WO 2008/ 118645 PCTI US2008/ 056803 ELECTROVAGNETI C WAVE SHI ELDI NG MATERI AL
,AND SHEET Technical Field The disclosure relates to an el ectronagnetic wave
shielding material. More 5 particularly, the disclosure relates to an

el ectromagneti c wave shielding material conprising an ionic liquid, and a
sheet nadwobsigsédse sane. Background |In recent year spCEUS0IIB6408

communi cati ons devi ces have becone increasingly 10 smaller, and operating
frequencies for electronic comuni cati ons have becone higher. As a result,
it is desirable to provide effective el ectromagneti c wave shielding for

el ectronic dELEE: ,OM&QNETI@WQV&&MMD&EMWSHEET in excess of
a perm ssi ble anmount of electromagnetic interference (EM), and does not
recei ve external em ssions of electronmagnetic waves from another device. In
addition, it is desirable that 15Tedhaival Biekhneti c waves generated within an
el ectroni ¢ devj.ce,shoul d be absorbed so as to revent interference
resulting fro lﬁﬂ‘@?‘?‘?ﬁfelﬁg?ég}%@g’g‘o@aﬁﬁq*mﬁjﬁ@?ﬁ@g\wﬂ?&' i t her nore, as
Wi relsess paculity, R diR10seRIcIRRS R dldttbRasicls WivofiMam Yiterlale necessity  of
suppressing EM ‘using an absorption material affixed to a surface, such as
the wal | ¢omprisingainlienie §qud, aadasbest made uwsingsthe measi ng i nportant to prevent
reflection and interference of 20 an el ectronagnetic wave at the surface.
Generally, it is desirable that a EMhﬁshi | ding material, or an

el ectromagnetic conpatibility (EREﬂc al have, in addition to good EM
shi el di ng per flareRACEAars, élberonly dohinyunidatibmCdelvick Shdve HB¢bMd ifigreadinglypddi tion, it
I's desirable for the shielding material,  to be  processed into a sheet for

easelof humller.gd gprIating frrapersiesdotalecigeis compwpispiéonsinges begpmo bights. Ai el di ng
mat eri al éFk%lsq'ﬂiQﬁc&aﬂﬁH&ﬁbﬁdﬁgﬁQ&iﬁklepﬂoﬂaﬁQﬁ'@Hﬂé sYnFeldiR%&rre cﬁ’brgé ectric
oss or a nagnetic loss, such as nmetal and nagnetic materials, dispersed in
a resin nkivaes,ab that amylectamia dedvicg does nos enditars exvesshifalpdimigsibia taevoiuat] of

Furth ' der, to i i el.di farr , it
Sl Pat S ERETSrFe rRL S S FBRRRE o | 1111

particl eSel&dﬁo@aﬁﬁ&lcﬂvm f6inahethEIIRNE! In ddaRion! P RaRSirdle BAEParing a resin
material 30 with high filler |oading of fine particles dispersed in a resin

i s At eadl§ctromegnotivyvayes eencratad yithin pn elpgtronia devige shoukhbestsarbsd o etor educed
flexibil | prvl irﬁ&f&?en%@?%ﬁlgﬁgﬁ%%%ugg%h&eﬁ%1ec£l{j@g§%8{ic dsM shielding

sheet ma usi ng conventl resins partic matertal, it -1 WO
2008/ 118 cEirthiefridrt|SR Gd 135 6D obile devices become increasingly pervasive, the necessity

of suppressing EMI using an absorption material affixed to a surface, such as the wail in a

building or a room, becomes increasing important to prevent reflection and interference of
20 an electromagnetic wave at the surface.
Generally, it is desirable that an EMI shielding material, or an electromagnetic
compatibility (EMC) material have, in addition to good EMI shielding performance,
( flexibility to facilitate mounting. In addition, it is desirable for the shielding material to be
processed into a sheet for ease of handling and mounting. From such a perspective, an
25 EMI shielding material including a material generating a conductive loss, a dielectric loss
or a magnetic loss, such as metal and magnetic materials, dispersed in a resin material,
may desirably be used as a shielding material. Furthermore, in order to increase EMI
shielding performance, it is desirable that the shielding material include a high loading of
fine filler particles in a resin material. However, the process of preparing a resin material
30 with high filler loading of fine particles dispersed in a resin is not easy, and may also
result in EMI shielding materials with reduced flexibility in some cases. Therefore, for the

case of an EMI shielding sheet made using conventional resins and particulate material, it
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has been difficult to satisfy both the high flexibility and high EM
shiel'ding requirenents at the sane tine. On the other hand, as described in
Japanese Unexam ned Patent Publication (Kokai) No. 64-52302 and Japanese
Unexam ned Patent Publication (Kokai) No. 5 2006-73991, there exists a

t echnol ogy¥Q Hl08/418645er sing fine particles in a |iquid mBETWS00HES%y hi gh
dielectric constant, a liquid having an electric polarity, or an electrolyte
sol ution, but not in a viscous resin. Wth respect to suitable solvent and

o oot 01V BB AR T DBt Ao AR B ang Ul 20
aqueous sadﬂhumm&ﬁnﬁel de solution or aqueous 10 sodiumiodide solution. These
| i qui ds may ex ffl i n absorption of EM due to

di el ectric Iosgééﬁ‘i%[l‘frﬂ‘én‘iilaa Fs&" Japspesedin WB‘“F‘?E’HF‘H?“% tighso be
volatile @KﬁiéaWNo feh37IBPh%H Ja ﬁexaﬁnﬂxeﬁ%&ﬁ@ﬁiﬂﬁgaﬁoh‘%ﬁﬁk&ij‘ﬂw mat eri al s

into a sheet, I's desired I npart durability, flame resistance and heat
resi st ancéﬂoﬂ-ﬁ%dheﬂe@mstsd tcmgbgﬂémdmpaamgé'me pamkhiwehgeémedmmu sper si on

of fine particle hese Liq rri.te-based magnetic 15 powders
have beenﬁﬁ‘gﬁ%ﬁgﬁﬁﬁ%hﬁ %tﬁm %W%h%\‘?%é/?ﬂ @m&%% =y \?B@%@Fﬂyffn I oni ¢
liquid is selssh, BEt iR ifEMiscas essti. 'With fesheRt toitabtésol Vi hnddlestoRas ent
Application No. W2006/ (053083 describes an EM absorbing material wherein a

pol yner i 2 solpdons cewerplary hawidsigsiydewates alegholgisuch ggglygering miefhybalcehol pbn.  PCT
Publ i shed .frat s g Rédugﬁﬁli&@oMQM AN ilgow gﬁla ﬂd%esﬁlu@iﬂ 6PadaMusShi el di ng

structure conprising two transparent w SS p ates and antroni c
| i quld sead)chutnlmhdmmtmheThcsarlqus eny emhhﬂimdugﬁdﬁﬁcqoymdsomhun efEMIcases,

EM shi el a usS.i.n anlo C,d ver,. it.,js difficult
Co achi ov e Betdtaiac e R e uiferthaioms a7 o oudi mey PR BF ¥3ltis ek ¢ her nor e,
i't has noﬁaﬁhﬁﬁleoﬁﬁb%v&eﬁrprms&ﬂg &@sdlélﬁwnfnhdwia[ﬁﬁiola@heéi iofs debltedafsor bi ng
materlalsmtheselonlcl id materials, may be 25 difficult to

obtain a HPpaRt Jusshilitygflape wismaeq'fe and h§ﬁ|r¢seﬁt¢m elﬁ aélﬂgwaa%thp@p defigicpeies r uct ur e.

