C: 40% or more and less than 60% of pulp fiber coverage of a magnetic body with an
average of 10 strands

D: 25% or more and less than 40% of pulp fiber coverage of a magnetic body with an
average of 10 strands

E: less than 25% of pulp fiber coverage of a magnetic body with an average of 10
strands

[Table 1]

Degree of exposure of both surface of a
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Conpar ati ve Exanple 1

magnetic body paper
Example 1 A
Example 2 B
Example 3 A
Example 4 C
Comparative Example 1 E

It is determined from the result that the exposure of a magnetic body at both surfaces
of the paper is inhibited in the Example, compared to Comparative Example.

In particular, it is determined that the exposure of a magnetic body at both surfaces of
the paper is inhibited in Examples 1 to 3, in which softwood tree pulps and non-wood pulps
are used, compared to Example 4 in which softwood tree pulps and non-wood pulps are not
used.

The foregoing description of the exemplary embodiments of the present invention has
been provided for the purposes of illustration and description. It is not intended to be exhaus
tive or to limit the invention to the precise forms disclosed. Obviously, many modifications
and variations will be apparent to practitioners skilled in the art. The embodiments were cho
sen and described in order to best explain the principles of the invention and its practical appli
cations, thereby enabling others skilled in the art to understand the invention for various embo
diments and with the various modifications as are suited to the particular use contemplated.

It is intended that the scope of the invention be defined by the following claims and their equi

valents.
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It is detenuined fromthe result that the exposure of a magnetic body at
both surfaces of the paper is inhibited in the Exanple, conpared to
Conpar ati ve Exanpl e, in particular, it is determ ned that the
exposure of a magnetic body at both surthees of the paper is inhibited in
Exanples | to 3, in which softwood tree pul ps and non-wood pul ps are used,
conpar WA ABIEEAPMEUIS 0 whi ch softwood tree pul ps and |ion-wood pul ps are
not used. The foregoing description of the exenplary enbodi nents of
t he present li Askedticomprikiag: been provi ded for the purposes of illustration
and description. it k not intended to be exhaus tive or to limt the

i nvention tapuhefipgresidse fornms di scl osed. Ooviously, many nodifications and
variations will be apparent to practitioners skilled in the art. The

enbodi ment s ;Wer GRen&RNMARG aABSE hhP 8 dubdlaa9rlakee MLBtausPEMER ahii@hat
principles of the invention and its practical appli cations, thereby

enabl i iﬁégﬁérﬁiegl%m% ﬁ&tet@:'r a@ryac;t{thé Hl&%é??%igtﬁémageﬂﬁ'i nvention for various

enbo dinmentTs an rifous no Ions as are suited to the
particul ar use contenplated It is intended that the scope of the invention
be defined by the following clains and their equi valents. WHAT IS CLAVED

I'S: L. A sheet ﬁo risinﬁﬁna ggLﬁbiiber; and a linear magnetic material has a
substantiallsyT %QgﬁtﬁﬁP 15 9eH%ebf ect and that has irregularities at anr
peri phery of the linear magnetic material 1 The sheet according to claiml
wherein the linear magnetic material has a linear magnetic material core and a coated
layer including glass, and

the coated layer partially coats the outer periphery of the linear magnetic material

core.

3. The sheet according to claim 1,
wherein the pulp fiber is mixed with at least one selected from softwood tree pulp

fibers and non-wood pulp fibers.

4. The sheet according to claim 2,
wherein the pulp fiber is mixed with at least one selected from softwood tree pulp

fibers and non-wood pulp fibers.

5. The sheet according to claim 1,
wherein the linear magnetic material has a magnetic body core and coated layers, and
the coated layers are cylindrically formed in a circumferential direction on an outer

periphery of the magnetic body core.

6. The sheet according to claim 5,
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wherein the |inear magnetic material has a |inear magnetic material core
and. a. coated layer including glass, and the coated |ayer partially coats
the outer periphery of the linear nagnetic nmaterial. Core. 3. The sheet
according to claiml, wherein the pulp fiber is mxed with at |east
one selected fromsoftwood tree pulp fibers and non-wood pulp fibhers. 4.
The sheet add6ran dgpleerliey af wybndrically formgblaypis efhide fopisdrlpyas aresiornedd wit h
at | east one selected fromsoftwood tree pulp fibers and non-wood pul p

f i ber sspagd aphg feine edchagbaridianengitudiplabdipaction of theenagnatic hedyl otear magneti c
mat eri al has a magnetic body core and coated | ayers, and the coated | ayers
are cylindrically fornmed in a circunferential direction on an outer

peri phery of the magnetic body core. 6. The sheet according to claimb5,

wherein a phurgad ikt feofivhd RMdigal, | y formed [ayers of the coated layers are
formed spaced apart fromeach other in a |ongitudinal direction, of the

magneti ¢ bo%elﬁg el%eag&gérféﬁg‘?tﬁatm(ﬂﬁéjﬁ @Qaticglag!:@jaﬁﬂ wherein the |inear

magnetic material has a coate ayer, and t oated | ayer has a thickness

of Ito 100 e cloglgeld g}'le\{'%'as g thic-:rkr}leessso e‘E[o 1%6(:”% grllc?l%i\;eq claim

8. The sheet according to claim 1,
wherein the linear magnetic material has a coated layer, and

the coated layer has a thickness of 5 to 100 pm inclusive.

9. The sheet according to claim 6,

wherein a gap between the coated layers is in a range of 30 pm to 1000 pum inclusive.

10. The sheet according to claim 6,

wherein a gap between the coated layers is in a range of 50 pm to 1000 pm inclusive.

11. The sheet according to claim 1,

wherein the sheet includes 1 to 50 strands of the magnetic material inclusive.

12. The sheet according to claim 1,

wherein the sheet includes 3 to 40 strands of the magnetic material inclusive.

13. The sheet according to claim 1,

wherein the sheet includes 5 to 30 strands of the magnetic material inclusive.
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wherein the |inear magnetic material has a coated |ayer, and the coated

| ayer has a thickness of 5 to 100 uminclusive. 9. The sheet according to
claim6, wherein a gap between the coated layers is in a range of 30 pmto
1000 pminclusive. 10. The sheet according to claim®6, wherein a gap
between the coated layers_ is in_a. range of 50 um to 1000 um i ncl usi ve.

11. The shedth toe#eas #gordingioglammnl, wherein the sheet includes 1 to 50
strands of the magnetic material inclusive. 12. The sheet according to

cl ai m wher eiwherdie therpdp fiberdb adewgod treeipulpfibaneis2 win-whed pelgdider.c materi al
inclusive. 13. The sheet according to claim1, wherein the sheet includes
5 to 30 strands of the magnetic nterial inclusive 14. The sheet according
to claim1, wherein the pulp fiber is a softwood tree pulp fiber or a
non-wood pulip. Thd&Heet ackbrdind @ cHigel, according to claim 1, wherein the pul p
fiber is a virgin pulp fiber. 16. The sheet according to claim11, wherein
the sheet h o T&ﬁ@ﬁ : : itminclusive. 17. The net

accordi ng tgﬁgﬁg?gga, Eégﬁﬁvﬁgghﬁﬁﬁgg?{nagnetic mat eri al has a nagnetic
body core, and a conposition of the nmagnetic body core is Co-fl-Si or

Co- Fe-B-Si .

16. The sheet according to claim 1,

wherein the sheet has a thickness of 80 to 120 pm inclusive.
17. The sheet according to claim 1,

wherein the linear magnetic material has a magnetic body core, and

a composition of the magnetic body core is Co-B-Si or Co-Fe-B-Si.
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