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DESCRI PTION Title of Invention MAGNETI C SHEET
Techni cal Field 5The present invention relates to a
magneti c sheet, which is capabl e of suppressing
undesirabl e el ectromagneti c waves enmtted from an
el ectroni c equi pnent, and inhibiting el ectromagnetic
di sorders occurred i n HESCRIPTHING €qui pnent .
Background Art 10The magnetic sheets are used for
Title 8€RTws%ioan of noise, or for RFID. For the purpose of
depression of noise, along with rapid devel opnents of
el ectroni ¢ equi pnment $JASNETPE SIPRET conput ers and
nobi | e phones, such as down sizing and hi gher
Techdicggpiehty, these el ectronic equi pnents suffer froma
noi se interference due to outer el ectromagnetic waves

anthé predentiAneetioh rolkitéS o AGRYERSE: Whddl FHikIRislépable of
el ectronic equi pnent. In order to suppress such

suppriessigheidntethle ¢RictiSa£0uind @arBasHifRd N8 HEeTctRKSH
for the noises. For exanple, a magnetic sheet (noise

equipdenteaadighiiitiek)elé@roinapasdd dashirdefNbcdi@rad RPhB®lectronic
emtting source or a noise receiving source. The
equippegitet i ¢ sheet is formed by adding all oy (nagnetic
powder) such as 20 Fe-Si-Al to an epoxy resin, acrylic
Backgresind, Axir the |ike, and then being cured to forminto
a sheet by hot pressing. The nmagnetic powder inhibits
ndl'se magbticsinlet®nse asedfEodaatbddn MineesclOpf&SRPID. For the
The better the effect of inhibiting the noise of the
purpasa @i depeessihmetf neisef dlengarghrapid devdopaientd af bledtrodfic
the magnetic perneability of the magnetic sheet is.
equipfE@isf dig. péenahemdputerstdral pabtlewinmes) Sechagdewncsizing and
sheets are used for RFID, as a recent trend in the
higheaftequeady,cthesawisttoatic equifshagtsosuféin fromt £ Aol idt@ference due
el ectromagneti c i nduction method, which is represented
to outas ebathrdreagnétoe watvies andtiatetfom e dvionges| Getiagd within the
referred as Radi o Frequency ldentification (RFID), has
electrbeirequigeientus éd oréar teesagrgaless siich fierforbhtes, various
information term nal, various conductors (netals) such
countesmeasmtes| havasheey. kemefbalthp moiwsar #odiespngdd, adyanetic sheet
to an antenna elenent for transmtting and receiving
(noisefdepressidgaisiet) isglisposedendjatentetom noiseremitting source or a noise
terminal. In this case, a magnetic field usable for
receivitng spuegesni ssion is largely attenuated because of the
nmetal present adjacent to the antenna el enent, and as
a The nagnesicctheetiis famahbynddarg ellop fmRELELic powder) such as
transmission in an el ectromagnetic induction system
Fe-Sirfdytoran eporyt xesin, acylic resisnbs she liker and¢chenibeingtured to form
) radi o fre%uencx may becone difficult because a
into arshweh Rdwtfnregsiagey The mhihetid powdeT inhibdtsembise hasd functions as
el ectromagneti c disorders, a magnetic sheet is placed
a so-caHedmense deprensamnd hel katber t adtef ¢ohibitingrthe Awiswof the
a function of RFID, it is preferred that the magnetic
magnetie sheefats, 8he¢ langer asdimaginary parf” efthermggeetiic permeability of
perneability, and a small inmaginary part u" of the
the magpptieishepleisneabi lity. As the magnetic sheets are
mounted in el ectronic equipnments or the like, the 15
nddnéhe othecbard dndheaase mdibredhh anaghetat sheets stramsed for RFID,
and fire retardance. Therefore, a fire retardant is
as a rgegidrtaeny ig dhe arheadincammunigatien aisitpatesil antenna in an
However, as a _conventional fire retardant, a
electrymiaggeticindaetion mpihad, which isstepygsentedas mebdadefdrmation
fire retardant is used. The hal ogen-based conpound has
a large environnental |oad, as it generates a harnful
mat eri al such as 20 environnental hornmone upon
burni ng. Thus, the use of the hal ogen-based conpound
tends to be restrained. On the other hand, a
phosphorous-based fire retardant has al so been used as
the fire retardant, but it is inferior to the
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10 magnetic sheet which is capable of reducing
unnecessary el ectromagnetic wave rel eased from an

el ectroni c equi pnent, is capable of inhibiting

el ectromagneti c di sorders caused by an interference of
unnecessary el ectromagnetic waves within an electronic

termifi B Icft%%s RefcfPa] S8 HARHIRE aénégogﬁ%fﬁn%uon (RFID), has

satisfieS both high fire retar

been WRITEaREAT t Por @iﬂé’m@[@\{ﬁ he ﬁ@ﬁl@ﬁ%?ﬁﬂ maoe@? Iﬁnal various

cont'ained 15 therern’fromfalling off fromt

condufRES Qﬁie@al%?:: 86th as a metaﬂ?&%lﬂ%‘?!ﬁﬁie‘iéﬁpﬁtsté}ﬁ (ﬁﬁﬁoﬁ%ﬁtadjacent to
i nvention have intensively studied to solve

an anf¥r S8k Tor 6 RNtetih earmécewlﬁ &daseoqiﬂv@nsﬁﬁgé%he mobile

the i nventors have found that e use of

mforn?i\;@o@fzeﬁnﬁieﬂ' CPR tBdsQIRE Oﬁh@ég‘ﬂé%ﬂ: ﬁ@lldaﬁgeﬂﬁ FHHUY GhBsmission is
a carboxylic acid am de-cont ai ni ng rre? am ne

largely‘)éﬁféﬂtﬁitéd dec@udd sErHeshatAatesét AdjAcMPEEHd SnfhEfl element,
contai ning a binder, a magnetic powder, and the fire

and a$ BLREARN coklRuARGRRM TisBHRR! ol BRI AaRniSsiBAlAED.
and haV|ng a less environnental |oad and high fire

electrb@behodn @ﬁdusft‘i(ﬁ[ns%fé't a?%é%ﬁéh@d REVIESAsInSssion or receiving of
prevented fromfalling off, can be obtained. The

a radib Tvé&fiedic§ by bBEorRb WHRHulL P¥@Risk ArdiBHEnad BRqeHB is shifted.
that as the fire retardant, red phosphorus is further

To pre&/eft ah@@deleaﬂrdnﬁ@ewm@m@wga ﬁ?égﬁétﬁfsh%@t igldced between the
phosphorus, the silicon atom contal ning nelam ne

antenf¥dinahe andle CohlQxiorl CABGHE a dFThegok @R RETD, B8] is pre eferred that
nmel am ne cyanurate are adjusted so as to satlsfy

the mpgAviicshgethdia 1arge real sastyles tha %@g@t%éﬁﬂeéﬁ]ﬁm and a small
magneti c powder from falling off.

imagih8wephiton éftheasegnetic bbemahpilggent i oned fl ndl ngs and
the neans for solving the aforenenti oned probl ens are

aAd tHd Magnetit 3héet¥rgeahbantdienl eleatibaidbdigpidiitd de the like, the
a magnetic powder, and a fire 5 retardant, wherein the
magnéiic eheeisardantuieditailitedicdtarsistane ahd firsirbindAnce.
atom cont ai ni ng nel am ne cyanurate and a carboxylic
Therefmied adivedetanhiniinigogermdlacontaiadititles maghebicaghicbss.
magneti c sheet described in <1> contains no hal ogen,
aHewsverpasanioalvehtiatdal fres pelalrdaiit)e hilogeh diamed@dinpound
contains at |east one of the silicon 10
typified bynacmobaine irage ddfirenteber eydrisnaté. aftlethdogan-baxad eeémpound
aci d am de-contai ni ng nel am ne cyanurate, so as to
has a $atgesfnwibmirhemiadlodd,ras it geacties @ laandan frdgnatdrial such as
perneability. Furthernore, the nagnetic powder is
envirqueeeti! dobrirome Wpdd burpiabf Thor the usaghithe hakigeatbaed
be prevented. <2> The nmagnetic sheet according to <1>,
componhet gimlstthéeatestedned. onO®nothet dthes handpa pliwsphorous-based fire
atom cont ai ni ng nel am ne cyanurate and the carboxylic
retardagitchamnalde beentuaediasghedirenichaerdygnbutiteisiagerdomiontier
average particle size of 1 gmor |ess. The magnetic
halogsirbated Ese retsedant i Berms¢ hEthupihrerties naghe faktreth®lant.
size of the nelam ne cyanurate is as snmall as 1 gm or
| dassursent sitwatddmstheat Aye nlabtsofht klesiregnatadgnepiowhert having
i s not blocked. Thus, the magnetic sheet described in
flexibity, aad cBénisbwho dekirg memagaghietsheephaniea béttyin hardness or
magneti ¢ sheet containing the fire retardant having a
harder &0 gmppave workalsilitg. <3> The nmagnetic sheet according
to any one of <1> and <2>, wherein the nmagnetic sheet
c dg halvgendeequraznebip shests ¢achlcdaRainpagtsfiby retasdant, the
t he magnetic powder, and 70 parts by nmass to 150 parts
by mass of at |east one of the silicon 25
at om cont ai ni ng nel am ne cyghurate and the carboxylic
acid am de-contai ning nel am ne cyanurate, relative to
100 parts by mass of the binder. <4> The magnetic
sheet according to any one of <1> to <3>, wherein the
fire retardant further contains red phosphorus. <5>
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FIG 1B is graphs showi ng XRF neasurenent data of
non-surface treated nel am ne cyanurate (MC20N) for
conmparison with FIG 1A 10FIG 1C is graphs show ng
XRF nmeasurenent data of non-surface treated nel am ne
cyanurate (MC-40N) for conparison with FIG 1A

followih©Smadndtsc shdiitaRhe Xhewth e 54 &&%ﬁmﬁkoﬂ%ﬁm
of a fire retardant (MC-5F) used in anple 8. FIG §

alumirfurd Hgidapkidsamighdsin Bydvbxieasislentné, dale 19e as afﬁre

non- surface 15 treated mel am ne cyanurate (M 20N)

retardaianidsed phdsphblds, sddmdnliten péybBospleitaph ﬁi@ﬂke Gs a

Py- GC- M5 neasurenent data of non-surface treated

ﬂameﬂi@tafdaﬁﬁ: ayslibty Glee BM-130Mh ghetic GRERRY dov@linthk sk Bre
FIG 3A is a graph show ng IR nmeasurenent

retarcttﬁitaal@dfoﬁ floone estai-da et ehxilayt ﬂﬂe&t@ﬁﬁld\@ﬁélabilﬁéldér%t%s red
has been used for washing a magnetic povvder 20FI G

phosploras gimaptorhenpsigphosisadel pehtaerytifitilydSaRL; g)oly’ﬁh?h acetate,
shows the match between the toluene wash liquid of a

or thenfie édecP Phvlpsind nth g atixeslicdes containingads 8 readant,
graph showi ng a neasurenent result (n') of frequency

alumiprop diydiresidefortthegnegasi hpdedaés tagerHee adthirstephbdishorus (see
condi tions of Exanple 22 and having a thickness of 500
PTL$m 25FIG 4B is a graph showing a nmeasurenent result
(n") of frequency properties of the magnetic sheet
priddweeelr, theer fitdeetaodants ond/on flabxasglaed 22t angiliavdsdo not
a thickness of 500 ism FIG 5 is a diagramfor
have sxfficanti fing wtaedaicee aadtwhen by afe hddedbin adbese hewsnt for
Description of Enmbodi ments 5 (Magnetic Sheet)
obtairimg hmghrfate wtatdzetcepthd hmgmetardrmonbélity aftheontghstic sheet is
at |least a binder, a magnetic powder, and a fire
decreasstdar d2mtticudady,finriheense wvlheaiens hahpeaditéafied yetsetant edused,
ot her conponents as necessary. -Fire Retardant- 10The
generallyaf adargedambuns ofthiefirs cetaardant ismobaddal, fthe dire retardance
retardance of the nmagnetic sheet. The magnetic sheet
cannagfbet mﬁﬁpwmmxlnhltedt i blovoomrravhendhe larst amoantbf the fire
silicon atom containing nelam ne cyanurate and a
retardantiiexadded taggive dné fize vetardance e tid amigneticysheet athe magnetic
the fire retardant. 15As the conventional fire
sheet rn@amba dardenedal Byen-ibawddr tonptaind soft megneyicusedt, the amount
When t he hal ogen- based conmpound i s burned, a harnful
of therfinearatardant npedertathediecreassdas smialrappassiblepatitnt shme time as
| oad. Moreover, as the halogen-free fire retardant,
obtaitipg sayffieiens firagetardaneee treated mel amine cyanurate is
known. But, the non-surface treated nelam ne cyanurate
héﬁomer,c@magbem sheeli h#s potyi hueidizg resigtarcehand the fire
be dispersed in the binder. Thus, in the case where a
retardantcblaedmen acsurfasstof theimagnetid sheethor phe thammktic sheet varies in
mechani cal strength of the magnetic sheet inmediately
its thigkness aod magnetiy provengps by absorhiagevater. eTheheagnetic sheet is
magneti c sheet is softened. Moreover, as the
requiyescipshaeeahigher saliebility dor fise amthy elbetromas eguipnternts, such as
difficult to increase the amount of the nel am ne
mobile phenest kersenicompleigrs.cand thetikes sufficient fire
retardance cannot be obtained. Furthernore, fromthe
sUnrthecase Wherermepfe magnsiiesheatds producedpadargeasiount of
falls off, i.e. so-called powder falling easily
magngfe pewder is added to plfiedn high magneticpemyeahility, drtcagsing to form
el am ne- |socyanurate aci d adduct, which is forned as
ahar%ﬁlﬁﬂl?ﬂeé ehdduct by repeating an addition reaction
of nel am ne and i socyanurate, as shown in the
foll owi ng reaction fornul a. 5The nel am ne cyanurat e
has stiffness due to nel ami ne skel eton, and a hydroxyl
group (OH) is generated therein by the addition
reaction. Thus, the nelam ne cyanurate has a polarity
due to the hydroxyl group, so that fire retardance is
exhi bited. However, it is extrapolated and confirned
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5 cyanurate can be confirned, for exanple, by X-ray

fluorescence analysis (XRF). The nunber average

particle size of the silicon atom containing nel am ne

cyanurate is suitably sel ected depending on the

i ntended purpose without any restriction. It is
CitatiBhafigfably 1 pmor less. \Wen the nunber average

particle size is greater than 1 pm the silicon 10

Paten@ Qa0 ni ng nel am ne cyanurate bl ocks cl ose
al i gnnent of the magnetic powder, and the nmagnetic

PrEPENt i8$afbsd P tAMINEE S 1SNE EhI I REITERY ARe D008 b4209

the thickness variation of the magnetic sheet my

bezpne | -genatodiphasgrnperature or in a high
tenperature and high humdity environnent. The nunber

aveEerpge JPeAtNs! so@i-7e094 the nmagneti c powder can be
obt ai ned, 15 for exanple, froma particle size

di stribution thereof neasured by |aser diffraction.
The silicon atom containing nelam ne cyanurate may be

Sumna§sRkehiibhy avail able product or arbitrarily
prepared product. Exanpl es of the comrercially

avEhd pRisenPieiition Afihyde sHvinSthaBRIHIBAUha it Sk hehieving
CHEM CAL I NDUST_RY_, CO., LTD.). 2_0A_ net hod f_or

the follbREME bBRRctdle MhinleBP AnadKIBRICEThRl preBentRARLRS is to provide a
cyanurate is suitably selected depending on the

magnétit eREGCwBRIHIRS B pabldottcdaiting BahbbdshA cldebonSXSHBRtiewave
a method for treating a surface of the nelam ne

releaseyaioiihaire elést o6 @e Fhipneaitt, ¢PEMMAHIE of SnIPbefies AR c¥rdii8Enetic
As a surface treatnment nmethod is suitably sel ected

disorders Ba ke by Batihesigerthcd @ einthie Beksa by bR tidth 256ksk waves within an
pur pose w thout any restriction. For exanple, a nethod

electrohicriguipteandhad & édsehHiRenfiehedl108d Cad HARERe ABSEH RRsh fire
silicon conpound is used. The silicon
retard:onpeinidmiagnstic pabheabHitgrhad pdenaiidithe deidite powder contained
i ntended purpose w thout any restriction Exanples
thereinhorofalling biftowr Grnopghyticlsbyane such as net hyl
hydr ogen pol ysi | oxane, dinethyl polysil oxane, and
meFiy Invielheons ofithle e bexxtaitgre nsiohdiney cCionpasindl studied to solve the
cont ai ni ng silane coupling agents, such as 5
probleret,yid cometthaky sollawming wishotitst r Nmhblyxylsd irdratofehade found
trimet hoxysilane, octyl trimethoxysilane, decyl
that biyriheeddecofietileasteoneoof adityph dtonmeditaiysig metymiia@tdnrate and
di met hoxysi | ane, octyl triethoxysil ane,
a carboxiyhit aoidommetidy cehdayhing mebdhine ejdranate as a fire retardant in a
hept adecaf | uor odecyl trinethoxysil ane, vinyl
magnetic shedtocopsdalding a bimdey,-amaprptiomdwddr art ths fielretecdant, the
These may be used individually or in conbination. O
magnetie sheetl@®ndbkong sid laegen,uaid having a less environmental load and
nmet hyl tri nmet hoxysi | ane, and ethyl trinethoxysilane are
high fprefetaatdAree, front erhish e exapidiEnowdacisiprevynted from falling off,
--Carboxylic Acid Am de-Contai ni ng Mel am ne
can beylstmimed.e - The inventors dhthepresemicmvehtiohchoar dlox Youued that as the
acid amde in the carboxylic acid am de-contai ni ng
fire refretdemitneed phnspladreisdafutihes cofitaired, afd the kampbandiyg ratio of
pyrol ysis 15 gas chromat ography anal ysis (Py-GC M5).
the redhghasphbeus, ahe siljesmnpaiorn chbrtahireg nfeldinéne ey oxate cand
aci d am de-cont ai ni ng nel am ne cyanurate is suitably
carboxdieatid hniglecrlitaining néleniinkewdadr e pesadjwstddosd aaty satisfy
restriction. It is preferably 1 gmor |ess. Wen the
both prowisking dnigh fige retardaoke asdzereventingehe magrietjgopowler from
cl ose 20 alignnent of the magnetic powder is bl ocked,
and the magnetic properties of the magnetic sheet may
be degraded, and the thickness variation of the
magneti ¢ sheet nay becone |arge at high tenperature or
in a high tenperature and high hum dity environnent.
The nunber average particle size of the carboxylic
acid am de-containing 25 nel am ne cyanurate can be
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As the red phosphorus whose surface is coated, red
phosphorus whose surface is treated with al um num
hydroxi de is exenplified. The anmount of the
red phosphorus is suitably sel ected dependi ng on the
i ntended purpose without any restriction. It is
fallinplogf erably 6 parts by mass to 19 10 parts by mass,
relative to the 100 parts by nmass of the binder.