Sunmmary I R fJnQ mat eri al
whi ch may exhgg@ %(?ﬁlggem?%gfg%i&@a%n ﬁﬁgé)ﬂdl?&elsztﬁs?gﬁg% %é maé/&g?:hi eve both
a hi gh | epewdas hakibetmgengratlpiemployed.30 and high flexibility of the material
when formed in a sheet. In another aspegt,..the disclasure provides a gel
state EM shi e#gﬁrﬁﬁrer‘?gsf’eeﬁ?‘&gle gﬁ‘ﬁ?’i@iﬂﬁ ﬁﬂ‘?}d § ‘ g’ fFan ionic

l'i qui d, a&ﬁtehlanq’(plapﬁmhaﬁmaﬂ%bﬁcagﬁn i Wes006/053083 WeREBESAEMPr  absor bi ng

an EM dispersed in the ionic |iqui
absorbing material wherein a polymerizable i 1omc liquid monomer is solidified by

polymerization. PCT Published Patent Application No. W02004/069327 describes an
20 EMI shielding structure comprising two transparent window glass plates and an ionic

liquid sealed between the transparent window glass plates. In such cases, EMI shielding
was attempted using an ionic liquid, however, it is difficuit to achieve adequate EMI
(,_ shielding using only an ionic liquid. Furthermore, it has not previously been known to use
fine particles of EMI absorbing materials in these ionic liquid materials, and it may be
25 difficult to obtain a high loading of filler in solid materials due to their structure.

Summary
In one aspect, the disclosure provides an EMI shielding material which may exhibit
flame resistance and heat resistance and may achieve both a high level of shiclding ability
30 and high flexibility of the material when formed into a sheet.
In another aspect, the disclosure provides a gel state EMI shielding material
comprising, in some embodiments, an ionic liquid, and fine particles capable of reflecting,

suppressing or absorbing an EMI dispersed in the ionic liquid.
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WO 2008/ 118645 PCTI US2008/ 056803 In a further aspect, the disclosure
provides an EM shiel ding sheet conprising the above EM shielding material,
and, in sone enbodinents, a protective structure which coats and seals the
EM shielding material, and holds it in a sheet form In some exenplary
enbodi mrentO Wbs/118e45di scl osure, the EM shi el di ng mat er ped/uS2oosospsosses fi ne
particles capabl e of reflecting, suppressing or absorbing an EM (hereafter
referred to as "EM shielding fine particles") dispersed in an ionic |iquid.

In certain exenp enbodi nents, it nmay be_possihle to obtain a
synergi sti cal IKP#“&E rEﬁPe‘%ﬁlF‘gf%ﬁtkﬁﬁfe medesEan clding ehegt ogmrisiig ear t i cl es
and an i ofigye IEMIUKEdih g mleREN eﬁ;@ahﬁrahbo&fmal Ficttiyd aﬁxcgﬁé wgiahe' di ng

mat eri al conprlsesflne artlc ers In an | wherein the
i oni ¢ | i qedath dand S@$ﬂed3h&himl¢ngmtpnabamblmdﬂsetmamheétlfmmher wherein the

material is esse nt o, a . Sheet mate erta xenpl ary
enbodi nent s, ?ﬁ' a %%a%’fem Hgneagal zﬁlf cﬁﬁ% E‘f&{h&% bﬁ“%‘f} tfpf": may be
provisded ydrhptisas fifipatélbs/cpableof fledting Stupfressifer absobiRg 8n EMIf(hdreafiznt eri al .
In such errbo]gT manteg15 an EI\/Ip shi el di ng Eshg%‘t malngr be easily pr(](l)duced 15

Cer t ai n f@é@@é@%?@@%ﬁ@&&&épﬁwléw9@%3@%%10&Wl%d§ﬁﬁ%ﬁﬂs of the

di scl osur V. ef fect as
descri bed&%%?&gﬁ e t'EeitEQ*b @é(sgfg&atgﬁpﬂg@eae e%l ?ﬂl%l?ﬁkﬁlsﬁg% using a
conparati vﬁécyofEMthslﬁelﬂir@ﬁdslpartfclebandmﬂomc hqmdmhhathyrmmptbryrents may provide
t he advant age,.of usjn volatile.or fla rials reb

mpar t1 no 0w e EvE ek g TinteraL Somaprsh B B8 s CER 1oL SRR ng

mat efg al . wiereinAheionfdffuldis 280bdaY & dadBRhaBlle 08 FRtRE WheRFhOEE iRRkE] 9f the

di scl osure have been sunmmarized. The above Sunmary is not intended to

qjes cri be easdyipiacessed intp eshectanyerial nineerigin exemplpryi mmthe@nrfme afhe present
t
bar 1 cul alF g AN hifera did e SOGHRACH bl OBledelinliler DI 0 L )

di scl osedfdrerampie, aEihmhatEhslcﬂn pich embodinehis, A0rEMI shdeldibg gheel miag baegsdy specti ve
vi ew show ng a shi el d box for an apparatus for nmeasuring an EM shielding
effect usP@%deval vati ng certain enbodi nents of the disclosure. 30 Fig. 2

shows a conflggéxﬁﬁﬁan@ésaﬁ&a@«ﬂﬂﬁga;dﬁeﬁaﬁeimﬁweﬁmemeﬁmof&{v el ding effect
used in evaluating certain enbodinents of the disclosure. Fig. 3 is a graph

showi ng adlpcvlosureamay instide theyabiliy i achisvee highEME shielding eféect prdpseritiedct
accor di ngf0. CEHLR iy FRLVY 2SIRAY BN thf1dihg I SohElaPRNER thin,

flexible film. Other exemplary embodiments may provide the advantage of using no

volatile or flammable materials, thereby imparting improved flame and heat resistance to
20 the EMI shielding material.
Various aspects and advantages of exemplary embodiments of the disclosure have
been summarized. The above Summary is not intended to describe each illustrated
( embodiment or every implementation of the present invention. The Drawings and the
Detailed Description that follow more particularly exemplify certain preferred
25 embodiments using the principles disclosed herein.

Brief Description of the Drawings
Fig. 1is a perspective view showing a shield box for an apparatus for measuring an
EMI shielding effect used in evaluating certain embodiments of the disclosure.
30 Fig. 2 shows a configuration of an apparatus for measuring an EMI shielding effect
used in evaluating certain embodiments of the disclosure.
Fig. 3 is a graph showing a plot of frequency versus ¢lectric field shielding effect

according to certain exemplary embodiments of the disclosure.
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-3 WD 2008/ 118645 PCTI US2008/ 056803 Detail ed Description Various exenplary
enbodi nents of the disclosure will now be described with particular
reference to the Drawi ngs. Exenpl ary enbodi ments of the invention nay take
on various nodifications and alterations w thout departing fromthe spirit
and scopewd 2008re18645di scl osure. Accordingly, it is to becDusmimisesed t hat the
enbodi nents of the invention are not to be limted to the foll ow ng

descri bed exenpl ary enbodi nments, but is to be controlled by the limtations
set forth in the clains and any _equival ents_thereof. One exenplary EM
shielding material of the preseMettileddeseription s 5 ge| state material

coNt ai i NG an Ygsg ol it EMsSIiRd lclulo A B3 debpeiiviier sed in the

ifonic 10 liquid. _ Throughout this specification, term™ionic |iquid"

means a sBATtcyler eferrmcetortbe Rravings. Saemplepnmbodimentyef the iwentigaanaydekon and at
Ieast _ onleo@wrgﬂs m&?jcﬁﬁt?ﬂs%ﬂ% ama%dﬁ@ uﬁﬂﬂbﬁtrdtebﬁﬁlllé ﬂ@m'tl(ij’é‘é{ﬁriﬂ dnfalstdi)e%me bsorh
posi tlvely, gn negati yely .charged, respecti.ve , .an erelrore nay apsor
on EM  antisdRere ?@Eﬁvglxﬁr@tﬂgwd@fsr@@ﬁhﬂtm %%t%wvmaawnem s, the
iolnifz |'i ghidtdo B@Hﬁﬁtb@ﬁﬁtlhafdlllgmo'cﬂ@dehdfﬂlﬁdﬁﬁdiﬁ' | laryfbﬁlbﬁd_iiﬁﬁﬂisgblﬁ?dﬁ)b@avhggda | ow
rretlng p0|nt C Y. r.Lower. .ln certaln exe ar enpbodi| nent s,
the salt f)?nérf’g?‘ilﬁftm?%épﬂ%g s‘eht%ghpq clyirag apdany ﬁﬂ‘é‘?’ﬁfﬂgﬁ?ﬁﬂéer ature

conditi ons of Onsexenfplary EVHrshieklingatexial of theppaserttdisclostieds a gelatyd e, about
25C). Such salts are also ,referr o . hereip as "norpal t rature nolten
ol to. " | RotBR On R RS RRIe) U S MHSHELing R Rosile dHrmeaSt GF B gl y
stabjge, baglid! T%H%ﬂc{ui’hﬂﬁdﬁiﬁeéihédﬁoﬁ%é ¥erm2lic IRui® nSQiea eatﬁmlqa{dwoﬁﬂbgg i ments,

are nonvol atile, so that the resulting EM shielding material nay
i npart ed thewshit eomprisingad 4astone catinngnd atleast pitg aiens sPscatiomanshdberpion in i oni c

