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| flbers in pilastics is well known, for example for
10 the purposes of . ceinforcument and/or for improvement
of electrlca and/or thermal conductivity.
However, £or some - lee th=re has been concern about
the environmental haaarus of various kinds of electromag-
netic radiatlon, Ln particular those with high frequencies

15 such as radar waves and microwaves and those produced
by signals used in electronic circuits, e.9. in digital
 devices. The use of radio-frequency and high- -frequency
electromagnetic radiation will grow in the future
as a consequence of the widespread application of
T 20 mxcrop:ocessors, digital calculators and weighing
% o scales for cash registers, electronic typewriters,
: personal and business computers with asoczated perxpherals,
electronic toys and games, military equlpment, and '
, other electronic devxces.
25 : when such devices are housed in metal boxes,
the metal itself affords protectxon against emission
'Qf radlo-frequency and h1gh frequency radiation 51nce
it reflects the emitted radiation off the xnterxor
. sur face into the internal space. Interference with -
:~30 .and d1sturbance of radlo, televxsxon or other electronic :

' waves are thus aVOLded..




- 2 - There.i's however a trend to replace netallic boxes by plastics

' housings. So far, it has been customary to apply electrically conductive
,coatlngs to these plastics housings to provide a shield against the 5

em ssion of el ectromagnetic radiation but a drawback of such coatings i

that they are not very. durable. Moreover, in st cases, these coatings
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fillers. Such conductive fillers include carbon black,
‘ aluminium flakes, cut wire, metal coated glass flbers,~
15 wire meshes and carbon fibers. However, drawbacks
are associated with these conductive fillers. Some
fillers do not, permit sufficient dispersion in the
plaétic matrix and clog together or degrade to very
small particles so that their shielding effect is
20 much redﬁced. This degradation makes it necessary
to add a great amount of conductive particles, which
renders a uniform dispersion even more difficult while
having an adverse effect on the mechan1ca1 propert1es
, of the material. ' ' |
25 ‘Finally, it is known that for effective shielding
' against electromagnetic radiation the conductive particles
in the plast1c matrlx must possess a large aspect
ratlo, i.e. length -to~diameter (L/D) ratio; these
partlcles must form a substantially continuous conductive
'30 - network in the matrix in order to increase the conduct1v1ty_
' w1thout, however, greatly changing the phy51cal and ' '
mechanical propert1es of the plastic matrix.
our copendlng Brltish Application No. 8236950
provxdes plaStlcs materxals and artlcles whlch are
35 at least in part electrically conductive and which

have relat1vely:low contents of fine, unlformly dxspersed
electrically conductive fibers. Thus, according to
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a plast1cs article consisting’ at least in part
of a plastics material according to the invention

as hereinbefore def ined;

a plastics graln for use in the production cf
plastics materials and articles according to
the invention as hereinbefore defined having

a length between about 0.4cm and about 1.2 cm
with electrically conductive fibers distributed

therein; and

a thread for use in the productlon of plastxcs
graxns accordxng to the invention as hereinbefore
defined comprxsxng a bundle of conductive fibers
embedded in plastic, the fiber content being

from 20 volume percent to 70 volume percent

and the fiber dxameter bexng not greater than
about 0.015 mm.

'Accordlng to the present invention we prOVLde a process

for the production of a plastics materlal which is at
least in part electrlcally conductive whlch compr;ses the

‘steps of
(a)

ing an electrxcally conductive fiber/plestic

-provid
- composite having a conductive fibers content
percent-to'about_

'_ranglng_from about 20 volume




‘east in part electrically conductive which conprises the 30 st eps~of

Xa) provi ding an el ectrically conductive fiber/plastic conposite h ng a
-Fonductive fibers content rangi ng from about 20 vol unme percent to ab -
- 4- - 70 vol une percent.-and having a substantially parallel fiber

Hr Fangenment t herein; (b) adm xing the fiberjplastic conposite fromstep
[la) with a predeternined volunma of further plastics material, and (c)
neating the mixture thus formed and working the heated mxture while

|iNgf ai nilng- | ow shear conditions to avoi d.excessive breakage of the 10
jibers but with sufficient spegsLife hetsdbbtfd headikps suisiantiahky
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ielding. The fibers can Beagbiéormhvesist)ibyjed - throughout the body
the article, e.g. a plate or sheet,. or-a1ternative|y may for exanple be
bhl'y in certain predeterm ned parts of-the article, e.g. adjacent to one or

Fth pl-anar surfaces_(gi ar theaesnguthe ani ptatestions sfemiesd ankhevorking the
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. : - _ _ conditions to avoid excessive breakage of the

| 10  fibers but with sufficient shear to distribute the
fibers substantially uniformly within the plastic.