WTERe i e tiOA i b sed &8 8hd B RRIdRdn R3S add e means for
effect of inproving the fire retardance cannot be

solvirghtla AReembheidnel Db atSafMi®Wwhan 19 parts by
mass, the total anmount of the magnetic powder and the

<1> fiAens@icticlahbet RatERIRS aihabh erda@nbbie JOWAEE! and 4 Sr
makes %ﬁfficult to keep§binding t he #hgnetic pbaﬁer 1§

retard@dst, Wleerkid €hé GrareRRFHahP 084 138hs aMddbt i@ JdF D EkBlon t hE

proportion of the magnetic powder in the magnetic
atom%bﬁﬁiniﬁ% R4 PAARE dya S@HTE R AL CAARSS lich A D amTBENBhtfining

pernmeability. -Binder- The binder is suitably selected
melaépeagigra@s. t he i nt ended purpose w thout 20 any

restriction. Exanples thereof include an acrylic

r ubipee thameghotieskeati dusbriB6@ iata >CanthiiEho halogen, an
pol yester, polyester polyurethane, polycarbonate

envirpoingutel loadds sphdkphDiidifirs 9820 AhDBoRRiNE St Bastdne of the silicon
phosphor us- cont ai ni ng pol yester pol yurethane. The

atomoontiining njlaaese vash@kige @nﬁﬁﬁiescai"bﬁﬁirﬁé a8l 4mPlPEGtRIning
and hard binders, and are suitably sel ected dependi ng

melamind eanntatededapts gaiefyWothdiigh @iy reesidaneh il mhghetic

25 exanple, the acrylic rubber is used as the hard
perménbitiey., Barthebmogé tHeanaguétiy botdet 4 prorpbd MRm if8lling off from
used as the soft binder. <Acrylic Rubber>
the milgneticrshkebt cambbeirepastiedr abl y cont ai ns epoxy groups.
In this case, the epoxy groups are reacted with a
<2> cUFhamagmsiic slket agchdingpe ele, wheraii tlid ¥t 1ot 68¥ 6f the silicon
the acrylic rubber preferably further contains
atomeyutairing gredagmsne Ty imede eyl thegr @rpexdlieacidniaidiechritaining
the acrylic rubber, so as to inprove adhesion.
melabbaeyimeaté hake nambertaeeirate fartiddesize off 1 iteowlky] i C
rubber include ethyl acrylate (EA), butyl acrylate
( Bhe meaghedizrsHeehidesdrileed Nk 2> e monper averddeasaritil@size of the
honmopol ynmer or copol ymer of these nononers. As the
melampotyamiratans as hyalbas §ipah erdessy lsorthat close adignhysrrof the
(EA/AN), and a butyl acrylate-acrylonitrile copolymer
magngtspamdearie not blenkald! e ThiGTHee neigyieticaleeadeseribatii €2> can
_weight of the acrylic rubber is 10,000 to 850,000 in
obtain bigheromhagretit pemneabdityripeabianetic sheet contifrdngtthe fire
wei ght average nol ecul ar weight is |ess than 10, 000,
retard&mglw@ogsi largematrticlersigmet i ¢ conposi ti on (which
prepared by addi ng the magnetic powder, the fire
<3> r élke tagnetic sheet lacterding thenpiongef)<Ideand a2es whandin the
beconmes hard to apply the 15 magnetic conposition
magnetnisheet enptains 489 parisdypmase to Habshgaris lar paseef ghé magnetic
When the wei ght average nol ecul ar weight is nore than
powde@s@enddl) patts hsi messite L 56fparbebyraymest ofcatdeapiosiia bbthe silicon
becones large, and it beconmes hard to apply the
atom-perfiraning nedposie cyantrate agdaheangboxylscasidiamideh@ntaining
glass transition tenperature of the acrylic rubber is
melaminef eraapinate, setative 10104 Barts by mass\Wishe bivedey. ass
transition tenperature is |ower than -50C, the
<4>  cPhepiagneficaghegt ceprdingipreany one of<1Prtoa<di,giherein the fire
tenperature and high hum dity environnent may becone
poor. When the glass transition tenperature is higher
than +15C, the magnetic sheél tends to be hard. 25The
acrylic rubbers having different wei ght average
nol ecul ar weights or glass transition tenperatures nay
be conbi ned. Moreover, an acrylic rubber having epoxy
groups serving as functional groups, and an acrylic
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As the ethyl ene-vinyl acetate copolyner itself has a
certain degree of fire retardance, when the

et hyl ene-vinyl acetate copolyner is used as the

bi nder, the amount of the fire retardant to be added
can be decreased, conpared to the case where the

retardityfurtherdodhina@dyphssph®Eh) 1S used as the binder.
20 - Magneti c Powder The magnetic powder is

<5> SUlk@hlagreelcatieet sdenanst 09<ad. Rréil GRASH BHE BOSS: red

wi thout any restriction. Exanples of the shape of the
phospiiBEaSid 6 pReVIEY ma1&| tadrD PattsHy madfelddiPeto 180P85E by mass of
and irregular shape. O these, the flat shape 1§
the bipdef.erabl e as the magneti ¢ powder of such shape can be
easily orientated in a 25 predeterm ned direction and
<6> hifie fRgaeticeheet BBaRdIng Yo 68§ oB@ oFld18! fifd5>, further containing a
Exanpl es of the magnetic powder include soft magnetic
curingegeht. ferrite, and pure iron particles.
Exanpl es of the soft magnetic netal include magnetic
stBhahegmesicedleet deSoribdeif k64 fuldthéd tthin OSBRI Sling agent, so
(i.e., Fe-Si-Alpermalloy (i.e., Fe-N alloy), silicon
that thifkpess (hretiontsf-tGe-1bhgablio theeter Shigh k&perature and high
Fe-Si-WCu-Nb) alloy, Fe-Ni-Cr-Si alloy, Fe-Si-C
humidity epvireanfintAanNbe ecrabk@y., and anor phous netal . 5As
the Sendust (i.e., Fe-Si-Ad alloy), those having Curie
<7> t fiperaigneticahed 8acedrdirdd 05<6r ewhieediar el Bindsfdontains an epoxy
Exanpl es of the ferrite include: soft ferrite such as
resinMh-Zn ferrite, Ni-Zn ferrite, Mh-My ferrite, M
ferrite, Cu-Zn ferrite, and Cu-My-Zn ferrite; and hard
f dnrthieemtgattic sheetpdesrritedt inrefrahertahder adntalfIBR epoxy resin,
magneti ¢ powder may be used individually, or in
so that ¢hibiknmss wariation of thEheagnotiokheét irhe gk dempetdttire and high
magneti ¢ powder; and at | east one of the silicon
humidity eneonaiaritngonkd dedreased.anur ate and the carboxylic
aci d am de-contai ni ng nel am ne cyanurate are suitably
<8> sdlltregnedtioahechgcanditpto ahp voedf pUrpRsesW whetdin ARy binder
restriction. The magnetic powder is preferably 400 15
contaimsrars ethylems vinygd aeetdi® qpolyméy nass, and at | east one
of the silicon atom containing nmelam ne cyanurate and
t Ho therbegpetic sheé¢tdemrribeddant§s, thebindbnemeains an
cyanurate (in the case where the silicon
ethyleaeovinybacetiahe nopolpiner; setlatarhermagnatid shbet esar haxy flegibility.
aci d am de-contai ni ng nel am ne cyanurate are used in
<9> Gty magnetic shieet actoatlingrbuany bhe péefl)> tios<®r,ef hextih the
70 parts by mass to 150 parts by mass, relative 20 to
magnado shegttis uspdrfas 8 RFID Hentiionket eledonit bguipmentt  of
the magnetic powder is |ess than 400 parts by nmass,
<10> exidw m@ugmeﬁa@%eet acqordineg td asy nay oficil>he <, avbetin the
Wien the anmount of the magnetic powder is nore than
magngtig shegfastusedyasnmpeisei depyessmres hard to bind the
magneti c powder with the binder. Consequently, the
t Hicsrriing todhe preeantonvehtioasthmyadois psttdemshiacheronventional
large in a high tenperature and high humdity
art cagrhg sadverbrand amaagnesid sheet; whackdmntapse bf eathicing tinmecessary
surface of the_ magnetic sheet. Moreover, the magnetic
electremegnetie sanesrebedsedl fapmaanl eldetromag petipmemtyde capable of
. ...off (powder falling) not only froman edge face of
inhibiting elagfmemagnetie stisdrderataesed oymas interffaeaceof tinmecessary
magnetic sheet. Furthernore, even when the intention
electromagpepmaves visbin apwienstonic shuipment chasag hassienvitrentental
becones hard, or fire retardance nay be decreased
because the magnetic powder is netal powder. It is not
al ways the cases that the ndgnetic perneability may be
i nproved by adding a | arge anount of the magnetic
powder. When the anount of the nagnetic powder is too
| arge, many air gaps are forned in the magnetic sheet
and magnetic perneability may be decreased. That is,
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-Application- The application of the magnetic sheet of
the present invention is suitably 5 sel ected dependi ng
on the intended purpose w thout any restriction. For
exanpl e, the magnetic sheet may be cut into a
desirabl e size, and disposed in an electronic

| . et _
load, §g& sBPRAks $6tH Addh Hbe r@ﬁgﬁﬁhlf‘& ?qug%%%&l@hlé{éﬁgabﬂlty, and from

adj acent to a nolse source o tro

whichefit PEBRbtic Pdfter 10D {1 -HB9NE! Bl s BT <O bb g?ri[ded. The

present invention contains at |east one of th I con

magndtie Bhe N6 BIHY R sBRE A M Y MW bahReant thBKHAZH Q%Hg'r‘énge.
aci d am de-contai ning nmel am ne cyanurate as the fire
retardant, the magnetic sheet satisfies both the high
fire retardance and magnetic perneability. Wen an

Brief%%&ﬁ?ﬁoﬁl&qﬁfavﬁﬁ gah epoxy resin are used in the
magneti c sheet, the nagnetic sheet 15 inproves the

humiGli 14 id 86 pH A HRvingTX RFOMEAEhdem SMPRIRSHES fitd Setardant
degradation in the nmagnetic properties in a high

(MC-E@WdaihuEﬁaﬁFb(ﬂe hi gh hum dity environnment. An
et hyl ene-vinyl acetate copolyner is used, so that the

eI i B i$ BRfths shbvrieeX RIfele Ak tbdnien Pdeh B EW-6rfaRE treated
magnetic sheet has a less environnmental | oad because

melahife SRGNRa4EES (MICRLOND Foit edripafidoR#iEWHFIG. ile magnetic
sheet of the present 20 invention can be suitably used

f PTG BCHs gf@;meémvﬁ@ XRIURRESEEMEnt @ARCHT IRINRLILE treated
wave absorbers, magnetic shielding, electronic

mela@int grEnitd MGgONT fErgorhpasisbRwtE RIK, a.Radi o
Frequency ldentification (RFID), and non-contact IC

CaFIE. 208 & igeapBchywihd PyrEORIS f1e3R8AEmEANJIRE of a fire retardant
suitably used for RFID functi oned nobil e phones. 25A
(MC-5#t hedl froExpmadeigi ng t he magnetic sheet of the present
invention is suitably selected from known nethods
depHRhd2Bds arpraph showdng @y -00-MS ensdsibonten8@yta of non-surface
restriction. For exanple, the magnetic sheet can be
treateslideddinynecyaucede KV G-BON) dbt eompgrizeh keith FIG. 2A.
<Pr oducti on Met hod> A nmet hod for producing the
melfl(&t 2€ is hegrhphntlowdag Bit-GIE3ES napphyémgnd daeg 6€ hofi-surface
conposition onto a substrate, and form ng the nmagnetic
treateahawlamane cfamidate (MEUHOBDSopthepasisbh abilt FI€). A ed
steps, as necessary. 5 -Magnetic Conposition-
ThEIGradhes & graphphsining ARanehsuresnait datasif sacdnioederateaf the
magneti ¢ powder, and a fire retardant, and further
toluemowazhdsyisdiwlichyhsschaxat eskdfdrewadamgenanighetis powder.
necessary. The fire retardant contains at | east one of
t NEL3i 3B don graphshomtiag @ regubtedBariibeaxyysearch whivldshdwes the
carboxylic acid am de-contai ni ng nel am ne cyanurate,
matc betwekiptled tolabhy washt liguidoafdt magnetehgsideshmd ghyceride.
The details of the binder, the magnetic powder, the
f i FEGr4A as dgraphishewinpe mehsoemenorasadinddi ofi fegguency
mel am ne cyanurate, the carboxylic acid
propeaties of thatreignety shekt producdamdat #he amditibnrs pEHxample 22 and
phosphorus) and ot her conponents are as descri bed
bavingteo tisick i &ssSufs pitne - The substrate is suitably
sel ected dependi ng on the intended purpose w thout any
r eBIGi 4Biion, groph showingpr micesatinent masuyeqof fiehmeacy
surface of which is lubrication processed (a rel ease
propePE®y ofithe hmgnetiwshestipneduced uyder thencdnditiens by Fgestpdd 22 and
fromthe substrate. 20-Coati ng- A net hod for
havingoathickness cfii@piny sel ect ed dependi ng on the intended
pur pose w thout any restriction. Exanples thereof
i nclude spin coating, dip coating, kneader coating,
curtain coating, blade coatihg, and doctor bl ade
coating. O these, the blade coating, and the doctor
bl ade coating are preferable, in terms of excellent 25
coating efficiency. -Formation- A nethod of form ng
t he magnetic sheet is suitably sel ected dependi ng on
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5Bekk smoot hness is neasured, for exanple, by Bekk
Snoot hness Tester (manufactured by TESTER SANGYO CO. ,
LTD.). Moreover, the buffer nmaterial preferably has
irregularities on the surface thereof, nanely
preferably has an aeration portion through which gas
canl(h] By a Thegaeh &1 SplAdhictInfedRub&he AN AUbEART tRinsmission
air, when the outgas is generated or the 10 air
loss. contained in the magnetic sheet is rel eased upon hot
pressing. Thus, after hot pressing, a patchy pattern
(a pattern consisting of gloss portions and non-gl oss
portions) will not be fornmed on the surface of the
Descrigigme bf Ensivelitnens® t hat degradati on of appearance due
to the patchy pattern can be prevented. As nentioned
(Magmdtdy Bheétle magnetic conposition is applied on the
substrate, 15 and forned into the nagnetic sheet Here,
t HEheragnateitic sheeebf tlie phéintdtventisn ebnhink at 2e4dtaf binder, a
t he magnetic sheet is [am nated on the substrate
magnétielpeasierPHEI] a fivgtretied areg natli mrﬁi&@onﬁms%rﬁﬁgfﬁ@ely selected
fromthe substrate and used. Exanpl es 20Hereinatter,
other Exmmonentois nheeggamgent i nvention will be expl ai ned,
but these exanples shall not be construed as limting
-Fire Retaslampe of the present invention. Exanple 1
-Production of Magnetic Sheet- At first, in 270 parts
byTmefise oétardankimaddell 4285 paiinproye adae retarldice of%he
acetate, 73.5 parts by mass of an acrylic rubber
magnativishgetepoxy groups (SGB0H-3, manufactured by Nagase
Chent eX Corporation, a nunber average nol ecul ar wei ght
of Thsma@deticasheet ghthapsrsageé invdetion asntsehght Iefst one of a silicon
350, 000, a nol ecul ar weight of 300,000 to 500,000, Tg
atom-péntrigngweiahmeacyapwaye gndupsarodyly deikymige-eoRtainthg
mai n nonomner; ethyl acrylate (EA)/ acrylonitrile (AN))
melamggedeyanuaabé agéhe fi20 rdtqrdans. by nass of an epoxy resin
(EPI COAT (now nanmed as j ER(r)) 1031S, manufactured by
J dpnthecpmnmenResiah fireretandact) a hahaeh-hagpal tompyund ssmainly
of a latent 5 curing agent (HX3748, manufactured by
used. AJ¥hen khe dialgrmbasddsca@oppandis bnynek reehaimbao maderdal is
as to prepare a resin conposition. To the resin
genergtady 68 Nsingra 1a8go epaironmpynimideadf Mobtatermagties halogen-free fire
owder (JEM S, manufactured by M tsubishi Mterials
retar(%mtpfﬂraﬁxa@mleugea'sasfa@ermgﬁ@d welontier ¢yat0gate pekhswhy But,
mass of a silicon atom containing nel am ne cyanurate
the nonignefare breajed melaming eyanurateders yerr cotpatdziiey with fx binder
a silicon _conmpound, MC-5S, manufactured by SAKAI
‘orhe digpeseryin e bindep. | Thusuirbidre caserabere a hard magnetic
particle size of 0.5 gm and 6.8 parts by mass of red
sheet phdpnRdediso peprodaceddhe maechardenlstrengukindakie MEEYSic sheet
) O, LTD.) were added, and the obtained m xture was
immegiately aftetforming(pressingl ipdgneadsedcoeqibei magnetit Shbet is
t hus_obt ai ned nagneti c conposition was applied onto a
softengg) y Marepven, pmthe medhandcdfstypngih siguifinaanls dénreasas, dhis
) rocessed (a rel ease PET) (38GS manufactured by Lintec
dﬁﬁcvﬁ%#tpmea%ﬂﬁhq fmerne of the nzdamipe syanuratbdohet aldesi, mpd thus
a bar coater, so as to forma_layer having a thickness
sufficignt fige rgtardanee caenoti bripbtaipeds Burtheemragnfoincthe surface of the
conmposi tion were | am nated. 20Next, on both surfaces
magnefic gheet, masnetie parrderreasdlysfadisadt, dfe. sorealled pawalePHEalling easily
and the four layers of the nmagnetic conposition forned
OCCUW%HNn the rel ease PET, high quality paper (product name:
K Prince H gh Qality 70, manufacturer: Qi Paper
Co., Ltd., thickness: 100 pm Bekk snpothness: 6.2
sec/m.) used as buffer mated al were stacked. Then
the stacked buffer materials were hot-pressed by neans
of 25 press plates using a vacuum press (manufactured
by KI TAGAWA SEI KI Co., Ltd.) under the conditions of a
tenperature of 170C, a duration of 10 m nutes, and a

and 1



10

15

20

10 were separated and extracted, and MC-5F

(manuf actured by SAKAI CHEM CAL | NDUSTRY, CO., LTD.)

used as the fire retardant was subjected to pyrolysis
gas chromat ography anal ysis (Py-GC-MS). The Py-GC- M5
measurenent data is shown in FIG 2A. For conparison,

asHBRd, alk HeclaY@id Faaub A R hREnihead®ahl i
Py- GC- M5 rre%sur errec?tta data of NG 20N (rradr?gf acf%ﬁre[e%cl yadduct

whichSABkmbd £HEMb GAbmkNRHETRY by EheatihPah dddisltWacfion of
FIG 2B, the Py-GC- M5 neasurenent data of MC-40N

melathife BhaGédsyadubyteSAKAhoWHEM PR flINRNEE R¥actSih forlel ),
is shown in FIG 2C. FromFIGS. 2A to 2C, only in the

