2 Septenmber 2004 -1_ M CROMVE ABSORBI NG STRUCTURE This invention rel ates
to a mcrowave absorbing structure or nmedium which conprises a conposite
conposed of donumi n-separated, nancscale (e.g. 1-100 nm 5 Ferro- or
ferri-magnetic particles and an electrical insulator in the formof a
non-conducting nmatrix. M crowave absorbent material s aPeptents 208d ch do
not reflect incident electromagnetic mcrawave radiation. Metals act as
mrrors to these waves, as 10 they reflect incident radiation to keep

their electric fiebswit: RE4aRnIRGZErRuAlryRRe surface. To renove or
decrease such r ectron, a materra st have a haggg depéh of .
penetration so that FheSi hBVERRECRadRARFES EGn® Be CINEEF 8356F =179

attenuated. To fachiewera bargeddant bhich abmpetebsati enmnpostiee al s
conposed of magnetic articles. dispersed i,n a_non-cqndyctive mat,nix can
be used. Furt H&TMPIHE ?%egﬁﬁ?ﬁFéFggaa? eﬁOtnﬁﬁcf5%§5 3%'9fh& fégi§?%nce
of the naterialfdsrd-ncpeasedri Enagnetng phheiahser phidorngedkictirésadf t he

material, the nagnetic 20.pagticles cap be_consideared.gur agtic

oscillators in* a?%éylgbé%?b¥°§To$€,atﬁéﬁ éﬁgfhgﬁé% yag?ggsTferent

nmoments of time aftetidesegvsusbsorbentomanernaidentre wavee Whish do

absorption is stronge a I ti; frequency
for the nateﬂaﬁqtzé%€§ﬁ%% %%%%%%ééoﬁl%§é£§ﬂ%§§§n%%n§§§g??%9%roperties

- such as the aMaﬁﬁaﬁi@n.1Tmatah§-ﬁ§ta§%dmép§@§§ &mi S5eeA WBERAg 86t of

phase atbenual $hedf SEACELS 1181406t deRhs ol R OMBY RS opSURD . FBLELLAL SOOI d

be used™to decréase elecironagnetic Interference) which affect
computers and tfdledsbnifiinieadbnss 2erehitl eheefPEEare -t eFephBREVESeEs from

m crovave radi el dl $9-@Cte Alectisdi Al 2R 2REQ REE:T RAVEOAL LAkLEN]
the radiation pattern in a mcrowave antenna. US Patents- Nos. 3951904,
4480256 and 557eg6h qfgenetration so that the incident radiation can

ke cancelled or attenuated. To achieve a large depth

13 of penetration, materials composed of magnetic
particles dispersed in & non-conductive matrix can be
used. Further, when the particles are not in contact,
the resistances of the material is increased. Erhancing
the absorption gualities of the material, the magnetic

20 particles can be considered gyromagnatic cscillators in
that they absork, store, then emit energy at different
mements of time after being subjected to an incident
wave. This absorpticn is strongest at a natural
ferromagnetic resonance freguency for the material,

25 which depends cn the inherent magnetic properties such
as the anisotropy. The time-delayed energy emission
being out of phase attenuates or cancels the incident
microwaves. Such materials could be used to decrease
EMI (electromagnetic interference) which affsct

30 computers and telecommunications, to shisld cellular
telephone users from microwave radiation, or to act as
a radiation absorber for con rolling the radiation
pattern in a microwave antenna.

US Fartents Nos. 3951304, 4480238 and 55749861, Che

centent of sach of which is hereby incerporatad v
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35 content of each of which is hereby incorporated by 2 Septenber 2004 -2
reference, relate to m crowave absorbing structures, and their uses. The
tee " ferromagnetic" is often used in the art to enbrace materials which
are either ".ferromagnetic" 5 or "ferrinmagnetic". The present invention
may be utilized to prepare mcrowave absorbing struct U 2ePtembgr 2004 ng
Ferro- or Ferri-magnetic nanoscale partict®s. According to a first aspect
of the present invention, there is provided a m crowave absorbing

structure whi chF*EoRPETSEs HSABRSCERITEEFPEE AR Tt F i =eS

enbedded a pl urakityheirspabkal | y- separated ferro- or ferri-magnetic
particles, each of which Earti | es has a_l.argest di nension no greater than

25 100nm sai d parti tFes havi ngSbeER3EFEFaFed By °4 Froldss += WiIfF~*

includes a stepchnembi&betnerpaibil gl @8iaheater eedheirt hifkxgdrangwYic "
macronol ecul ar shell. .. The.mptrix material wthin _which the particles
are enbedded ney* T#EEE%T?%B?th supégﬁtgaeﬁﬁna §3§58#9°ﬂn§ﬁ§égf for
exanpl e to provigel s1édi €beprepage dint ¥rowavehabsbrbihyr etancauseel e.
Alternatively, _the matrix. material _.nmay,.be_applied, or forned on, or
ot herwi se assocT&t et W t$h tﬁﬁrgﬂr?ﬁcgeﬁ¥léﬂaS§Fg&F BREGFERLFe whi ch
requires mcrovguetixtlemuation. Preferably, the ferro- or ferri-magnetic
particles have a | ogests hIm0S! 0n: 000" S8PEL: {BENeRENPEIBE  Preferably
i0 invention, there is provided a micrewave absorbing
structure which comprises a non-conductive matrix
within which are embe&ded a plurality of spatially-
separated ferro- or ferri-magnetic particlés, each of
which particles has a largest dimension no greater than

B 100nm, said particles having beern prepared by a process
which includes a step in which the particles are formed
within an crganic macromoclecular shell.

The martrix material within which the particles zra
embedded may, if desired, be supported on a support

23 member, for example to provide sufficient rigidity to
the structure as a whole. Alternatively, the matrix
material may be applied, or formed on, or otherwise
associated with the surface cof an object or article
which requires microwave attenuation.

25 Preférahly, the ferro~ or ferri-magnetic pérticles
have a largest dimension no greater than 50nm, more
preferably no greatex than 15nm.

Preferably, the particles do not vary in their
largest dimension by more than about 10%, preferably by

30 no more than 5%. This narrow size distribution can
allow the microwave absorbent material to be tuned to a
specific frequency band if desired.