The process according'ﬁq the present invention can thus
for example be used to provide plastics articles with
15 1less than about 0.5% volume of fine electrically conductive
fibers, which are randomly and substantially uniformly
distributed such that the distributed fibers provide
a suitable conductivity in any direction in articles
for use, for example, electromagnetic interference
20 (EMI) shielding. The fibers can be uniformly distributed

.

.




‘to.about 0.015nmm " The process according to the present invention :
ed to provide articles in the formof or nmade at 10 | east in part m
5tics material in sheet or plate formwi th a shielding effectiveness '
ainst el ectromagnetic radiation of at [east 25 dB within a w de frequencr
gge (e.g. between 0.1 and 10 GHz such as for exanple 1GHz) while _ :
é'ntalnlng their nornal-nechanlcal .properties. Such 15 articles are to be
u'oerstood to include slats, various shaped® profile cross-sections, foils,

¥ n-films, tubes, housings, bags, covers and other containers nade at

'ést In part fron1p|ate- or sheet- li ke materials. In accordance with the

pr'Sent I nvention electrical- 20 |y conductive fibers are_dispersed in'the
pl §8ti cs mat er ithiranghguti the, bodyh of; kbes agtdrdrabPyIhadi RY2ER BFui val ent
di
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gie will cert@igdy & diduwy 9. W1ghm | ength shorter than 0.5 nm However, A
Jlor, proporton of e e WLJANG 3 SR BARRRRUIRELEIRO® |
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I with a shielding effectlveness against electromagnetlc
radiation of at least 25 dB within a wide frequency range
. (e.g. between 0.1 and 10 GHz such as for example 1:3Hz)
while”maintaining their normal mechanical properties. Such
15 articles are to be understood to include slats, various
_shaped profile cross—séctions, foils, thin filmé, tubes,
housings, bags, covers and other containers made at least
in part from plate- or sheet- like materials. |
In accordance with the present invention electrical-
20 ly conductive fibers are dispersed in the plastics
- material or article, such fibers preferably having an equivalent
diameter to average length ratio (D/L) which varies from about 0.0005
to about 0.008 for a major part of the fibers. These
- fibers may,_fot-exampie,.be'metal fibers with an average
25:'1ength'(L) between 0.5 mm and 5 mm. - The term “equiValent_
diameter" (D) means the square root Of'the'quOtient
‘of the sur face arealdf the fiber cross-section divided
by 7t. . The average length (L) means the total sum - |

o A 056 A A

¢ of the lengths of thé incorporated fibers divided
L - . 3Q by the number of'fibers} At an'avérage length of
' L =0.5 mm, there will certalnly be fibers with a
length shorter ‘than 0. S mm. However, a major proportlon
. of the fibers will have a length approxlmat1ng to '

"the average length.




5 . nanely between about 0.03 volunme percent and about 0.5 vol ume perc

The ‘volune concentration percentage (C% is preferably fromabout 0.0

tvol ume percent to about 0.5 volune percent. For articles in sheet or plate
|forn1mhere|n t he thi ckness of the plate 10 or sheet is less than 3 mm it
-hags been found that the above menti oned shi el ding requirenents are met when
‘the concentration C.liescwithip the |imts-def+ned by line .1 and the

' ordlnate axis of Figure 4 of the acconpanying draw ngs; for .plate

' cknesses between 3 mMmand 6 mmthe 15 above-nenti oned shiel di ng

sre Ui rements ‘are met when the concentration Clies within the limts
defi-ned by line 3 and the ordi ndhe §99§1@ﬂeﬂ|éaber4d®menaeoacconpany|ng

‘drawi ngs. These Icm&&;ggxﬂga t fe |nfluence |
appear ance of thecg_l. aStAe‘(r: 20@25%}% es. %t?&na UPPP{& m&f‘gd‘&?@ﬁed t hat

antistatic plasti N LeHHF enants &t @am el?eﬁ@rtamn@éd.yb}om ypausieng
el ectrical | y "condundniaen fidisien igeddentiqstd (9t o Iédmh@&%é%&ﬁ&%%at I ons

