; e3enk$. fP6TIQ® February 2004 DESCRI PTI ON COVPCOSI TE MAGNETI C BODY, AND
ELECTROVAGNETI C | NTERFERENCE SUPPRESSI NG BODY USI NG THE %A TECHNL CAL

FI ELD The present invention relates to a conposite magn@tl ngaﬁléed to
suppress el ectromagnetic interference brought about by interference from
unwant ed el ectromagnetic waves in a high-frequency band, and to an

el ectromagnetic interference suppressing body obtained by the use thereof;
and nore particularly to a fireproofing technique for a conposite magnetic
body. BACKGROUND ART Cel | ul ar phones, personal conputers, and other types
of electronic equi pnent operated at high frequencies such as

quasi - mi crowave band have becone nore wi despread in recent years. In
particular, smaller and |lighter deyggeﬁlpﬁ-[blqrgent |y needed, with

el ectromagneti c.-noi se/interference. posing a serious: probllem In view of
:this, conposite magnetic bodies and el ectronmagnetic interference
suppr essi ng. bodi es: ‘ar.e -beirng. comerci-al-i zed- as a nmeans of countering such
hi gh-frequency el eOMRARHIE MAGNETHS BODY ANIELESTROMAGKETIOSI t e magnetic
< bodi es and el ectrgmagnetic interference suppressing bodies are

di sadvant ageous, WEEBEN@@ RAP REFEPS NG EQDYAFIBIG THEORAME (particul arly
a soft nmgnetic alloy powder) and-a binding agent are m xed toget her,
flammability is pronoted beyond the |evel possessed by the binding agent as
such due to incre Hher ~conductivity or the catalytic action of the
soft magnetic poﬁgmlgﬁ%ﬁg% extrenely difficult to achieve
sel f - extingui shiTige présenhinventitierai@tes t€ bUBRMtoRE rhadietictfddii @ieho 9
February .2004.2. I'n"view of .thiss, the grain-size of:soft magnetic powder is
nor nal i zedSURRIEsS sigictromagnetit intprfaveace broughmabolt dinterfdrenes &ommi f or m grain
size in conventj on?I ractice i-n-order to . achieve fire resistance

char act er i 4pyeQtegrele rRRGAFIS WaYesdl Adtiok-Tisaupp@nbansiang tormn sof t magneti c

pouder . HoUBXEbrmab RO ffrahe o lord s RaU AR TR LEd It AL b ShiEnst ons

det er m nesmpt® paAROIEHYIS R fﬁébn%bﬁa%:t cHhid R Yof b oltfidERe RAGMIR!AGY Y) . that

is, the surface area in contact -al - and . ot hermedi-a: ition, fire
resi stance changes 'rf the powder has a different grain site distribution.
In view of the above, -i't i.s an-object of the present-invention to provide a
conposi t e nagnetBACKGROUYRARRI ng the soft magnetic powder having the

surface state defjped in ternms of-specific surface area and thereby
possessi ng thegtéélwaé'cmo&?& p?fﬁogﬂlc%"@&t?rﬁgﬁf‘gﬁﬁ'ﬁwm %f?é]?gf%%_ main
oo TE oui Qe dUipRehEaB e nigh frbSuSiaLd SlcPRL Bss Shickhiall E2RPhaydont | O
to provide an el ectromagnetiT 1 nterference suppressing %od-y by ‘rraki ng use
of the af diezvemd mone dideseppsad increbBanNRiars. biadartiddiHCE AR lidiiEr | NVENTI ON
The inventor conducted thoroughgoing research into the relation between
powder pr dlfaiaaseredngentiv readed; witheiectromaghiatic moiedidtarferentenposipgai i ¢
surface area, of ‘a t?‘oft Jrrﬁ neti ¢ powder has a marked effect on fire

resi st ancECNSHE PP ERY | Meolthiss EAMPPStR Macsatic RRAEE and aj ned at t ai ni ng

the state i ' i L Sof t . 0 1 notmli.zed by the
Lhe st ot kBl lerR Attty Abofe S pARM0GH B RGERARLABLIZES DY, he
taki ng i nirfe@aCOLdBurtérthgPaidh I658-FERaBRcPEIcERSmRGHESE intdttdreh8r 00f the
conposite magneti c body and el ectromagnetic i ntérference ‘suppressi ng body.
9 February 2004 Gntentionil cgmposie megnetit botlidshadosiesiesrhagmnetnt i on, there is
provi ded ? . _conposite magnetic- body conpri-sing a soft nagnetic powder and
a bi ndi ng RgERENCEFUPRIESSIG-kedies atchdispdvantageqlsy Bawever, in that shien amgnet i
powder ha i c.surface area of Q. '1-3 n2lg: According tq another
aspect of §Pﬁéﬁ%§'£%t&,ﬁ° rzﬂ?ﬁ“BH’FﬁYﬁé%WQBFHﬁ/?‘&é’oP%&éfj 8ed ahaginet i c

interfere e : Sk j L C.d ference
brought angur b ReR PeeRr ekl BRThoR e roha T RIEL bCserBt8d, Lo or
a conposi by thegireling ageshascausprdud BdnereaSbd HEXHAEEORRAEEEr ffed @ bi nding
agent. In the aspect of the present invention the soft nagnetic powder has
- a speci f i catalyticaandioarad then§ofd miagBietie pgwdBRIrkEkiMEBERtrEfeBNdiffculitle: DRAW NGS
Fig.1 is a cross-sectional viewdepicting the structure of a conposite
magnet i c B0V EeHrextinguisingnwhiehds theemairelement offiresresistanegent i on; and
Fig. 2 is a diagramdepicting the results of Vertical Burning Test UL 94V
as a function of the specific surface area of the conposite nagnetic body
according to the enbodi nent of the present invention BEST MODE: FOR