In the present inventicn, the distance between
adjacent particles is preferably as small as possilkle

T

38 to allow for the widest range of racking densities. It
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Preferably, the particles do not vary in their |argest dinension by nore
t han about |0?, preferably by no nore than 5t. This narrow size

di stribution can allow the mcrowave absorbent material to be tuned to
specific frequency band if desired. In the present invenption di st ance
between adjacent particles is preferably as small as %§§@*BWQra'%% to
agl ow for the wi dest range of packing densities. 2 Septenber 2004 --3 is

i mportant, however, that nei ghbouring part?cles are sufficiently

separ at ed fron1each ot her so_as not conduct ically, the |awer

on the spaci ngt®f iMpAStasFai FOWMEYeFho i3> nHEL ‘%%ﬁaﬁbﬁ%ﬁ?ﬁﬁ %ﬁu???
particles my bersfQsesxafblsap ablﬁtfe@ Fom =HRhModisNGo taimncm/ent ion, the
vol une fraction %pack|n enS|t{ varled by c gi_n ticle
size and spacfPBER-ES - ne5§§§§ﬁ} ﬁbrqﬁﬁb 19 ﬁﬁ%ﬁafﬁhgfi t he
nanoparticl es Mﬁéldg@agggeﬁglbbth spmmﬂ(mﬂeISEdﬂﬁﬂhioﬂ mfwhﬂﬁh case t he
| ar gest di mensi on refer to_the dia ter of thelfqbtlc g3 S

#fd |n ch

ci r cunstances, D%¥5é¥£ﬁ§rWP€l o EHR 0PGBS Sitay o & © &
case the size @ﬁetbﬁvaﬁttbgleshesvoﬂeherfe¢GMQqn1MEK#&1gfdﬂmaJﬁﬁbest

di nrension. 3.5 As a result .of, the,process | e Le s fPrmed, each
of the ferro- ‘B‘T‘Yflé‘?rV FaGRetP¥ SAPFR f%gs t?%és\g%r#p'lctagl élgt gs)t partially

accommodat ed Vté, ﬁngn aarganessaugr&mwlebaldﬁsunethEQ&bsémnéMR t he
m crowave absor

‘siill acconnndatedgﬂﬁ #%5 retﬁf EQEQPQ%@EE&%@ 201608 Lsesdaha yparti cles

ani'c macronol ecul es wi't hin whi'ch they
are formed. T%mﬁexnealngnoahape p&ﬂthﬂG@ casiebitte dGFoesst FemeRdd on

oxidation, alsp el pipg.lbemhg B?caﬁ@'gghrno%eﬁﬁreato%d't@.r&de congugimee! ¥
di sconnected. TH 1 Hi 3 enbo I ment organi c nacronnleculig shel | may
be functional isEtkysepances, other partlcle morphologies may

established in which case the size of the particles is
referred to in terms of the largest dimension.

13 As a result of the process by which they are
formed, each of the ferro- or ferri-magnetic particles
is initiaily at least partially accommodated within an

rganic macromolecule. In one embodiment, the
microwave abscrbing structure of the invention

20 comprises the particles still accommodated within the
organic macromolecules within which they are formed.
This coating on the particles inhibits aggregation and
oxidation, also helping them to be demain-separated and
conductively disconnected. In this embodiment, the

25 organic macremolecular shell may be functionalised (see
below) .

In another embodiment, the organic macromolecular
shell is removed to leave the nanoparticle itself. In
this embodiment, the protein shell can not be relied

30 upon te isolate particles Zrom each other. t is
necessary, instead, to ensure that the pérticles are
dispersed in the matrix in such a way that they are not
able to contact with each other. This may be achieved,
for example, by a process in which a mixture of the

35 nanoparticles and particles cf a binder ars spray



bel ow) . In another enbodi nent, the organic macronol ecular shell is
renoved to | eave the nanoparticle itself. In this enbodinent, the protein
shell can not be relied 30 upon to isolate particles fromeach other. It

IS necessary,
matrix in such a way that they are not able to conta

i nstead, to ensure that the particles 2{§E3(ﬁ persed in the

g5t her .

This nmay be achieved, for exanple, by a prpcess i n which a mxture of the
35 nanoparticles and particles of a binder are spray 2 Septenber 2004 -4

coated on (02 sybsiacte LHeLeRY-LOLOLAOCSLULY FBLLKJ AVEE copLatnig

the nanoparticles supporte
the organic ri

strate et a

o AYET neerbabriegl ahe sﬁenpoﬁﬁylseegaﬁb@@pz@@dx onperoviide ca

carbon | ayer sugpoundifg a nanoparticle core. In this enbodinent, the

carbon | ayer

is sufficient to conductlvely i solate. particles in the

matri x. The term nackRrveecdl EreRrer npBRICaTABF ectihe, ©spanig assenbly of
mol ecul es, and YRV BeBuRL eERb BT MOV OBE c8EnbuRi2BA0KD, phyRkiagl by |ess
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| east part
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The macromolecule should be capable of

accommodating or at least partially accommodating the

ferro- or ferri-magnetic particle, and may therefore
comprise a suitable cavity capable of containing the
particle; such a cavity will normally be fully enclosed

within the macromolecule. Alternatively, the

macromolecule may include a suitable opening which is

not fully surrounded, but which nevertheless is capable

of

rzceiving and supperting the magnetic particle; for

example, the opening may be that defined by an annulus

in

Qr

the macromolecule.

Suitable organic macromelecules which may be used
the invention are proteins having a suitable cavity
opening for accommodating a nanoscale particle.

Presently preferred is the protein apcferritin (which

is

ferritin in which the cavity is empty). However,

cther suitable prcteiﬁs include, for example, flagellar
L-? rings and virus capsids.

The ferrc- or ferri-magnetic material may be a

metal, z metal alloy or an M-type or spinel ferrite.
The metal, metal alloy or ferrite may contain one oz

more of the follewing: aluminium, barium, bismuth,

cerium, chromium, cokalt, copper, dysprosium, erbium,

eurcpium, gadclinium, holmium, iron, lanthanum,



in the invention are proteins having a suitable cavity 25 or opening for
accommodati ng a nanoscal e particle Presently preferred is the protein
apoferritin (which is ferritinin which the cavity is enpty). However

ot her suitable proteins include, for exanple, flagellgi L-P riqﬂf and
virus capsids. 30 The ferro- or ferri-magnetic materi 2 S¢pigmber 2004ret a1 | a
netal alloy or an Mtype or spinel ferrite,c_The netal, netal alloy or
ferrite may contain one or nore of the fol?omﬁng: al um nium barium

bi snuth, ceri ungtehiom URbngaRakE, &ORRBHEeAUWSPLRSIAM; ?rfbirgi.or%c 35
t embér

eurotium gadolini.um hol m..iron, lanthanum 2 Septe -5
| utetium nangdﬁﬁ?%&hﬁbl9%&2ﬁﬁﬁ?mne839hﬂﬁﬁﬂ'nPEEéFPdﬂmhﬂmuuﬂrqmﬂqhﬂﬁmun

pl ati num pr asendy:dium, psogehbiuf) , tesBiBM, UThuSELAN itdMafi@mPi um
nd.yttrium The netal, nmetal 5

thulium titaniu vanadi u tterbium and, I

all oy or ferriﬁ?tﬁ%ﬁ%?abY%E%E%%B?nSaEHLYbFr Pe of *PReMeLaHl oWeHg:

cobal t, Bron ardlmixcket. férrine prdperabby obnthensi @h@w@&emé%%fﬁti NGe
ot herw se

structure of t i [, on, particles.are , accommodat ed or
encased mﬁthinqﬁﬁéﬂ%ﬁ%ﬁ 1dc3é£§%tr%ﬁ%?e%% é?15¥3ierably protein coating,
that 15 inhibits agdiregend exmizoritimeaidatf orhe anticnbivebe abbgorpiayi des a

ur f ace “nﬁ;cﬂe%é‘*ﬁq%ﬁﬁfe% FEenn, SR TRt s B8 uhi cn i s ¢ hen.
al l oved to har 8efcgm _‘{Ede ®H qrherwiess iensdddd nvithhth theecpastiel es are
chosen 15 pref CESEOTRUctl, EraRe il ot & (KON PaRdE. “or a metal
alloy; or an MPppblis regrecatims mresanidatiam. amdodiigr eibsabl y nakes
use of provides a surface which can be functionalised. For
example, functionalising the surface may hélp the
prptein to be dispersed into a liquid which is then
allowed to harden or cure to form a matrix within which
the particles are embedded.