L qui ds. onic 11 au _ _ ; . | (i |
‘e iy SEQRR T irete S 15 sb Heghfvely Sfarucd SRRy Ynd TR D) L0
donic |iqabsdrb dnEMUstel gxeit aa EMI(sRieNike ¢ffeceecondary (RLR2NH2'), tertiary 25

(RIR2ZR3NH) and. quaternary (RIR2R3RAN. ) .chaj.n ammoni um cations (wherein R1,
R2, R3 and Ra4INiSAPESEFRIAD eyﬁw@@ew iopie iaw@mre?maﬁ@?m m@ﬂ@aﬁowavi ng 1 to

12 car bon ﬁ:ﬂfﬂn L G AL | ' U’f.)ﬁ[;avyg?l : I C
amm%i um 8 [ gﬁahl; nc L%dﬂg%gxﬂééz\lgﬁ Hm ’Hﬂ%ﬁa !(l)@lagm ' m dgg%ﬁ?llfaﬂltn%}%%@@zol i um
pyr ol i ni uembddimemts,rtheisalt prefemblyl remains jmyerlopiidhstateunder thedempératiienconditions
pyrazol i dipiu yrolinium imdazoljnium pyrazoliniu pyridinium 30
pyr adi ni uaﬁn ussi}lpf E’faémlﬁ’ AhicoBy PR3 T (fhex PEAoRRGACh: PepEHiEATS
mor phor i Nidghed th BRI dd™hérAfh eApRARRE iden salts.” In certain exemplary

embodiments, the ionic liquids are highly stable, both thermally and chemically, and in

20 some exemplary embodiments, are nonvolatile, so that the resulting EMI shielding
material may be imparted with flame and heat resistance.
With respect to exemplary ionic liquids, known ionic liquids may be used.
( Examples of suitable cations, which may combined with one or more of the following
anions to form an ionic liquid, include primary (R,NH;"), secondary (R;R,NH,"), tertiary
25 (RiR;RsNH") and quaternary (RjR;R3RsN") chain ammonium cations (wherein Ry, Rz, Rs
and R4 independently represent an alkyl or phenyl group having 1 to 12 carbon atoms) and
cyclic ammonium cation. Examples of the cyclic ammonium cation include oxazolium,
thiazolium, imidazolium, pyrazolium, pyrolinium, furazanium, triazolium, pyrolidinium,
imidazolidinium, pyrazolidinium, pyrolinium, imidazolinium, pyrazolinium, pyridinium,
30 pyradinium, pyrimidinium, pyridazinium, piperidinium, piperazinium, morphorinium,
indolium and carbazolium.
Other exemplary cations include chain phosphonium cation (RsR¢R7P™ and
RsRsR/RsP"), chain sulfonium cation (RoR1oR;;S™) (wherein Rs, Rg, R7, Rs, Ro, Ryp and
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O her exenpl ary cations include chain phosphonium cation (RsR6R7P and
‘RER6R7R8P), chain sulfoniumcation (ROROR i S) (wherein R5, R6, R7, R3, Rs,
Rio and -4 WO 2008/118645 PCT/ US2008/ 056803 R11 i ndependently represent an
al kyl or phenyl group having 1 to 12 carbon atons) and cyclic sulfonium
cation. BEwOgeh&HIsess t he cyclic sul fonium cation incl udpct/iosopinsegosm and

t hi opyrani um Exanpl es of suitable anions, which may conbined with one or
nore of the above 5 cations to forman ionic |iquid, include phosphate
(PO43-, R12P042-, R12R13P04 ) hosphaonat e (R12P032- R12R13P03 ),

phosphi naRe ipdepsirdentintopresent aaalka @ Rhenyd group beyingd 3912 cwh%gm)syld( R12 and

R13 |ndep ﬂ@%]k&ﬁ;dﬁgﬁe'ﬁggﬁglgﬁf?ﬁﬁgc hc%ftﬁﬁlﬁxlcat%nmﬁﬂl A 08 | having 1

to 4 carbon atons er ani on i C ned with the
above cat amgthiopyfapium.an 10 ionic liquid, i ncI ude tetrafluoroborate (BF4 ),
hexaf | uor opho hexaf . oroars

hat e ( RF6.
trifluorometh g I?‘E?&’zgls’é‘ krenigss, ‘)'hl 8y 9 ?fgm(tﬁg‘i‘ﬁ/‘? JoFe gEthe BP@ ) oN- ] |
bi s(tsrif 1 expioAsm@tHh 51u{ofnm A, iﬁcﬂﬂe%ﬁ@gﬁaﬁz @g‘i&r‘ 1»04 ,R12R13PO4 )

8

bls(trlfluoroethlsulfoz? i m de [

tris(trifPhasp ér{’}lzg s T, dtgRnRON) phosplizrg B2 Eﬁj)mmsvorate G0, exenpl ary
enbodi nmen | uid to

i ncr ease %{He ﬁlé%ﬂgjﬁ@af%ﬁzaﬁlétd@i{ng%g nse@ﬁlgﬁ%ﬁ? rgl’?en%%(&thgrents,

addi tion piieny]fgm@hmmﬂg Ctoelscattntaleeng).oni ¢ | | quid may gel the ionic liquid, or
cause it to becone qu solidified (e.qg,. gell . [Exanpl es of suitable EM
shi el di ng parﬁg‘; %W%BIWG‘EP%&P‘%‘%@%M?‘?WE% abAye EANeNP 1O5RARCt i ve,

di eligct ri pnRligRIYBRAIIE té&aﬂ@o@ﬁéﬁﬂeqh 15’) h&xafIBoBRospRAe @FguCt i ve fine
particles include, for exanple, yﬂ@i)artlcles such as ' Al, Fe, Ni, Cr, Cu,