(1 ess' than abogt volune) erein the concentration éspect
to the fiber ne%%%gn t[“f?ensaqb(?w}:h s@at"@“&eaﬁei‘é’e#&y aggeAbPEE Wit hin

thelimts def| ned ¥ warmnea pentents absci ssa of Tﬁeguvelé:n@fccbdwentration '

acconpanyi ng dr aw f| e esent at S o the

outer surface 30 df the : %%’cle 12 gié%éra@ﬁgé%ﬁggbﬁﬁng @c@g VRGUS t he

i nvention to make &ﬁ%ﬂﬁ:sﬁ%cﬁm {0s Savidlgimes peiricenitow E‘om‘dacrtﬁ.v.ée‘sl bhar

content by.randomgheud d&n'ﬂlﬁrﬂ@ }fdi’m'SWeQ‘éti'an:h%l %ﬁﬁ@lzﬁ@%gyo‘fol@ﬂgc '[).g.'t::e

fibers in the Iastlc such that the article has a eterm ned" ['evel of -
conductivity." % iR \h? 1e85e ébﬁwhaﬂﬁoﬁa§aﬁeﬁﬁ fenpdathps Hhei ed
bet ween about 0. OE%ONEﬂmantﬂdﬁ&ﬂxswidldiﬁg requirements’ are met when the

concentration C lies within the limits defined by line 1

and the ordinate axis of Figqure 4 of the accompanying -
drawings; for plate.thicknessee between 3 mm and 6 mm the

15 above-mentioned shielding requirements are met when
the concentration C lies within the limits defined by
line 3 and the ordinate axis of Figure 4 of the
accompanying drawings. These lcw concentrations exert
almost no influence on the appearance of the plastic

20 articles. : ' .

It has been further discovered that antistatic
Plastics materials and articles can be produced by
dispers1ng electrically conductive fibers in the plastic
at still lower concentrations (less than about 0.3%

25 .volume), wherein the concentration C with respect
‘to the fiber dimensions in the said antistatic plastic
may even lie within the limits defined by line 3 and the
abscissa of Figure 4 of tiie accompanying drawings, when
the fikers are present at least next to the outer surface

30 of the articles. ' '
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of the accompanying drawings.
15 Since, in the Qlastics matrix, the contact between
the fibers must be as good as possible tc provide -
good electricaL'conductivity, it is important that
they should possess a-felatively smooth surface. |
This means that roughnesses on the fiber surface should
20 preferably project above or extend under the average
' level of the fiber surface by less than about 1 pm.
In this way it is statistically most probable that
there will be the optimum number of contact surfaces

_ ‘between neighbouring fibers. _
25 Stainless steel fibers, manufactured by a method
of bundle drawing as described e.g. in the U.S. Patent
No. 2,050,298 or No. 3,379,000, Show particularly
suitable intrinsic conductive properties for use in
the present inventioh. Probably this is attributable .
to the fact that they are less prone to form an insulat-
ing oxide 1ayef_on~thei: surfaces in'contraét with,
for example, aluminium or copper fibers. This meané
_ that the contact resistance in the fibe:'contact points
remains low. 'Usually; they are. also more inert than .
Al or Cu towards'most p1astics. Other fibers such
as Hastelloy-X, Inconel, Ti or Ni may also be used.
A suitable specific conductivity of the fibers is:
at least 0.5% of the ‘copper standard. |

©
2
i
i
3




preferably used i n connection mnth pl astics material's which can be forggd
by the usual processing techniques 5 such as for exanple casting, .
ext rusion, |njection nol di ng, press nDIdlng and foam ng. Accordingly, the
)artlcles may have a flexible-, rigid or & Astoneric nature. 1t is readily

-applicable to therrmpl aat pemespmé aaﬁlet QnUéﬁtthCQQJ gesét aDLW dpplicable
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the fibers injphegfd aﬁ %xﬂﬁ? é&lrém&élemn@ NG JRERIBHS ?