Py- GC- M5 neasurenent data of MC-5F, |auroyl ami de was
detected, and it was confirnmed that MC 5F cori_tlg'pn?_p

t he c acid am de. 20The magnetic powdel ‘N 0

ext Nibt ed by cewntrifygati on was washed V\AHNA—GHT:éne}(

onlc}a super nat t heywashing liquid S

r§cover ed, andAf 'éH H
e

>

en s distilled awgyZatyr
ptessyre using a vap tor. Then,” the resi du
(’t% emy,at e of ne wash |i qui Wed
HN{ €O £y
by infrared spectrositopy (IR). The I asure 2 data
is shown in FIG 3A0In FIG 3A OH stretching
vi bration 25 derived froma hydroxyl group could not
be observed. Then, library search was perforned, and
asThé awlaidin€& cFanGBiteiHaeiffhedsndud faindivic®BRelRtélfhd a
of the toluene wash Iiquid was gl yceride, which was a
hydroxyperaip (QHD ys geheratsd ehexedn esileraddicionawndtieh. Thus, the
glycerin and fatty acid), and that carboxylic acid
melaamdeyamaatohas anpelaried due tiohhertagirekyCaraw]eb thhb fire
FIG 3B, a solid Iine represents the concentrate of
retarddrecet islexhilsitwdis NHbvgsre ] it nelktdapelabed ahdnenfiepleds@izthe
library (glyceride). 5 Exanple 9 -Production of
hydroliyl gedups Bheehydwgeadneidsdbetiveeh malecplesducadnimctddons, and
same manner as in Exanple 8, except that the flat
that thednpetrogepbodds fritdd By thahyidaokxyir @duby Ay sabésAggregation of
Mat erial s Corporation) used as the nmagnetic powder in
isocydvampee Sl harsfnepitasednaidered thhtithd By desgeeat handsoawdeslocked,
(EM5- 10, manufactured by Mtsubishi Materials
name(3p mpalaatine wyanaratetinay hichep artmfrity debgénboneéslis protected is used,
phosphorus was changed to that shown in Table 2.
so as Exurpbdwoctormnde of agBregddinin amnd 66 invbgmet disp&isbilityEadhe binder.
of magnetic sheets was produced in the sane manner as
i iCiEmanphas beetFound shat abdbe fire rateandians, of thédese of at least one
silicon atom contai ning nmelam ne cyanurate and the red
of theptilisph atars-dontdEning melamine eyshurgfed melattine eyahavatei whose
Tables 2 and 3. Exanple 12 -Production of Magnetic
surfaghtyentedwitdya eiliconstvenpowed gudthe eartionylihacshamide-containing
manner as in Exanple 1, except 20 that the flat
melaminmesdmupbedieel (i Gameatd sdtose edrface Mrestediwivh fatty acid), it
_Materials Corporation) used as the magnetic powder was
exhibitegiigbexifive rétaadanee thrythat of thewtsr siEd G2ated melamine
manuf actured by M tsubishi Mterials Corporation),
cyanurhie, that poxgler dabuigiofthednagoatiaipomigr fedmtheesurface of the
cyanurate (MC-5F, manufactured by SAKAI CHEM CAL
magnehDEBTas lead, tolorouy, axskthatswhéne akithe bieder danexample, an acrylic
further added, 25 and that the amounts of the silicon
rubbeztdesenbed helvivnis neddacunngefaher bindenmracdedenaded upon pressing, to
hosphorus were changed to those shown in Table 3.
therelpx ghfains 1@ ennatic Bheet bavihgexashlent sibfgre simposhuets, in which
A magnetic sheet was produced in the sane manner as in
Exanpl e 1, except that the carboxylic acid
am de- cont ai ni ng nel ani ne cy&nurate (MG 5F,
manuf act ured by SAKAI CHEM CAL | NDUSTRY, CO., LTD.)
used as the fire 5 retardant was further added, and
that the anobunts of the silicon atom containing
mel am ne cyanurate and the red phosphorus were changed
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that the silicon atom containing nelamne cyanurate in
Exanpl e 4 was replaced with nel am ne pol yphosphat e
(PMP100, nanufactured by N ssan Chem cal I|ndustries,
Ltd.). Conparative Exanple 4 -Production of Magnetic
Sheet - - A magnetic sheet was produced in the
thickiR3E®afBRNA! isffug eI £ Igh 0apRtatiRatadd BisH hik9fity
atom cont ai ni ng nel am ne cyanurate in Exanple 4 was
envirdmeRémged wi th nel am ne pol yphosphat e ( PMP200,
manuf act ured by N ssan Chem cal Industries, Ltd.). 10
--Silicéa MUy ta i@ M a hinBr@gifiikesn- of Magnetic Sheet -
A magnetic sheet was produced in the sane manner as in

EXp R séneesCeHY siliddh aithe 9l tHeCAlcah ﬁ%ﬁ%ﬂrﬁhiﬂiﬂg melamine

mel am ne cyanurate in Exanple 4 was replaced wt

cyanuRBP e becoyfrasd o (Mafrple, %@&Uf@ﬁﬂubﬁé&cbﬁcesﬁﬂﬂysisi (XRF).

CHEM CAL 15 | NDUSTRY, CO., LTD.). Conparative Exanple

6 THY adudll aF o4 gdVBgitedls ¢izehefethe silicon atdin ALy melamine
sheet was produced in the sanme manner as in Exanple 4,
cyanuexeptsuifidily s8R cédd desuhdhgBnCihid diteh A6t PakpedeN®ithout any
cyanurate in Exanple 4 was replaced 20 wth amoni um
restrigiidy prissppaerib¥4bAm oRluskact ured by
G ariant (Japan)K. K. ). Conparative Exanple 7
- Wheti¢he arumebeMrgiieige paStieRd size is greatér MBANG!L 116, She8ilicon
was produced in the sane manner as in Exanple 4,
atom-exctapiinighabldrimestyanueatabloaks elvsaialighgn sve itheenagnetic powder,
cyanurate in Exanple 4 was replaced 25 wth amoni um
and thpohmaghesipabpexXtidsRe AR, maanetia shesteth aybeSMEAAHIIRE, and the
CHEM CAL CO., LTD.). Conparative Exanple 8
thickneBs edugiticanoftheMaggatiic shbeeiray become Jargaandiigl teh@etature or
was produced in the sane manner as in Exanple 4,
in a higtcephpétmatird had diigh domalipmeceirbaiengg el am ne
cyanurate in Exanple 4 was replaced with coating
arfhenoumbes layphassppattéclé FERRAIHe GaB8Fnetimpuvdet arbenbtained,
5 Budenheim | berica Conercial, S.A ). Conparative
for ex@&mpie|feod a Pardeletsizndistrivationttherdifartasured by lafer diffraction.
magneti ¢ sheet was produced in the sane manner as in
Exdhrepsibicdn atomepntahrngthelaminkayanarate maytta aicogmercially
mel am ne cyanurate in Exanple 4 was replaced 10 with
availadbmprodiret polarpitoaplp pee(ERIR@E486, nanuf act ured by
Budenhei m | berica Conercial, S.A ). Conparative
Blaaiples ©f the cdumméxemlly avsijaelei pro§neeinclvdedf@dtd c
sheet was produced in the same manner as in
(man@anmaedthy\/&\MI@HWECAL BYXDESETRV AT Ot HeTPl)at
magneti ¢ powder (JEMS, nanufactured by M tsubi shi
Vet mreithod f@opyedugingthe sidiedn asormhepninimiegi o elzamidter cyiamurate is
~ Conparative Exanple 1 was replaced with a flat
suitabln gelectad gepwiuting BnheGntendad putposedvithoit asyhestriction. For
Mat erial s Corporation). Conparative Exanple 11 20
examplpy a guetthiodrfon trastigres isurfBice of the melamine cggnetate wingta silicon
was produced in the same manner as in Conparative
compomghisipreferabkcuped.t hat the flat magnetic powder
(JEM'S, manufactured by Mtsubishi Materials
Cdvporatfaoe frasteedsn ethodnsgmétabdy seledted from known methods
Compar ative Exanple 3 was replaced with a flat
dependinghen ithe patoaeled(EVBos® withmufaust asttichyn25 P texatipdb; a
Material s Corporation). Conparative Exanple 12
methodmfgniring @mdostinviigg the cedhaméne cyanurate andithmsitieon compound is
sheet was produced in the sane manner as in
used. Conparative Exanple 4, except that the flat magnetic
powder (JEM'S, manufactured by M tsubishi Mterials
Cor poration) used as the nagnetic powder in
Conpar ative Exanple 4 was ré&Placed with a fl at
magneti ¢ powder (EMS-10, manufactured by 5 M tsubi shi
Mat eri al s Corporation). Exanple 21 -Production of
Magneti c Sheet- A magnetic sheet was produced in the
same manner as in Exanple 1, except that (0 73.5 parts
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The frequency properties of the produced magnetic
sheet (thickness: 500 Itm) was neasured using a
net wor k anal yzer (N5230A, nmanufactured by Agilent 5
Technol ogi es). The results are shown in FIGS. 4A and
4B. _ As can be seen fromFIGS. 4A and 4B, the
megRetilzof ReRp A B ity BBRRSId GeRSdTRERI tHe/indBAded
excel l ent properties. This nagnetic sheet can be used
purpok8 wWiflEo ki Hny SedBiietioaN I ExBXFIRR R lﬁcluﬁ@%gﬁhgﬁ’élygﬂoxane
Magneti c Sheet - ~A magnetic sheet was produced
such ARy SRy @roFeA Hlydibxahe FARAPIN1$bly SlxaRE, ARAméNS] phenyl
amount of the carboxylic acid am de-containing

polysildlaais; BEafY bR dE $8AtARIA N SilAhE @oﬁﬁﬁﬁgr%@htsi, Ruch as
Exanpl e 21 was changed to that shown in Table 7, and

methylbAndthpRydikarly cbRFIStrivhetHiskyallHAk Ryt eTresi Hbsy 6hE betyl
Sﬁmnuf actﬁjﬁed by E%ﬂl\labaltec AG used as the fire y

trimefithxisdant, A6 krinidtboxpatia, obxalmy ettt RoRehikine @iabthyl

Magneti c Sheet - A magnetic sheet was produced
dimethBx{ it 15 wRtyTeREhoRsilaheEXEMRbLo R sthyB¥ eIt ritethoxR8ilane,

anounts of the carboxylic acid am de-contai ni ng
heptadeteidieddylayphstltixgsinde tHiayl edndihepfaldie, uadd-aginopropyl

the fire retardant in Exanple 21 were changed to those
trimetiiiilafie Talthesd mExbepked 25divRh@dUe bl ON cOhbMaged.i COf these,

Sheet- A magnetic sheet was produced in the sane
alkoxyEiless Ash 45 meshplt finZdthoZpsibxes pind &yl thignethoxysilane are

et hyl ene-vi nyl acetate copol ynmer (LEVAPREN 800HYV,
preferniiefiacieuimad flaxcEdaer rodctivitye anmount and specific

gravity of vinyl acetate in the ethyl ene-vinyl acetate
--CarleopdicyiEd Amide-Coafrdainy MeolafiinewWydmndtd: 98 g/ cnB)

used as the binder was replaced with an

etTiyé presenicayll the eddioxytiopeid naiidé by4hé Xarbouyilicacidr ed

by Du Pont-Mtsui Polychem cals Co., Ltd., the anmpbunt
amidenchiggeig melgnnd tyamfrave nyh bacehfirmead) fdthexample, by pyrolysis

et hyl ene-vinyl acetate copol yner were respectively 46
gas chmindatagdath® Bnglysiy (PyaGdC-MBX t he anount of the

carboxylic acid am de-containing 5 nelam ne cyanurate

usEbe asnber dverege phaticlardtzevabthrhearherylio atidedamsdwesntaining

in Table 7. Exanple 26 -Production of Magnetic Sheet-
melarAimagratuats estitakly seladed ddpemdinigeors dneintanded paspose without

Exanpl e 21, 10 except that the ethyl ene-vinyl acetate
any resipimitiomer It LEVARREDIEA0DD\Gr leaniuf act ured by Bayer AG,

t he anmbunt and specific gravity of vinyl acetate in

t ¥ hetnhyheamemnben pive zaget we bicde pueyirwronscihan kapsdhieveddse

80 nol % and 0.98 g/cn) used as the binder was repl aced
alignmienh ofithe niagnetie-powddr iaddocked, eoddhemeaghefivpPRidtties of the

600HV, manufactured by Bayer AG the anount and
magnepiesheet npyahe dygsided] apt the dhitkmess vanation of the magnetic sheet

et hyl ene-vinyl acetate copol yner were respectively 60
may basotealagtgd a0bigh terBperatvae than at highatemparadre med high humidity

~carboxylic acid am de-containing nmel am ne cyanurate

envirggmgnds the fire retardant was changed to that shown

in Table 7. Exanple 27 -Production of Magnetic Sheet -

20Fherngmehdrcashrese paaticlersozgricbthe carbbeykaaeidnemids-castaining

i n Exanple 21, except that the ethyl ene-vinyl acetate
melambpotyanrate EyabREN tGd\fomexahals, froxd ayamigle siza@istribution

the amount and specific gravity of vinyl acetate in
thereofmeashyddebe alapgy didfrection. copol ymer were respectively

80 nmol % and_0.98 g/cm) used as the binder in Exanple

21The sarhgaviicagidemidencontdipingmelamyhe granurage may be a

copol ymer 25 (LEVAPREN 900HV, manufactured by Bayer

AG the anount and specificlgravity of vinyl acetate

in the ethyl ene-vinyl acetatld copol yner were

respectively 90 nol % and L15 g/cnB). Exanple 28

- Production of Magnetic Sheet - A magneti c sheet

was produced in the same manner as in Exanple 21

except that the amount of the flat magnetic powder



10

15

20

25

25 Conparative Exanple 13 was replaced wi th nmagnesi um
hydr oxi de (M&Z-3, manufactured by SAKAI CHEM CAL

| NDUSTRY, CO., LTD.). Conparative Exanple 16

- Production of Magnetic Sheet - A magnetic sheet
was produced in the sane manner as in Conparative

com miexaiiplyes vkBla bbx g eqtudt Mtarb@brﬁﬁildj’r %r@/aﬁéﬁsfﬁogﬁcﬁl um num
hydr oxi de (ACH60, manufacture y Nahaltec AG as the

f i Egamelay sfhle ssasmbriibNgravadiddib pasihct heclade Wit 9F
the flat magneti c powder used as the magnetic powder
(manufsetaianige SATOAT CHEMIONT, INDIESTRYSCOCoNPa at i ve
Exanpl e 17 -Production of Magnetic Sheet- A magnetic
sheetethad for peothasting thé kerisaiicaid amids-coftHraP neelamine
21, 10 except that the carboxylic acid
cyanwuaate & oubdblyniehg ted dapendingyan thieheeHded ﬁ%&pbé@wﬁﬂl{oﬁt any
retardant in Exanple 21 was replaced with nel am ne
restrictianur Hoe ekmapls W fkthod feetredtingl aghfecs ¥l Me®amine
MZ4000, manufactured by Ni ssan Chem cal |ndustries,
cyanurhde hisin@ofsptyr adit\ie prafeepbly Usdl5 - Producti on of
Magneti c Sheet - A magnetic sheet was produced
i PA shefagateeatererdrmeathddnisBEudtaile selectwkfropt khbat fbehods
carboxylic acid am de-containing nel am ne cyanurate
depending oasthehetdénded petpandanithont kxprpsteicibniaFdreniassl, a
wi th el am ne pol yphosphate (PWMP100, manufactured by
methdd ef anxitigemnd atirting dhe mhekminetyhnu2@t-Cond shafa tte acid is used.
Exanpl e 19 - Production of Magnetic Sheet - A
meyiheni thesiveftcewd $hp modaosdeicyahheatedseremaderithshie fatty acid, it
Exanpl e 21, except that the carboxylic acid
is conaidegted that an mmmigorngroapiingheymalamine ayaedrate iwakttddwith the
retardant in Exanple 21 was replaced with nelam ne
fatty peidy phd sphatesulRuE2onide Sompouhdds tirededy\ashiepeasented by the
Chemical Industries, Ltd.). Conparative Exanple 20
followipg demetlaotl) of Thingnet anafrsets performed byAyralyss s
sheet was IProduced in the sane manner as in Exanple
chronpatogesduptPyt-64t-M$ie se asSoxphficmadiedpmstnes abttteatnibogylic acid
__nelam ne cyanurate used as the fire retardant in
amidg&xanpl e 21 was repl aced wi th ammoni um pol yphosphat e
("FECP-770"; manufactured by SUZUH RO CHEM CAL CO.,
L FENH: 1SRG ari ReCONIpl e 21Formubiutbi on of
Magneti c Sheet- A magnetic sheet was produced
i Nl b Eatén asidigiverabdy sielec@cgdweancﬁmg oaxthepintended phepose
.. carboxylic acid am de-containing nel am ne cyanurate
withoys aaygestietiqn.r ixampletathtereof Bchndsd auzic amd, iseptearivacid,
Wi th coating anmoni um pol yphosphate 10 ( TERRAJU C- 80,
stearigwsid. aadmitd apid, Bleie anul, mndokinolenicGuwidr cThese 1y he used
. ,. conparative Exanple 22 -Production of Magnetic Sheet -
lndm,dugﬁgn@t jnccompbimatigns (Phhesedlauric aid da prefeprathin dsring of high
Exanpl e 21, except that the carboxylic acid
hydrophphisityord favonableedispersabidigsinur at e used as the 15
fire retardant in Exanple 21 was replaced with
"Redf:hﬂﬁﬁhm?ﬁﬁbbl yphosphat e ( FRCROSS 486, manuf actured by
Budenhei m | berica Conmercial, S.A). Conparative
Exbiplize pefardnntipraterablyicontajnetred pdioephorys, fmgaditien to the
... Sheet was produced in the sane manner as in Exanple
silicon gtomroniaiaing melamine cranumdel and the earboxylic acid
.. am de-containing nelam ne cyanurate used as the fire
amide-eanieiring malaxinegvanzrates Fhisliaedyantageouns dnitams of further
X hydr oxi 8; (ACHG0, manufactured by Nabaltec AG.
improyag B tire setaxdapteoithe magnaticisbaele Magnetic Sheet -
25A magneti c sheet was produced in the same nmanner as
in Exanpl e 21, except that the carboxylic acid
ani de- cont ai ni ng nel ani ne cydnurate used as the fire
retardant in Exanple 21 was replaced with nmagnesi um
hydr oxi de (M&xZ-3, manufactured by SAKAI CHEM CAL
| NDUSTRY, CO., LTD.). Exanple 29 -Production of
Magneti c Sheet- A magnetic sheet was produced in the
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25 I NDUSTRY, CO., LTD., a nunber average particle size

of 0.5 Ism, and that (iv) the anount of the red

phosphorus used as the fire retardant was changed from

6.8 parts by mass to 11.5 parts by mass. Exanple 30

A magnetic sheet was produced in the sane manner as in

Exanphked 28osSHGeRtistddtabd? sBREEH BYpdREAs &h (HiEintended

acrylic f%u_bblgr A used a?%he bi nd‘géfbi n E%arr_pl e 51991\}\@%(11“1@086
withoi@ mrgcl%@tﬂtﬂianja?ncp aldShdY RS eRiallh@vaghyld }%rddif&? F afbitrarily

and 20 parts by mass 5 of an acrylic rubber (SGr90,

prepa¥Bipiraghey. edi By pPaAea (Bhe The XushicBF#ht 88d phosphorus be coated
nol ecul ar wei ght of 400,000 to 600,000, Tg of -%ZC,

for proOithak RixBel i @xYditd resiBfan, HRH Tabi®rReNe étalﬁ]if;&)' bwing to no
acrylate (BA)/ acrylonitrile (AN). Example 31

spontiBgses tembleEbn Wpenphoduged i n the same nmanner as in
Exanpl e 30, 10 except that the amobunt of the acrylic

r ubh ehie fed pbdsEltortRer RbAOIQIr HES1CIAREE el P HBs pROPRS those
by mass to 69 parts by mass, that the anmount of the

surfaecigyirestad bl aldmiseth dydibeideiipdRempaiFiedhanged from
20 parts by mass of to 23 parts by mass, and that 800