In this embodiment, the ferro- or ferri-magnetiec

1733
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material chosen is preferably a metal, such as ccbalt,
iren, or nickel; or a metal alloy; or an M-type
20 ferrite.

The present invention most preferably makes use of
the iron storage protein, ferritin, whose internal
cavity is used to produce nanoscale magnetic particles.
Ferritin has a molecular weight of 400kD. Ferritin is

25 utilised in iron metaboliém throughout living species
and its structure is highly conserved among them. It
consists of 24 subunits which self-assemble to provide
a hollow shell roughly 12 nm in outer diameter. It has
an 8 nm diameter cavity which hormally stores 4500

30 iron(III) atoms in the form of paramagnetic
ferrihydrite. However, this ferrihydrite can be
removed (a ferxritin devoid of ferrihydrite is termed
"apoferritin') and other materials may be incorporated.
The subunits in ferritin pack tightly; however there

33 are channels into the cavity at the 3-f0ld and 4-£214



the iron storage protein, ferritin, whose internal cavity is used to
produce nanoscal e magnetic particles. Ferritin has a nol ecul ar wei ght of
400kD. Ferritin is 25 utilised in iron netabolisn1throughout living
species and its structure is highly conserved anong consi sts of
24 subunits which self-assenble to provide a hollow %g?ﬂteﬁ“bﬁb?\‘?%' 12 nm
in outer dianeter. It has an B nmdianeter cavity which nornmally stores
4500 30 iron(ll1) atons in the formof pardmgnetic ferrihydrite.

However, this ferrlhydrlte can be_ renoved (a ferritin devoid of
ferrlhydrltelsﬁﬁ%ﬁned 3aﬁﬂ?é?FF%YnPFeéﬁErﬁgh@ﬁcﬁ§F€Fﬁ§P§enE?Ibése in

incorporated. the salbewmtisoni ﬂsfehél Epﬂf@&%‘ithh@@‘r’o&ie howeveh higre 35 are
channels into the cavit 3-fclLd_and_ 4-fc¢' 2 Septenber 2004 -6

t
axes. The presémiyFHpre ea]?%don’aﬁ?o | 8B énf g,lagzgge,rn the ERYERTI BF is
t he apoferruturfgxxﬁfmdgmﬁmba ﬁ@ﬁtﬁcleavtbyb@fabbem@bdﬁteafw$aﬂhhnthws
di aneter .. The ferr.o- { etic artlc g gcconmmodat ed
within tRis 5 [ﬁ%ﬁrﬁjﬁlvﬁlﬂ ﬁé?/‘ée d&%\ﬁ@? rqutsf-i %’8%1 SAM A7 di anet er,
as ;he p{otelndzﬂmeﬂexucﬁstthagpnmhaﬂnte?? staegeh parafebﬁmbaaﬂeoae 8nm
in dianmeter r n hY; in r rates
I nvertebrates, %ﬁ%§1 ﬁgggmﬁié éé# gﬁ%a Br i3 d%?mégg *~a al so be
pr oduced synthet|cquxritxnmﬁanehwwﬁmun@tn&éuhalmyesn Gachebyatbejic
forms may be i al , ug al's pOSSIb|e
to synthe5|zeqﬁﬁ%fﬁgqééﬁﬁév;PI%§%§1If&§$$s ¥é%%?% t aé{%@%% g?
char act &Pi st i c adfschdienprsiucad simumbicabla hrpushi meombimmt hei r

internal cavitytechi8 i Of dildn %@@w%nﬁg%éy%@e&r ént OLLP OF
ferritinis contenplated within the gresent I nventTon e non-conductive

matrix may be F&ENERLIFa hprmsmg R 1§ s carporetsibiy o ed to
formthe so makkithelsdizeeniitile & J¥mslasnieh abi Bl syl bee GNP fipd

essential characteristic of being akle to accommodate =

15 particle within their internal cavity. The use of all
such natural and synthetic forms of ferritin is
contemplated within the present invention.

The non-conductive matrix may be formed in situ.

For exémple, the compenents reguired to form the ‘

20 matrix, for example a binder material, may be combined
with a source of the nanoparticles, and spray coated as
a liquid suspension on to a substrate, the coating then
being allowed to solidify. Ancther possibility is to
provide a hardenable or curable liguid in which the

25 nanoparticles are dispersed, and which is then allowed
tec harden or is cured. Prior to hardening, the liguid
may be formed into a desired shape, such as a fibre
which may, for example, be woven into a fabric or
combined with othex fibres, such as Kevlar fibres, and

3¢ then spun to form a desired material having superior
strength and microwave abscrbing properties. As an
alternative, prior to hardening, the liquid material
may be applied to an inert surface, for example by
spraying or painting. One example cf a suitable

33 curable liquid is a hardenable resin such as vinvi



with a source of the nanoparticles, and spray coated as a liquid
suspension on to a substrate, the coating then being allowed to solidify.
Anot her possibility is to provide a hardenable or curable liquid in.

whi ch the 25 nanoparticles are dispersed, and which is then allowed to
harden or is cured. Prior to hardening, the liquid ned/S¢ttemben24nto a
desired shape, such as a fibre which nmay, for exanple, be woven into a
fabric or conbined with other fibres, suctyas Keviar fibres, and 30 then

spun to forma desired materi al haV|ng superlor Etren gth and nlcromave
absor bi ng pr op&iasids CASCRAXY aF 68 Rat | YERSFr FEFSL6LRaPABRLAGS tREL PP&Uld

material may Q%Eﬁﬁ%gfﬂhﬁétﬁwhlﬁ@iﬁr§yr5§0§grfﬁét§&a”p|e by spraying or
painting., One exan%;e of a suit %%e 35 cu le liguid is_a hardenabl e
resin such as vinyl PSARRDRTCSHHAS- "V‘aYe BnPBEPRPERYEY €8) RECEEREr 17

possi bl e matri ¢es dmd utespenbbes sof Whigd heggaal dr ahcobmsyathdeic. The
Or gani ¢ for omSRRARRILE 18 i ATy PHE dReah Boube neaT AR T S L BROT ned i ¢ h
a source of i cemrafe tde :aqsxmoqaf itthe appabpoizpetatsabhorhmetslsowhdnhri se
or consist the. nano article. rnatlye [esen Iy | ess preferred,
the source of *ffet ﬁpqoﬂ%r:ﬁ?‘a?/%% %F%slé#/ 'Il'ﬂnesxgés%%ﬁ%lgn B which a 10
sour ce of orgaAkmanmahmnﬂkyunbutspzahﬂmtlﬂ?&£m$xpn&é&xﬁe@rg@heosource
macr onol ecul es %ng_l taI 3&{%&@%@ pe g . hogogenization.