nunber of flbers are |neV|t ro en. Measur es whi.ch can be used

‘counteracting thiBRIing wrenp use e RAPdFH R thas, & lﬁ"f\’értmg
concent rati on of meesitdlye fmwr@oxﬁihdnwefwe%smay dorgansgealtly be

greater than the re C niratl in the | f. |
for exanple, it i g%é#?‘g q}&rﬁ‘a@a{ﬁ ﬁ?iﬁa rﬁ 8% bceorrﬁﬁ%oay §F dper cent
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ancentration is reached during conventional shaping processes.
! _

According to an important aspect of the invention,
a uniform dispersion is obtained by using plastics
20 grains as an intermediate product for the manufacture
of the article whereby the grains are preferably at
least about 0.4 cm long and loaded with conductive
fibers. The average length of the fibers in the grains
_ will slightly exceed that of_the fibers in the final
25 article since during the molding pfoceSs a number |
of fibers are inevitably broken. Measures which can
I ) be used for counteracting this fiber. breakage are
-descr1bed below. o :
The volume concentration of conductlve fibers
30 in the graxns will generally be greater than the required
final concentration in the molded article. If, for
example, it is deSLred to manufacture an article comprlslng
100 percent of the above descrlbed grains and with
fa flnal concentration of 0.3 percent by volume of =
35 metal flbers in the artlcle, then the average volume
'concentrat1on of metal fibers in the grains should
be at least 0.33 percent. If, however, it is desired
to make an érticle.with the same final concentration
of metal fibers (0.3 volume percent) on the basis
] : - 40 of a mixture of 67 percent by'vdIume of pupe'plasﬁics




' flbers (0.3 vol une percent) on the basis 40 of a nixture of 67
1t. by volune of pure plastics pel l ets and 33 percent by vol une of
ics grains |loaded with netal fibers, then the average vol une
ntration of nmetal fibers in these grains should preferably be at | east
percent. 5 . In general, processes according to the present
tion for making-:plastics artlcles haviang predeter- m ned conductive
ti‘'ons therein conveniently includé the follow ng steps. A fiber/plastics
fhosite is provided having 10 a conductive fiber content ranging from =
It 20%to- abopelle¥svehd ﬁBtpeacenbsbnnvoéhmq g@rnla$¢l¢$tﬂmaxﬂawangenent
thdrein. This cCoqpy e a d a e éﬁﬂ»ﬁ& -
suastantlally pure p a ES¥F§§ %%Fé?lg tﬁgé I%ﬁ%n%gg?n roduced |nto t he
fher 15 -of forconcemyratisn efi maeaénfwbﬂeﬁ in| BheeR hIEPIRT Ahr
qstics naterlalI@gegggugdbgoagolgggtlb 89dpaREkRd. (kneaded) to evenIy
dl-perse t he flbers therein. Low,sh forces_are Sﬂﬁ g gi avoi d

E9mi%t *fo

exdessi ve br&akage of tH& ﬁFB@F?l'tﬁeogﬁﬁﬁ?sfﬁFsg drEnt
suffficiently 20 ﬂmwﬁmﬁm@nuib&omnkynQ|p&ashmbs aheléleerbavdmmlpredﬁter-

plgstic. To formfthe Arll u%’t E?t%{-x%eghlé &tRYdo éﬁ?}ces Chaennel'.s :

f udt her formarde&uby an ex er Screw throu Ssuita
or §slots to a nol&!la)rfqltlmgbéwpﬁectly and conti nuousl y extruded 25 to

ro:§ tubes, sheets, fjl gBpet, l@é@ﬁc@rc$ﬁpé§i€€tié"bfﬁ#fﬁ%h niefhgisi ng a
m fture of pure | asti.cs gellﬁ s and conposite gra gg whi.ch |g$! e f|bers
as fdescri bedthbo@eCOPABRLLVE| ALPRE aFORBARD ST RRI ER%i FEOW 2BPYFE ter

at 1 east equal taot Aboateragevobi ckieissa oéub@eamutalneléataslbeb fhirbef e r abI y
}?' This neaSHE?aH§HEEk¥ therein. This composite is admixed with

; a predetermxned amount of substantially pure plastics
material and the blend is introduced into the hopper