pafhe amourssof tab rel@Hosphor@oRauitatile WeRctdd@epindihg on the
EMS- 10, manufactured by M tsubishi Materials

intended parpddcon)those dngSrebhidctimaneltiig gﬁ@ﬁﬁﬁbly\/‘@ﬁai‘ﬁ%ﬁﬁ:ﬁﬂss to 19
with 15 1,300 parts by nmass of a flat magnetic powder
parts (bEklaSs, mbativats the 100 yaMs Isphi s8iof Whé dinhdds
Cor poration). Exanple 32 A magnetic sheet
e hemoihecartiount i ss 8hen Gafanes bgsmh s, Bkagiieet dLimproving the
except that the amount of the flat magnetic powder
fire retsedance ¢dremotdgnaitaingbwidhedGtheasmotiangesiots elad 18Gthrts by
parts by mass to 1,550 parts by mass. Exanple 33 A
massEgnetacambeaat of\tlse pragmhetiethdwddrhend dhe firg peeirdast ifcreases
Exanpl e 8, except that the anpunt of the flat magnetic
relatipewdéhe bamdbras Thie magnratifficilovel &eepbindihgribednbspetic powder
500 parts by mass to 1,020 parts by mass, that the
and therfiratretirdaneé t@Sethar, boity|the tindelr, aht geopmrtion of i@ magnetic
nmel am ne cyanurate used as the fire retardant was
powdehimthedmiagmetitGhedt padécehsedyransing dérbagwairt thdyagnetic
mass, and that the anount of the red phosphorus used
permegbilifie fire retardant was changed from9.1 parts by
~ mass to 8.8 parts by mass. The magnetic sheets
-Bindproduced in Exanples 1 to 33 and Conparative Exanpl es
1 to 24 were evaluated by the follow ng nethods, wth
r ebbe bindertih susbably st leciedodepeneing oe thetiatetatedepimpdsbavithout
flammability test, neasurenent of magnetic 5
any regriebiabi | iBsamplesithbidaftiycludstan acrylicirgbber rmeethiylese-vinyl
and high hum dity environnment (nmeasurenent of
acetaten¢apotiemer, lyesten polyeste mpolyuaethanea pphichmnate polyurethane,
presence or absence of powder falling off froma
phosphorhacentfiningrpolyester, s pbosphunfsamnthiefing @olyustaf pelyurethane.
the reliability test, and neasurenent of tensile
The bindemsdneludes yariomsibindersssuchraiiseft bixaddrg artdhbarhbimelers, and are
. sheets in Exanples 29 to 32 were evaluated with regard
suitahly setossed depe drethe midndéed prepoeret Wwithohéany restriction. For
Exanples 29 to 33 were evaluated with regard to
examplg; the ecyilivsgibbes 35 uFed as dbalhagd dindeh and tie cEaples-tinyl
to 10. [Flammability Test] As the flammability test,
acetatg awpglymer iy uesl as the softdbindén. i ty of a plastic
materials for parts of devices) was perforned. The
<Acrybieddybberst is a nethod for 15 evaluating fire
retardance fromthe afterflane tine after burner flane
is applied to a sanple for 10 seconds, wherein the
sanpl e having a predeternindd size is held in a
vertical position. The evaluation results are
classified into the following criteria. -Evaluation
Criteria- V-0: The afterflane tine of each
sanpl e was 10 seconds or less, and total 20 afterfl ane
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At first, the thickness of the magnetic sheet was
nmeasured. Next, the 25 magnetic sheet was placed in an
oven, heated for 96 hours at 85C and 60% and then the
t hi ckness of the nagnetic sheet taken out fromthe
oven was neasured. Then, the thickness variation of
t MEheragndid culsheqirefimbibhec@itdimd épsxyngatupdd MAShis case, the
neasured. -I1nductance Variation- At first, the
epoxyi gbupsareacttiedofith s antihg, agohi cdv ¥@to pnpeseestliabilibe
same manner as the magnetic perneability by w nding a
Moreqwardtiod aexylicl mibbar puefdrably furtigerstvapathshydiogyl gaishps. The
soldering it to a term nal, was neasured. Next, this
hydrosgirgt@ipmsreptartaihddirathcovaylichabber sbars 6 nhomve aathesion.
85C and 60% and then the inductance of the sanple
t akeamples 6ff de tave noateniald@moneasw) efitheTheylictitidber include ethyl
i nduct ance of the sanple before and after heating was
acrylated Y etiutylrengate FBKEJ axy] adfylowitpidevieN)f aThergrylas rubber is a
eval uated by observing whether or not the magnetic
homopolyuiesr dretdpodymef nbthasesuvhameraf Abchaegpeynersheethyl
and adhered to a hand, when a surface of the magnetic
acrylathauryloastrileucpelyher G2A/AN)Y afd & butyleanglatemdrilonitrile
test described above. [Tensile Test] 15The tensile
copolyner AGARSND fird Prefanpbles wer e neasured i n accordance
with JIS 1(6251. Note that each of the values of the
t ehlsé MeighisavénagTandlesulaepraighh vf tiam aengdicagdbealis @0 G800 to
10 sanples. [Surface d ossiness] The surface
850,090 as $ermos of eaecllmadsoatisigiabilitcor dance with JI'S 78741
or _JIS 20 P8142. [Method of Measuring LOSS Properties
( t Whesrthesweighit ayerage molecul@owengldsislesetiiami 0,000, the viscosity
transm ssion |oss, a mcrostripline having an
of thejmpanefie sompositEm ks nreparedrby addingthe mmgnetic powder, the
mi crostrifl ine line was_a_commonly used met hod for
fire retandant exythe blke fie $he binderd deofeases, auwhit hesomes heedaospply the
of its 25 structure suitable for nmounting a
magnetje COBROSHITN Corfaioimgdhermagnetip powder hawvina silacgsweight.
The shape of the microstripline used is shown in FIG
Whengtherweight sverages motequdas wraghtmsagoretham 85000 0atmaviseosity of
that a |linear conductor path was _provided on a
the magpetie somposiiiombesomes lazapsanditchecampschandyireapmly the magnetic
sheet was pl aced on the conductor path for
compoiten haveng a lpsghvisaeRitvf t he conductor path were
connected to a network analyzer. Then, a reflection
anomElasg tyangition temnesatutsroiihe aerylic Bybbewis preferably —50°C to
oaé\/nere an el ectromagneti c wave absorption material was
+15 nount ed, was neasured with respect to incident wave
st\%ﬁg b%an arrow, and the difference between the o
r eV heaiting glasfoaansitinm tempeiefurgty lower itban apHi6t thamliability at
. ,was obtained as a | oss anmount, and_ thus a transm ssion
a high temapergiuse pr amadyishdsmneratvrecand highibnmidity amvironment may
reflect] 511 + loss + perneation 521). Specifically,
become m\/\n%ﬁhe glasgiransigiondemparateraishighes than +15°C, the
incident, the reflection anmount 511 and the 10
magngfae sheet wadsdgdietharsth were neasured, and then
cal.cul ated to _obtain a |.gss anount. The t hi cker
t N RFNECi 1ybdRE havimg diffiggen; wRightiaveragamnleeppweights or
| 0ss.of the mcrostripljne becane. Cenerally, a
glass {ransiion tanperatiaes mavabe pembingd: k Mereayies an garylic rubber
. transmssion |loss is desired. Table 1 Exanple 1 2 3 4
having epgy, ETPUPHERIYERS ppAnnetionalareupsand anmerelic subbgudeaving
(JEMS) 500 500 500 500 523 Binder (parts by mass)
Acrylic rubber 14
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73.5 73.5 73.5 73.5 73.5 EPnxY resin 20.4 20.4 20.4
20.4 20.4 Latent curing agent 6.1 6.1 6.1 6.1 6.1
Fire retardant (parts by mass) Silicon atom containing
nmel am ne cyanurate 109.1 90.9 90.9 109.1 109.1

Car boxylic acid am de-containing nelam ne cyanurate -

hydroxrl grougResbrR oS RE GhnGidhAl Rolpd by BS cOmbIn&. Furthermore an

ammabi lity test Fire retardance evaluation V-0 V-
acryli¥rllbber having epoxy groups serving and hydroxyl groups serving as

functional groups and an acrylic rubber having epoxy groups serving as functional
groups may be combined. When these acrylic rubbers are used, high fluidity is
obtained and compression properties is increased. Thus, excellent magnetic
properties is obtained, and air bubbles are hardly included in the acrylic rubbers, so
that reliability of the magnetic sheet is improved.

The binder may contain an epoxy resin as an organic cure component.

When an epoxy resin having a small molecular weight is added, the melt viscosity of
the binder is further decreased upon compressing (forming) the magnetic sheet.
Thus, the magnetic properties can be increased. Moreover, for example, by using a
polyfunctional epoxy resin, the reliability of the magnetic sheet after curing can be
further improved.

Suitable examples of the epoxy resin include an anionic curing epoxy resin
using a microcapsule amine based curing agent, an cationic curing epoxy resin using
an onium salt, sulfonium salt, or the like as a curing agent, and a radical curing
epoxy resin using an organic peroxide as a curing agent. These may be used
individually or in combination.

Further, the binder containing the epoxy resin preferably contains a latent
curing agent as the curing agent for the epoxy resin.

The latent curing agent means those exhibiting a function of a curing agent
at a certain temperature. Examples thereof include the curing agents of amines,
phenols, acid anhydrides, imidazoles, dicyandiamides, and isocyanates.
<EKthylene-Vinyl Acetate Copolymer>

The glass transition temperature of the ethylene-vinyl acetate copolymer is
preferably —100°C to 0°C, in terms of flexibility of the magnetic sheet.

When the glass transition temperature is lower than —100°C, the heat

15
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V-0 V-0 Magnetic Perneability Initial magnetic
perneability if(13.56MHz) 23.5 26.1 26.8 23.1 24.0
Initial magnetic perneability p"(13.56MHz) 0.10 0.28
0.24 0.22 0.16 Reliability test Thickness before test
(Pm) 323 332 342 358 343 Thickness after test (pm

resist%ﬁ(gb %ﬁ% q&ﬁﬁé@ocﬁ‘m WHS k8 %fa%s\f%hﬁ%ioﬁnteﬁxﬁergtﬁ’r@zsc}ugher than

nduct ance (L)
0°C, the magnetic sheet tends to become hard.

When the melting point is lower than 200°C, the magnetic sheet cannot
maintain its shape upon thermal compression.

The amount of the vinyl acetate in the ethylene-vinyl acetate copolymer is
preferably 45 mol% to 90 mol%, and more preferably 60 mol% to 80 mol%.

When the amount of the vinyl acetate in the ethylene-vinyl acetate
copolymer is not the range of 45 mol% to 90 mol%, this ethylene-vinyl acetate
copolymer is inferior in fire retardance and oil resistance to the ethylene-vinyl
acetate copolymer containing 45 mol% to 90 mol% of the vinyl acetate.

The ethylene-vinyl acetate copolymer may be a commercially available
product, or be an arbitrarily prepared product.

Examples of the commercially available product include LEVAPREN
(manufactured by Bayer AG), and EVAFLEX (manufactured by Du Pont-Mitsui
Polychemicals Co., Ltd.).

As the ethylene-vinyl acetate copolymer itself has a certain degree of fire
retardance, when the ethylene-vinyl acetate copolymer is used as the binder, the
amount of the fire retardant to be added can be decreased, compared to the case
where the acrylic rubber (acrylic resin) is used as the binder.

-Magnetic Powder-

The magnetic powder is suitably selected depending on the intended
purpose without any restriction. Examples of the shape of the magnetic powder
include a flat, lump, fiber, sphere, and irregular shape. Of these, the flat shape is
preferable as the magnetic powder of such shape can be easily orientated in a
predetermined direction and high magnetic permeability can be attained.

Examples of the magnetic powder include soft magnetic metal, ferrite, and

pure iron particles.

16
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variation (% Powder falling before reliability
test ahci ance absence absence absence absence Powder
falling after reliability test absence absence absence
absence absence Tensile test Tensile strength (MPa)
32.2 30.3 28.8 27.5 27.3 Table 2 Exanple 6 7 8 9 10

DA e TR AR o .
Fe-Ci(EIVBi 40py), Sendust (i.e., Fe-Si-Al alloy), permalloy (i.e., Fe-Ni alloy), silicon
copper (i.e., Fe-Cu-Si alloy), Fe-Si alloy, Fe-Si-B(-Cu-Nb) alloy, Fe-Ni-Cr-Si alloy,
Fe-Si-Cr alloy, Fe-Si-Al-Ni-Cr alloy, and amorphous metal.

As the Sendust (i.e., Fe-Si-Al alloy), those having Curie temperature at
480°C to 510°C are preferably used.

Examples of the ferrite include: soft ferrite such as Mn-Zn ferrite, Ni-Zn
ferrite, Mn-Mg ferrite, Mn ferrite, Cu-Zn ferrite, and Cu-Mg-Zn ferrite; and hard
ferrite that is a permanent magnet material.

The magnetic powder may be used individually, or in combination.

The amount of the binder; the magnetic powder; and at least one of the
silicon atom-containing melamine cyanurate and the carboxylic acid
amide-containing melamine cyanurate are suitably selected depending on the
mtended purpose without any restriction. The magnetic powder is preferably 400
parts by mass to 1,550 parts by mass, and at least one of the silicon atom-containing
melamine eyanurate and the carboxylic acid amide-containing melamine cyanurate
(in the case where the silicon atom-containing melamine cyanurate and the
carboxylic acid amide-containing melamine cyanurate are used in combination, the
total amount thereof) is preferably 70 parts by mass to 150 parts by mass, relative
to 100 parts by mass of the binder.

When the amount of the magnetic powder is less than 400 parts by mass,
excellent magnetic properties may not be obtained, When the amount of the
magnetic powder is more than 1,550 parts by mass, it becomes hard to bind the
magnetic powder with the binder. Consequently, the thickness variation of the
magnetic sheet becomes large in a high temperature and high humidity
environment, and the fire retardant may bleed on the surface of the magnetic sheet.

Moreover, the magnetic sheet becomes brittle, and the magnetic powder falls off

17
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- - 500 - Binder (parts by mass) Acrylic rubber 73.5
73.5 73.5 73.5 73.5 Epoxy resin 20.4 20.4 20.4 20.4
20.4 Latent curing agent 6.1 6.1 6.1 6.1 6.1 Fire
retardant (parts by nass) Silicon atom containing

mel am ne cyanurate 136.4 109.1 - - 109.1 Carboxylic
(powd%@'fgllﬁ{%)%%@f Fdph A% ARIAHCBS the mdbhekicdlftkel but also from a
cyanurate

surface of the magnetic sheet. Furthermore, even when the intention is to obtain a
soft magnetic sheet, the magnetic sheet becomes hard, or fire retardance may be
decreased because the magnetic powder is metal powder. It is not always the cases
that the magnetic permeability may be improved by adding a large amount of the
magnetic powder. When the amount of the magnetic powder is too large, many air
gaps are formed in the magnetic sheet and magnetic permeability may be decreased.
That is, there is an optimum range of the amount of the magnetic powder. The
weight of the magnetic powder in the magnetic sheet is preferably 60 % by weight to
90 % by weight.

When the amount of at least one of the silicon atom-containing melamine
cyanurate and the carboxylic acid amide-containing melamine cyanurate is less
than 70 parts by mass, the fire retardance may not be sufficiently obtained. When
the amount is more than 150 parts by mass, the total amount of the magnetic
powder and the fire retardant relative to the binder becomes large, it becomes hard
to keep binding the magnetic powder and the fire retardant together, with the
binder, and the proportion of the magnetic powder in the magnetic sheet is
decreased, causing decrease in the magnetic permeability.

-Other Component-

The other components are suitably selected from various known additives
depending on the intended purpose without any restriction, as long as the effect of
the present invention is not impaired. For the purpose of improving the coating
ability (i.e. adjusting the viscosity) of a magnetic composition, which is prepared by
adding the magnetic powder and the fire retardant to the binder, a solvent may be
added. Examples of the solvent include: ketenes such as acetone, methyl ethyl
ketone, methyl isobutyl ketone, and cyclohexanone; alcohols such as methanol,

ethanol, propanol, butanol, isopropyl alcohol; esters such as methyl acetate, ethyl

18
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Red phosphorus 13.6 13.6 9.1 13.6 18.2 Flammbility
test Fire retardance evaluation V-0 V-0 V-0 V-0 V-0
Magnetic Permeability Initial magnetic perneability p'
(13.56MHz) 20.9 19.1 21.1 46.4 22.3 Initial magnetic
perneability p" (13.56M4z) 0.13 0.06 0.13 10.86 0.17

s g et g o BB 5 59501 cor
such &38iethylene glycol dimethyl ether, 2-ethoxy ethanol, tetrahydrofurane, and
dioxane; aromatic hydrocarbon compounds such as benzen, toluene, and xylene; and
halogenated hydrocarbon compounds such as methylene chloride, ethylene chloride,
carbon tetrachloride, chloroform, chlorobenzene. These may be used individually
or in combination.

For the purpose of removing the air gaps in the magnetic sheet, a dispersant
may be added as the other component. By adding the dispersant, the variation of
the size of the magnetic sheet can be decreased. As the dispersant, a fire retardant
(dispersing particles) Which exhibits excellent dispersibility (for example, MC-5F
(manufactured by SAKAI CHEMICAL INDUSTRY, CO., LTD.), and MC-5S
(manufactured by SAKAI CHEMICAL INDUSTRY, CO., LTD.)) can be used. By
adding the dispersant, the surface smoothness of the magnetic sheet can be
increased, and the magnetic permeability and the fire retardance can be improved
by decreasing the amount of air included in the magnetic sheet and increasing
specific gravity. If necessary, various additives, such as a dispersant, stabilizer,
lubricant, silane or titanate coupling agent, filler, plasticizer, and antioxidant may
be added.

When an ethylene-vinyl acetate copolymer is used as the binder, the
melamine cyanurate treated with fatty acid (carboxylic acid amide-containing
melamine cyanurate) has better dispersibility than the melamine cyanurate treated
with a silane coupling agent (silicon atom-containing melamine cyanurate). Thus,
particularly when the melamine cyanurate treated with fatty acid is used, the
amount of air included in the magnetic sheet is decreased, so as to increase the
specific gravity, thereby improving the magnetic permeability and the fire

retardance.

The amount of the other component is suitably selected depending on the
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Thi ckness variation (%9 0.6 1.9 0.6 2.4 0.9

I nductance (I.) variation (%9 -1.2 -0.8 -1.0 -0.6 -1.8
Powder falling before reliability testi absence
absence absence absence absence Powder falling after
reliability test absence absence absence absence

o GP05 SNl T B eSS A B TS

restrid@@met i c powder Flat magnetic powder (JEMS) 500 - 500
-Application-

The application of the magnetic sheet of the present invention is suitably
selected depending on the intended purpose without any restriction. For example,
the magnetic sheet may be cut into a desirable size, and disposed in an electronic
equipment so that the magnetic sheet is placed adjacent to a noise source of the
electronic equipment.