EVMBODYI NG THE | NVENTI ON Enmbodi nents of the present invention will now be
described with reference to drawings. Referring to Fig. 1, a conposite
magneti c body | is obtained using a binding agent 3 to bond together a flat
soft magnetic powder 2 having a specific surface area of 0.1-3 nRlg. - The

Y e



descri bed below, and will be referred to as an el ectromagnetic interference
suppressi ng body when the conposite magneti c body thus obtained js /'used
for the internal or peripheral portions of electrical d&/Fekrya fically
t he conposite magnetic body and el ectronmagnetic interference suppressing
body will be referred o differently because thesebodies are identical in
ternms of constituent conponents and manufacturing steps but are different
in ternms of application. In the description that follows, this fact is
enphasi zed by enploying different ter for the above-described reasons
whenever a conposite magnetic body or ah el ectromagnetic interference
suppressing body is nmentioned. Exanple 1 The m xi ng conposition of the
conposi te magnetin wigwoythis; e dralg size SfMRHNESEEC pOWESH it NdrindisdP ¥R as
I nventive Exanple 1 in Table 1 below. According to this exanple, a soft
nmagnet i c [soficeagnelic ptwdeniectonybhied tnhéee Siunfibrmlgraiy sizghinaddrivestienaragnet i ¢
al |l oy powder havi ﬁn_g?«a. flat shape.: A conposition based on Fe-Si-Al-N or the
li ke coul Prafliss inOTdeRy aghievrtireemstanee chasacteristinswaidhe Thepesiteent Exanpl e
1 of the present Jjnyention:usgd a conposition,conprising 6-11 w% Si and
4-7 M%N"ﬁwqeﬁ'%‘%"a&%‘?‘m 'ﬁ& SORMBANEHROWESf. s soft nagnetic al | oy
powder had a spegfd f . A ar ai ize of 32
Vim and an aspgﬁv;ér%tr'is[géof 5@ %frﬁgfrgg’g é"r"@@%g\'}(éﬁﬂﬁségé%@m%ﬂz{% sof t
magneti c peddeails &NGEnAmBRIUBDEIVRETTE 18é stil ﬁf’edp Sy g gent were
m xed together with the ai d_.,gf. am xeert)frh@%]ﬁfeaQ Pﬁe,v;_and. a-pre }?m' nary 9
February 2etetrines afementienedreatalytieaction fop therehal banﬁlhlﬁivﬁﬁpttﬁ&ss, thesur f ace
e i

t r eat ment agent. coul d be diluted with-a diluent or th e to-achieve
uni f or m s§HP8E® afea it FRIMECt vath air @admiher Bedisi | ane- based coupl i ng agent

i ch 1s°a phosihardEhcia BERiAeE TBaRa E P ReS bl ssiont a i ng

fire retaggandistipdtigQubl ing as a plasticizer, was further adm xed and
di spersed in an anpunt .of 20 weight parts together wth:the coupled soft
magnet i c powder jn bigwnefahe abibove, iris<at object bEthki gresertinvertiontaigreide@ul d al so
be perfornmed sinultaneously with the coupling treatnent.. A phosphoric acid
est er conpeWR@sEemagnetichiodyaontaipngdhe sol magnetiepowdsir fiaving thehosphat e

coul d al sg he us%g as .thg.’d)hos h?r us-hased fire 'retardant Table i ~ple

i Conyent i SHAFFHSBARCEIned | 1elamaf sgepilic SUBRRRBIRA APRHINAIGRY PRESESSING\ei  ht

art sBi ndi T TR N e i ot e oe ~100Sof t
Magneti c ggavﬁﬁ FFHed I%%Al _am;oyggggh@’ m%%rtb g?ﬁ%ﬂregém%‘go#rﬁg Speciftc
Surfece Areststanbe(nR/g) -385Titanate-based Coupling Agent 44Fire :

Ret ardant - hos horic acid ester com ound2020Fire Retafdantnma nesiumh

dr oxi de2020Fr e (kd$ andther obiset ntthepregent invertidn todFovide @et ar dant Ai d anti non
trioxi de18|1 g 9 ngr. aré- 2004 6 A kneaded ragnetic material was
subsequenfiSFYEBt B IRISITRENCeISHPRERSSIID DRA: BN Makingwesey At hear t s of

chl ori nat et : ( i,ni ng binding agent); a total of 409
wei ght parsﬁég@#ggg% tggﬁgégg% ﬁ%%\ﬁgtggdg'urface—treat ed with the coupling
agent and di spersion-treated with thephosphon.rs-based fire retardant) 20
wei ght parts of magriesium hydroxide (fire retardant)) 18 wei ght parts of
br oni ne- based pBIYGEOSURE QFeTHEIAMENTIBEN 19 wei ght parts of anti nony
trioxide; which_functioried as a fire.retardant ai‘d for the brom ne-based

fire retardant: T AR INeNSTSopdugisdthormughaeingresserch intodhefrelationeadi ng
| be employed as the aforementioned kneader: Magnesi
vaF ot debetNesrEp et R BB e Pt aaLlpoovares MR IRG SPEEIF oxi do.