e

Wher e t he nanopar e s nen'a ne al; a reducfion is
ef f ect edlp prefepaﬁbp Qﬁsqnﬂkleuma¢ﬁ9m0l@®m%$hb$eadéﬁdthe suspensi on

wher eby nanoscal e éqfé‘ﬁiféE WM hdet Ao PEO/U S ad@ChOID] ecul e

cavity. Were the nanopartl errlte an oxidation is effected
wher eby the fefPriSemayames iEHERd %9 EPHIEE MATREETH 23 HIR  he or gani ¢

Where the nancparticle is to comprise the
elemental metal, a reducticn is effected, preferably
1s under an inert atmosphere, on the suspension whereby
| nanoscale metal particles form within the organic
macromolecule cavity. Where the nancparticle is a
ferrite, an oxidation is effected whereby the ferrite
nancscale particles are formed within the organic
20 macromolecule cavity. The reducticn/cxidation step may
be repeated between additiocns of metal ions (which may
be the same or different in each cycle) to build up the

nanoparticles.
The resultant suspensicn may be treated to remove
25 particles not accommodated with a macromolecule, for

example by a dialysis technique. The encased
nancparticles may then be isclated, for example by
magnetic separation or centrifugation, priorltc
formation into the desired microwave absorbing

30 structure as described above.

In scme embodiments, tha macromolecule casing may
be removed to leave the nancparticle without a coating.
For example, where the coating is a protein, this may
be denatured through, for example a pE change and the
denatured rrectein material removed by, for example,

i
U



20 macronol ecul e cavity. The reduction/oxidation step may be repeated

bet ween additions of Metal ions (which may be the sane or different in
each cycle) to build up the nanoparticles. The resultant suspension nay
be treated to renove 25 particles not accommpdated with a nmacronol ecul e,
for exanple by a dialysis technique. The encased narfopeitembee200ay t hen
be isolated, for exanple by magnetic separation or centrifugation, prior
to formation into the desired mcrowave absorbing 30 structure as

descri bed above In sone enbodi nents, the ma@ronol ecul e casing nmay be
renoved to | eave the nanoparticle without a coating. For exanple, where
the coating is @gy%?éﬁghcif&étﬁ&ﬁﬁugﬁtﬁ@matured t hrough, for exanple a pH
change and the 2Z_ denatyred prqtein ri renpved by, £or-exaspl eec?
Sept ember 2004 -8 d éF&§¥§h%? %éh?éﬁ?? gaii%%?. gy ?%Tg%her enbodj ment s,
the casing may he Sﬁ:duicmf v requ osdateing ot HoRS coRt FHE R t het pani'e! es.
This may nost preferably b o) | pﬁgj SPENS Hebyi da ldser
pyrol ysis. Howe®&S® Hea{%%%%cﬁgp#sé |‘s§(}fe:1c%le_ffﬁ‘f%%§t i cl e,isz_gndﬁ_,;}gen
car boni zest he prteilysiel | Hdwavemxamplal WrawatThe-1 2 YUt rack, “prior
to formation of ‘the desir ) 1Y St urenasl deser i bed
above. 1,0 In apﬁrré-'flé:ﬁ‘reesd agﬂsbo@&féﬁfg\r?a\%&?ﬁ% lp:)ﬁr eseﬁn‘:. i vegtt ion. the o=

or gani ¢ macr onokeaampd & yageaing iin W@WQW%%&% ey e ut |;;i zed
inthis preferr ' 1 GBS Negi s tahidr e aenrsirigied he
Is ferrihydri te%g‘gr gg%g?ﬁhe*c%ﬁé)f erritin &Pn aqueous solution, the

i ncorporation otbbewer.o- or ferri- nmagnetically ordered netal particles by,
for exanpge, ' In a preferred embodiment of the present

. : ' 1 ] 'F‘V'. -1-
ijmvention, the organic macromcleculs is apoferyritis

mhe following methed may be utilized in this preferred

embodiment.
The process begins with cthe removal of the

ferribydrite core from the native ferritin in agusous
solurion, the inceorporation of ferro- oI ferri-
magnetically crdered metal particles by, for example,
sodium borohydride reduction of an aguecus metal salt
solution into the ferritin gavities, which nay be
followed by the generaticn of a
distribution through uls :
dispersion of the partic
resin, from waich the desired migrowave absorbing
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structure may be formed.

A metal alloy core may be produced inside t:
apcfarritin protein by sodium berohydride reduction ©
Other
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2 salection of water soluble metal salts.
reduction methods include carbon, carbon monoxide,
hvdrogen, nydrazine hydrate, or electrochenical.
Similar reacticns may be used for the production cf
Alcernatively, a

L
(9]

rare earth/transition metal alloys.

suirtable scluticrn may ke oxidised <o vield an M-iype or
. . ISP

spinel ferrite core. Oxidation may be chsmica.l oz

L8
4

far

alsoryochemical re yield the metal fer
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sodi um bor ohydri de reduction of an aqueous netal salt solution into the
ferritin cavities, which may be 2 u followed by the generation of a narrow
size distribution through ultracentrifugation, and the dispersion of the
particles in a non- conductive epoxy resin, fromwhich the desired

m crowave absorbing structure may be forned. 2 A net & Seitembex2d nay be
produced inside the apoferritin protein by sodium borohydride reduction
cf a selection of water soluble nmetal salts. Qther reduction nethods

i ncl ude carbon, carbon nonoxide, hydrogen, -¥ydrazi ne hydrate, or

el ectrochemcal. 3" Simlar reactions nmay be used for the roductlon of
rare earth/ tran&WUJmtanazﬂ=nﬁd«nnx 7o xek iadgveryc a2rsiFiapyYeossl ution
may be oxidised Lo ald A Mdpe A g apieed rfhéescﬁrﬁelnﬂrd@itﬁéfﬂﬁy

be chem cal or rochémcal to yield the ferrite, .
detail, the protemnﬁamﬂmﬁm11|%iﬁhﬂ&£h(ﬁ5:F%ﬁ&@%nﬁ%?v?ooﬁhlé éﬁc?%@%ba