@n and Aghexaflnesgarsenater(AsFs ), o forgte (GMEPe b bis(Ruasesuifanylimidebon fine

articles rbon fiber, carbon

nanot ube, [(F%Qﬁ%#g%és(%n %ﬁsﬁlfo@ﬂ%ﬁ@g [&fggbﬂgﬁ npl ary di el ectric fine

|toa{ 1étlnglt gsg;(m tartlh)ﬂﬂﬂf()ﬁyld ea[.(CFgOF@S(ngN] g{r?gst (r)\]:ar ea‘ OZiExérlrglog’r bgr5| lrjnra?gnet I C
i [ i | | y i

fine part?’é&’é@ qfﬂ’@P qndﬁngﬁigﬁﬂ%gné% ‘particles of metal alloys and

met gls  oxi des [aphakRididad ch Ac}ﬂsgfhrﬁélﬁﬁf@ml orS ) bR 34446 Hlibiic  Fe304)

permal l oy (Fe-Ni) and ‘se dust I nations thereof. In
certain eh@m@ltormcrbasetl@Ethhlddingm&‘e@tf If cemlmcmpkane@lbml;mtms addigon ofor a

r;a)r(: :JE:FeS f rmrcg%st?%he 181?1% 1151'1 qnag/fgei g(lao 1C 1qu1&|o?%aunsg%m%go%me2rﬁ§s _added fine

solidified (e.g. gelled). Examples of suitable EMI shielding particles include carbon fine

particles and known conductive, dielectric or magnetic fine particles. Exemplary
20 conductive fine particles include, for example, metal particles such as Al, Fe, Ni, Cr, Cu,
Au and Ag, alloys thereof, and combinations thereof. Exemplary carbon fine particles
_ include, for example, carbon black, carbon fiber, carbon nanotube, fullerene and diamond
(» can be used. Exemplary dielectric fine particles include, for example, fine particles of
Si0;, Al;0s, barium titanate and titanium oxide, and combinations thereof. Exemplary
25 magnetic fine particles include, for example, fine particles of metal alloys and metal
oxides containing a transition element such as magnetite (Fe;04), permalloy (Fe-Ni) and
sendust (Al-Si-Ni), and combinations thereof.
In certain embodiments, a single kind of fine particles may be added, or a mixture
of more than one kind of fine particles may used. The added fine particles may absorb,
30 suppress or reflect an EMI, thereby making it possible to exert the EMI shielding effect.
Accordingly, the EMI shielding material of the present disclosure can exert the higher
EMI shielding effect by the synergic effect with the ionic liquid. In some embodiments,
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30 suppress or reflect an EM, thereby making it possible to exert the EM
.shielding effect. Accordingly, the EM shielding naterial of the present

di scl osure can exert the higher EM shielding effect by the synergic effect
with the ionic liquid. In sonme enbodinents, -5 WD 2008/118645

PCTI US2009/00296808645t he fine particles are well di spersedr/usecodmsssosni c | i quid
so that electrical double-layers form around the particles, thereby
suppressing the tendency of the fine particles to aggregate, and resulting,
in some e&‘g%gigrren_ts, i n gfo d dispersibility and di sc%ersi on stability of the
fine part thefigg pamicies areayelldispersed ithe iopicdigyistrorthatelectricbdoypleclaysrs fora ™ 1 i ne

particl es, : R | of a
nunber av?%@ggﬁl?%’gh%?%p%g%tﬁ%%r 3%@?%5139 %g!rn??%f {eorhsg%%ga%f the fine
parti cl esaskmsubtingrorsomeahbotlimentsy inrgobd dispersibiitnandadispecsaomstabglitg loéther on

m croscop ‘%ﬁsa%éh@ or a transm ssion electron mcroscope (TEM, or using
dynam c Iﬁ'& é%stteri ng (DLS). 10 Cenerally, when the size of fine

partiscl es becorgrtsifiekdmslamyethtobieneats| thaciee af ha fiak Fmﬁbl@@is@ﬁéféﬂasl €sph NCT eases,
gel ation may be caused by adding a small amount of fine particles to an

i oni ¢ | i q@fi ore;adr18P pimeor lpss in tomps ehaeimbes Avesageipattistegsize. tlhemymbereasi |y gel

the ionic i qui g o i r |,7€:0 fine particles
be sel ectaev(fl' L{%Fgga Jcll?ssizgg& %fh&qﬁ:ﬁ%;aﬁ{cgeggﬁlp ee%lgh%reg%f)?’laﬁ?é%fbyhn%rg%apref erably 1 m
or Iesfs ibs.‘badrhﬁgrel' : E&fondﬂ@rc&wml (SETDI)dfhirﬁ'ﬂtsﬁxissibﬁcm;hﬁﬁnﬁn’m' $08 e@]EEM)Qbi‘ eved b?/
using fibrous, fine particles. On the other hand, since the fine particles

t hemsel vedsitgpdmanys light sqatterag U shiel ding effect, it is sometines
prffg abl e L0 GUAGIGESRed HE ok bt e i Wodihec A AR B oft 1 SuCh
exenpl ary enboc.i% ments, ?t rrgly be § re ersadegwiso use rel atlveféy %a? ger

bar t i ¢l esfiieparticlessncreases, gelatien pay becaistd byl@ldingarsmabiramountofdingpattieley as | ong

s the ionic.li.quid,is,not separated. .20 Various shapes and.physi.cal forns
of the fi ot Hafia, ThShord SRR Fiteeitronly fratiG S PRl SeflR Pl B4R e ec.
rods, pl ali@ligtismayiet prefeedblethaf thdsizsof thdfikeSpartidies RseRPled@byadjsddad) fopnt s, the

size of the fine particles refers to a nmaxi mum size that passes through the
cent er of exgmila, 4§ uayordessemere proferablyrtHog prlessn diametgrp [resomfepmbodinenitse of fi ne

par tji.cl es_iin: ..I r | ' [ ' di anet er
o e r ot iopafi ety WA Gl ReulabliE, O B ok Tn, SESuRTeE T NOE,
Si ze may peticlestemsives hevesdzaecibmiapeetit shieldingaffettc it éssomufitree pieforatiidwd case of
a platelet for of the platelet surf may. be taken, and

Xi f;um Sj z age
i kewi se, mfwsetraafeg%%?@d&g %fﬁﬁf‘afg#edwaaleﬁ I, Bich giplary PRGEREDLS 118 OF) ber may
be  takenyARrdpieioSisé fldivelylfrgh faRtidhR (4t 16dsEF um, more preferably 10 um or more

in diameter) as long as the ionic liquid is not separated.

20 Various shapes and physical forms of the fine particles may be selected, including,
for example, spheres, rods, platelets and acicular fibers. In certain exemplary
embodiments, the size of the fine particles refers to a maximum size that passes through
the center of gravity or mass of the particle. For example, for the case of fine particles in
rod form, a maximum size in the fiber base, such as a diameter of the rod's bottom, and the

25 rod height may be compared, and the longer size may be taken as the size of the fine
particles, while for the case of a platelet form, a maximum size of the platelet surface may
be taken, and likewise, for the case of an acicular fiber form, a length of the fiber may be
taken as the size of the fine particles.

As described above, in some exemplary embodiments, as the amount of the EMI

30 shielding fine particles in the ionic liquid is increased, the EMI shielding performance can
preferably be enhanced. However, when the amount of the EMI shielding fine particles is

too large, it may become difficult to process the resulting EMI shiclding material into a
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As descri bed above, in sonme exenplary enbodi nents, as the anount of the EM
.30 shielding fine particles in the ionic liquid is increased, the EM
shi el ding perfornmance can preferably be enhanced. However, when the anount
of the EM shielding fine particles is too large, it nmay becone difficult
to proceswaes/11i8esl ti ng EM shiel ding material into aPCFESMOB/E6E8/ 118645
PCT/ US200S/ 056803 sheet, and the nechanical strength and the flexibility
tend to be lost. On the other hand, when the anmount of the EM shiel ding

fine particles s too small, the hi.el ding effect _decreases and
gel ation Heet H@%W%bﬂ"&%?%g%gme °xﬂ’élét¥_ _tmg%m_,o%ﬁﬂoﬁ%gath becones
| possi bl Gr&DhBhRBERDF I EMPsHAERE ﬁﬁ@ﬂarﬁﬁl%% is08Y émdit %'Ms]ﬂigggﬁw 0oze

fromthe EM 5 shielding sheet. From such a perspective, alt the anmount
of the EMleossasesiagid gglativmef theEMI shielding materiad doesrmot o¢curyandi thivs itrbetomear t i cul ar | y