(fire ret gneay o ‘ s T sede £ | rface
treat mantgL(]jurl n%l@taﬁaef a;?%ﬁ& nt ?8?@%§&%F%n%g#§: %ﬁ?nﬁiﬁé gér%%t%n?%' i nprove
the di speSpetifitallyy i pietenkineesinsh, WHISIeld sinfEy & AtRlinifg thesfatéd bbjeatss t he
handl i ng of m xed nmenbers. Magnesium hydroxide (ire-retardant) could al so
be repl acentails Lsing aiadih magnetic powtier nanakizewshwatie spdcific suarfacenareaf f ect can
be obtained with a m xture of n;argnesi um hydr oxi de and al um num hydr oxi de.

The resul 37%g9RNGRIEE Telrrdant © ahtndingagsriwvhilesekingdnto acaount the bet ween
rolls arr i, parallel ieldin onposi te magnetic body in the form
of a sheeﬁgr%ﬁ% @&Mt"e@f? rﬁ%ﬁ{?@g%&itﬁegﬁmﬁqsaﬁ ”’t‘%—‘"@ﬁ'@ﬁ’w %/r&é in order to
obtain a i i i njection nolding could al so
be used. @Egﬁéﬁﬁﬁggﬁ?@ﬁﬁﬁgﬁggé§ﬁ§8%§E&@Q%F§£tured by the above-descri bed
met hod can be made to function as an el ectromagnetic interference
suppressi ng body for suppressing el ectronmagnetic | nterference brought about
by interference from unwanted el ectromagneti c waves by being used for the

internal and peripheral portions of electrical devices. Results of Burning
Tests involving Exanple 1 and a conventional exanple will now be described

Y o b e—



9 February 2004 7 conventional exanple involved using a soft magnetic
powder having a flat . shape; a specific surface area of, 3:5 nR/ nd the
-same Fe-Si-Al alloy conposition as in Exanple | . BecaL?séetl’b'ﬁﬁbg?o[“g N
magneti c bodies are often used for electronic conponents, the burning tests
i nvol ved perform ng the bel owdescribed Vertical Burning Test UL 94V in
accordance with the UL safety standards for the conbustibility testing of
plastic materials for equi pnent parts. The sanples had a |l ength of 127 mm
a wdth of 12.7 nmm and a thickness of §.5 nm The vertical burning tests
wer e conducted using sanple Nos. 1-5 (a total of five test pieces): The
colum titled 'First Lingering Flane" shows the conbustion-tine din
seconds) el apsedAcedrding Wwgn aspect of thiel present ioventot therbdés pavided a
titled>"Second Ljingering flanme' shoves the conbustion dine elapsed

fol | owi ng SPP@LBHRIMAGAREC LAY SeMPriaing a seit BAcHRHC PPWHeHaNGaddAdINgi nger i ng
Fl + S i iali.sh -th nbi- ned:: |- der |. ti d
- conbust i ondere P ANEREEEpT RS eRR EBR e sHEMeGREUE BoWORT AR § ng

tinme refergpdgfd ﬁ@ﬁé&ﬁeﬁlﬁ@?ﬁ—% gkier flame burning has stopped; or the
time during ich a material buns thout flame in the absence of flane
burni ng. Tabl e 2A&esraimgyTibiapiotres Hspest Sane préddrd FivieRg b afBtLis provided

1No. (nm) Li ngeri ngLi ngeri ngFl ame +C assFl anmeFl ameSnol deri ngMat eri al 0. 5021,
5Speci f i c28n sEcromagnedvimerfetence 30pplektingiodyf foe dbppwessibgs

(nR2/ g)40.5021350. 5012 . .9 _February 2004 8 SecondConven- - o

Thi cknessFPESTB@IRBIE fRITSTROES SF%%Q%?W%H_WRJ@’P’H@_T’H%WW‘W flane

+Cl assExa A0% £l terial .l 0 R A

sSpeck20. ggl kféﬁ@%@ﬁ% ac eig%agglu 58%8@*%@39%@%%%% qoompnsmg ? _SOﬁ

(2/ g) 40. S@ibaNetiSPowl 8RR Pa Hivuic@RYEAL | 9 8l Eé.‘;?éﬂ?"o?i Phiegent iBvedidnsf ¥
Conbust i on S?andarBd UL 94. The lﬁ%r_r%l es cau‘geht Ire vdle::#r)lebrgu'g\ﬁtrﬁ?nfo
contact withe sefffihagesticpavddrehasm specifie strigdecaea ofd. 6-3 mé/gerated in the
case of sanple Nos. 2, 3, and 4: These results indicate that the -
conventional exanple is devoid of self-extinguishing properties and fails
to neet the sta t —ext | Lshing properties were
obtained in Exa{%‘lﬂjﬁlDEi%ﬂm@ﬁ?%ﬁ%P%mﬁed for 10 seconds or |ess
fol lowing a firstgof i$#eR1E-JdchbRalGAEW Yebictihg tRe!SirhttQR of Heoiphate t | Me
during which the ?I anme lingered follow ng a"‘g tenr??’grrep_cqng_a@t s_?/vas 15.
seconds. Trhagnetid bedy scosetiinglte hawrbedistent 0tthd praberst infentionmang t han 50
seconds specified by this standard for Cass V-0 materials. In addition,