-Use-

As the magnetic sheet of the present invention contains at least one of the
silicon atom-containing melamine cyanurate and the carboxylic acid
amide-containing melamine cyanurate as the fire retardant, the magnetic sheet
satisfies both the high fire retardance and magnetic permeability. When an acrylic
rubber and an epoxy resin are used in the magnetic sheet, the magnetic sheet
improves the humidity resistance, particularly, suppresses the degradation in the
magnetic properties in a high temperature and high humidity environment. An
ethylene-vinyl acetate copolymer is used, so that the magnetic sheet can have
flexibility, and moreover the magnetic sheet has a less environmental load because
the magnetic sheet contains no halogen. The magnetic sheet of the present
invention can be suitably used for electromagnetic noise depressors, electromagnetic
wave absorbers, magnetic shielding, electronic equipments having IC tag functions
such as Radio Frequency Identification (RFID), and non-contact IC cards.
Particularly, the magnetic sheet can be suitably used for RFID functioned mobile
phones.

A method for producing the magnetic sheet of the present invention is
suitably selected from known methods depending on the intended purpose without
any restriction. For example, the magnetic sheet can be suitably produced by the

following method.
20
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500 500 (parts by mass) Flat magnetic powder (JEM )
- 500 - - - Acrylic rubber 73.5 73.5 73.5 73.5 73.5
Bi nder (parts by nass) Epoxy resin 20.4 20.4 20.4 20.4
20.4 Latent curing agent 6.1 6.1 6.1 6.1 6.1 Fire
retardant (parts by mass) Silicon atom contai ning

<Prodielidfivisiyapurate ¢ 100 81.8 27.3 9.1 109.1
Carboxyl1c acid. am de-containing nelanm ne cyanur ate

- Bmbthod for producing the magnetic sheet includes at least applying a
magnetic composition onto a substrate, and forming the magnetic sheet, and further
includes other suitably selected steps, as necessary.

-Magnetic Composition-

The magnetic composition contains at least a binder, a magnetic powder, and
a fire retardant, and further contains suitably selected other components as
necessary. The fire retardant contains at least one of the silicon atom-containing
melamine cyanurate and the carboxylic acid amide-containing melamine cyanurate,
and preferably further contains red phosphorus.

The details of the binder, the magnetic powder, the fire retardant (i.e. the
silicon atom-containing melamine cyanurate, the carboxylic acid amide-containing
melamine cyanurate, and the red phosphorus) and other components are as
described above.

-Substrate-

The substrate is suitably selected depending on the intended purpose
without any restriction, but it is preferably a polyester film a surface of which is
lubrication processed (a release PET) as the formed magnetic layer can be easily
peeled from the substrate.

-Coating-

A method for coating is suitably selected depending on the intended purpose
without any restriction. Examples thereof include spin coating, dip coating,
kneader coating, curtain coating, blade coating, and doctor blade coating. Of these,
the blade coating, and the doctor blade coating are preferable, in terms of excellent
coating efficiency.

-Formation-

A method of forming the magnetic sheet is suitably selected depending on
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63.6 81.8 - Red phosphorus 18.2 13.6 13.6 13.6 6.5
Flanmability test Fire retardance evaluation V-0 V-0
V-0 V-0 V-1 Magnetic Perneability Initial magnetic
perneability p' (13.56MHz) 23.3 27.1 24.8 24.9 24.8
Initial magnetic perneability p" (13.56MHz) 0.21 0.25

t eb
tho nfti B O TOU AR LIRS, T AREBR AR et cor

be forﬁ@d By 8oBpPesdBiep. 322

A method of hot pressing is suitably selected depending on the intended
purpose without any restriction. For example, both sides of a layer of the magnetic
composition applied on the substrate are sandwiched with press plates respectively
via buffer materials, and heated and pressed.

The conditions for the hot pressing are suitably adjusted depending on the
intended purpose without any restriction. For example, the temperature is
preferably 80°C to 190°C, the pressure is preferably 5 MPa to 20 MPa, and the
duration is preferably 1 minute to 20 minutes.

The structure, thickness, and material of the buffer material are suitably
selected depending on the indented purpose without any restriction.

The buffer material may be a commercially available product or arbitrarily
prepared product. Examples of the commercially available product include a high
quality paper (product name: OK Prince High Quality 70, manufacturer: Oji Paper
Co., Ltd., Bekk smoothness: 6.2 sec/mL), a cushioned paper (product name: TF190,
manufacturer: THE TOYO FIBRE CO., LTD., Bekk smoothness: 1.7 sec/mL)}, nylon
mesh (product name: N-NO. 1108, manufacturer: TOKYO SCREEN CO., LTD.,
Bekk smoothness: less than 0.1 sec/mL), cotton cloth {(product name: Kanakin No. 3,
manufacturer: Japanese Standards Association, Bekk smoothness: less than 0.1
sec/mL), a base paper for an adhesive (product name: SO base paper 18G,
manufacturer: DAIFUKU PAPER MFG CO., LTD., Bekk smoothness: less than 0.1
sec /mL), a double sided release paper (product name: 100GVW (High lubricity
surfaces), manufacturer: Oji Paper Co., Ltd., Bekk smoothness: 146 sec/mL), and a
double sided release paper (product name: 100GVW (Low lubricity surfaces),
manufacturer: Oji Paper Co., Ltd., Bekk smoothness: 66 sec /mL).

Bekk smoothness expresses the time required for a certain amount of air to
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Thi ckness variation (%9 1.4 1.0 0.0 0.3 0.3

I nduct ance (L) variation (%9 -0.7 - 1.1 -1.2 -1.6 -0.2
Powder falling before reliability test absence absence
absence absence absence Powder falling after
reliability test absence absence absence absence

pacs ISQERENISIEI 1830 ToRRLA, ALY BN R v
paper('\%rﬂ‘é@l\fg;l&%xgg"ﬂ%’ 126 P& {15 BYeBBSTEhE Al IRARALE 6nRAWAR: Face of the
sheet member, the smaller the value of Bekk smoothness is, namely meaning
excellent “lubricity”.

Bekk smoothness is measured, for example, by Bekk Smoothness Tester
(manufactured by TESTER SANGYO CO., LTD.).

Moreover, the buffer material preferably has irregularities on the surface
thereof, namely preferably has an aeration portion through which gas can flow.
The aeration portion can let out outgas or air, when the outgas is generated or the
air contained in the magnetic sheet is released upon hot pressing. Thus, after hot
pressing, a patchy pattern (a pattern consisting of gloss portions and non-gloss
portions) will not be formed on the surface of the magnetic sheet, so that
degradation of appearance due to the patchy pattern can be prevented.

As mentioned above, the magnetic composition is applied on the substrate,
and formed into the magnetic sheet. Here, the magnetic sheet is obtained in such a
state that the magnetic sheet is laminated on the substrate (release PET), but the

magnetic sheet can be peeled from the substrate and used.

Examples

Hereinafter, Examples of the present invention will be explained, but these
examples shall not be construed as limiting the scope of the present invention.
Example 1
‘Production of Magnetic Sheet-

At first, in 270 parts by mass of toluene and 120 parts by mass of ethyl
acetate, 73.5 parts by mass of an acrylic rubber having epoxy groups (SG8OH-3,
manufactured by Nagase ChemteX Corporation, a number average molecular

weight of 150,000, a weight average molecular weight of 350,000, a molecular
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500 500 500 500 Bi nder (parts by mass) Acrylic rubber
73.5 73.5 73.5 73.5 73.5 Epoxy resin 20.4 20.4 20.4
20.4 20.4 Latent curing agent 6.1 6.1 6.1 6.1 6.1
Fire retardant (parts by mass) Silicon atom containing
mel am ne cyanurate 127.3 90.9 100 89 111 Carboxylic

weight GG eets 500, @UU' g dﬁﬂ'laﬂ‘ &shteane sHoky-groups and hydroxyl
Red phosphorus 5.9 6.8
groups, a main monomer; ethyl acrylate (EA)/ acrylonitrile (AN)) used as a binder,
20.4 parts by mass of an epoxy resin (EPICOAT (now named as jER®) 10318,
manufactured by Japan Epoxy Resins Co., Litd.), and 6.1 parts by mass of a latent
curing agent (HX3748, manufactured by Asahi Kasei Chemicals Corporation) were
dissolved so as to prepare a resin composition. To the resin composition, 500 parts
by mass of a flat magnetic powder (JEM-S, manufactured by Mitsubishi Materials
Corporation) used as a magnetic powder, 109.1 parts by mass of a silicon
atom-containing melamine cyanurate (melamine cyanurate whose surface was
treated with a silicon compound, MC-5S, manufactured by SAKAI CHEMICAL
INDUSTRY, CO., LTD., a number average particle size of 0.5 um) and 6.8 parts by
mass of red phosphorus (ST-100, manufactured by RINKAGAKU KOGYO CO.,
LTD.) were added, and the obtained mixture was mixed so as to prepare a magnetic
composition.

The thus obtained magnetic composition was applied onto a polyester film a
surface of which had been lubrication processed (a release PET) (38GS
manufactured by Lintec Corporation, thickness of 38 um) as a substrate using a bar
coater, so as to form a layer having a thickness of 185 um, and then four layers of the
magnetic composition were laminated.

Next, on both surfaces of the laminate, which consisted of the release PET,
and the four layers of the magnetic composition formed on the release PET, high
quality paper (product name: OK Prince High Quality 70, manufacturer: Oji Paper
Co., Ltd., thickness: 100 pm, Bekk smoothness: 6.2 sec/mL) used as buffer material
were stacked. Then, the stacked buffer materials were hot-pressed by means of
press plates using a vacuum press (manufactured by KITAGAWA SEIKI Co., Ltd.)
under the conditions of a temperature of 170°C, a duration of 10 minufes, and a

pressure of 9 MPa.
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6.8 6.8 Flammability test Fire retardance eval uation
V-1 V-0 V-0 V-1 V-0 Magnetic Perneability Initial
magnetic permeability p.' (13.56MHz) 23.3 25.5 19.2
26.2 22.1 Initial magnetic perneability p" (13.56Mz)
0.15 0.20 0.16 0.28 0.21 Reliability test Thickness

ey B A 55008 IMAATESE B 250
in sizd; fnd tBe PelRale PHT &as removed, to thereby produce a magnetic sheet.
<Confirmation of Presence of Silicon Atom in Melamine Cyanurate>

After the obtained magnetic sheet was immersed in toluene, the magnetic
sheet was pulverized in a mortar, and the obtained pulverized product was
dispersed in toluene. Then, the pulverized product was separated into the
magnetic powder and the binder by centrifugation, and components in the binder
were separated and extracted, and MC-5S (manufactured by SAKAT CHEMICAL
INDUSTRY, CO., LTD.) used as the fire retardant was subjected to X-ray
fluorescence analysis (XRF). The XRF measurement data is shown in FIG. 1A.
For comparison, as melamine cyanurate (no surface treatment), the XRF
measurement data of MC-20N (manufactured by SAKAI CHEMICAL INDUSTRY,
CO., LTD.) is shown in FIG. 1B, the XRF measurement data of MC-40N
(manufactured by SAKAI CHEMICAL INDUSTRY, CO., LTD.) is shown in FIG. 1C.
From FIGS. 1A to 1C, only in the XRF measurement data of MC-5S, a silicon atom
was detected, and it was confirmed that MC-5S contained the silicon atom.
Examples 2 to 7
-Production of Magnetic Sheet-

Each of magnetic sheets was produced in the same manner as in Example 1,
except that the amount of at least one of the magnetic powder and the fire retardant
in Example 1 was changed to those as shown in Tables 1 and 2.

Example 8
-Production of Magnetic Sheet-

A magnetic sheet was produced in the same manner as in Example 1, except
that the silicon atom-containing melamine cyanurate (melamine cyanurate whose
surface was treated with a silicon compound, MC-5S, manufactured by SAKAI
CHEMICAL INDUSTRY, CO., LTD.) used as the fire retardant was replaced with

25



10

15

20

25

I nduct ance (L) variation (% -0.3 0.0 -1.7 -1.3 -1.5
Powder falling before reliability test absence absence
absence absence absence Powder falling after
reliability test absence absence absence absence
absence Tensile test Tensile strength (MPa) 28.4 34.2

corbo 388 il e SRR A Ot i
surfadelelb Rlear08 wiR 1R%rROLiARA0Q BrRydedid(PAT ¥ BYalB8sured by
SAKATI CHEMICAL INDUSTRY, CO., LTD., 2 number average particle size of 0.5
pm).

<Confirmation of Presence of Carboxylic acid amide in Melamine Cyanurate>

After the obtained magnetic sheet was immersed in toluene, the magnetic
sheet was pulverized in a mortar, and the obtained pulverized product was
dispersed in toluene. Then, the pulverized product was separated into the
magnetic powder and the binder by centrifugation, and components in the binder
were separated and extracted, and MC-5F (manufactured by SAKAI CHEMICAL
INDUSTRY, CO., LTD.) used as the fire retardant was subjected to pyrolysis gas
chromatography analysis (Py-GC-MS). The Py-GC-MS measurement data is
shown in FIG, 2A. For comparison, as melamine cyanurate (no surface treatment),
the Py-GC-MS measurement data of MC-20N (manufactured by SAKAI
CHEMICAL INDUSTRY, CO., LTD.) is shown in FIG. 2B, the Py-GC-MS
measurement data of MC-40N (manufactured by SAKAI CHEMICAL INDUSTRY,
CO., LTD.) is shown in FIG. 2C. From FIGS. 2A to 2C, only in the Py-GC-MS
measurement data of MC-5F, lauroyl amide was detected, and it was confirmed that
MC-SF-contained the carboxylic acid amide.

The magnetic powder extracted by centrifugation was washed with toluene,
only a supernatant of the washing liquid was recovered, and toluene was distilled
away at reduced pressure using an evaporator. Then, the residue (concentrate of
the toluene wash liquid) was analyzed by infrared spectroscopy (IR). The IR
measurement data is shown in FIG. 3A. In FIG. 3A, OH stretching vibration
derived from a hydroxyl group could not be observed. Then, library search was
performed, and as shown in FIG. 3B, it was found that the concentrate of the

toluene wash liquid was glyceride, which was a type of fatty acid ester (an ester
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Acrylic rubber 73.5 73.5 73.5 73.5 73.5 73.5 Epoxy
resin 20.4 20.4 20.4 20.4 20.4 20.4 Latent curing
agent 6.1 6.1 6.16.16.16.1 Fire retardant (parts by
mass) Silicon atom containing nmelam ne cyanurate .

Car boxylic acid am de-contai ni ng nmel am ne

comp&ﬁ’ﬁtm l.éf ghRerimand fatty aclRBdaRAABRD LA MDxLBcbiciBathidd vhhs not
contained in the magnetic powder. In FIG. 3B, a solid line represents the
concentrate of the toluene wash liquid, and a dashed line represents library
(glyceride).

Example 9

-Production of Magnetic Sheet-

A magnetic sheet was produced in the same manner as in Example 8, except
that the flat magnetic powder (JEM-S, manufactured by Mitsubishi Materials
Corporation) used as the magnetic powder in Example 8 was replaced with a flat
magnetic powder (EMS-10, manufactured by Mitsubishi Materials Corporation),
and that the amount of the red phosphorus was changed to that shown in Table 2.
Examples 10 and 11
-Production of Magnetic Sheet-

Each of magnetic sheets was produced in the same manner as in Example 1,
except that the amounts of the silicon atom-containing melamine cyanurate and the
red phosphorus in Example 1 were changed to those shown in Tables 2 and 3.
Example 12
-Production of Magnetic Sheet-

A magnetic sheet was produced in the same manner as in Example 1, except
that the flat magnetic powder (JEM-S, manufactured by Mitsubishi Materials
Corporation) used as the magnetic powder was replaced with a flat magnetic powder
(JEM-G2, manufactured by Mitsubishi Materials Corporation), that carboxylic acid
amide-containing melamine cyanurate (MC-5F, manufactured by SAKAI
CHEMICAL INDUSTRY, CO., LTD.) used as the fire retardant was further added,
and that the amounts of the silicon atom-containing melamine cyanurate and the
red phosphorus were changed to those shown in Table 3.

Examples 13 and 14
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13.6 13.6 13.6 Mel am ne cyanurate (M24000, no surface
treatnent) 109.1 - - Mel am ne cyanurate (MC6000,
no surface treatnent) 109.1 - - - Melamne

pol yphosphate (PM P 100) - 109.1 - - Ml am ne

pol yphosphat e (PM P200) . - 109.1 - - Magnesium

Prodﬁ&ﬁ&ﬂ%f@l@aéﬂ@?ﬁ Sheet~ - - 109.1 -  Ammoni um
pol yphosphat e (AP462)

A magnetic sheet was produced in the same manner as in Example 1, except
that the carboxylic acid amide-containing melamine cyanurate (MC-5F,
manufactured by SAKAI CHEMICAL INDUSTRY, CO., LTD.) used as the fire
retardant was further added, and that the amounts of the silicon atom-containing
melamine cyanurate and the red phosphorus were changed to those shown in Table
3.

Examples 15 to 20
-Production of Magnetic Sheet-

Each of magnetic sheets was produced in the same manner as in Example 1,
except that the amounts of the silicon atom-containing melamine cyanurate and the
red phosphorus in Example 1 were changed to those shown in Tables 3 and 4.
Comparative Example 1
-Production of Magnetic Sheet-

A magnetic sheet was produced in the same manner as in Example 4, except
that the silicon atom-containing melamine cyanurate in Example 4 was replaced
with melamine cyanurate (non-surface treated melamine cyanurate, MC4000,
manufactured by Nissan Chemical Industries, Ltd.).

Comparative Example 2
-Production of Magnetic Sheet-

A magnetic sheet was produced in the same manner as in Example 4, except
that the silicon atom-containing melamine cyanurate in Example 4 was replaced
with melamine cyanurate (non-surface treated melamine cyanurate, MC6000,
manufactured by Nissan Chemical Industries, Ltd.).

Comparative Example 3
-Production of Magnetic Sheet- .

A magnetic sheet was produced in the same manner as in Example 4, except
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- - - -109.1 Flammability test Fire retardance
evaluation V-0 V-0 V-0 V-0 NG NG Magnetic Perneability
Initial magnetic perneability pi (13.56M4z) 20.0 23.6
15.3 13.8 21.6 16.3 Initial magnetic perneability p"
(13.56MHz) 0.15 0.25 0.02 0.01 0.01 0.00 Reliability

that thesiliddy storeesnhahdiEnidsinihd dyanératda E:&%ngﬂ&i 4% replaced
500 Thickness after test(pn) 389 399 552 562 530

with melamine polyphosphate (PMP100, manufactured by Nissan Chemical

Industries, Ltd.).

Comparative Example 4

-Production of Magnetic Sheet-

A magnetic sheet was produced in the same manner as in Example 4, except
that the silicon atom-containing melamine cyanurate in Example 4 was replaced
with melamine polyphosphate (PMP200, manufactured by Nissan Chemical
Industries, Ltd.).

Comparative Example 5
-Production of Magnetic Sheet-

A magnetic sheet was produced in the same manner as in Example 4, except
that the silicon atom-containing melamine cyanurate in Example 4 was replaced
with magnesium hydroxide (MGZ-3, manufactured by SAKAI CHEMICAL
INDUSTRY, CO., LTD.).

Comparative Example 6
-Production of Magnetic Sheet-

A magnetic sheet was produced in the same manner as in Example 4, except
that the silicon atom-containing melamine cyanurate in Example 4 was replaced
with ammonium polyphosphate (AP462, manufactured by Clariant(Japan)K.K.).
Comparative Example 7
-Production of Magnetic Sheet-

A magnetic sheet was produced in the same manner as in Example 4, except
that the silicon atom-containing melamine cyanurate in Example 4 was replaced
with ammonium polyphosphate (FCP-770, manufactured by SUZUHIRO
CHEMICAL CO., LTD.).