[
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of, for sxample, an extrusion mixer. In such apnara*us
the plastics material is heated to soften it and worked
(kneaded) to evenly disperse the fibers therein.
'Low shear forces are applied to avoid excessive breakage
of the fibers; the shear forces must however be sufficiently
20 high to uniﬁbrmly distribute the fibers within the
plastic. To form the article, the so worked viscous
mass can then be further forwarded by an extruder
screw through suitable orifides, channels or slots
to a mold or it can be directly and continuously extruded
-25 to rods, tubes, sheets, films or plates or be injection:
molded. o _ '
' When using a mixture of pure plastics pellets
and composite grains which 1nc1ude fibers as described
above, then cylindrical compOSLte grains thh a dlameter
30 at least equal to the average thickness of the pure
. pellets are preferably used. This measure usually = .
reduces the proneness of the embedded conductxve fzbers
to break during the ‘hot mixing and kneading of the
grain pellet mix prxor to the actual 'moldlng. The
35 1ength of the com9051te grain will, preferably, be
between about 0.4 cm and about 1.2 cm.
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For practical considerations, it is useful to
provide plastics grains with standard dimensions and




'hot mi xi ng and ‘kneadi ng of the grain. pellet mix prior to the actual

mol ding. The 35 length of the conposite grain will, preferably, be b
about 0.4 cm.and about 1.2 cm For practical ggnsiderations, it is useful
.to—provide plastics grains wth standard di mensions and - 10 standard
concentration and which can easily be nmxed and processed with convent i onal
plastlcs pellets in the desi r ed proportlon for obtaining a predeterm ned
vot une concent r atSt@Ro@rdc 6RAGENETBLAPReprad] Whigh 6AR saspipdbetmixed

Qoviously, the. plaamt DoeRised alithf cbheéﬂtﬁbﬁhmsp%EELéée}f:élﬁ@l:é’ bg the
_sane resin-as th t he grtlc e 0ss-secti pnal:

~surface of the ¢ o&%ﬁér aPASPRL| Fonngpéogggalﬁfége?aBFﬁ BEeé?l?%%st
“equal to that ofvmﬂ@mpucenceammapebhebf cb@dBctierafipbersainetheé énder

vol ume: percen@@gﬁgkﬂuknﬁ C@%BQ%hEngr@h@spigsklggrﬁQEErggi 850¥ﬁgseo be

suitable. The ne cont ent i NS can convenl en
‘betweeri about 0. SRAIRNS "&4& QESGFIEQQVoPe |Ped§§mﬁe635#ﬁea§oﬁbé§l?§ gralns

may al so COntalntﬂilﬂﬁtﬂdl@stﬁﬁbéfﬁakmdﬂffemﬁatch@ngbatlaﬁalhguaE§t§|e to
be nmade. The soft and. nel gfp0|ntwgﬁ the resin gsite

grai ns must, ho §°W€Psﬁ 2R3N v EPrFﬁgeﬁvangge whi ch t he
article will be ¢Ed@uude@ﬁabhauaﬂet00¢pa$|Dé ¢hei pereareslis Qéllptsee55|ng

and ol di ng_ LRTDeGH Wkhple e mEC e elc0 voRGRTpE RS EhKagRT 1 Knti LN the

main plastics material used ‘for the article her e al omnng
conduct i ve fiber CAMPARAiLSe AL INFPE & BRISLDS; ﬁPﬁaP‘QHéQr tPo 8e§m?ﬁ€1ﬁnl n
pl astics naterialThd nidtmlartibelre cont2ntbdnprhduged ingstanl eonbenienpayi bl e

W th the resin vary between about 0.5% vol. and about 2% vol.
If desired, the composite grains may also contain
15 plastics material different from that of the article '
to be made. The softening and melting point of the
resin iq the composite grains must, however, be not
higher than that of the plastic from which the article
will be made to enable the composite grains, at the
20 processing and molding temperetures'of the article,
to spread easily and mix with the main plastics material
used for the artiole,,thereby allowing the conductive
fibers to disperse therein under minimal shear forces.
The main plastiCS_mate:ial.of the article to
- 25 be produced must also be compatible with the resin
of the composite grains. For example, the latter
resin must not disintegrate or react with the main
plastics material of the article when the latter is
heated to its processzng and molding temperature.
30 The conductlve fibers to be incorporated are
- conveniently in the fotm of a filament bundle, although
_ other fiber bundles such as fiber slivers and staple
fiber yarns can also if desired be used. The fiber
lengths should be sufficiently iong'and:the fiber
35 slivers should possess a sufficient yarh'number.on
~tex (titre) to form a'properiy coherent bundle with
sufficient Eensile'étrength for handling and'ptoceSSing.
Average fiber lengths of 7 cm with approximately 2,000

ireduces‘ihé'ﬁroneness of ‘the embedded conductive fibers to break durini t he




hs conpasite grains. For exanple, the | atter resin nust not .
1 P ??rate or react with the main plastics material of the article n