the total snol déri9ngis? AiagsmM depitingtthe resultseotMaricahBiugnias desblUE B4Ne
contact was, 3Q s n or less for each qf the test -pieces. This result
satisfies ?S‘n%?@cglg’g C\/%E)e F%ﬁﬁ?iﬁ%ﬁe %rPat(ﬁéh%ﬁﬂEpgf';% : eiﬁaoanfers from
t he converddcahdihg % HEPERDBYimRIrR bF tHeSre3ghi nG&htidigui shing properties.
Following are reSults of Vertical Burning Test UL 94V invol ving conposite

magneti ¢ bodi es that differ fromeach other by the specfic surface area of
thée soft magnetic gowder. The corrBosi te rra%rsleti c bodi es were manufactured

in the same manfESEMOREHQHEMBODYING THEIMNMENTIRN resul ts of Verti cal

Bur ni ng Test UL 94V concernj t he specific syrface grea.of -a,soft magnetic
powder. The ti mﬁl"ﬂo E@Sfﬁﬁ{ﬁ%&fﬁﬁ’ién"e@mﬂé’ﬂwﬁﬁw&ﬁ B BEMEb i ned

l'i ngering fégﬁcé {d"Gr onds} followng a first flame contact and

| i ngering ane time folTow ng a second flame contacts (that is; the
l'ingering flanme RéfgRingablFigi NG edrhpbsite mbgABtic Bod\RT isobiaiiedassifg af the five
test pieces' Nos. 1-5. When the specific surface area is 0.1 nelg of |ess,

t he | i ngerbingjnglagest 8 torbofd lagetherca fial safemagheticpowders2 having asgpeeific1 0
seconds:' The~tine is 17 segconds, 20 seconds; or. 37 seconds when the
surface ariface ageaohd g3 m'/a. nphe)soffmagnetiggmoyder 2Jdpceptaingdinthe The ti ne
is 48 secqn n_the rfa rea exceeds 3 n2/g (when it.is 3.2 n2/Qg);
and reachgaérq%?@@gge 'Hc?sgaﬂlgrfﬁg% Wﬁgﬁ ‘area is ‘4.1 n2/g. The results
‘concerning the bédw@os‘i’c&%ﬁ@ﬁeﬁcﬁﬁ?@rﬂhcﬁ&ﬁs agfah éi?&fb“rﬁééibe? wders and the
fire resistance characteristiTs o e composite nagneti c bodi es indicate
that the sieefeferitegupppesing s@dymrsﬁgFre%hmgl éleéth meticanfrferérie”’
(including the margin} in order to satisfy Cass V-0 requirenents of

bur ni ng t dsosght\Wbeuthy inlefergnoefrem ahwantddelacisgraagfhetic wavdswhemtids of 0. 1
ne/g or less can still satisfy Cass'V-Orequirenents of burning tests and
yield the desired sel fexiinguishing properties, a narrower specific surface
area has an adverse effect on magnetic characteristics and nmakes it

i npossi ble to obtain adequate el ectromagnetic interference suppression
effects. The sane applies to a case in which the material used has the sane
Fe-Si-Al alloy conmposition as in Inventive Exanple a and possesses a




p- Anount Anount wet ht artswet ht artsBi ndi ng Agent (hafogen-contai ni ng]
chlorinated of eth | enel00100Soft Magnetic Powder Fe- Si §dF %ISI oel}%og _
,"g85Specific Surface Area 1.5 n2/S ec'rfic Surface Ared "FHUE dspri mes
havi ng SP Val ue between SPVal ues of chlorinated pol yet hyl ene44and Soft M
neii c PowderFire Retardant” hos horic acid ester co ound20 , 20Fire
F~etardant nma nesium h droxi de20 ,2p~:~re Retardant . °~_~om ne-based of
mer~ 818Fire Retardant Aid antinon trioxidel gl8 To facilitate conparison,
t he manufacturing nmethod was perfornmed ainder the sane conditions as in
Exanple 1. A mi xture according to 9 February 2004 11 Conparative Exanple
1 is also shown in Table 3 as a conparison with Inventive Exanple 2: The
powder usetPTROBHHPRSIEHG 0gy isnpsed 1or theiinteragker peripheralfpations eb of 3:5

n2/ g, whic S [g.greater than the specific surface area (1.5 ne/g) of
t he soft-rr%&ﬁg??a?qgﬁﬁg%r (Fe-Si-Al al'l oy powder) of ‘Exanple-2: To

facilitate conpanj Ny { r. .t he
sane condi.-t'i.onS«aggﬁ%ugzﬂﬁ’;}ﬁgr&f - slreiére&ﬁ{g%&?’y\gﬁﬁﬁ)ﬁg%ﬂg’?&%?a# ng to
Exanpl e 2 witdbeCigenad by thabalon-gedcrBES colpitioh dbinga’hyPBletetnbab! € 4
SecondF~SecondLi ngeri ngExanpl e 2No: . Thi ckness . Li ngeri ngli ngering_ Fl ane
+Cl ass~n) gesonbBt dredSmoantbwilirag referred toakd Bn Bl ticinadietic ihietfer@fod0- . 21~S
rfu aceV-OArea 'of 3 ,/0:501 .2 :5satisfiedPowderl.5 (ng/ g) 40. 5112550. 5021B
SecondConpHRRr 55189 bedy whenihe compasite snagnetic hisidykthes obtaimegkis weed fonger i ng
Flame + C ' '