Comparative Example 8
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543 Thi ckness variation (% 7.5 9.9 12.2 13.8 6.64
8.60 Inductance (I) variation (%9 -2.6 -1.7 -0.7 -6.0
-2.7 -15.2 Powder falling before reliability test
presence presence presence presence presence presence
Powder falling after reliability test presence

Prodg&ﬁ&@gfmwm fFesence presence presence Tensile
test '"Tensile strength (MPa) 24.3 22.8 23.2 24.1 22.2

214 $haghR] sl cErRAp Adued B 2RBls8me H1ahnt® as in Example 4, except
that the silicon atom-containing melamine cyanurate in Example 4 was replaced
with coating ammonium polyphosphate (TERRAJU C-80, manufactured by
Budenheim Ibérica Comercial, S.A.).

Comparative Example 9
-Production of Magnetic Sheet-

A magnetic sheet was produced in the same manner as in Example 4, except
that the silicon atom-containing mmelamine cyanurate in Example 4 was replaced
with ammonium polyphosphate (FRCROSS486, manufactured by Budenheim
Ibérica Comercial, S.A.).

Comparative Example 10
-Production of Magnetic Sheet-

A magnetic sheet was produced in the same manner as in Comparative
Example 1, except that the flat magnetic powder (JEM-S, manufactured by
Mitsubishi Materials Corporation) used as the magnetic powder in Comparative
Example 1 was replaced with a flat magnetic powder (EMS-10, manufactured by
Mitsubishi Materials Corporation).

Comparative Example 11
-Production of Magnetic Sheet-

A magnetic sheet was produced in the same manner as in Comparative
Example 3, except that the flat magnetic powder (JEM-S, manufactured by
Mitsubishi Materials Corporation) used as the magnetic powder in Comparative
Example 3 was replaced with a flat magnetic powder (EMS-10, manufactured by
Mitsubishi Materials Corporation).

Comparative Example 12

-Production of Magnetic Sheet-
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11 12 Magnetic powder (parts by mass) Flat magnetic
powder (JEMS) 500 - 500 500 - - Fl at magnetic
powder (EMS-10) - - 500 500 500 Bi nder (parts by
mass) Acrylic rubber 73.5 73.5 73.5 73.5 73.5 73.5
Epoxy resin 20.4 20.4 20.4 20.4 20.4 20.4 Latent

? g%jr:c{%n%gﬁ%egt W ﬂroﬁu&e@ it tPe LafrelmBhher ragtiﬁr@@ﬁf)arative
Example 4, except that the flat magnetic powder (JEM-S, manufactured by
Mitsubishi Materials Corporation) used as the magnetic powder in Comparative
Example 4 was replaced with a flat magnetic powder (EMS-10, manufactured by
Mitsubishi Materials Corporation).

Example 21
-Production of Magnetic Sheet-

A magnetic sheet was produced in the same manner as in Example 1, except
that () 73.5 parts by mass of an acrylic rubber having epoxy groups used as the
binder, 20.4 parts by mass of the epoxy resin, and 6.1 parts by mass of the latent
curing agent were replaced with an ethylene-vinyl acetate copolymer (LEVAPREN
800HV, manufactured by Bayer AG, the amount and specific gravity of vinyl acetate
in the ethylene-vinyl acetate copolymer were respectively 80 mol% and 0.98 g/cm?),
that (ii) 500 parts by mass of the flat magnetic powder (JEM-S, manufactured by
Mitsubishi Materials Corporation) used as the magnetic powder was replaced with
600 parts by mass of a flat magnetic powder (Fe-Si-Al, EMS-10, manufactured by
Mitsubishi Materials Corporation), that (iii) 109.1 parts by mass of the silicon
atom-containing melamine cyanurate used as the fire retardant was replaced with
80 parts by mass of carboxylic acid amide-containing melamine cyanurate
(melamine cyanurate whose surface treated with lauric acid used as fatty acid,
MC-5F, manufactured by SAKATI CHEMICAL INDUSTRY, CO., LTD., a number
average particle size of 0.5 um), and that (iv) 6.8 parts by mass of the red
phosphorus used as the fire retardant was replaced with 10 parts by mass of red
phosphorus.

Example 22
-Production of Magnetic Sheet-

A magnetic sheet was produced in the same manner as in Example 21,
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mass) Silicon atom contai ni ngnel am ne cyanurate .
. . Carboxylic acid am de-containing nelamne c
anurate - - - - - Red phosphorus 13.6 13.6 13.6 13.6
13.6 13.6 Mel am ne cyanurate (M24000, no surface
treatnment) - - - 109.1 - Melam ne pol yphosphate

excepf( %ég%)oa)lm?ﬁ{m of tHPSrboxyliMEERAMA RSP L YRR Ak Bimine cyanurate

used as the fire retardant in Example 21 was changed to that shown in Table 7.

The frequency properties of the produced magnetic sheet (thickness: 500
um) was measured using a network analyzer (N5230A, manufactured by Agilent
Technologies). The results are shown in FIGS. 4A and 4B.

As can be seen from FIGS. 4A and 4B, the magnetic sheet had a large
magnetic permeability and excellent properties. This magnetic sheet can be used
in the KHz to GHz range.

Example 23
-Production of Magnetic Sheet-

A magnetic sheet was produced in the same manner as in Example 21,
except that the amount of the carboxylic acid amide-containing melamine cyanurate
used as the fire retardant in Example 21 was changed to that shown in Table 7, and
that 5 parts by mass of the aluminum hydroxide (AOH60, manufactured by
Nabaltec AG) used as the fire retardant was further added.

Example 24
-Production of Magnetic Sheet-

A magnetic sheet was produced in the same manner as in Example 21,
except that the amounts of the carboxylic acid amide-containing melamine
cyanurate and the red phosphorus used as the fire retardant in Example 21 were
changed to those shown in Table 7.

Example 25
-Production of Magnetic Sheet-

A magnetic sheet was produced in the same manner as in Example 21,
except that the ethylene-vinyl acetate copolymer (LEVAPREN 800HYV,
manufactured by Bayer AG, the amount and specific gravity of vinyl acetate in the

ethylene-vinyl acetate copolymer were respectively 80 mol% and 0.98 g/cm3) used as
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- - 109.1 Ammoni um pol yphosphate (FCP-770) 109.1 - -
- - Ammoni um pol yphosphate (TERRAJU C-80) - 109.1 - -
- Ammoni um pol yphosphat e (FRCROSS486) - - 109.1 - -
- Flammability test Fire retardance eval uation NG NG
NG V-0 VO V-0 Magnetic Perneability Initial magnetic

the b:ﬁ%ﬁ%@éﬁnilétp}léé?e‘a nvgigt%x? gﬁ%%rex}rg g’%?%l,??%t&é &y%?zﬁe@ﬂEWtSLX
manufactured by Du Pont-Mitsu Polychemicals Co., Ltd., the amount and specific
gravity of vinyl acetate in the ethylene-vinyl acetate copolymer were respectively 46
mol% and 0.98 g/cm?), and that the amount of the carboxylic acid amide-containing
melamine cyanurate used as the fire retardant was changed to that shown in Table
7.

Example 26

-Production of Magnetic Sheet-

A magnetic sheet was produced in the same manner as in Example 21,
except that the ethylene-vinyl acetate copolymer (LEVAPREN 800HYV,
manufactured by Bayer AG, the amount and specific gravity of vinyl acetate in the
ethylene-vinyl acetate copolymer were respectively 80 mol% and 0.98 g/em3) used as
the binder was replaced with an ethylene-vinyl acetate copolymer (LEVAPREN
600HYV, manufactured by Bayer AG, the amount and specific gravity of vinyl acetate
in the ethylene-vinyl acetate copolymer were respectively 60 mol% and 1.04 gfcm3),
and that the amount of the carboxylic acid amide-containing melamine cyanurate
used as the fire retardant was changed to that shown in Table 7.

Example 27
-Production of Magnetic Sheet-

A magnetic sheet was produced in the same manner as in Example 21,
except that the ethylene-vinyl acetate copolymer (LEVAPREN 800HYV,
manufactured by Bayer AG, the amount and specific gravity of vinyl acetate in the
ethylene-vinyl acetate copolymer were respectively 80 mol% and 0.98 g/cm3) used as
the binder in Example 21 was replaced with an ethylene-vinyl acetate copolymer
(LEVAPREN 900HYV, manufactured by Bayer AG, the amount and specific gravity of
vinyl acetate in the ethylene-vinyl acetate copolymer were respectively 90 mol% and

1.15 g/ems?).
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0.01 0.02 0.01 8.83 3.87 3.30 Reliability test
Thi ckness before test (pm 491 495 498 332 479 538
Thi ckness after test(Pm 526 510 554 348 561 596
Thi ckness variation N 7.13 3.03 11.24 4.8 17.1 10.8
I nduct ance (L) variation (/0) -3.5-1.3 -6.3 -2.1 -5.6
Exan%ﬁeésPomder falling before reliability test Pres Pres
res Pres Pits Pres

-Production of Magnetic Sheet-

A magnetic sheet was produced in the same manner as in Example 21,
except that the amount of the flat magnetic powder (Fe-Si-Al; EMS-10) used as the
magnetic powder and the amount of the carboxylic acid amide-confaining melamine
cyanurate used as the fire retardant in Example 21 were changed to those shown in
Table 7.

Comparative Example 13
-Production of Magnetic Sheet-

A magnetic sheet was produced in the same manner as in Example 21,
except that the carboxylic acid amide-containing melamine cyanurate as the fire
retardant was replaced with amnmonium polyphosphate (FCP-770, manufactured by
SUZUHIRO CHEMICAL CO., LTD.), and that the amount of the flat magnetic
powder used as the magnetic powder was changed to that shown in Table 8.
Comparative Example 14
-Production of Magnetic Sheet-

A magnetic sheet was produced in the same manner as in Comparative
Example 13, except that the ammonium polyphosphate used as the fire retardant in
Comparative Example 13 was replaced with aluminum hydroxide (AOH60,
manufactured by Nabaltec AG).

Comparative Example 15
-Production of Magnetic Sheet-

A magnetic sheet was produced in the same manner as in Comparative
Example 13, except that the ammonium polyphosphate used as the fire retardant in
Comparative Example 13 was replaced with magnesium hydroxide (MGZ-3,
manufactured by SAKAT CHEMICAL INDUSTRY, CO., LTD.).

Comparative Example 16
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Powder falling after reliability test Pres Pres Pres
Pres Pres Pits Tensile test Tensile strength (Ma)
24.3 18.2 19.3 25.4 23.6 22.9 Pres denotes presence.
Table 7 Exanple 21 22 23 24 25 26 27 28 Magnetic
powder (parts by mass) Flat magneticP owder (Fe-Si-Al;

Prodg@@oﬂg) £005600.-600 600 600 600 630 Binder (parts
by mass) hyl ene-vi nyl acetate copol yner (LEVAPREN

800 LWk Y2t P4 produced in the same manner as in Comparative
Example 15, except that 10 parts by mass of aluminum hydroxide (AOHG0,
manufactured by Nabaltec AG) as the fire retardant was further added, and the
amount of the flat magnetic powder used as the magnetic powder was changed to
that shown in Table 8.
Comparative Example 17
-Production of Magnetic Sheet-

A magnetic sheet was produced in the same manner as in Example 21,
except that the carboxylic acid amide-containing melamine cyanurate used as the
fire retardant in Example 21 was replaced with melamine cyanurate (non-surface
treated melamine cyanurate, MC4000, manufactured by Nissan Chemical
Industries, Ltd.).

Comparative Example 18
-Production of Magnetic Sheet-

A magnetic sheet was produced in the same manner as in Example 21,
except that the carboxylic acid amide-containing melamine cyanurate used as the
fire retardant in Example 21 was replaced - with melamine polyphosphate (PMP100,
manufactured by Nissén Chemical Industries, Ltd.). |
Comparative Example 19
-Production of Magnetic Sheet-

A magnetic sheet was produced in the same manner as in Example 21,
except that the carboxylic acid amide-containing melamine cyanurate used as the
fire retardant in Example 21 was replaced with melamine polyphosphate (PMP200,
manufactured by Nissan Chemical Industries, Ltd.).

Comparative Example 20

-Production of Magnetic Sheet-
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100 - - - 100 Ethylene-vinyl acetate copol yner

(LEVAPREN 600IW - - - - - 100 - Ethylene-vinyl
acet ate copol yner (LEVAPREN 9001W - - - - - 100 -
Et hyl ene-vi nyl acetate copol ymer (EV45LX) - - - - 100

- - - Fire retardant (parts by mass) Silicon
at QR £ANEA MY PR ARG YARHE 3hfhe manner 45 in Example 21,

except that the carboxylic acid amide-containing melamine cyanurate used as the
fire retardant in Example 21 was replaced with ammonium polyphosphate
(“FCP-770”; manufactured by SUZUHIRO CHEMICAL CO., LTD.).

Comparative Example 21

-Production of Magnetic Sheet-

A magnetic sheet was produced in the same manner as in Example 21,
except that the carboxylic acid amide-containing melamine cyanurate used as the
fire retardant in Example 21 was replaced with coating ammonium polyphosphate
(TERRAJU C-80, manufactured by Budenheim Ibérica Comercial, S.A.).
Comparative Example 22
-Production of Magnetic Sheet-

A magnetic sheet was produced in the same manner as in Example 21,
except that the carboxylic acid amide-containing melamine cyanurate used as the
fire retardant in Example 21 was replaced with ammonium polyphosphate
(FRCROSS 486, manufactured by Budenheim Ibérica Comercial, S.A.).
Comparative Example 23
-Production of Magnetic Sheet-

A magnetic sheet was produced in the same manner as in Example 21,
except that the carboxylic acid amide-containing melamine cyanurate used as the
fire retardant in Example 21 was replaced with aluminum hydroxide (AOH60,
manufactured by Nabaltec AG).

Comparative Example 24
-Production of Magnetic Sheet-

A magnetic sheet was produced in the same manner as in Example 21,

except that the carboxylic acid amide-containing melamine cyanurate used as the

fire retardant in Example 21 was replaced with magnesium hydroxide (MGZ-3,
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Car boxylic acid am de-cont ai ni ng nel am ne cyanurate 80
75 85 70 85 90 80 100 Red phosphorus 10 10 10 15 10
10 10 10 Mel am ne cyanurate (M)4000, no surface
treatnent) - - - - - - Melam ne pol yphosphat e
(PMF100) . _ Mel am ne pol yphosphat e

manu(ffé\éﬁ%Q@bySAl{AI CHEMICAL INDUSTRY, CO., LTD.).
Example 29
-Production of Magnetic Sheet-

A magnetic sheet was produced in the same manner as in Example 1, except
that (1) 78.5 parts by mass of an acrylic rubber having epoxy groups (SG80H-3,
manufactured by Nagase ChemteX Corporation, a number average molecular
weight of 150,000, a weight average molecular weight of 350,000, a molecular
weight of 300,000 to 500,000, Tg of 11°C, containing epoxy groups and hydroxyl
groups, a main monomer; ethyl acrylate (EA)/ acrylonitrile (AN)) used as a binder,
20.4 parts by mass of an epoxy resin (EPICOAT (now named as jER®) 10318,
manufactured by Japan Epoxy Resins Co., Ltd.), and 6.1 parts by mass of a latent
curing agent (HX3748, manufactured by Asahi Kasei Chemicals Corporation) were
replaced with 92 parts by mass of an acrylic rubber A (SG series, manufactured by
Nagase ChemteX Corporation, a molecular weight of 400,000 to 600,000, Tg of
-25°C, containing epoxy groups, a main monomer; ethyl acrylate (EA)/ acryionitrile
(AN)) and 8 parts by mass of a latent curing agent (HX3748, manufactured by Asahi
Kasei Chemicals Corporation), that (i) 500 parts by mass of the flat magnetic
powder (JEM-S, manufactured by Mitsubishi Materials Corporation) used as the
magnetic powder was replaced with 800 parts by mass of a flat magnetic powder
(Fe-Si-Al, EMS-10, manufactured by Mitsubishi Materials Corporation), that (iii)
109.1 parts by mass of the silicon atom-containing melamine cyanurate used as the
fire retardant was replaced with 115 parts by mass of carboxylic acid
amide-containing melamine cyanurate (melamine cyanurate whose surface treated
with lauric acid used as the fatty acid, MC-5F, manufactured by SAKAT CHEMICAL
INDUSTRY, CO., LTD., a number average particle size of 0.5 pum), and that (iv) the
amount of the red phosphorus used as the fire retardant was changed from 6.8 parts

by mass to 11.5 parts by mass.
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_ Ammoni um pol yphosphate (FCP-770) _ .
.. Ammoni um pol yphosphate (TERRAJU 0-80) = - -

_ - Ammoni um pol yphosphat e (FRCROSS486) _ - - -

- Al um num hydr oxi de (A01160) . - 5 - - - - -

Example 30

A magnetic sheet was produced in the same manner as in Example 29,
except that 92 parts by mass of the acrylic rubber A used as the binder in Example
29 was replaced with 72 parts by mass of the acrylic rubber A and 20 parts by mass
of an acrylic rubber B (83790, manufactured by Nagase ChemteX Corporation, a
molecular weight of 400,000 to 600,000, Tg of —32°C, containing hydroxyl groups, a
main monomer; butyl acrylate (BA)/ acrylonitrile (AN).
Example 31

A magnetic sheet was produced in the same manner as in Example 30,
except that the amount of the acrylic rubber A used as the binder was changed from
72 parts by mass to 69 parts by mass, that the amount of the acrylic rubber B used
as the binder was changed from 20 parts by mass of to 23 parts by mass, and that
800 parts by mass of the flat magnetic powder (Fe-Si-Al, EMS-10, manufactured by
Mitsubishi Materials Corporation) used as the magnetic powder was replaced with
1,300 parts by mass of a flat magnetic powder (JEM-S, manufactured by Mitsubishi
Materials Corporation).
Example 82

A magnetic sheet was produced in the same manner as in Example 31,
except that the amount of the flat magnetic powder used as the magnetic powder
was changed from 1,300 parts by mass to 1,550 parts by mass.
Example 33

A magnetic sheet was produced in the same manner as in Example 8, except
that the amount of the flat magnetic powder used as the magnetic powder was
changed from 500 parts by mass to 1,020 parts by mass, that the amount of the
carboxylic acid amide-containing melamine cyanurate used as the fire retardant
was changed from 109.1 parts by mass to 79.6 parts by mass, and that the amount

of the red phosphorus used as the fire retardant was changed from 9.1 parts by

38



10

.15

20

25

Magnesi um hydr oxi de (I\/GZ 3) - - - - - - -

Flammabffity test The retardance eval uat | on V-0 V-0

V-0 V-0 V-0 V-0 V-0 V-0 Magnetic Perneability Initial

magnetic - perneani ntyp, (13.56 nEz) 66.8 68.4 60.8

58.3 66.8 65. 1 68.1 65.2 Initial magnetic
e B i 1 1l mhgneti c permoabi |1ty i1

gnetic pe y

( Iphiz }:na‘?énea:lc sheets produced in Examples 1 to 33 and Comparative
Examples 1 to 24 were evaluated by the following methods, with regard to the
evaluation of the fire retardance by the flammability test, measurement of magnetic
permeability, reliability test in a high temperature and high humidity environment
(measurement of thickness variation and inductance variation), presence or absence
of powder falling off from a surface of a magnetic sheet surface before and after the
reliability test, and measurement of tensile strength by a tensile test. Additionally,
the magnetic sheets in Examples 29 to 32 were evaluated with regard to LOSS
properties, and the magnetic sheets in Examples 29 to 33 were evaluated with
regard to surface glossiness. The results are shown in Tables 1 to 10.
[Flammability Test]

As the flammability test, UL94V test (test for flammability of a plastic
materials for parts of devices) was performed. The UL94V test is a method for
evaluating fire retardance from the afterflame time after burner flame is applied to
a sample for 10 seconds, wherein the sample having a predetermined size is held in
a vertical position. The evaluation results are classified into the following criteria.
-Evaluation Criteria-

V-0: Thé afterflame time of each sample was 10 seconds or less, and total
afterflame time of 5 sample-s was 50 seconds or less.