ZE a der is heated to its processing and nol-ding tenperature 30 o
i@iaﬁgztugbmgﬁeflgﬁiﬁ tohbethnco;porated are conveniently in the formof a
_ ough other fiber bundles such as fiber sliver
| S
'E?Plglghff; Yg;gsaﬁgntﬁls? Lfrng|red be ssed. The fiber |engths. shgzﬁd be

e fibe 5 5livers should possess a sufficie
nt ya

Yinber or tex (titre) to forma properly coherent bundle wth suff|C|en¥ o

Fnsile S”erqub'éréogehlaadlwag apdspreeetiongardvenitebieper | engths of 7 cm
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[;0ss-secti-onglgsi rédlﬂ:@'aﬁséd-(tamleldet&r@fadt i@ wiign ar §KORECeri al . 10

fle thread nay‘%e round or_hav r At @ande '
?6 oval, fl8@e¢eiRRbr2re BN ra‘fﬁ}% %%Iacﬂ | tliaéga t\?\d{agle @Hlv:?fgﬁgggrng
jto particlepy abdilie édquahdardshe @RassSens inns Ld et ftllllﬁpane'nt s (or |

; ?;ﬁ;%t;? :gs §£9§§ ggflé991of“%héiméhn|ﬁHWHmau§ﬂmal(al | eas about 1,000

|-__regnat @@ bundl e ﬂhehth?g;l@a‘i‘;;ﬁlg?je}%‘fniﬁat é\{%rff&[@{&% lgx envel op the

e sane plastic
other cross-section shapes, e.g. oval, flattened or

rectangular, to facilitate w1nd1ng up and chopping
into particles. The thread may comprise 35,000 adjacent
filaments (or flbres) in its Cross section, but a

15 lower number {at Teaet about 1 000 fllaments) is advantage—
ously used.

. It is often preferably 5 -.envelop the impregnated

bundle with a sheath made of either the same plastlc :
as the main plastics material of the article to be

20 produced or the same oOr another plastic as that with
which the bundle has been impregnated. This assists

with the gradual disintegration of the cut bundle
and the uniform dispersion of the fxbers in the plastic
matrix while mixing at high temperatures. The thread
25 is chopped into predetermined lengths, referred to
' hereinafter as granules, thh such lengths rangxng
from O.4cm to 1. Scm.
It 'is evident that the plastics material with
which the fiber bundle has been meregnated and sheathed

; 30 must be compatible with the main plast1cs material

P ' of the article to be formed. For example, where the

| latter plast1cs mate:1a1 is a thermoplastlc material
the xmpregnatxng resin is preferably a relat1vely
low molecular weight thermoplastxc polymer such as

35 a polyethylene, polypropylene, polyester, polyacrylate,
polymethacrylate, polystyrene or polyvxnyl chlorlde
homopolymer or copolymer. :




] as the-hain-plastics material of the article to be 20 produced or the sanme
: or another plastic as that with which the bundl-e has. been inpregnated.
Thi.s assists with the gradual di sintegration of the cut bundle and thgééa
~uni form di spersion of the fibers in the pLaggt;rnurlx while mxing a gh
‘tenperatures. The thread 25 is chopped into predetern1ned | engt hs,
referred to hereinafter as granules mnth such Il engths ranging fromO. 4cm
to 1.5cm It is evident the Lcs _materi ich the fiber

a
bundl e has been |npregngP8dE5ﬁ5mg ﬁ %Bahﬁ§twb5hc%%$af?% L the
na*n pl astics matfdbeals dﬁspbesadttbéeeto beefoonednleﬁtmyegmﬁ@ﬁfpdmhere t he

| atter plastics ﬂ{kqhglﬁ awﬁhﬁﬁecuraéa gﬁggeﬁ égprggﬂ?t|ng resin’

is preferably ar IatlveIK astlc ynmer such
as 35 a potyet h{iRdRe P18 95?0B9Féﬁéalboﬁ9€s§eP“mBGFy% r?F%ﬁ%le& in .
pol ymet hacr yl &t emhﬂalhyahycappeopnaebyquanhebl 6F | f&r ALI®POE 5@t s Odire