1(mm F ane@?j%gﬂ%:%aﬁﬁﬁam BPTUANE of slagicaldevicPS 20, 5114NG- S rface uArea

of 30. 501810 ~20fe 4 ]t;c%%f : February 2004

12 1t can be Sev.e?%;ﬁﬁ@wéiot at 8@%@?@% Ve %?rgaon%l?gt}émggma@c to neet Fire

Resi st anceinfaireneiacalsippradsing betg wils be fefeflet 18 différaHily BeBalusdinesant r ast ,

I nventive Exanple 2 has self-extinguishing properti€s; and the conbustion

time el apsketiepateigentcaliin tarmsnef constitugnf tempooemtsardsmasuta@tigigonds or
e. | n addition, the total lingering flane tine

| ess for each test piec .
el apsed foﬁﬁF%\ﬁﬂbarﬁp‘F'ﬁF'@?tﬂt&HE'SéBﬁPBEQaémPS 15 seconds, whi ¢h neets the

standard requir B0, s i ing tinme
and conbustion 13 Wgégﬁé%@g@ﬁﬁ%@fﬁ% t%’%zés '%ﬁ’&%%@%?@é&ﬁé 30
seconds ordiff@ent fermnsefaf he atsdvePi@sibedtbasdmohfiehdVer o ddtfpbsitedt 50 seconds
or less for'dass V-0 and provides the self-exitinguishing properties
absent i n roagpeticavodyeoErm eiectrotnagnetie irtederenog suphrasgingaimodyeisachi eved wi t h
a material whose specific surface area is less than-0.1 nR2Jg and whose
Fe-Si - Al dPERYPNESposition.is the sane as-in Inventive Exanple 2, but
because this val 1S l.ow, magnetic characteristics deteriorate in the sane
manner due to tm shape; and the product cannot provide adequate

el ectromagnet i  THY @iy 8ORBoSIHER 0 e iinBodiR inagRECHEATBE g RNt i C
body. The m xi ng conposition according to Exarrplg 3 1s shown in-Table 5. In
t hi s exanhe presentdmarantibn isisimwa @srevertive@ExamypledeintTable 1 del@t.ar dant s
(phosphoric acid ester conpound and magnesi um hydroxi de), brom nated:

pol ymer f iAGCording e dhie examples & sofbmponetiorewdenwas gbiained using axanpl e 1

' { h to.qbt ai |t tic Db Ni - |1
(magnet 1 ¢ oo At PGt RRabRl Al e ek Bt Aotk magnet i
wder Th ' ME]EX). N 7 (oY) I wder .
G . GEORRrP e PO NET 198 HRS colfipiTpginEa b el L PO
machi nabi Irhagnedic diloyqiwader, t he desired el ectromagnetic interference

suppression effect. 9 February 2004 13 Table 5
The present Example 1 of the present invention used a composition

comprising 611 wt% Si and 4-7 wt% Al, with Fe constituting the balance.

This soft magnetic alloy powder had a specific surface area of 1.5 m?/g, a mean
grain size of 32 um, and an aspect ratio of 3 or greater. 385 weight parts of
the soft magnetic powder and 4 weight parts of titanate-based coupling agent

were mixed together with the aid of a mixer or the iike, and a preliminary



., Exanpl e 3ConparativeExam | e 2M xi ng Conposi ti onAnount Anmount wei
ht artsBi ndi ng Agent (hal ogen-contai ni ng) 100100ch
1 eneSoft Magnetic PowderNi-Fe al |l oy385S ecific Surtace Arfeebryagy
Surface Area 3.5 (nR/g)385Titanate-based Coupling Agent44Fire Retardant

art swei

: 20 ~20hos horic acid ester com andFi re Ret afdant 2020ma
brom ne-based of erFire

nesi um hydr oxi deFi re Ret ardant
~Ret ardant A dl18 .1 gantinony tirioxide To facilitate conparison

"1 g18 ,

ht

ri nated .eth
gﬁﬁ‘Specific

t he

manuf acturi ng nethod was perfornmed undgr the sane conditions as in Exanple
1: The powder used in Conparative Exanple 2 had a specific surface area of
3.5 n2/g, which was 2 nR/g greater than the specific surface area (1.5
n2Jg) of 6hdasetreaimghlovasppBokired. (Nh tRepmicesy, psurdarce treatniermgeat 3. To.
nmet hod was performed under the
(Fahiever Lniterm sigtacedieataedbr ding to

facilitate cgﬁggé@igﬂ,.hhe

sane cond{*PH
Exanpl e 3 and C%

o oA erRind TR D=ReR B R Fon P

2004 14 Tabl

3No. (mm) LicBEFI'irig‘

+Cl assFl ane

spger i ngFl ane -
aneSnol deringMat eri a

manuf act ur

llen or i

X

6.bel o

aﬂfw%yse

of 30. 50214V- OP Vetpadpyidtedddargt ghdsphat, Widh 12 Hefic lacid ester

g~ondConpar a- r n~knessF~SecondLIl nger |l ngfive -

as

t%eFebr uary

| 10. 501, 5Speci f i i c20. 50115Sur f aceAr ea

. ~m) Li ngeri ngLi ngeri ngFune

+C assExafpmpoRpl awtifg asephnspbpiusgdentaining fire rélardant and doubling-as a
a. of 30. 50192033f ai | edP dow. er 3.5

10NGSpeck2%6%QNG--Sur'

(rn2l g) 40P

BZER AP U

Ef Siingga

Isparsed inan aEmaust of 20 weightParisnpar at i ve

e B gl PG ot G e

exanpl e f gl
self-extiﬁé&?@%

proper t i eThisagikrafien 660l dd 96 pbifoRné SRMEAnESLLIP Withdnb icb%Pnﬁg?d second

flane contdcts i's 10 seconds or

| i ntreaimentf.| Anehaspiverie baidssstierf cimmpoinugsuahl ag Eiordsybplospihadtaot s is 12

t ot al

| ess for

each test p

| ece.