V-1: The afterflame time of each sample was 30 seconds or less, and total
afterflame time of 5 samples was 250 seconds or less.

V-2: Although the combustion time was the same as that of V-1, a flammable
drop was present.

NG: Fire retardance was poor, and did not comply with the standard of
UL94V.

Here, “after flame time” means a length of time showing how long flame
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83.6 71.4 69.2 77.1 76.2 79.2 77.2 Reliability test
Thi ci ness before test (pm 123 143 113 118 126 118 121
113 Thickness after testipn) 153 180 152 158 166 160
168 160 Thickness variation N 24.39 25.87 3451 33.90
31.75 35.59 38.84 41.59 |Inductance(L) variation(%

combuién vfta tesPednpR: dontPaes, @ftdr an ignition source is moved away.
[Magnetic Permeability]

At first, the magnetic sheet was cut into a ring shape having an outer
diameter of 7.056 mm and inner diameter of 2.945 mm so as to prepare a ring shaped
sample, and a conducting wire was winded around the ring shaped sample at 5
turns and was soldered to a terminal. Here, the length between the edge of the
terminal and the ring shaped sample was 20 mm. Then, inductance and resistance
were measured at a carrier frequency (13.56 MHz) by means of an impedance
analyzer (4294A, manufactured by Agﬂent Technologies, Inc.), and the obtained
values were converted into magnetic permeability.

With respect to each of Examples 21 to 33 and Comparative Examples 13 to
24, inductance and resistance were measured at 1 MHz, and the obtained value was
converted info magnetic permeability.

K and yu” respectively denote a real part and an imaginary part, of the
complex magnetic permeabhility.

The characteristics of |’ and p” are different depending on the intended use
of the magnetic sheet. For example, in the case where the magnetic sheet is used
for improving the transmission of the RFID device, a high value of i’ and a low value
of n” are preferable at the frequency of 20 MHz or less.

The magnetic sheet of the present invention can be used in the KHz to GHz
range.

[Reliability Test]
-Thickness Variation-

At first, the thickness of the magnetic sheet was measured. Next, the
magnetic sheet was placed in an oven, heated for 96 hours at 85°C and 60%, and
then the thickness of the magnetic sheet taken out from the oven was measured.

Then, the thickness variation of the magnetic sheet before and after heating was
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-6.6 -7.1 Powder falling before reliability test Ab Ab
Ab Ab Ab Ab Ab Ab Ab Ab Ab Ab Ab Ab Ab Ab Powder
fall after reliability test abnsile testilbnsile
strength (MPa) 6.8 6.6 6.9 6.1 5.9 6.3 7.0 7.3 enotes
absence. Table 8 Conparative Exanple 13 14 15 16 17

measuradVBgneti ¢ powder (parts by mass) Flat magnetic
powder (Fe-Si-All EMs-10) 550 550

-Inductance Variation-

At first, the inductance (L) of a sample, which was produced in the same
manner as the magnetic permeability by winding a conducting wire around the
ring-shaped sample, and soldering it to a terminal, was measured. Next, this
sample was placed in an oven, heated for 96 hours at 85°C and 60%, and then the
inductance of the sample taken out from the oven was measured. Then, the
inductance of the sample before and after heating was measured.

[Powder Falling]

The powder falling was evaluated by observing whether or not the magnetic
powder fell off from a surface of the magnetic sheet and adhered to a hand, when a
surface of the magnetic sheet was touched before and after the reliability test
described above.

[Tensile Test]

The tensile strengths of 10 samples were measured in accordance with JIS
K6251. Note that each of the values of the tensile test in Tables represents an
average value of 10 samples.

[Surface Glossiness]

The surface glossiness was measured in accordance with JIS Z8741 or JIS
P8142,

[Method of Measuring LOSS Properties (transmission loss)]

For measurement of transmission loss, a microstripline having an
impedance Z of 50 @ was used. The use of the microstripline line was a commonly
used method for measuring transmission loss of adjacent noise, because of its
structure suitable for mounting a surface-mounting component and production
easiness. The shape of the microstripline used is shown in FIG. 5. The

transmission loss was measured in such a manner that a linear conductor path was
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550 600 600 600 Bi nder (parts by mass) Ethyl ene-vinyl
acetate copol yner a EVAPREN 800HV) 100 100 100 100 100
100 Ethyl ene-vinyl acetate copolymer (I RVAPREN

600HV) - - - FEthylene-vinyl acetate copol yner
( LEVAPREN 900HV) . _ Ethyl ene-vinyl acetate

proviPOLUR R st pltr! ESQRAGHENL BB b plced n
the conductor path for measurement. Both ends of the conductor path were
connected to a network analyzer. Then, a reflection amount {(dB) and a permeation
amount (dB) from a part where an electromagnetic wave absorption material was
mounted, was measured with respect to incident wave shown by an arrow, and the
difference between the reflection amount (dB) and fhe permeation amount (dB) was
obtained as a loss amount, and thus a transmission loss (absorptance) was obtained
(incident amount = reflection S11 + loss + permeation S21). Specifically, a known
amount of an electromagnetic wave was incident, the reflection amount Si1 and the
permeation amount S21 were measured, and then calculated to obtain a loss
amount.

The thicker the magnetic sheet was, the higher the transmission loss of the
microstripline became. Generally, a magnetic sheet having a thin thickness and

high transmission loss is desired.
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Carboxylic acid am de-contgi ni ng nel am ne cyanurate _

_ Red phosphorus 10 10 10 10 10 10 Mel am ne
cyanurate (M24000, no surface treatnment) . . . 80 -
Mel ami ne pol yphosphate (PIVIP100) - - - - 80
Mel am ne pol yphosphate (PMP200) _ Ammoni um
Tablepol yphosphate (FCP-770) 80 - -
Example 1 2 3 4 5
Magnetic .
Flat magnetic
powder (parts powder JEM-S) 500 500 500 500 523
by mass)
Acrylic rubber 73.5 73.5 73.5 73.5 73.5
Binder Epoxy resin 204 | 204 | 204 | 204 | 204
(parts by mass) poxy - : - - -
Latent curing agent 6.1 6.1 6.1 6.1 6.1
Silicon
atom-containing 109.1 90.9 90.9 109.1 109.1
_ melamine cyanurate
Fire retardant) Carboxylic acid
(parts by mass amide-containing -
melamine ¢yanurate
Red phosphorus 6.8 9.1 13.6 13.6 13.6
Flammability | Fire ret:ardance V-0 V-0 V-0 V-0 V-0
test evaluation
Initial magnetic
permeability 23.5 26.1 26.8 23.1 24.0
Magnetic 1£(13.56MHz)
Permeability Initial magnetic
permeability 0.10 0.28 0.24 0.22 0.16
n”(13.56MHz)
Thickness before
test (ym) 323 332 342 358 343
'(I;Ih::)kness after test | 505 332 344 | 359 348
Reliability test : -
Thickness variation 0.6 0.0 0.6 0.3 15
(%)
Inductance (L)
Powder falling before reliability test absence | absence | absence | absence | absence
Powder falling after reliability test absence | absence | absence | absence | absence
Tensile test &’;ﬁe strength 322 | 303 | 288 | 275 | 27.3
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- - - Amoni um pol yphosphate (TERRAJU C-80) . - -
Amoni um pol yphosphat e (FRCROSS486) . . .

Al um num hydr oxi de (A01160) - 80 - 10 - Magnesi um
hydroxi de (MxZ-3) - - 80 80 - - Flanmability test Fire
retardance eval uati on NG NG NG NG NG NG Magnetic

TableBernmeabi ity Initial magnetic perneability p'
(13. 56NHz)

Example 6 7 8 9 10
Iiig;:;m f}g;dn_lg)gnem powder 500 | 387 | 500 | - | 500
{(parts by mass) |Flat magnetic powder 500
(EMS-10)
Binder Acrylic rubber 73.5 | 73.5 73.5 | 73.5 73.5
(parts by mass) |{Epoxy resin 20.4 | 204 | 204 | 204 | 204
Latent curing agent 6.1 6.1 6.1 6.1 6.1

Fire retardant |Silicon atom-containing

. 136.4 | 109.1 - - 109.1

(parts by mass) |melamine cyanurate

Carboxylic acid

amide-containing melamine| - - 109.1 | 109.1

cyanurate

Red phosphorus 13.6 | 13.6 9.1 13.6 18.2
f;l;:mmabﬂlty Fire retardance evaluation | V-0 V-0 V-0 V-0 V-0
Magnetic Initial magnetic

s 209 | 19.1 | 211 : _
Permeability  |permeability p’ (13.56MHz) 46.4 | 223

Initial magnetic

sermeability ¢ (13.56MHz | 013 | 006 | 013 | 1086 | 017

Reliability test [Thickness before test (nm) § 356 316 334 282 327

Thickness after test(um) 358 | 322 336 289 330

Thickness variation (%) 0.6 1.9 0.6 2.4 0.9

Inductance (L) variation (%)] -1.2 | 0.8 | -1.0 | ~0.6 | -1.8
Powder falling before reliability test absence | absence | absence | absence | absence
Powder falling after reliability test absence | absence | absence | absence | absence
Tensile test Tensile strength (MPa) 201 | 27.8 | 31.6 | 29.7 | 28.8
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29.8 31.2 41.8 28.8 28.1 30.9 Initial magnetic
permeability p" (1336M#z) 5.1 5.6 7.8 5.2 5.1 5.3
Initial magnetic perneability p." (1MHz) 38.9 42.7
49.8 38.2 37.3 42.1 Reliability test Thickness before
test(pm 134 124 108 116 134 122 Thickness after

Table%eSt(pm 183 172 146 159 182 167 Thi ckness
variatjon(% 3637 38 71 35 19 37 07 35 82

Example 11 12 13 14 15
Magnetic Flat magnetic 3
?owder powder (JEM-S) 500 500 500 500
parts by Flat magnetic i .
mass) powder %;EMG.‘Z) 500
Rinder (part Acrylic rubber 73.5 73.5 73.5 73.5 73.5
by mass) | BDOXy resin 204 | 20.4 | 204 | 204 | 204
Latent curing agent | 6.1 6.1 6.1 6.1 6.1
Silicon
atom-containing
Fire melamine 100 81.8 27.3 9.1 109.1
retardant cyanurate
(parts by Carboxylic acid
amide-containing .
mass melamine 9.1 63.6 81.8
cyanurate
Red phosphorus 18.2 13.6 13.6 13.6 6.5
Flammabihty | Fire retardance ] : i ] ]
test evaluation V-0 V-0 V-0 V-0 V-l
Initial magnetic
ermeability @’ 23.3 27.1 24.8 24.9 24.8
Magnetic 13.56MHz)
Permeability | Initial magnetic
ermeability p” 0.21 0.25 0.23 0.24 0.19
13.56MHz)
Thickness before
test (um) 346 315 310 331 321
Thickness after test
Reliability (pqﬂ | 351 318 310 332 322
test '(I‘h)lckness variation 1.4 1.0 0.0 0.3 0.3
% - » - . -
Inductance (L)
variation (%) -0.7 | =11 | -1.2 -1.6 { -0.2

Powder falling before reliability test| absence | absence | absence | absence | absence

Powder falling after reliability test [ absence | absence | absence | absence | absence

Tensile test Eﬁ%ﬁe strength 98.2 | 331 | 311 | 324 | 298
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36.89 InductanceWariation(% -7.7 -7.2 -7.9 -8.2
-7.7 -9.1 Powder falling before reliability test Pres
Pres Pres Pres Pres Pres Powder falling after
reliability test Pres Pres Pres Pres Pits Pres Thnsile
testTbnsile strength (MPa) 4.6 4.7 5.1 4.4 5.3 5.4

TableA €S denotes presence. Table 9 Conparative Exanple 19
20 21 22 23 .24 Maghetic powder (parts by mass) FEl at

magnetic powgghife-Si- A EMS- 10) 6@0 607 | 18 | 19 | 20

Magnetic
powder Flat magnetic powder (JEM-S) | 500 | 500 | 500 | 500 | 500
(parts by mass)
Rind Acrylic rubber 73.5 | 73.5 | 73.5 | 73.5 | 73.5
maer Epoxy resin 20.4 | 20.4 | 20.4 | 20.4 | 20.4
(parts by mass) ,
Latent curing agent 6.1 } 6.1 | 6.1 | 6.1 | 6.1

Silicon atom-containing

. 127.3]1 90.9 | 100 | 89 111
melamine cyanurate

Fire retardant |Carboxylic acid
(parts by mass) [amide-containing melamine - - - -

cyanurate

Red phosphorus 59 | 6.8 {19.1| 6.8 | 6.8
tFel:tmmablhty Fire retardance evaluation V-1 | VO | VO | V11| V0

Initial magnetic permeability | o9 5 | 955 | 199 | 26.2 | 22.1
Magnetic 1’ (13.56MHz)
Permeability |Initial magnetic permeability

o (13.56MH2) 0.15 | 0.20 | 0.16 | 0.28 | 0.21

Thickness before test (um) 337 | 329 | 335 | 362 | 334

. Thickness after test (pm) 342 | 331 | 336 | 364 | 336

Reliability test |mp;clness variation (%) 15 | 06 | 03 | 06 | 0.6

Inductance (L) variation (%) | -0.3 | 0.0 | -1.7 | -1.3 | -1.5
Powder falling before reliability test absence | absence | absence | absence | absence
Powder falling after reliability test absence | absence | absence | absence | absence
Tensile test |Tensile strength (MPa) 28.4 | 342 | 33.7 | 36.1 | 31.7
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600 600
acetate
100 100
600HV)

i F, VAPREN 90011V) .
Tableg®@pol yner (EVA5LX) _

600 600 Bi nder
copol yner
Et hyl ene-vi nyl

Et hyl ene-vi nyl

(parts by mass) Ethyl ene-vinyl
(LEVAPREN 8001-1V) 100 100 100 100
acet at e copol yner
acet at e copol yner
Et hyl ene-vi nyl

(1

acetate

Fire retardant (parts by

(1., F, VAPREN

|_n|_n§rml am ne cyanurate —
Comparative Example 1 2 3 4 5 6
Magnetic
powder Flat magnetic powder
(parts by (JEM-S) 500 500 500 500 500 500
mass) -
Binder Acry]ic rubber 73.5 73.5 73.5 73.5 73.5 73.5
(parts by Epoxy resin 204 | 204 | 204 | 204 | 204 | 204
mass) Latent curing agent 6.1 6.1 6.1 6.1 6.1 6.1
Silicon atom-containing
melamine cyanurate
Carboxylic acid
amide-containing -
melamine cyanurate L
Red phosphorus ' 13.6 13.6 13.6 138 13.6 13.6
Melamine cyanurate
) (MC4000, no surface 109.1
Fire treatment)
:Eetardzli)nt Melamine cyanurate
part? Y (MC8000, no surface 109.1 -
mass, treatment)
Melamine polyphosphate 109.1
(PMP100) '
Melamine polyphosphate A 109.1
(PMP200) )
Magnesium hydroxide
(MGZ-3) 109.1
Ammonium 109.1
polyphosphate (AP462) :
Flammability|Fire ret?.rdance V-0 V-0 V-0 V-0 NG NG
test evaluation
Initial magnetic
permeability p’ 20.0 23.6 15.3 13.8 21.6 16.3
Magnetic (13.56MHz)
Permeability Tnitial magnetic
permeability p” 0.15 0.25 0.02 0.01 0.01 0.00
(13.56MHz)
aﬁkness before test 362 | 363 | 492 | 516 | 497 | 500
Reliability |Thickness after test(um) | 389 399 552 562 530 543
test Thickness variation (%) | 7.5 99 | 122 | 138 | 6.64 | 8.60
uctance W variation 4 o6 | 17 | 07 | -60 | -27 | -15.2
Powder falling before reliability test  [presence|presence|presence|presence|presence [presence
Powder falling after reliability test [presence|presence|presence|presence | presence presence
Tensile test |Tensile strength (MPa) 243 | 22.8 | 232 | 24.1 | 222 | 21.3
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. . Carboxylic acid am de-containing nelam ne

cyanurate - - - - - - Red phosphorus 10 10 10 10 10

10 Mel ami ne cyanurate (M4000, no surface treatnent)

. . . Mel am ne pol yphosphate (P1VIP 100) - - -

- - - l\/bl am ne pol yphosphate (PMP200) 80 - - - - -
TableAAMoni um pol yphosphate (FCP-770) -

Comparative Example i 8 9 10 1 12

Magnetic Flat magnetic powder

powder (parts (JEM-S) 500 | 500 | 500

by mass) ?Elﬁsnfi‘g;lem powder - - - 500 | 500 | 500

Rinder Acrylic rubber 735 | 735 | 735 | 735 | 135 | 735

(parts by Epoxy resin 204 | 204 | 204 | 204 | 204 | 204

mase) Latent curing agent 6.1 6.1 6.1 6.1 6.1 6.1

Silicon atom-containing
melamine cyanurate

Carboxylic acid
amide-containing melamine - - -
cyanurate

Red phosphorus 136 | 136 | 136 | 136 | 136 | 136

Melamine cyanurate
(MC4000, no surface - - - 109.1

Fire retardant treatment)

(parts by

mass) Melamine polyphosphate

(PMP100) ] i i I itee

Melamine polyphosphate . . . . . 109.1
(PMP200) :

Ammonium polyphosphate 100.1
(FCP-770) '

Ammonium polyphosphate

(TERRAJU C-80) 109.1) - ' ' )

Ammonium polyphosphate

(FRCROSS486) 109.1

Flammability

test Fire retardance evaluation NG NG NG V-0 V-0 V-0

Initial magnetic permeability
Magnetic o (13 56MHz) | 16.9 17.5 16.56 386 | 244 | 216

Permeability | Initial magnetic permeability

u* (13.56MH?z) 001 | 002 | 0.01 | 883 | 3.87 | 3.30

Thickness before test (am) 491 495 498 332 479 538

Thickness after test(am) 526 | 510 | 554 | 348 | 561 | 596

Reliability test
y fes Thickness variation (%) 713 | 303 | 11.24 | 48 171 | 108

Inductance (1) variation (%) -35 | -13 | 63 | 2.1 | 58 | -5.7

Powder falling before reliability test Pres | Pres | Pres | Pres | Pres | Pres

Powder falling after reliability test Pres | Pres | Pres | Pres | Pres | Pres

Tensile test Tensile strength (MPa) 243 | 182 | 193 | 254 | 236 | 229

Pres denotes presence.
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80 -

80 -

80 - -

Magnesi
Tablet7e st Fi

Al um num hydr oxi de (A01160)

um hydr oxi de (MxZ- 3)
re retardance eval uati on NG NG NG NG NG

Ammoni um pol yphosphat e (TERRAJU C-80) -
Ammoni um pol yphosphat e ( FRCROSS486) - - -