I - -12- . The th | th_t d f . .:
i Sper sed ther oi RPRFaaSdn, SHECALDS - Br ERAPEASBYS naRPRaF EREFELE G pr Rt~
pl astics pel | et s n@nid yndihe pbmstlesgnaseasatheagdaauheaberTbisgmanules in5
whi chan appropr'%t%u%%éahbh¥19fkﬂééakhehnfhﬂeé§t§ﬁ§18HbﬁQQ§9 Ehélébbééé

possessi ng approxi mately or predom - nantly the sane g
granul es. This MQEH%§3§HE§eGBénFP§hkﬁé&déaplhcéﬁlektPﬁs Shl ﬁ?%éF at
el evat ed t emar atfdreedndnviordetheocagispedkeorhef cbaduabtae Edoefsorces in

Thereafter, e o8t ChRSlaeE 1k, Pasah iahro SRETBRERGFe ENPcSREC RS
sui tabl e cross-sda iextsugied dosoeonerpampye theeafisewdthasuitable -
cross-sections and cooled. Finally, the threads are

trahsversally chopped into grains with lengths of

15 at least about 0. 4cm. '

To manufacture articles of tnermoplast*c foam
mater1a1 in molds, a predetermxned mix of pure plastics
pellets containing an appropriate amount of blowing
agent may be used. It is also possible to mix the

20 blowing agent in pqﬁder form with pure plastics pellets,
together with a suitable amount of composite grains.

For example, the pellefs'can be moistened so
that the pbwder“sticking to them can spread sufficiently
evenly over them. Afterwards, the mixture can be

25 fed to the injection molding machine in the usual
manner.

For the preparat1on of thermoplastics elastomer
articles (e.g. comprising an elastomeric polyester h

 such as Hytrel), elastomer pellets can be used mixed
30 with a suitable proportion of composite grains prepared
on the basis of the same elastomer. However, the _
shear forces must be partlcularly low during the kneadlng
and molding processes. '
For sheet moldlng pre~impregnated fxber ‘Sheets (prepregs),
35 it is possible as a prellmlnary.step to disperse the -
conductive fibers in the liquid resin in an appropriate
concentration. For bulk molding viscous mixtures -




vflsversally chopped into grains with lengths of 15 at |east about 0.4cm
g:manufacture articles of thernoplastics foammaterial in nolds, a L~
Fcdet ermined mi x of pure plastics pellets containing an appropriate angk'
&bl owi ng agent may be used... It is also possible to mx the 20 bl ow

jérit in powder formwth pure plastics pellets, together with a suitable
fount of conposite grains. For, exanpl.e,  the pellets can be npistened so
yat t he .powder sticking to them can spread sufficiently evenly over them
‘;Pexmerds the mixture can be 25 fed to the injection nolding machine in
e usual nan@érre$tn and @whgkﬁfuﬁkﬁ1qgnddﬂ#nﬁqﬂﬁﬂhﬁnﬁsGﬂna§ﬁoner articles

(f- 9. conprisgy @&@é agt g |n§a5%)llmesé &l trel), elastoner
.Ellets can be used mxed 30 th a suita e pro rtjion of conposite
gf ai ns prepared on ImcPaBsiqulAr ¢ het kP sidh W%im&hﬁ’ conductivg

br ces nmust bmpefélsﬂteflvylimmmﬂ rmxaéteskraagil rtgnm:rasﬂr@ rfgbprrecesses

LS?BF:ta agp$lg$ %%gegg%é,{eg L‘#g‘g)erse eerécgpg |ve ?ibers in the

iquid resin fnbenSappmépt¢adtﬁnﬁﬂﬁﬁnﬂhtﬁ|ﬁﬂber Hy unuaomqnwmyng vi scous
gxtures 1&3tne0£eéfﬁl N S étaféésm@elm%m@ﬁam@ reHInS