n addi tion) the

seconds, which nepets the standard requirenment of 50 seconds or |ess. The

conbi ned STRSYLEIPheRYRNREPhAlE coidhwise bevser s e Ahosaherysthageddirene second
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4. A conposite magnetic body as recited in claim1, further containing at

| east one conpound sel ected from nagnesi um hydroxi de an l.um n .
hydroxi de. 5. A conposite nagnetic body as recited in cfz’a'??ﬁfgaﬁ’%ﬂ,‘* further
conprising a fire retardant aid conposed of an antinony-containing oxide.

6. A conposite magnetic body as recited in claim1l, wherein said soft
magneti c powder is surface-treated with at |east one coupling agent

selected fromtitanate, alum nate,. and silane. 7. A conposite nagnetic body
as recited in claiml1, wherein said soft magnetic powder is surface-treated
with a prinmer having a SP value less than that of the soft nagnetic powder
but greater than that of the binding agent. 9 February 2004 17 8. A
conposi t e nmagnepikhedaed ragri@Rtrhgterial whaisibdequittiyoiblainad hshefd magnetic
powder is conposed of an alloy powder containing at |east Fe,” Si, and Al. '
9. A conpbreéaderitadneaddObodgightpantsochlornatedipolyethyleree dialogen-d sof t
magnetic powder is conposed of an alloy powder containing at |east N and
Fe. 10. -ARORIpiningG bingiig-agent). i totalef 4A8 veighinantsoehe) solb ayaanstis powdesnposi te
magneti c bo containing.a soft. magnetic powder. and g%gi ing.agent, and
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interfere \ egng 4 : erel t:agneti c
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_=b@!! d#lQ%vent&)r(a)l ekd#lb@/mvolvgd ﬁsmbcbl?‘é&%nagnetlc powder having a flat .

,shape a SpEleIC surface area of 3.5 mzlg, and the same Fe Si- Al alloy
composmon as :n Example 1, Because oomposne magnetlc bodies are oﬂen
used for electronlc components the burnmg tests mvolved performing the
beiow- descnbed Vertlcal Burnmg Test UL 94V in accordance with the UL safety
_standards for the combustlbllrty 1est|ng ol plast:c matenals for equnpment parts.
The samples had a length of 127 mm a wsdth of 12.7 mm and a thlckness of
0.5 mmi. The vertlcal burning tests were conduct_ed using sample Nos. 1-5 (a

total of five test pieces). The column fitled *First Lingering Flame* shows the

- combustion time {in seconds) elapsed followmg a first flame contact the column
titled "Second Lingering Flame* shows the combustlon time elapsed followmg a
second flame contact, and the column titied 'Second Llngenng Flame +
Smoldering Material" shows the combined smOIdering time and combustion
time elapsed following the second flame contact. ":"'S"r'noldenng‘ time* refers 1o

. the time elapsed after flame burning has stopped,’ or the time during which a

material bums without flame in the absence of flame burning.

Table 2
: First Second | Lingering
| Example 1 | No. Th;cner:‘ess_ Lingering | Lingering | Flame + | Class
C Flame Flame | Smoldering |
' ' Material
1 050 2 1 5
gpﬁciﬁc 2 050 | 1 2 6
urface
Area of '3 0.5 2 1 4 .
Powder . saﬁsﬁed
1.5 (m?g) 4 0.50 2 1 3
o 5 0.50 1 2 5
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, _ ‘ 4. 1 -Second
Conven- First | Second | Lingering
tional . | No. Thzﬂ‘:,:ss Lingering | Lingering | * Flame + - | Class
Example Flame Flame | Smoldering
1 R R | Material
| 1 | 050 20 10 16
Specific - 2 051 | 13 NG .
Surface
Area of 3 { .050 NG - - failed
Powder ,
| 5| 050 9 30 38

The convent:onal example falled 1o satisfy Combustion Standard UL 94.

The samples caught fire when brought into contact with a flame, and the entire

test pieces were mcmerated in the case of sample Nos. 2, 3,and 4. These

results md:cate 1:hat the conventional example is devoid of self-extinguishing

prope.mes and,faq!s_,tp meet the standard. = By contrast, self-extinguishing

properties were obtained inr Examnple 1, and each test piece burned for

10 seconds or less following a first or second flame contact.

In addition, the

total time during which the flame lingered following all ten flame contacts was

15 seconds.

50 seconds specified by this standard for Class V-0 materials.

This value is well below_ the standard value of no more than

" In addition, the

total smoldermg tlme and combustlon time following second flame contact was

30 seconds or less for each of the test pieces

This result satisfies the Class

V-0 requirement of the same standard and differs from the conventional

example by providing seﬁ-extinguishing properties.

Foliowmg are results of Vertical Burning Test UL 94V involving

composnte magnetic bodies that differ from each other by the specific surface

area of the soft magnetic powder.

The composite magnetic bodies were

manufactured in the same manner as in Example 1.

Fig. 2 shows the results of Vertical Burning Test UL 94V concerning the

specific surface area of a soft magnetic powder.