farro- or ferri-nagRQLLE AL Gle WMRIGrd 36 Qﬁ@lcﬂééfﬂﬂﬁl@dﬂ iBoltnised by

the s nminner diranmeter ¢y ferritin (alth h as d above this is

capabl e 0F fl exiEagmesesdcomivdaPerar %pP¥% Tﬁ)tf+€$r b 5
diameter). The pa%hb%& 83 MR Feeduesd ﬁlﬁétc$we ten@weh@ dpeféerithydrite
core to yield apo

ot um Bcet at o' SBRUTRY Hen a!g%%ag? R e T L M

using, for exaﬁpheetb*&boglonmlm &Qﬂdtrrrw mﬁ@meﬁﬂam r ehedec tines

ferrihydzite core, This be |_owed b J ensgd Si st
sodi um chl ori de CESFEFPER %818§Wp%§Féﬁfamlnnﬂa § d%%y f%r??ﬁ? rl?é

care frona§olut|Qgedon@erbhevapnherfamnlhxﬂqwnnhﬂﬂﬁﬁ mefriet iTRY gef ti cl es
are Incorporatedflglga%dfgll%@%@%t@%yﬁaéﬂyézs against a sodium chleoride

scluticn te completely remove the reduced ferrihydrite

core from solution.:

Once the apoferritin is produced, magnetic

particlés are incorporated in the fqllowing ways. The

[
i

first ig by reducing a metal salt soluticn in the
presenbe‘of apoferritin. This is performed in an inertc
atmosphere to protect the metal particles from
oxidation which would lessen thelir magﬁatlc propertiss.

235 A combination of metal salts in soluticn can also be

raduced to generate alloys, ©r precursor materials.

Another method is to oxidise a combinaticon of an

iron(II} salt and ancther metal salt.’ This gives a

metal farrite particle which does not suffer negatively

from oxidacion. The metal salts which are beneficial
include salts of aluminium, barium, bismuth, cerium,
chromium, cobalt, copper, dysprosium, erbium, eurcplum,
gadoliipium, holmium, iron, lanthanum, lutetium,
manganese, molybdenum, nsodymium, nickel, niobium,

30 palladium, platinum, prasecdymium, promethium,
samarxium, strontium, terbium, chulium, titanium,
vanadium, ytterbium, and yttrium.

While the production procsdure detailed uses
n ferrizin, this invention

[ 19
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first is by reducing a netal salt solution in the presence of
apoferritin. This is perforned in an inert atnosphere to protect the
nmetal particles from oxidation which would | esser their nagnetic
properties. 20 A conbination of netal salts in solution can al so be
reduced to generate alloys, Cr precursor naterials. AnRembelMd is to
oxi dise a conbination of an iron(ll) salt and another netal salt. This
gives a netal ferrite particle which does not suffer negatively 25 from
oxi dation. The nmetal salts which are beng{bgial i ncl ude salts of

al um nium barium bisnmuth, cerium chromum cobalt, copper, dysprosium
erbi um Sur oPldlleg gadqld i 4 o ol M LiRret£ OPrat 0] hgDatits | ufehgiim
manganese, nol'ybdendm_ neodym um ni ckel, nLoblg C palladiu QLgtlnum
praseodyni um ypRGEst.hikAR L eEShtmrfangVeR rohtFint P%?B?ﬁ&? %%%?Tﬁ%?*“
titanium vapadiUMeydd erbium and yttrium Vhile the production
procedure detailed uses  native horse sgleep fﬁ%réé&£&t%§@§ Lavention
shoul d not~ 35 be J€erF-Dis |IMFLF P tFRE Sourte. *FEFFTiFR can be 2

Sept enber 2004 HQuRd A hekaid edifl@ped | twef slebicd s, a phagnatitungi,

yeasts, “bacteria, or. even prqduced thrpugh reconbj t.t Seal N
this inventi oB3rGACISH qq@‘%&%a‘?ﬁ%@%@u ?glﬁlf elrsriif?%gb%ﬁ nggxgrrp%g‘ge%c‘t 0
fabricate a mpgneeilectPadini elédrofigh entipsulatzen, iBTrishata¥rro€an be

enhances t he. RRBARSRESITY G (HE e ST et

material to beahi BedowOtie anispenvdve dpsophenty MRFRFIFL dediPedtIVRen

e conbern 1 85t Re SRR b r ST e aneti £ part ol &s.

M crowave absor bi ngiveat @ricusinm RN ERRAF HE HYHESF te¥pettt ures such

as 400 60000 RE%Eé"}%QreeMbﬂ{g ndtdrials, one concern is the
temperature characteristics of the magnetic particles.
Microwave absorbing materials can ke subjected to high

15 temperatures such as 400-600°C near the exhaust of a jet

engine. At such temperatures, nanoscale particles can

become superparamagnetic. Superparamagnetic particles

are those which have permanent magrnetic dipole moments,

but the orientations of the moments with respect to the

exystallographic axes fluctuate with time. This can

cause a decrease in the cancellation or attenuation

(8
P

performance of the material. By selecting the
materials incorporated into ferritin and the non-
conductive matrix, such temperature and absorption

258 characteristics can be addressed.

Scome specific applications in which the microwave

absorbing structure may be used are as follows.
Cell x ones. A coating may be provided on the
front of the phone which attenuates radiation which

30 would normally impinges on the head.

Radio-frequency (RF) noigy electronics. As
microprocessors get faster, they generate narmenics
which are in the microwave range. This ncise may
interfere with communicaticns cr vice-versa, and an
at-enuative case comprising a microwave abscrbing laver

ta
in



engi ne. At such tenperatures, nanoscale particles can becone
super par amagneti c. Superparanagnetic particles are those which have

per manent magnetic di pol e nonents, but the orientations of the nonents
with respect to the 20 crystall ographic axes fluctuate with tinme. This can
cause a decrease in the cancellation or attennuation Z2p¥emhenz®4of the
material. By selecting the materials incorporated into ferritin and the
non- conductive matrix, such tenperature and absorption characteristics
can be addressed. Sone specific applicationstin which the mcrowave

absorbing structure may be used are _as follows. Cellular phones. A
coating may be pRoIFaRTIBRCEh#LtEY SHE SV o MEXWR ¥ adtuadnifaties

radi ation whi chcsmpQbkésnekmplryestirnga fhdde head. a o-frequency (R)
noi sy electronics. As.microprocessors get faster, they generate harnonics
Whi ch are in the m CLOREGESIEASaEErRAs RAFIRE; FmEBcRer® WY Fatens
connunicatigns ﬁF.vjfsiﬂeﬂsa,Taadﬁg&rawamd(awﬁﬁﬁbe& g&sﬁhﬁomﬂfs%ﬁmg a

m crowave absorjping |ayer 2 tenher 2004 in cordance with the

Tnvent | on my. He-VETLABT e ™R % Do BREa 8PS GP RTacases, (oae FAgeas 158

M cr owave- ant erpete; eRef bneacmicsowade totESrRatent No. 3951904. The

m crovave absorber ofnlhe,pegsenh §:4RYER kAN (TRY RE USRCLLOL EaDLLAL! | NG
the radiation pattern in a mcrowave-antenna. e invention~wi OW be