0% by - rolePoRE 45 O ik ERE TR o ) ARY o el PR B B i g 1 e

EM shi el ghigldingsiet.particles and the ionic liquid. In certain exenplary 10
enbodi nents, the anount of EM shielding fine particles is_preferably 10% by
mass or nor e, FRByschp perspestiys; althmugh fhepmpsnint thoEMI shiglding fireqetisies 80% by

mass or | e s 0 00 i ry
enbodi mentﬁlzt,ﬁe }Ollﬂal{e% l@l]\%djlg ﬁ?ﬁ‘fﬁg@%ﬁﬁ&%rl éﬁ%(ﬁ)@e 19 %eenli Igﬁseredr?tg dﬁ%ﬁ%&%éﬁp@n&y be
gel | ed byisfpréfehably ftomeS EMP0% by alass baged omihe pmst oftheeEMI shicldeng materdal| | qui d. A

15 gel state.neans I,ghlLy viscous state as.g.resylt of |loss of fluidity.
In sone e?ﬂ?gad’inﬂﬁﬂ{eﬁd] ﬂﬂqu}ﬁs\ﬁg? B?fgglﬁ%l?%éﬁ? ey Hﬁﬁfﬂficf‘gar"ﬁﬁ’fma%f an el astic
sol i@, or ermbddiients) thé drhord o CENIS bii€ldingUhe Eb&ﬁcl_‘éslfsfﬂr&'bﬁﬂlﬁ 0% a;r passdpat it
effectively behaves_as a solid. As used herein, the term "loss of fluidity"
reans t hemgfeamerspretceably % gy masypranare:ind praferably 88 trbyonasser sy mgeur s when

he EM 8@3%%?0%%&%%%%5@%%“ bed hereinafter is coated on a substrate.

In some 20 exe ary’e nents of a gelled EM shielding material,
fl ow out is sunpomssecmplagy enthodinwintspthe EMI shizlding mbterialed theAmesendi ngly, it may

beconme eagier to copdu Ny.... pr.oc i ng. of the EM shiel.di.n terial,
whi oh may pclesERraeY Bnedied o8 iy B EN shidfhe iy pritns da Lodtmis PSR, & n- cert ai n
exenpl ar y o FARGh&mREh highly™sdeith staldiash fsil oMBELAT MlidityS ThSorde B@bodiinaitg and 25
therefore can be coated ‘on various base materials and placed into seal ed
cont ai ner tie gelgitate may Apirespendyadormation afenalistio selid; pep liquid Fath aaklait e, the EM
shi el di F‘gmﬁﬂélﬁé §ut?‘hciglﬂ§r 1§4§§ that R?ﬂ?&ﬂ%&%%ﬁ&e& 0 PsctiaS WS UseWerBh YS9 W th a
protectiveé Structure capapble of coatrng and
"loss of flurdity" means the state where liquid flow-out does not occur or hardly occurs
when the EMI shielding material described hereinafter is coated on a substrate. In some
20 exemplary embodiments of a gelled EMI shielding material, flow-out is suppressed and
the shape can be maintained. Accordingly, it may become easier to conduct any
_ processing of the EMI shielding material, which may include lamination to form
(_ multilayer sheets or films.
In certain exemplary embodiments, the EMI shielding material is in a gel state and
25 therefore can be coated on various base materials and placed into sealed containers, for
example a bag, having various shapes. For example, the EMI shielding material can also
be processed into a sheet by providing with a protective structure capable of coating and
sealing the EMI shielding material and holding it in a sheet form.
One exemplary method of producing an electromagnetic shielding material and the
30 method of processing it into a sheet will now be described. First, an ionic liquid and EMI
shielding fine particles are mixed in an adequate ratio and stirred to form an EMI shielding

material, At this time, a kneader such as, for example, a ball mill could be used for mixing
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sealing the EM shielding material and holding it in a sheet form One
exenpl ary nmethod of producing an el ectronagnetic shielding material and the
30 nethod of processing it into a sheet will now be described. First, an
ionic liquid and EM shielding fine particles are mxed in an adequate
rati o and woize08adséa®» form an EM shielding material. AlcTiis6osiobddss a
kneader such as, for exanple, a ball mll could be used for mxing -7 WO
2008/ 118645 PCT/ US2008/ 056803 and stirring, but an ionic liquid can
generally, by its nature, be well mxed with fine particles, thereby

di sper si ngnd plérringJat pa aniccliquid ¢ag genrraliys by ityasturs; be well migedsyithi fine.  Ther ef or e,
In sone e r | ] S| | al e the EM

Shi ol ch ng Py ety BbeaBHG fro s bieltes 30t 8 oBRREL B SSTRRT TR vl ar
enbodi mentis soméexentphery bmbeditients, witiont usixig 4 dpecialiieaddr, the! EMIishieldingher t han

roomtenperature, the ionjc liquid my b heated to the  tenperature higher
than the ﬁ%"r‘?ﬂ“ﬁm@%‘&ﬁ ,m"’tdr?éf@@tempﬁﬁg%/i ﬁg"hﬁf}fxm%’\ﬁgg’%weﬂ Y XPFYGI tht he
fine partIrﬂé_lﬁﬁgpontheqaﬁcqsﬁuiaqgﬁgﬁér%%&nftézﬁﬁ&mfe%_eWm{lﬁd_ gstic or

polymeric films, may be provided,” and the EM  shi e1_d| ng nmaterial gel
prepared dwatedtocthe temperatoe bighenthayethe meitingpopmt.shetebicliquebangindollowedtye il ns
so that t ti .ubayer filmconstruction has a predeterm ned

t hi ckness%ﬁ‘ﬁgzﬂthotp%ﬁﬁgy%ﬁﬁagﬂ shielding sheet. In order to interpose the
EM sgi el di ng Matsonébr detesiblé flnsf for e%am ﬁlgrplﬁﬁgam(ﬂymaﬂeﬁh Thris| m?]yrm/f ble
coat ed using, casting or. sgreen printing nethod and then another film may
be | ani natPéQi“&Si’ Wﬁ’eﬁ‘F Fg@tsLqulrra matepgl gelyr dewﬁﬁgahqvmambé filmmay be
appr gpr i atg | f oR€ 6B Hmb So HHAEthE kQHiRE hiuttHaye? £l AhshtidVhat he

obt ai ned EI\/IE%S iet{é?‘?hgete and ei Sm%lg(t) spegik‘%?ﬂclg?@l I?)Jn?t I]equg%sgﬁgrﬂa%a}é for
gx anpl e, fapsedetepmined tockngss2 thag ormingTineEMhshididiog shesf. Inlvedaged integpasothe

articul ar i m.t ed and . may .be ropriately selected accqording to the
required Mb@}%‘&%“@f@ﬂ%ﬂﬁﬁﬁ two ﬁ@gﬁlﬁe&awﬁﬁeﬁeﬁl{n 1Y O3 I“él,ng%r om about
5 to aboutcasing@0 s¢reenNhting Fetliod Ané i BhaberdfimShdyt R hRinated o the dirstifilb

I nclude, but are not_ limted to, resin films formed, of poelpd/ﬂet hyl ene,

. i 20 : :
pol ypr opy | Tdsdhickness of the:flexbla Slm may\be appropriately seleqied spspndingitp thefiaxipifitst hane,
cel | pphan g : s ' . | : t hal at e
(P porsRblelr T dhlaind Mt Widll e i haf3pbcifay (BN Sad b g BE
pol yur et harempsla sfesin abmit 10 tpRV§Ouaf The Hadadssiof sicpel fslnoopdri@ddrhsleditedesi n
(i ncludi ng PVdF ETFE), polyinjde resin, phenol resin, oxy.resin,
pol yani de 38 B35 gpRTePRAtell selggtereaccording)to thedauiied RropeTfics ef fﬁsﬁﬁﬂexem ary
enbodi ment_g:.14:-f t @’%ﬁﬁ f W y lam nation of one or
nor e flexits ‘l""‘éi!“Fg.‘I“ér#S&‘ﬁ 8? ex n%lfeé,n{éebso%gﬁyaﬁ)y er#lg' thin sheet is
Non-limiting examples of suitable flexible films include, but are not limited to,

20 resin films formed of polyethylene, polypropylene, vinyl chloride, polycarbonate,
thermoplastic polyurethane, cellophane (trademark), poly(vinylidene fluoride),
polyethylene phthalate (PET), polystyrene, poly(vinylidene chloride), acryl-based resin,
polyurethane-based resin, polyolefin-based resin, fluorine-based resin (including PVdF,
ETFE), polyimide resin, phenol resin, epoxy resin, polyamide and polyphenylene ether.