The time in seconds indicates
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the combined lingering flame time {seconds) following a first flame contact and
lingering flame time following a second flame contact (that is, the lingering flame
time following all ten flame contacts) for each of the five test pieces Nos. 1-5.
When the specific surface area is 0.1 m?/g or less, the lingering flame time
foliowing all ten flame coritacts is about 10 seconds. The time is 17 seconds,
20 seconds, or 37 seconds when the surface area is 0.6 m?/g, 1.4 m?g, or -

2.6 m?/g, respectively. - The time is 48 seconds when the surface area exceeds
3 m?/g (when it.is 3.2 m?/g), and reaches 415 seconds when the surface area is
4.1 m¥/g. The results concerning the specific surface'area of the soft magnetic
powders and the fire resistance characteristics of the composite magnetic’
bodies indicate that the specific surface area thereof should Be 3 m?/g or less
(including the margin) in order to satisfy Class V-0 requirements of burning tests.
Whereas usrng matenals with a specrﬁc surface area of 0.1 mz/g or less can still
saﬂsfy Class V-0 requlrements of burning tests and yreld the desrred self-
extmgurshrng propertres a narrower specrf c sun‘ace area has an adverse eﬁect
on magnetic charactenstrcs and makes it impossrb]e to obtarn adequate |
electromagnetrc interference suppression effects. e _' -

The same applies to a case in which the matenal used has the sarne
Fe-Si-Al alloy composrtron as in Inventive Example 1 and possesses a Specrf ic
surface area of less than 0.1 m?/g. Thrs materlal has the necessary seif—
extinguishing properties, but the aspect ratio falls beiow 3 wrth the reduc’non in
powder flatness, magnetic charactenstrcs deteriorate due to the shape/magnetrc
anrsotropy of the powder, and the product cannot provrde adequate electro—
magnetic interference suppressron effects as a composrte magne‘rrc body.

The mixing com_position according to Example 2 is shown in Table 3.

In this example, the same binding agent, soft magnetic powder, fire retardants

(phosphoric acid ester compound and magnesium hydroxide), brominated
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polymer fire retardant, and fire retardant aid (antimony trioxide) as in:Example 1
were_mixed together to obtain a composite magn_étic body. -

- The aforementioned soft magnetic powder (385 weight parts) and a .
primer {4 weight parts) whose SP value, was less than the SP value of the soft
magnetic powder but greater than the SP value of chiorinated polyethylene
(binding agent) were first mixed together with the aid of a mixer or the like to
pertorm a preliminary priming treatment on this soft magnetic powder. 1n the
process, a primer could be diluted with a diluent or the like to achieve uniform
‘surface treatment.. The primer recommended by a coupling agent
manufacturer was used in Inventive Example 2, but a dilute solution of, for -

example, polyvinyl chloride or poljrvinylidene chloride could alsc be used.

. Table 3 . _ , _
o Examplez | Comparative
) M."‘.'”g_ qupqungn - Amount Amount -
) . (weight parts) | (weight parts)
Binding Agent (halogen-containing) | 1 00 100
chlorinated polyethylene
Soft Magnetic Powder
Fe-Si-Al alloy . 385

Specific Surface Area 1.5 (mzlg)

_Specific Surface Area 3.5 (m*/g) -~ | 385
Primer having SP Value between SP : o
Values of chlorinated polyethylene 4 4
and Soft Magnetic Powder . o
Fire Retardant , o0 20

- | phosphoric acid ester compound
Fire Retardant ,
magnesium hydromde 20 20
~ire Retardant. . SN : :
_j romine-based polymer 18 18
Fire Retardant Aid 18 18
antimony trioxide ,

To facilitate comparison, the manufacturing method was performed

under the same conditions as in Example 1.

A mixture according to
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Comparative Example 1 is also shown in Table 3 as a comparison with
Inventive Example 2. The powder used in Comparaﬁve"Exampié*i had a
specific surface area of 3.5 m?%g, which was 2 m%/g greater than the specific
surface area (1.5 m?/g) of the soft magnetic powder (Fe-Si-Al alloy powder) of
Example 2. To facilitate comparison, the manufacturing method was
performed under the same conditions as in Example 1.

- The results of burning tests according to Example 2 and Comparative

Example.1 are shownin Table 4 below.

.o Tabled

Second -
: First Second Lingering
Example 2 -{ No. Thz:;r;sss Lingering | Lingering | ~ Flame'+ | Class
L Flame Flame .| Smoldering |
: o ‘Material
‘. ‘1 |. 050 |- 2 171 3
|Specific. 1 2.1 080 .| 2 - 1 5
Surface - . ‘ V-0
I Area of - 3 0.50 o1 2 5 .
Powder — S?tlsﬁed
1.5 (m¥g) 4 0.51 . 1" 2 5
5 0.50 2 1 6
: _ - L - Second
Compara- - First Second | Lingering
tive | No. .Thzﬁrr:;.*ss Lingering | Lingering | Flame + | Class
Example 1 _Flame | Flame | Smoldering{ -
' Material
1 051 | NG - - -
Specific | 2 | o051 | 14 NG .
Surface - _
Area of 3 0.50 18 10 - 20 failed
Powder _ :
3.5 (m%q) 4 0.50 1 29 39
5 0.50 14 | NG -
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_ Itcan be seen in Table 4 that Comparative Example 1 fails to meet
Fire B_esistance Standard UL 84. There is no self-extinguishing." By contrast,
Inventive Example 2 has self-extinguishing properties, and the combustion -
time elapsed following first and second flame contacts is 10 seconds or less
for each test piece. = In addition, the total lingering flame time elapsed following
all ten flame contacts is 15 seconds, which meets the standard requirement
~0f 50 seconds or less.  The combined smoldering time and combustion time
elapsed following the second flame contact is 30 seconds or less for each
test piece. This meets the standard of 50 seconds or less for Class V-0
and provrdes the seh‘—ext:ngurshmg propert!es absent in Comparatlve
Example 1. , o ﬁ |
Self-eninguisttihoicart be actiieved with“a mate'rial whose specific
surface area is less than 0.1 m?/g and whose Fe-Si-Al alloy composmon IS the
' same as in Inventrve Example 2, but because thls value is low, magnetic
charactenstlcs deteriorate in the same manner due 1o the powder shape, and
the product cannot prowde adequate electromagnenc mterference suppressmn
effects as a composite magnetlc body.
Exampled
The mixing composition according to Example 3 is shown in Table 5.
In this example, the same binding agent, coupling agent' fire retardants
(phosphorrc acxd ester compound and magnesrum hydroxlde) brominated.
polymer fire retardant and antlmony tnox:de as in Inventive Example 1 were
mixed together to obtain a composite magnetic bedy. An Ni-Fe alloy (magnetic
alloy powder) having a flat shape was used as the soft magnetic powder. The
magnetic alloy powder was an Ni- and Fe-containing alloy powder Cu, Mo, Cr,