i | lustrated by Sefitenreconparyiingecoapadima§ingosxkimpilesng exanpl es
EXAVMPLE 1 10 Thisgaggpi e illustrates the preparation of apoferritin from
horse spleen ferritin. Apoferricin _was prepared fromcadm umfree native
horse spPeen ferri tT-yesrapleisllversatrar thei phecanatden of 10-14 kD)

agai nst sodi UmageHeatel 15l Ut o hérde Mphubheredratin, Apoferritin
was prepared from cadmium-free native horse spleen
- ferritin by dialysis (molecular weight cut-off of 1¢-14
kD) against sodium acetate solution (0.2 M) buffered az
13 pH 5.5 under a nitrogen flow with reductive chelation
using thicglycolic acid (0.3 M) to remove the
ferrihydrite core. This was followed by repeated
dialysis against sodium chleride solution (0.15 M) tc
completely remove the reduced ferrihydrite core from
20 soluticon.
EXAMPLE 2
This example illustrates the preparaticn of iren
metal within apoferritin. The apoprotein was added to
a deaerated AMPSO/scdium chloride solutien (0.1/0.4 M)
25 buffered at pH 8.5 to give an approximate 1 mg/ml
working sclution of the protein which was heated to
6§0°C. A deaerated iron(II) [for example, as the acestats
salt] solution (1 mg/ml) was addad incrementally such
that the total number of atoms added was approximatel
30 300 atoms/apoprotein molecule. This was allowad to
stir at room temperature for one day in an inert
atmosphere. This was followed by reduction of the

33 each surrounded by a ferritin shell.



15 pH 5.5 under a nitrogen flow with reductive chelation using

thi oglycolic acid (0.3 M to renove the ferrihydrite core. This was
foll owed by repeated dialysis against sodiumchloride solution (0.15 M
to conpletely renove the reduced ferrihydrite core from 20 solution
EXAMPLE 2 This exanple illustrates the preparation of 2 September 2004ni t hi n
apoferritin. The apoprotein was added to a deaerated AMPSQO sodi um
chloride solution (0.1/0.4 M 25 buffered at pH 8.S to give an
approximate ? ng/m working solution of theJ®otein which was heated to

60*C. A deaerated |r02%%ﬁ% [for exanple, as the acetate salt) solution (1
my/ M) was added EZR&F ally such that the total nunber of atons added

was approxi mately 30 90Q AtQnB/ARORS .10l s _al | owed to
stir at roomte era ure far onegda&q‘?’%l ar?IE%nsg??Je ,%%ga%avg o1/ CIR3LE
foll owed by reducf Yi tie appéﬁr(rmt)msarrﬂzwampmm bmmkg&&acﬂe:cbca

iron (0) netal. d&faerﬁtaal appeduat ] wirgkded ga g0 &:Qgtofcafw—ad %{} I%% U? Q{G‘Ets

35 each surrounded a ferritin shell. 2 Septe
Thi's exanpl e |IIﬁ%Y?a?EsaPH§°§F@ﬁaFabl6ﬁ/@ﬂ Uﬁﬁkpﬁglﬁﬂkﬂthmnlmﬁ1the

apoferritin. Thepapo®intehmchaﬁaﬁdﬁédtéﬂ 8o dga@raheﬁeaéﬁaféasgbﬁgﬁﬁtkgn
(CGB M buffereg g% Fgaﬁi tﬂ've agprog
PRATRIGN fsCRBatEacRoE45AEE | ASQREELRFOd o A w(am)

sol ution of the
[for exanple, asaddwmdalmtmemesvillysshchionafOchd)tpal AddBEr of atoms

500, ot ot/ apapr red iead (R ERRINETS a00 A SRR = BoeEPrF LA, moRrauLe. )
t enper at #fe for BHeE Wrriraliewed i terstiat mspheie. tdhbaraearé okbovnedeby

reducti on of thehos_gbq_z{ (did ) irsaht WAk saiumwbor ohydxide, |t gegobgl t (o)
metal. The final %Lctlon of the cobalt{II) i
salt with sodium
berohydxide to cobalt(0) metal. The final produch
vielded a soclution of cobalz particles, each surrounded
13 by a ferritin shell.
EXAMPLE 4
This example illustrates the preparation of a
metal alloy such as yttrium cobalt (YCo,) within
apcferritin. The metal alloy followed the same
procedurs as Example 2, but using a 1:% ratic of
vetrium(ITI) [for example, as the acetate salt] to
cobalt (II) [for example, as the acetate salt]. The
final product yielded a solution of yttrium cobalt
particles, each surrounded by a ferritin shell.
25 EXAMPLE 5
This example illustraces the preparation of a
metal alloy such as cobalt platinum (CoPt) within
apoferritin. The metal alloy followed the same

9]
Ca

procedure as Example 3, but using a 1:1 ratioc of
platinum{IiI) [for example, as the acetate salt] to
cobalt {IX) [for example, as the acetate salt] and a
higher pH (5.0). The final product vielded a solution
of cobalt platinum particles, each surrounded bv s
ferritin snell. -

35 EXAAMPLE €

£
£



yi el ded a solution of cobalt particles, each surrounded 15 by a ferritin
shell. EXAMPLE 4 This exanple illustrates the preparation of a netal
all oy such as yttriumcobalt (YCo5) within apoferritin. The net-al alloy
foll owed the 'same 20 procedure as Exanple 2, but using a 1.5 ratio of-
yttriun(I11) (for exanple, as the acetate salt] to cobstptember Q0o

exanpl e, as the acetate salt). The final product yielded a solution of
yttriumcobalt particles, each surrounded_by a ferritin shell. 25 EXAMPLE
5 This exanple illustrates the preparati oi*df a netal all oy such as

s procedure as Ekangl eeamebal aEinbaes | Bha By anta o bindn i 1)
Cfor exanple, asetéae fertate sath)akocobabal E€kk)clfl dCooxpam, e, washtine

acetate salt] and. a..pigher 9.. The final;.pr.oduct vyiel
sol ution of C%‘I‘J‘é f“b?é?‘g"ﬁump%%%t?%?é%?t%é%hwéﬁr rgg‘ﬁi%gegob;a/ §‘eaﬁg§r%|et%i z
shel | . r 3 5 EXAE3Qseusephobhide 200t 18nTHPs1éRanpMe bufdetredt as t he
preparatizon of ay 4 alof wéta%s%i%&@f-rﬁgééli hEVELL G F Wikt h=n
apoferritin. Tﬁeﬁ apopr ot e?n. was added t%) a deaerg{ea_ z%/g%ggsg'é%%nl%
chloride sol uti%n YiE BIPWRN) Wikslk e deeatol BO56D & gi Ve deRagAfeki mat e
1 g/ rni worki RIS 48 B @dbd e Prot pidy Wikshoy@s hgated LeePR:6 - A
deaerated sol ut i,0 of cfobaltgl) Eor exanple, as the acetate salt] and
iron (11) [for %éﬁpl%‘, asAhe | TrRXETR bhat 25 sbPE | 2FACRIYAL i 0 of 1:2
was added 10 i peneeiveldalmnd sel egdd kelys oxidived asdea@ trimathylam ne.
The 11 nab Product Whelded 1 SOl I Oy BRI L J f1 1AL, PATy ol es. each

trimethylamine. The final product yvielded a solution

of cobalt ferrite particles, esach surrounded by a

ferritin shell. '

EXAMPLE 7 7

13 This example illustrates the incorporation of the

product of Examples 2-6 into a non-conductive matrix.