80 -
80 Flammability

Example

21

22

23

24 2b

26 | 27 | 28

Magnetic
powder

(parts by mass)

Flat magnetic powder
(Fe-Si-Al; EMS-10)

600

600

600

600 [ 600 | 600 | 600

630

Binder

{parts by mass)

Ethylene-vinyl acetate
copolymer (LEVAPREN
800HV)

100

100

100

100 - -

100

Ethylene-vinyl acetate
copolymer (LEVAPREN
600HV)

- 100 -

Ethylene-vinyl acetate
copolymer (LEVAPREN
900HV)

- - 100

Ethylene-vinyl acetate
copolymer (EV45LX)

100 - -

Fire retardant

(parts by mass)

Silicon atom-containing
melamine cyamurate -

Carboxylic acid
amide-containing
melamine cyanurate

80

(b

85

70 85 90 80

100

Red phosphorus

10

10

10

15 10 10 10

10

Melamine cyanurate
(MC4000, no surface
treatment)

elamine polyphosphate
MP100)

fMelamjne polyphosphate
(PMP200)

Ammonium polyphosphate]
(FCP-770)

Ammonium polyphosphate)
(TERRAJU C-80)

Ammonium polyphosphate)
(FRCROSS486)

Aluminum hydroxide
(AOH60)

Magnesium hydroxide
(MGZ-3)

Flammability
test

Fire retardance evaluation

V-0

V-0

V-0

V0| Vo | V0 | VO

V-0

tic
Permeabitity

Initial magnetie
ermeability (13.56MHz)

66.8

68.4

60.8

58.3 | 66.8 | 65.1 | 68.1

65.2

Initial magnetic
permeability p”
(13.56MHz)

17.3

18.1

15.6

148 | 172 | 16.1 | 17.2

16.8

Initial magnetic
permeability p' (1IMEz)

81.2

83.6

71.4

69.2 | 77.1 | 76.2 | 7T9.2

77.2

Thickness before test
(xm)

123

143

113

118 | 126 | 118 | 121

113

Thickness after test(m)

153

180

152

158 | 166 | 160 | 168

160

Thickness variation (%)

24.39

25.87

34.51

33.80| 3175 | 3559 | 3834

41.59

Inductance(l)
variation(%}

-4.8

—4.7

-5.9

-5.7T | -6.6 | 6.2 | 6.6

—~7.1

Powder falling before reliability test

Ab

Ab

Ab

Ab | Ab | Ab Ab

Ab

Powder falling after reliability test

Ab

Ab | Ab Ab

Tensile test

| Tensile strength (MPa)

6.8

6.6

6.9

6.1 5.9 6.3 7.0

7.3

Ab denotes absence,

49




NG Magnetic Perneability Initial magnetic perneability
n" (13.56MHz) 27.8 28.6 30.0 32.3 33.7 32.1 Initial
magneti c permeability p." (1336MElz) 4.6 4.7 49 5.3
5.6 5.1 Initial magnetic perneability p.' (1MHz) 36.6

8.4 41.6 43.6 44.8 42.6 Reliability test Thickness
Tableofore test(pm 131 137 141 132 145.143 . Thickness

oo

af t er tomperive Fsemalsg 103 189 2b8 ho¥ IThitkhelds | 17 | 18

Magastiat i ORGP 38 93 34,96

powder (Fo-GiAT; EMS-10) 550 | 550 | 550 | 600 | 600 | 600

(parts by mass)
Ethylene-vinyl acetate copolymer
(LEVAPREN 800HV) 100 100 100 100 100 100

HEthylene-vinyl acetate copolymer
Binder (LEVAPREN 600HV)

(parts by mass) | Ethylene-vinyl acetate copolymer
(LEVAPREN 900HV)

Ethylene-vinyl acetate copolymer
(EV45LX)

Silicon atom-containing
melamine cyanurate

Carboxylic acid amide-containing
melamine cyanurate

Red phosphorus 10 10 10 10 10 10

Melamine cyanurate (MC4000,
no gurface treatment)

Melamine polyphosphate . . . . . 80
. (PMP100)
Fire retardant

Melamine polyphosphate
(parts by mass) (PAP200)

Ammonium polyphosphate
(FCP-770) 80

Ammonium polyphosphate
(TERRAJU C-80)

Ammonium polyphosphate
(FRCROSS486)

Aluminum hydroxide (AOH60) - 80 - 10 - -

Magnesium hydroxide (MGZ-3) - - 80 80 - -

Flammability

toat Fire retardance evaluation NG NG NG NG NG NG

Initial magnetic permeability i’
(13.56MHz) 298 | 31.2 | 41.8 | 288 28.1 . 30.9

Magnetic Initial magnetic permeability p*

Permeability (13.56MHz) &1 . 5,’ 6 7.8 52 5.1 5.3

Initial magnetic permeability o’
(IMHz2) 38.9 | 427 49.8 382 | 373 ] 421

Thickness before test{pm) 134 124 108 | 116 134 122

Thickness after test(um) 183 172 146 | 159 182 167

Reliability test [t e variation(%) 36.57 | 38.71 | 35.19 | 37.07 | 35.82 | 36.89

Inductance(I )variation(%6) 77| 72| -79 | 82 | 77| 91

Powder falling before reliability test Pres | Pres | Pres | Pres | Pres | Pres

Powder falling after reliability test Pres | Pres | Pres | Pres | Pres | Pres

Tensiletest | Tensile strength (MPa) 46 | 47 | b1 | 44 53 | 54

Pres denotes presence.
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36.88 43. 18 40.00 36. 36

I nductance (L) variation N

-9.3-8.8-6.9 -7.6 -8.2 -9.1 Powder falling before
reliability test Pres Pres Pres Pres Pres Pres Powder

falling

after

reliability test Pres Pres Pres Pres

Pres Pres Tensile test Tensile strength (MPa) 5 14.4

yresaence

Table
Exanp] €or l]1

ppprativa Examols Magnet ilc 180dd@P (

Tahl

LI L™ A g S~

part g

b%zrr

s%

24

Magnetic
powder
{parts by mass)

Flat magnetic powder
(Fe-Si-AL; EMS-10)

600

600

600

600

600

600

Binder
(parts by
mass)

Ethylene-vinyl acetate
copolymer (LEVAPREN 800HV)

100

100

100

100

100

160

Ethylene-vinyl acetate
copolymer (LEVAPREN 600HV)

Ethylene-vinyl acetate
copolymer (LEVAPREN 900HV)

Ethylene-vinyl acetate
copolymer (EV45LX)

Fire retardant
(parts by
mass)

Silicon atom-containing
melamine cyanurate

Carboxylic acid
amide-containing melamine
cyanurate

Red phosphorus

10

10

10

10

10

10

Melamine cyanurate (MC4000,
no surface treatment)

Melamine polyphosphate
(PMP100)

Melamine polyphosphate
(PMP200)

80

Ammonium polyphosphate
(FCP-770)

80

Ammonium polyphosphate
(TERRAJU C-80)

80

Ammonium polyphosphate
(FRCROSS486)

80

Aluminum hydroxide (AQH60)

80

Magnesium hydroxide (MGZ-3)

80

Flammabhility
test

Fire retardance evaluation

NG

NG

NG

NG

NG

NG

Magnetic
Permeability

(13.56MHz)

Initial magnetic permeability |’

217.8

28.6

30.0

32.3

33.7

32.1

(13.56MHz)

Initial magnetic permeability 'l

4.6

4.7

4.9

5.3

5.6

b.1

Initial magnetic permeability
p (1IMHz)

36.6

38.4

41.6

43.6

44.8

42.6

Reliability test

Thickness before test(um)

131

137

141

132

145

143

Thickness after test(zm)

182

189

193

189

203

195

Thickness variation(%)

38.93

37.96

36.88

43.18

40.00

36.36

Inductance (L) variation (%)

-9.3

-8.8

—-6.9

—7.6

8.2

-9.1

Powder falling before reliability test

Pres

Pres

Pres

Pres

Pres

Pres

Powder falling after reliability test

Pres

Pres

Pres

Pres

Pres

Pres

Tensile test

| Tensile strength (MPa)

5.1

4.4

4.9

5.6

5.2

6.7

Pres denotes presence.
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FIl at magnetic powder (JEMS) - 1,300 1,550 1,020
Fl at magneti c powder (EMS-10) 800 800 - - - Binder
(parts by mass) Acrylic rubber (S&0H3) = 73.5
Acrylic rubber A (SG series) 92 72 69 69 - Acrylic

rybber B (SGr90) - 20 23 23 - Epoxy resin (EPI COAT
TaMM — : tent curing agent 8

Example 29 30 31 32 33
Magnetic Flat magnetic
1(30Wder powder (JEM-8) 1,300 1,550 1,020
parts by Flat magnetic . .
mass) powder (EMS-10) 800 800
Acrylic rubber 3 ) 735
(SG80H-3) '
Acrylic rubber A
i dor (SG sorios) 92 72 69 69
(parts b Acrylic yubber B
(parts by (SCr90) 20 23 23
Epoxy resin ) ) 20.4
(EPICOAT 10318) )
Latent curing agent 8 3 8 8 6.1
Silicon
. atom-containing -
Fire melamine cyanurate
retardant Carboxylic acid
(parts by amide-containing 115 115 115 115 | 796
mass) melamine cyanurate
Red phosphorus 11.5 11.5 11.5 11.5 8.8
Flammability | Fire retardance . : 5 3 .
test evaluation V-0 V-0 V-0 V-0 V-0
Initial magnetic
permeability i’ 75.4 97.2 44.8 43.2 42.1
(1MHz)
. Initial magnetic
Magnetic =~ | o meahility 1 668 | 832 | 451 | 434 | 434
Permeability
(13.56MHz)
Initial magnetic
permeability p” 19.6 24.8 0.56 0.83 1.45
(13.56MHz)
Thickness before
test (um) 100 105 113 133 248
Thickness after test
Reliability (um) 102 106 116 137 251
test ’(I;/iljickness variation 2.00 0.95 265 301 1.90
Inductance (L)
variation (%) ~1.20 -0.80 -1.40 -1.90 —0.80
Powder falling before reliability test | absence | absence | absence | absence | absence
Powder falling after reliability test | absence | absence | absence | absence | absence
Tensile test | fonea® strength 124 | 124 | 168 | 132 | 212
(MPa)
Surface glossiness (%) 23.4 33.4 23.1 18.7 28.3
100MHz (%) 3.01 4.68 2.67 2.39
LOSS
propertics 500MHz (%) 14.97 3405 | 23.94 | 25.46
1GHz (%) 38.02 | 6269 | 60.00 | 6521
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10

15

20

25

8 8 8 6.1 Fire retardant (parts by nass) Slllcon

at om cont ai ni ng nel ani ne cyanurate . - -

Car boxylic acid am de-cont ai ni ng nel am ne cyanurat e
115 115 115 115 79.6 Red phosphorus 11.5 11.5 11.5
11.5 8.8 Flammability test Fire retardance eval uation

V-As ¥ad b¥-LeN-fo-tBeMagnit iof TBBIdEREG 10 ¥hd Middnakic sheets of
magnetic pernmeability if (1MHAz) 75.4 97.2 44.8 43.2

Examggesél Z{b B':EEI eadh dfghRh @nithedddoieasbbhd b2tHe @licH alom-containing
melamir.le cyasxiurate and the earboxylic acid amide-containing melamine cyanurate,
had high fire retardance, and caused no powder falling from a surface of the
magnetic sheet both before and after the reliability test in a high temperature and
high humidity environment. It was found that the magnetic sheets of Examples 1
to 33 had high initial magnetic permeability at 13.566 MHz, and could be suitably
used in RFID functioned mobile phones. Moreover, it was found that the magnetic
sheets of Examples 1 fo 20, each of which further included the latent curing agent,
were excellent in dimensional stability in a high temperature and high humidity
environment. It was found that the magnetic sheets of Examples 21 to 28, each of
which did not contain the latent curing agent, but contained ethylene vinyl acetate
used as the binder and the carboxylic acid amide-containing melamine cyanurate
used as the fire retardant, could have flexibility. From the results of evaluation of
LOSS properties, it was found that the magnetic sheets of Examples 29 to 32 had
high radio wave absorption.

On the other hand, each of the magnetic sheets of Comparative Examples 1
to 24, powder falling from the surface of the magnetic sheet occurred both before
and after the reliability test. Each of the magnetic sheets of Comparative
Examples 5 to 9, and 13 to 24 had extremely low fire retardance, the magnetic
sheets of Comparative Examples 1, 2 and 10 each of which contained melamine
cyanurate whose surface was not treated, as the fire retardant, and the magnetic
sheets of Comparative Examples 3, 4, 11 and 12 each of which contained melamine
polyphosphate had excellent fire retardance, but had large thickness variation in a
high temperature and high humidity environment, and had poor dimensional

stability and large degradation in magnetic properties.
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43.4 43.4 Initial magnetic perneability p" (13.56M1z)
19.6 24.8 0.56 0.83 1.45 Reliability test Thickness
before test (pm 100 105 113 133 248 Thickness after
test (pm 102 106 116 137 251 Thickness variation (%
2.00 0.95 2.65 3.01 1.20 Inductance (L) variation (%
IndustdiaPBpplcdPility. 40 -1.90 -0.80 Powder falling before
reliability test absence absence absence absence

abBlen etz Pesttethcealof thgpaddeatt inhebh @b ié E¥ithBBi ualBRRCRr
example, an electromagnetic noise depressor, an electromagnetic wave absorber, a
magnetic shielding material, an electronic equipment having an IC tag function
such as RFID and non-contact IC card, and is particularly suitably used for a RFID

functioned mobile phone.
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absence absence absence absence Tensile test Tensile
strength (nmpa) 12.4 12.4 16.8 13.2 21.2 Surface

gl ossiness (% 23.4 33.4 23.1 18.7 28.3 LCSS
properties 100MHz (% 3.01 4.68 2.67 2.39 - 500MHz
(%9 14.97 34.05 23.94 25.4655 1GHz (% 38.09 62.69

60. 00 65. 21 - As can be seen fromthe results
of Tables 1 to 10, the magnetic sheets of Exanples 1

to 33, each of which cont@iapdsat | east one of the

silicon atom contai ning nelam ne cyanurate and the
carboxylic acid am de-contai ni ng nel am ne cyanur at e,

1, had and caused no powder falling
roé?gﬁgﬂé gégkg ﬁgggﬁhagnetlc sheet both before and

aft@ﬂnnﬂafrellablllty test in a high tenperature and

hi g t i ment. It was found that the
ﬁljﬂ#@eﬂ]é‘%’c d¥f é@arrpl es 1 to 33 had high initial
nagraéinetrewedmabl lity at 13.56 MHz, and coul d be

o i hE B SRty oA PR S g
coﬁi‘fﬁﬁﬁigfﬁieﬂmhﬁe hamgae e a vhibekylididd amideebhidetdng he

| at ent” curing W%ent 10 were excellent jn dinmensiognal
m@‘ﬁHBD‘P FY%mrﬁtea ﬁ%ﬂ B?Qﬁ“ ghegh EOWP@S@%&%J @F‘Fty‘i y mass to

L BRI Dot Bl R 1 PAAS by Tnd g Bhts by

masstafiat least ongotigenilicopuatomernmitining melaminesyanwiate and the

o R B e e R R st iR ARt o 150 Page by

mastatiabindecaildd have flexibility. Fromthe results of

e HRSREL e gl Tor Rispept BEvge! i WEsm st hadtis 6o %

by wéligRt MRS 2ABRSRERKE.ON. On the ot her hand, each
3{) tghe magneti c sheets of Conparative Exanples 1 to

24, powder falling fromthe surface of the magnetic

2.Sh eelthe Pﬁét?:‘%h%@i :ﬂ:cgﬁilﬁ o ARfmal {vﬁéreﬁﬁ ¢hd §1 leadd ddetdf the

test. Each rmgnet c sheets of Conparative
siliscaraibascantainiog melamirg qyenpvate and sk eanbexyliq asid ﬁmd‘ée-

con‘tealglrndgar?lgleanukg %yz%.gf 1% a number average particle size of 1 um or

less.

3. The magnetic sheet according to any one of claims 1 to 2, wherein the fire

retardant further comprises red phosphorus.

4. The magnetic sheet according to claim 3, wherein the amount of the red
phosphorus is 6 parts by mass to 19 parts by mass, relative to 100 parts by mass
of the binder.

5. The magnetic sheet according to any one of claims 1 to 4, further

comprising a curing agent.



sheets of Conparative Exanples 1, 2 and 10 each of
whi ch cont ai ned nel am ne cyanurate whose surface was
not treated, as the fire retardant, and the nagnetic
sheets of Conparative Exanples 3, 4, 11 and 12 each of
whi ch contai ned nel am ne pokyphosphate had excel | ent
fire retardance, but had | arge thickness variation in
a 25 high tenperature and high hum dity environnent,
6.and Thednpamsticdheersicordihg $é elirhist whardn lthe binder comprises an
degradation in magnetic properties. Industria
q%@gF@%%bility The magnetic sheet of the present
invention is suitably used for, for exanple, an
el ectromagneti ¢ noi se depressor, an el ectronmagnetic
7.wav d hegnagnssic shgetraggarding te amepne aAfclaeet tod, wherein the

: J %&Hﬁg ‘ﬂﬁg' function 5 such
tngésékﬁgﬁg%ﬁ%ﬁon-coﬁ%ac F %%gﬁﬁﬁhn is particularly
suitably used for a RFID functioned nobil e phone. 55
CLAI 1. A etic sheet conprising: bi nder . .
8. rm g dE BRSSP ArroTE P S EPBF bEHRhs Prorifireiring,
mégriedicshbal id aséd faPRFER furgitioned electoaicéquapsieht.con
atom cont ai ni ng nel am ne cyanurate and a carboxylic
aci d am de-cont ai ni ng nel am ne cyanurate, wherein the
9. M0 %el 1ha SARISheRIchffifg #O SnPahé 8f AirA®S fo ¥ QvHerarlihe
parts by mmss of the magnetic powder, and 70 parts by
magngdicshegise used aga Byma‘gﬁr@ﬁoat | east one of the
silicon atom contai ning nel am ne cyanurate and the
carboxylic acid am de-contai ni ng nel am ne cyanur at e,
relative to loo parts by mass of the binder, and
wherein the wei ght of the nagnetic powder in the
magneti c sheet is 60 % by weight to 90 % by wei ght.
2. The magnetic sheet according to claim1, wherein
the at | east one of the silicon atom containing
mel am ne cyanurate and the carboxylic acid
am de-cont ai ni ng nel am ne cyanurate has a nunber
average particle size of 1 umor less. 3. The
magneti ¢ sheet according to any one of clainms 1 to 2,
wherein the fire retardant further conprises red
phosphorus. 4. The nmagnetic sheet according to claim
3, wherein the anobunt of the red phosphorus is 6 parts
by mass to 19 parts by mass, relative to | oo parts by
mass of the binder. 5. The nmagnetic sheet according
to any one of clainms 1 to 4, further conprising a
curing agent. 56 6. The magnetic sheet according to
claimb5, wherein the binder conprises an epoxy resin.
7. The magnetic sheet according to any one of clainms 1
to 4, wherein the binder conprises an ethyl ene-vinyl
acetate copolyner. 8. The magnetic sheet according to
any one of claims 1 to 7, wherein the nagnetic sheet
is used for a RFID functioned el ectroni c equi prnent.
9. The magnetic sheet according to any one of clains 1
to 7, wherein the magnetic sheet is used as a noi se
depressor.