25 In addition, in certain exemplary embodiments, it is not necessary to form a sheet
by lamination of one or more flexible films. For example, especially when a thin sheet is
required, the surface of the sheet made of an electromagnetic shielding material is
provided with a protective structure, thereby preventing oozing of the ionic liquid, and
thus an EMI shielding sheet may be produced. As one exemplary protective structure, it

30 may be desirable to form a thin polymer protective film on the surface of the sheet made

of the electromagnetic shielding material.



required, the surface of the sheet nade of an el ectromagnetic shiel ding
material is provided with a protective structure, thereby preventing oozi ng
of the ionic liquid, and thus an EM shielding sheet nay be produced. As
one exenpl ary protective structure, it 30 may be desirable to forma thin
pol ynmer pwas mos/iamessfil mon the surface of the sheet nager/usioos/isesos

el ectromagnetic shielding material. -g WO 2008/ 118645 PCT/ US2008/ 056803 In
an exenpl ary enbodi nent, a pol ynmeri zabl e conpound such as an ultraviol et
radi ati on pol ynerizabl e nonomer nmay be coated on two base materials

subj ect ed to aln anexemplarst srabadiment. 4 rodymesizablp cempysid\suetas aandtravialetpht hal at e
(PET) fil 1a) lﬁrﬁfén‘E r : EM

shi el di ngFgr?a%%&Q??g 'S %%@P%‘g%% agfel{ev(\:ggt%arggé’}eo %@%ﬁ}%&%ﬁ%ﬁh@%&@%ﬁ t hese base
mat er i al sredease trevtmlent{for eparnple polyrdrylene terdphthatate(PETY &1m ealjededotah  t he

pol yneri zabl e conpound ces Wt ch .other so.as to j ust the gel state
EM  shi erf‘gﬁ%t'w%@}tfﬁqdf e @@&M e fie isduierpogy q{s&%ﬁfﬂ@w |

POl yreri ZaatediBl fthdt Mese BaeRErAAHRE B COERPUN Sndthd Qb 3t ine s Al IcBtbPRithV t h
ultraviolet rays, or other sources of actinic radiation. 10 Then, the base

materi al thelpolymesidahle compasind faces with aachmther smgs thadjusttby el state i ain  a sheet

made of ap. i | t1aly: I S840 | yer _.praot.ective filmon
the surf égmngﬁhéﬁ?gﬁnr&%ﬁ%ﬁﬂr?ﬂé@%gg i k‘oéiggﬁ%ﬁ%%ﬁyé}%aa&o%tﬁﬁse , a gel state
el ect r omagélgineizabie doadpdinnpthraaigh irfraliatish withalenadletdanofoth@Sbircés dfm t o form an
EM shieldin I%ger. On the surface of the EM shielding |layer, a

phot opol y CIARROTh ot ective filmnay be directly 15 forned using a spray
met , and th t 1 £ HreHERk VIradiation with
ul tmi ol et raglil[bgf ?gk%%ﬂﬁﬂﬂgdté%ﬁ%%gg? I'n sorr%géejl;(e%f%{roy@e odi nent s,
ghe EM shphsetinade ofandiMbshialding matepinkwsprising ia polyosn pwtestive filgon thent ai n, in
ddition to.the,jonic Liquid and the EM, shiel din rticles ant i oxi dants,
ul travi ol %l{rfaf%f ‘E?Pi“b"ﬁiyagb“rﬁ‘&‘,n AP a%tfo un%tsgﬁg%ltsga"%c Q]egtg)épdsggﬁq%, and ot her
20 addi ti stRelding meaRSmay Ye cotalal £&sin fildoee fieman ENTIIdiAR tiyer. On thBe pr esent

I nvention have been descrijbed above and are further illustrated bel ow by
way of t héursase pothe KYlishisiding layerymphatopghamesizable groeetiye fiky may b diesty any way

as i{¥gposi b s ' 'eh‘ﬁm%@f ' khon. On the
contlisgr Y, &?%lle‘?ggl%%‘a Eﬂe}gfcwgglrg?ﬁ/ﬁgﬁh@ﬁgﬁgﬁ%ﬂat resoﬁqﬁor%rggﬁe%ﬁgd to various
ot her enbodiatiemwith uittavidlétoadiatiomsand shedebygolidifieent s t her eof which, after

reading the deﬁlcsg}n%telxgmnplary embodiments, the EMI shielding material of the present

disclosure can also contain, in addition to the ionic liquid and the EMI shielding particles,
antioxidants, ultraviolet reflection agents, antifoamers, pigments, dispersants, and other

20 additives as necessary.

Examples
( Exemplary embodiments of the present invention have been described above and
.V are further illustrated below by way of the following Examples, which are not to be

25 construed in any way as imposing limitations upon the scope of the present invention. On
the contrary, it is to be clearly understood that resort may be had to various other
embodiments, modifications, and equivalents thereof which, after reading the description
herein, may suggest themselves to those skilled in the art without departing from the spirit
of the present disclosure and/or the scope of the appended claims. Furthermore,

30 notwithstanding that the numerical ranges and parameters setting forth the broad scope of
the disclosure are approximations, the numerical values set forth in the specific examples
are reported as precisely as possible. Any numerical value, however, inherently contain

certain errors necessarily resulting from the standard deviation found in their respective
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herein, may suggest thenselves to those skilled in the art w thout departing
fromthe spirit of the present disclosure and/or the scope of the appended
clainms, Furthernore, 30 notw thstanding that the numerical ranges and
parameters setting forth the broad scope of the disclosure are

appr oxi mewWoe®s/118645 nuneri cal val ues set forth in the poewsioogosssmsnpl es are
reported as precisely as possible. Any nunerical value, however, inherently
contain certain errors necessarily resulting fromthe standard devi ati on
found in their respective -9 W) 2008/118645 PCTI US2008/ 056803  testing
measur enmetRSE0E measufements,y Yt theery leashpnd ot %@&H"@P"tt@ Hipt the applieption afe

applicati [gﬁ&qirnléf}g l.ai s, each
nuneri cal m&adragtr?e{l%lgfe ou atﬂgﬁ eastmgée constr ue@rﬁcr?&f)?ﬁﬁﬁ&e#&%ﬁﬁ 1r?llurrber of
report ed hﬂagtrhefcbmdﬂil@htef&ndmbberaqﬁpéppﬂergsxgmﬁchmdngysanmndapp@mgachnl ques. 5
Example 1 @ sheet EM shielding material, which contains dielectric
fine partP ! 1{1}1&&3' es in an ionic |IC|UId was produced by the
follq,v\nngEQgQ? dure To8090f an ionic liquid (EM - BF4)

(1-ethyl - 3- ylim dazolium tetrafluoroborate, manufactured by KANTO

CHEM CALS, Tokwheejaﬁenlﬁl\@ﬁhlsﬁeg magerizh| whioh engtainsrdiclectrig fine pattieled, 892 For nul a

4.5 g o Do ool iodloed SPRETINARBR AR 1) [P G et er,

manuf act ur ed bTo Buommﬁmmd (BMEBY,) (1ktydAimasdinsidabetiymf ol | owed by m xi ng

2 bal | nideR qrn%or‘ﬁ‘%rﬁlenw SRk ENTP EE AL Folin. 1080 6 i mg. i ih

spaty a. o rhile (Del was coated on a 50 pmthick polyethyl ene
terephthalate (PET) film subjected to a rel ease treatnent (SP50,
nuf act ur ed by PANAC CO. LTC, Tokyo, Japan) wusing a knife coater to forma
gel | ayer 9‘1?‘4 k“% yer was |amnated with a 38 m thickness pol yet hyl ene
Fa B

t erepht ha 1 manuf act ured by DUPONT TEIJIN FILMS, Tokyo, Japan)
to obtain an EM shietdi ng sheet. The thickness of the gel |ayer 25 was
adjusted to be app&o@i tely 500 m (I)
cuy” A ZaNt
x-

15 wherein R” represents ethyl and X represents BF s, 4.5 g of SiO, particles [Aerosil 200
(trade name) with 12 nm in diameter, manufactured by NIPPON AEROSIL, Tokyo,
Japan] was added, followed by mixing until the ionic liquid is completely gelled. Without
using a kneader such as ball mill, the ionic liquid was gelled in few minutes by mixing
with a spatula.