Mn, or the like could also be added in order to improve machmabllrty orto

obtain the desired electromagnetic :nterference suppression effect.
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Table 5
Mixing Composition ~Amount ATour

- ~ (weight parts) | (weight pans
Binding Agent (halogen-containing) ) ‘

.chiorinated polyethylene 100 100
Sott Magnetic Powder : . > T
Ni-Fe alloy | 385

Specific Surface Area 1.5 (mzlg)

Specific Surface Area 3.5 (m%g) o 385
Trtanate-based Coupling Agent ' 4 4
Fire Retardant e ' - .
phosphoric acid ester compound 20 20
Fire Retardant . . ° . IR
magnesium hydroxide 20 20
Fire Retardant - i _ 18 18
bromine-based polymer :
Fire Retardant Aid - ‘ | 48 18
antimony trioxide : | : '

| To facilitate companson the manufacturmg method was performed
under the same conditions as in Example 1 Th_e powder used in Comparative
Example 2 had a specific surface area of 3.5 m%g, which was 2 m%/g
greater than the specific surface area (1.5 m’lg) of the soft magnetic powder
{Ni-Fe alioy powder) of Example 3. To facilitate comparrson the manufacturing
method was performed under the same condrtions as in Example 1.
The results of burning tests according to Example 3 and Comparative

Example 2 are shown In Table 6 below.
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it can be seen from Table 6 that the comparative example fails to meet

F:re Resistance Standard UL 94. There is no self-extinguishing. By contrast,

Example 3 has self—exunQUIShlng properties, and the combustion time elapsed

following first and second flame contacts is 10 seconds or less for each test

piece.

In addition, the total lingering flame time elapsed following all ten flame

contacts is 12 seconds, which meets the standard requirement of 50 seconds or

less.

The combined smoldering time and combustion time elapsed following

the second flame contact is 30 seconds or less for each test piece. This meets

the standard for Class V-0 and provides the self-extinguishing properties absent
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Self-extin.guishing can be achieved with a material whose specific
surface area is jess than 0.1 m?/g and whose Ni-Fe alloy composition is the
same as in Example 3, but because this value is low, magnetic characteristics
deteriorate in the same manner due to the powder shapé, and the product
cannot provide adequate electromagnetic interference suppressibh 'eﬁeéts asa
compeosite magnetic body. . |

As described above, using a powder with a specific surface area of
0.1-3 m%g as the soft magnetic powder for a composite magnetic body in
accordance with the present invention makes it possible to provide a composite

. magnetic body and an electromagnetic interference suppressing body having
self-extinguishing properties; which is the main element of fire resistance.
. In addition, a composite magnetic sheet based on the present invention

corresponds to Class V-0 of Fire Resistance Standard UL 94. ~ ~

INDUSTRIAL APPLICABILITY
The composite magnetic body and electromagnetic interference
| suppressing body according 1o the present invention possess fire resistance
and are therefore suitable for suppressing electromagnetic interference in

cellular phones, personal computers, and other types of electronic equipment

operated at high frequencies.
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CLAIMS

1. A composite magnetic body containing a soft magnetic powder and a binding
agent, wherein the soft magnetic powder is a soft magnetic alloy powder and has a specific
surface area of 0.1-3 m?¥g, said binding agent being a chlorine-containing binding agent and

contains a halogen fire retardant.

2. A composite magnetic body as recited in claim 1, wherein said soft magnetic

powder has a flat shape and an aspect ratio of 3 or more.

3. A composite magnetic body as recited in claim 1, further containing a fire

phosphorous retardant.

4. A composite magnetic body as recited in claim 1, further containing at least

one compound selected from magnesium hydroxide and aluminum hydroxide.

5. A composite magnetic body as recited in claim 3 or 4, further comprising a fire

retardant aid composed of an antimony-containing oxide.

6. A composite magnetic body as recited in claim 1, wherein said soft magnetic

pawder is surface-treated with at least one coupling agent selected from titanate, aluminate,

and silane.

7. A composite magnetic body as recited in claim 1, wherein said soft magnetic
powder is surface-treated with a primer having a SP value less than that of the soft magnetic

powder but greater than that of the binding agent.
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