The product of Examples 2-4 was freeze dried, wmilled,

then mixed and dispersed in a volume ratic of 1/1 with

a two component epoxy resin and applied to a surface.

20 The final product yielded a microwaves absorbing medium.



ferritin shell. EXAMPLE 7 15 This exanple illustrates the incorporation of
the product of Exanples 2-6 into a non-conductive natrix- The product of
Exanpl es 2-4 was freeze dried, mlled, then mxed and dispersed in a
.volunme ratio of 1/1 with a two conponent epoxy resin and applied to a
surface. 20 The final product yielded a gicr owave abs@rSrptembad2ih 14 2
Sept enber 2004 CLAIMS 1. A mcrowave ab&or bi ng structure, which conprises
a non-conductive matrix within which are enbedded a plurality of
spatially-separated ferro- or ferri 5 magnetic particles, each of which
particles h | ar gest di nmension no greater than 100nm said particles
havi ng been&%}'@%ared by a process which includes a step &[1 whi ch the
particles are f Ld by QREaRE Cw cofplies alnan-cohdidtive mnatiixr onave
absor bi ng g‘rrué‘?[}ﬁ%gg\gg%gﬁdﬁawgﬁ%o cl a?m‘ﬁlﬂ,mv\herel\i n the Ferro fern 10
magnetic parti ahiesin aveh @re kmbedded agilvrahiti ofrspalp 'gr%ﬁ%féwdffrﬂa%‘ %3%%‘ 3. A

m crowave absorbing structure acgogdi { L &ﬁﬁ‘é’ 1 or
ferri- Aagneti dN3fRcHE E?‘E‘Qlteﬁ’aﬁ?éh QP Wh’%@gw'%ﬁn%%g:j%%ﬁho grngig?er ﬁ%%?%lm
15 4. A mecr O\A/al\b@nab%§gmle§%ﬂﬁggé@ meparedibng prazess whinh inclglesa s@p in
wherein the ferro- or rn-magnetirc particles not var ir] t@lgllr | ar gest

di mensi on by nosigch trerpastindest are iaxwdyvrmme%w&\r%“a%%%‘f B %tructure
according to claiml1, 2 or 3, wherein the ferro- 20 or fern-nagnetic
particles not vary in their |argest dinmension by nore than about 5% 6. A
i crovave apsor PiNgowabGbdskiing Seaitte agcdraingny clire d ewhergindbe ferro-wh & n
each of theé fern- or ferro- magnetic particles is ccogg%gat ed within the
or gani cig25 macrmagrictic phaicldshayha {iREShAmension g SIeRieT tha ‘crowave
absorbing structure according to any one of clains 1 to 5 wherein the
organi ¢ macronol ecul ar shell has been renoved to | eave an uncoated . .
nanoparticlg, 3R pfcrofvave absitbing sebcorbicogdingtactaimd, whersingtha dert ey A fsone

of claims 1 to 5, wherein the organi S macr onol ecu.tul E{h sgﬁk& has been
carboni sed to pmagretic partisiasthane p larasst AmEnSWRNGi B Whbparticl e core.

15 4 A microwave absorbing structure according to claim 1, 2 ot 3, wherein the ferro-
or ferri-magnetic particles not vary in their largest dimension by more than about

10%.

5 A microwave absorbing structure according to claim 1,2 or 3, wherein the ferro-

20 or ferri-magnetic particies not vary in their largest dimension by more than about
5%.

6. A microwave absorbing structure according to any preceding claim, wherein each
of the ferri- or ferro- magnetic particles is accommodated within the organic

25 macromolecule within which it is formed.

7. A microwave absorbing structure according to any one of claims 1 to 5, wherein
the organic macromolecular shell has been removed to leave an uncoated
nanoparticle.

30
8. A microwave absorbing structure according to any one of claims 1 to 5, wherein

the organic macromolecular shell has been carbonised to provide a carbon layer

surrounding a nanoparticle core.



15 2 Septenber 2004 9. A m crowave absorbing structure according to any
preceding claim wherein the organic macronolecule is a nolecule, or
assenbly of nol ecul es, having a nolecular weight of up to 1500kD. 5 10. A
m crowave absorbing structure according to any preceding claim wherein
the. organic macronol ecule is a protein having a sui taps%t@m{,g}yogx
opening for accommodating a nanoscal e paniicle. 10 11. m cr onwave
absorbing structure according to claim 10, wherein the organic

macronol ecule is the protein apoferritin. 12. A m crowave absorbing
structure according. to any preceding claim wherein the Ferro- or
fern-magnetic pat e,&iﬁkrohﬁv&m%ﬁ{g,st—r@ctﬁﬁtmora;hg oyanyroresading £l Wheredp et

15 ferrite 13.7The m crowave absorbing structurl(r% Qf"f o@écme&,haWﬂgaei n the
non- conducti ve mat gieanic oeepmokesleas HNAKERS: 04 2} B 94E1% Sorcur abl e liquid
or a rubber. 20 14. el |l ul.ar rising a mcrowave absorbin
structure in accorﬂ&@&'@%%kﬂ%ﬁgmﬁlmyits f?ont surface. 15. An °
attenuati vescase conprising a m crowave absorbing structure in accordance

L el NS YRR Blugloby pScdpetamm i |

m crowave ant enna CO%I Sk n{%fog
m cr owave absor bi ngrggﬁigHﬁ&%hﬁldsﬁle&ﬁﬁpﬁtﬁﬂ\h@mm“&w{lﬁ%‘1‘%0 REOE Use as a
m crowave absorbing~structure of a lco Ltion conprising a non-
conductive matrix mpmmdmwm%‘éeeﬁ%ﬁ@ ed a plurality of

spatially-separated 2 Septenber 2004 16 ferro- or fern- nmagnetic

particles, each of which particles has a |argest di i iNher@@ier than
104nm sai dgpariti claagichesavagbdogang MB‘&?@G”%@‘g&oﬁ gg@’éh\%hlchei nﬁudes a

:thglol | ne\é\?i 32 ;hfaﬁn%o%\e%ﬁleqﬁSe'iaportéfﬁqpmﬁ%” an organi ¢ 5macro nol ecul ar

. ) . i the
12. A microwave absorbing structure according to any preceding claim, wherein th

ferro- ot ferri-magnetic matenial is a metal, a metal alloy or an M-type or spinel

15 ferTite.

i lai el 81 tive matrix
13. The microwave absorbing structure of claim 1, wherein the non-conduc :

comprises a binder, a hardenable or curable liquid or 2 rubber.