20 Then, the gel was coated on a 50 pm thick polyethylene terephthalate (PET) film
subjected to a release treatment (SP50, manufactured by PANAC CO. LTC, Tokyo, Japan)
using a knife coater to form a gel layer. The gel layer was laminated with a 38 pm
thickness polyethylene terephthalate film (A31 manufactured by DUPONT TEIJIN
FILMS, Tokyo, Japan) to obtain an EMI shiclding sheet. The thickness of the gel layer

25 was adjusted to be approximately 500 um.

The prepared EMI shielding sheet was cut into a size of 100 mm x 30 mm and was
taken as a measurement sample.
Example 2

In the same manner as in Example 1, a measurement sample was prepared, except

30 for replacing 4.5 g of Si0; by 3.5 g of conductive fine particles, carbon black (#303CB,
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The prepared EM shiel ding sheet was cut into a size of 100 mm x 30 mm and
was - taken as a neasurenent sanple. Exanple 2 In the sanme nmanner as in
Exanpl e 1, a neasurenent sanple was prepared, except 30 for replacing 4.5 g
of Si02 by 3.5 g of conductive fine particles, carbon black (#303CB, -10 WO
2008/ 11862 Ra¥11883008/ 056803 having a particle size pET/GS2008/0m6800 di anet er,
and manufactured by M TSUBI SH CHEM CAL LTD., Tokyo, Japan) to form a sheet
of an EM shielding material. Exarrple 3 In the sane manner as in Exanple 1,
a neasurepent sanple was_pr , exce 5 for |l aci n 5 g of Si02 by
1.2 g of G¥RALPaYee sizpaf g%ﬁ"ﬁ“b iggietep 3p @ﬁ“ﬂfﬁﬁbﬁe Y/ Uﬁi%‘(ﬂ ng a particle
size of lpPEe a sthfh?(ﬂn 1 m and

manuf act uréed byASLaLCE\R %m{éjﬁﬁ%ﬁféﬁﬂgm&ggggwl or% fe} 1eet of an EM

shi el di ngEmsmpleBal . Exanple 4 10 In the same manner as in Exarrpl el a

t f f Si0p2 by 10
of mmgnetic 1 ManE s mRLSPALE R Arh meb Rt et B BRN el prep el B ¢ ol e
si ze 50f | &g sepldving 415 goff Bi(liby1EL Qbfco&lﬂﬁbﬁif&lﬁué partivles, Gatbyn KELIVIONO CHEM CAL

LABORATORY,  Tokyo, Jap an% to forma sheet of an EM shi el di ng material . 15
Exanpl e 5having hparglesizeahhadnm in digmeteraadiadength of lpwdbamasnmn: | sanprd was

par 1 of esmipgiRpred Y SHERRTSHRROACR. o, i) Bt o nGoFBORNIL © g

particl e shigldéingimatéiahm i n di anmeter, and rranuf actured by EPSON ATOM C LTD.
Tokyo, JaEan) tg forma sheet of an EM 20 shielding material. Exanple 6 As

an ionic & PX-4 H2P04 (tetrabutyl phosphoni um phosphat e) was used. The
lonigy 1iquid washp a%&ah&ﬂlepysﬁmaﬁlﬂbl1omn@&up&§éa9§am cBRxggpeous 85
wt % sol uti on of phosphoric acid (hanlUfactured by AL EI\/I CAL
go. , Tokybor r@ﬁacnacfbﬁg Oﬁéé)zdﬂd@cg ernm.etmé?ne@amms‘faam awtlelqm@’tﬁﬁﬁ’ilim Wt % of
aqueous Pt dug & 5iShE 2k o RACERIP P alndlen o ek Sh bbby OISR DY
CHEMICAL LABORATORY, Tokyo, Japan) to form a sheet of an EMI shielding
material.

15 Example 5
In the same manner as in Example 1, a measurement sample was prepared, except

for replacing 4.5 g of SiO, by 55 g of magnetic fine particles, Fe-Ni (PERMALLOY) alloy
fine particles (50%Fe-50% Ni having a particle size of 10 pm in diameter, and
manufactured by EPSON ATOMIC LTD., Tokyo, Japan) to form a sheet of an EMI

20 shielding material.

Example 6

As an ionic liquid, PX-4 H,PQ, (tetrabutylphosphonium phosphate) was used. The
ionic liquid was prepared by the following method. 17.5 g of an aqueous 85 wt% solution
of phosphoric acid (manufactured by SIGMA-ALDRICH CHEMICAL CO., Tokyo,

25 Japan) was added dropwise to 100 g of an aqueous 40 wt% of aqueous PX-4
(tetrabutylphosphonium hydroxide solution manufactured by SIGMA-ALDRICH
CHEMICAL CQ., Tokyo, Japan) under ice cooling. The obtained mixture was
concentrated by using a rotary evaporator, followed by extraction from methylene
chloride. The methylene chloride layer was dehydrated over magnesium sulfate and the

30 methylene chloride was concentrated by using a rotary evaporator, followed by drying
under reduced pressure at 60°C to obtain 41 g of PX-4 H,PO, in the form of a transparent,
colorless and viscous liquid. 7.1 g of dielectric fine particles, Al,Os (having a particle size
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CHEM CAL CO., Tokyo, Japan) under ice cooling. The obtained m xture was
.concentrated by using a rotary evaporator, followed by extraction from

nmet hyl ene chloride. The nmethyl ene chloride | ayer was dehydrated over
magnesi um sul fate and the 30 nethyl ene chl oride was concentrated by using a
rotary evamzoas/mse4sf ol | owed by drying under reduced prewen0s/esssd0C to
obtain 41 g of PX-4 H2PO4 in the formof a transparent, colorless and
viscous liquid. 7.1 g of dielectric fine particles, A1203 (having a particle
size -11 WD 2008/118645 PCTI US2008/ 056803 of 31 nmin dianeter, and

manuf act uPEd Wy irdiameter angmanyfaeiyrsd by £n b SAJR Eolaiox dapagy were naxed Withf  PX- 4

H2PO4, | ' '
produced S s HB0) o R aishlet SR iRl el b WEIEGRLCT "' ©
shi el di ngpmdogdundegshd sineconditofs aslilEsdmpedi ng ef fect) of the sanples 5
d i I 1t0.6 d b KEC. et hod. d i bed
Rer o1 naf  er . THECTGRAGALS Hotine PsPHUSS (Il e hutge ) SBcrBip itansa
ELECERONI frepdvblm Exinigiedbl 68NN m%wl fn%g alKEC RRaRdIREGEMed AREReferMThE be

described. wth reference to Fig. 2. First, two shield boxes 100 are

provi ded, KE&anethod islaamassyeemgiondizng deyelapadydpANEAI EREGTROMIGt h L defining an
I nt ernal | ' a I 4 measuri ng
80 i n SeAPRTRyIEVEERPUERT ClrRERE The e AN nlholA) 8o TEEHRET T
conduct or wahirdferdhs:yto Fégl 1 andd. Firktawer shikipyoxesi 0bdre ptovidedp¢aeh siselddored i n  one
side of e shi el d box 0.in nication with the. cavi 1. There is

ot ovi ded 1P tavHigeh (e T BLiPRat GHARE Ah iR BY0e LB B an dal
Struﬁ)turerecéﬁglﬁm%s's&tﬁh%ea&g\ing% f 4%?&;[’?%\?) Q%@Mﬁ&e@h@ﬁ?ﬁqg o that the

openi ngs face 15 each ot her. anp | Spose et ween €ac acepl ate
12 of t hecawity lshcatrdl tomdectorlDB disposedpand stamralyramidhlatiuctoreds firmed/in gasket s

5-5'". Electro etic. es. ar.e generat ed a Si. l...generator .6, and the
power | evEfe §1€§%ﬁ.ﬂg§a@%@§?} h@lﬁﬁgwwﬁ%%‘?ﬂlai% F?‘flg'gﬁ 1}l%ﬁi‘sﬂﬁ(!?r“a?]‘{"é‘it‘r"{"enuat or
7, transnidph@shth@ pbARnI3Nke tHe/ Bl bPétich RPeted PRratriddl diridt@s, osci | | ated from one
of the central conductor 2 to the sanple 4. The EM passing through the

sanpl e 4 i s 20As shovarinFigd, the swe shield bexes arecdispoped socthat dhecansnings ficaiced

i ; . . cted b
Tho 5t t enCAPOHRE A bRt abho bonBa foRFhechla19 of B enF ¥Rk XIS, 20
anal yzer ddinpressed amicsealed thréughdiMhgaskdts 8621 Bledrdmagabtic waves arbegeherbfeyy, the
Sowomen: by e SnBESAR TR o Bl 5 RO SR ARy "

el ect r omagmpy ditemibidt 70 trigkmaRedib iR hputicugft pRABED 8hd thef Bt rdth bife TOKYO

vol . 11 pp800-805, 1984). _ _
of the central conductor 2 to the sample 4. The EMI passing through the sample 4 is

20 transmitted from the other central conductor 2 placed opposite through the input/output
portion 3, and the level is adjusted by the attenuator 8 and a RF pre-amplifier 9 and is
detected by a spectrum analyzer 10 as a received frequency (received level). Incidentally,

( the details of the measurement by the KEC method can be referred to a known document
(E. Hariya and M. Umano, "Instruments for measuring the electromagnetic shielding
25 effect” Electromagnetic Compatibility Tokyo vol. 11 pp800-805, 1984).
The shielding effect (SE) was determined using the following formula:
SE (dB) = 20logE! - 20logE2
where E1 denotes a received level when the sample 4 does not exist, while E2 denotes a
received level when the sample 4 exists.

30 The electric field shielding effect was measured by using a measuring device as

shown in Fig. 2, and the results of the measurements are shown in Fig. 3. In the graph of

Fig. 3 the abscissa shows a frequency and the ordinate shows an electric field shielding
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enbodi mengtructufe, hidtdrdl or Phascdéistid Héﬂdﬂt&@lt{h chritiebtichpieh fhe eabbdithedfi® not
necessarl |y referriﬁ.& to the sane enbodi nent_of the inventiagn. Furthernore,

t he 10par tiné*}lﬂ%ﬁf infap lepstiong emBediment pf the mYﬁlF‘@lP i Hhus, the pppearsnessobitiest i cs may be
COITbI ned H}as%g %ﬁ Hl'otn@mrgq f@?\éﬁglﬁ%{dﬂ Q&Méﬁbﬁm&ﬁkm toge Wiile the

speC|f|c I on escri be certarn exenplary’e |rrents it
wll be aq:mbc&imnait’édr tihat embodimesR id vazidus ﬂad:dsehraughputmmrs:panﬁmhnna@ an

under st andi ng of f.ore r eadi concei v alterations to,

Var ot 1 ontot GRoes sy ok iount S ARt o iRt FuEa: U5l y ot Shou d
be under S}B@ﬁ@hleirfféﬁtur%@ isfructin®s; ln@SdHab, bSchafctekistidd c\éBabInkd id iyt ed to the
illustrative enbodi nents set forth herei nabove. In particular, as used

her dPn, t $véitable manpgrip Anger mepsembedimeptsnges by endpoi nts is intended to

i ncl ude all " des 1,
1.5, 2, 2.75, L\gﬂﬂéﬁ%ﬁ%&%‘qhg&gﬁe&ﬂ‘ dition; ?f"ﬂﬁlaﬁ%éé'%s"%l%% erein are
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have been_ descri bed. ese and ther enbodi nts ar
foregofng, may reayl]y concgive of alterations to, vanrerl%ons of, an % equlvgllents to these

embodiments. Accordingly, it should be understood that this disclosure is not to be
20 unduly limited to the illustrative embodiments set forth hereinabove. In particular, as used
herein, the recitation of numerical ranges by endpoints is intended to include all numbers
subsumed within that range (e.g. 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, and 5). In
( addition, all numbers used herein are assumed to be modified by the term 'about’. Vatious
exemplary embodiments have been described. These and other embodiments are within

25 the scope of the following claims.
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25 the scope of the follow ng clainms. -13 PCT/ US2008/ 056803 | PEA/ KR
29.12.2008 dCdains: 1. A gel state el ectromagneti c wave shielding materi al
conprising an ionic liquid containing an anion selected fromthe group
~consisting of phosphate, phosphonate, phosphinate, and borate, and fine

particles capable of reflecting, suppressing or QUL Rl

el ectromagneti c wave dispersed in the ionic |iqui ?&WO@MWM I C
“wave shielding material according to claimi1, whereIPEASKR va2pe0sticl es
are those selected fromconductive, dielectric and magnetic netals. 3. The
el ectromagneti c wave shielding material according to claim1, wherein the
size of theajainize particles is 100 mor less in terns of a nunber average
particle size. 4. The el ectronmagneti c wave shielding nmaterial according to
any one of clainms | to 3, wherein the el ectronmagnetic wave shielding fine
particles are cdntai nekigélstatesatectnomagnetio wase shieldinguaterisbemnsisingdnon t he mass
of the el egj/: WermNT=1Y) | sSfabt | - g omagneti c wave
shi el di ng ﬁ%‘glggﬁgp%g%@g\r{% %gantﬁj(@ anybgﬁ‘é_ﬂg@@&gﬁﬂafor?gm?&-@@,b%{& ein the ionic

liquid is Zhasphonatephosphings, and and fige pyticlenerpable obreflsetingand is i quid at
25C. 6. AN sghsredshporaB&irbiig Waslectidmaghelicgave dRBErseDiRTthd idhid Jiquidhe

el ectromagneti ¢ wave shielding nmaterial according to any one of clains 1 to
3, and a protective structure which coats and seals the el ectronagnetic wave
shi el ding mat eri2al , aftieklecuiomagnetiawaveshietding material accofdisg & daitr hnagnet i ¢

e Formoa ofieid e BRRRIe i BT cpiER, fisdeliohlhighi® St ructure

metals.

3. The electromagnetic wave shielding material according to claim I,
wherein the size of the fine particles is 100 pm or less in terms of a number average
particle size.

4, The electromagnetic wave shielding material according to any one of

claims 1 to 3, wherein the electromagnetic wave shielding fine particles are contained in
an amount of 5 to 90% by mass based on the mass of the electromagnetic wave
shielding material.

5. The eiectromaghetic wave shielding material according to any one of
claims 1 to 3, wherein the ionic liquid is a salt consisting only of a cation and the anion
and is liquid at 25°C.

6. An electromagnetic wave shielding sheet comprising:
the electromagnetic wave shielding material according to any one of

claims 1 to 3, and
a protective structure which coats and seals the electromagnetic wave
shielding material, and holds it in a sheet form.

7. The electromagnetic wave shielding sheet according to claim 6,
wherein the protective structure is formed of a resin film.

-14-

[ABENDED SHEET(ART 1M1