20 14, A cellular phone comprising a microwave absorbing structure in accordance with

claim 1 on its front surface.

. : . . .
15. An attenuative case COMprising a MICTOWave absorbing structure in accordanc

with claim 1.
25
16. The attenuative case of claim 15, wherein the case is a computer or pra¢essor
case.
17 A microwave antenna comprising 2 microwave absorbing structure in accordance
30 with claim 1,

18, Use as a microwave absorbing structure of a composition comprising a hon-

conductive matrix within which ars embedded a plurality of spatially-separated



| g a es 19. The use of claim 18, wherein the ferro- or fern- magnetic
partic dinmension no greater than 50nm 20. The use of claim 18, wherein
the ferro- or fern- magnetic particles have a | argest 10di nensi on no
greater than 15tun. 21. The use of claim 18, 19 or 20, wherein the ferro-

or fern- magnetic Particles do 1522.not very in their igée;ﬁﬁﬁxbepﬁ@mi on by
nore than about 10% The use of claim 18, 19 or 20, wherein the ferro- or

fern- magnetic particles do not very in Bhei r | ar gest di mensi on by nore
t han about 5% 23.The use of any of clains 18 fo

22, wher.ej t he
fern- or ferro- pRANGLfefi-Mndghetic ;iaﬁi?:l@()tﬁcbaﬂ"h'éh@‘?‘%s 5‘%?83%%3?‘% S%fnt hi n

the organic macronol ecule within wh f.o - o bRpite®bph penvgssofhiadt ai ms 18
to 22, wherein th@gmngaﬁ%lm’éﬂ@gglﬁ{eg}; S E"gtléjel 1as 2525. been renoved to

| eave an uncoat ed ﬂ@g&p?éﬁ irGlieh b partisies e fermed At A HEAUS to 22, wherein
t he organic macr Offdl écul ar shel | has been carbonised to provi de a carbon

| ayer surroundi ngaaronmirsplar sl e core. 26. The use of any of clains 18 to
25. wherein the organic macronolecule is a kD . 30nol ecul e, or assenbly of

nol ecul es® having a nol ecul ar wei ght of up to .1 hficiER Gaveslaestany  of
claims 18 to 136, T\ﬂéageﬁiﬂtldiﬁlelSowigqﬁﬂéh%w'o‘?f&?rgégﬁgm?%%a pr 27.1 i e. c

gg\;;![ ggrgm:rsgbgibIlgﬂirggl\giommogrrea%?%%n&pr accommodati ng a nanoscal e part 2

20. The use of claim 18, wherein the ferro- or ferri- magnetic particles have a largest

10 dimension no greater than 15nm.

21. The use of claim 18,19 of 20, wherein the ferro- or ferri- magnetic particles do

ot very in their largest dimension by more than about 10%.

45 722. Theuseofclaim 18,19 or 20, wherein the ferro- or ferri- magnetic particles do

1 | f)
not very in their largest dimension by more than about 5%.

' i- - etic
73, The use of any of claims 18 0 22, wherein each of the fexri- o ferro- magn i
particles is accommadated within the organic macromolecule within which it 18

20 formed.

n4. The useof any of claims 18 0 22, wherein the organic macromotecular shell has

been removed to leave an uncoated nanoparticle.

25 235. The useofany of claims 18 to 22, wherein the organic macromolecular shell has

been carbonised to provide a carbon layer surrounding a nanopearticle core.

26. The use of any of claims 18 to 25, wherein the organic macromolecule is 2
molecule, or assembly of molecules, having a molecular weight of up to 1500kD.
i} 1 le is a protein
27, The use of any of claims 18 to 26, wherein the organic macromolecule 15 a P

i i icle.
having a suitable cavity or opening for accommodating a nanoscale part



28. The use of claim 27, wherein the organic rnacronolccule is the protein
apoferritin. 29, The use of any of clains 18 to 28, wherein the fertO
or. ferri- magnetic material is a metal, anetal alloy or an Mtype or
spinet ‘ferrite. 5 30. The use O claim 18, wherein the non-conductive
natrix conprises a binder, a hardenable or curable |ingifte@ber26040ber .
31. The use of claim 18, wherein the non-c19nductive matrix is fornmed in
situ. 10 32. The use of claim 31 3 wherein’'the conponents required to form
t he non-conductive matrix are conbined with a source, of : fitqcl es
and spray coat gg &gheausebfauindzammirsthem&gmc@“tcﬁg‘%mgctlﬁ gitegj?‘)‘?ﬁgsa@%ati ng
then being allowed to solidify. 15 31 The use of claim3 1, wherein the
nanoparticles are dispersed into a hardenable or_ curaple |iqu i; is
t hen appl i ed t?9 an}-ﬁg&@t‘,ﬁw&mﬁms 180 Thehersn the f%aphggg,mﬁﬁgéég?‘%v@{lﬂgs

'd

liquid is appl 0 the inert surface by s ' ~or painting. 20 35.
The use of clai m 19mewhearmestpl alggo 0 %rsg[?g%freg?%g structure is applied

Lo the front of a cellular phone. 36. The use of claimI|$, wherein the

m crowave aBsorbing structure is conprised in, 2 At hRBHas lakendeise. 37,
The use of cl aikm S@hcme:felaimﬂ&,eﬂlmf%lémﬁé‘f’f‘i?gn%“ggg’?‘gmg cor%put er or

processor casing. 3Q 38 The oQfd dtladibBed 8, wherein the m crowave
absor bi ng struct urE“‘ggmggceodc}%yﬁq@ont rolling the radiation pattern of a
m cr owave antenna.

31. The use of claim 18, wherein the non-conductive matrix is formed in situ.

e 42.  The use of claim 31, wherein the components requ'ired to form the nog;c:;d;cnve
' matrix are combined with a source of the naqoparncles gnd :ﬁray c;ito oty
liquid suspension onto the substrate, the coating then being allowe :

45 33. The use of claim 31, whércin the nanopart'iclcs are dispersed into a hardenable or
" curable liquid which is then applied to an inert surface.

34, The use of claim 33, wherein the liquid is applicd to the inert surface by spraying

or painting.
? 35, The use of claim 18, wherein the microwave absorbing sIructure is applied to the
front of a ceilular phone.
36. The use of claim 18, wherein the microwave absorbing structure is comprised in
25 an attenuative case.

37.  The use of claim 36, wherein the attenuative case is a COmputer or processor
casing.

30 38 The use of claim 18, wherein the microwave absorbing structure 13 used for
controlling the radiation pattem of a microwave antenna.