off spersed in the mass in simlar MQ% ;nutlcular .S pOSSIb|e to
HFothe

{x the condutfi ¥ P?ﬁ%*§1?|$%tr%ﬁ¥ fradesqsr q‘ dNFER%i ng fibers
i such as gl GSScénbeeBJ.veafhmélrélémhsédd)édphimmrbé |&yeras threhd o

oo b0, cchbBFhe e, SRR A S WD 0,
, fibers in the de51red proportlon. It is also possible
to impregnate glass fiber bundles in a side-by-side
disposition with bundles of conductive fibers to form
the thread. Finally, it may be preferred to mix threads
15 comprisiag.reinia;demen#-fibets and cut into granules
with granules containing conductive fibers in an appropri-
ate weight p:cpdftionfand to feed them to the moldingx
machine,-whiie adding, if so desired, a suitable quantity
of pure plastics pellets (main plastics material).
20 An ad#ahﬁageous method of distributing in the plastic
a very low percentage of conductive fibers such as
metal fibers, consists of starting with a blended
sliver comp;iSing thermoplastic textile fibers with
a relatively low melting point intermingled with a
25 desired percentage of such metal fibers. The blended
sliver is then'imptegnated, or impregnated and coated
: with e.g. a relatively low molecular weight polymer
L to obtain a thread which, after solidification, is
| ' further chopped to g:anules.- When adding the gtanules'
30 to the plastics pellets and hot working the mixture,
the therﬁoplastlc textile fibers in the granules are
softened and disappear in the plastic matrix. The
step of preblending the metal fibers among said textlle
fibers enables a better separatxon of the metal fibers
35 in the plast1c and eliminates any occurrence of metal
fiber clusters durxng the hot kneading process prior
to molding. '

e ST




.of conddctive fibers enbedded in plastics by a thread 10 conprising a

.m xture of glass fibers and conductive fibers in the desired proporti I t
is also possible to inpregnate glass fiber bundles in a side-by-side ég?
di sposition with bundl es of conductive fiberggto formthe thread. Finafly,
it my be preferred to nmix threads 15 conprising reinorcement fibers and-
cut into granules w.th granul es containing conductive fibers in an -

appropri- ate weight p Lti.onsand; f . Qe [ ' chime,
whi |.e addi ng, if.so-deggggaaha%ggﬁgégﬁg gggnﬁ?tg%%?réﬁr%gnﬁg§§?%§P§€%?ets
(Ml n plastics ndngoi &he pleskicafpanexgmple ket ABArevedrierebeetncah the
plasti-c a very | QunRIctgriidge ol thenguakitie brbepsrsdehiaat8etRe didSébsion
consi sts of startln%ﬁgtkl blende%.gllver cQ r|5|ng thernDPIgsghc textile
fibers with a relof it m@o&cﬁél"ﬁi IPEEFnBYUF ARG, RFAGFET 1 RPt RE aP95  tesi r ed
percent age of Ssucometfdlank retardihg hgentsdaddiededuringheompopndgnat ed, or -

i npr egnat ed d t ] "Jo Latisvel I Lahg s PRl
 Pranated i SPURL Wbt Sakpiial ol O Gojbanare.at el v

to obtain a thred ich, "after sol ) ] ] 11 C
granules.  Wen thediingampeorgtdon of staisless grasti E4bBEF| dpsPAAatAcE
WO][ f‘i ng ! hedm;jxt LHse,dééaftitﬁéﬁr rab}av@s_t ii‘ﬁtptr@&b@_Q_tlghfei'bebgeirlﬁfibbeoglr anyl es are -
sof tened an i sappear, in the st rix. .Step_ of . pr endi.n e
nmetal fibers ano ts%ﬁ’tf‘ltsefﬂq%d%"@eﬁ?%%llgg.eg% o &f s?gﬂ'grigfsi -%ﬁaéﬂs&he
etal fibers Bb dadide qEqueniay and dliigh fxequeary vayes-ence of net al
fiber clusters during the hot kneading process prior to nmolding. - 14 -
Certain additives ma&if_desired‘he i ncorporated into the plastic for
exanpl e to .i npr ovitainlegse@teedalf ibarguaney uspdoin fbepexampdes, bedov.

facilitate the diggaisi lectrically conductive fibers are, in principle,
also applicable, e.g--glaés fibers with a metal coating -
prdvided that the dispersion process in the plastic
15 matrix can take place under sufficiently low shear
' Eogées in order to counteract the proneness or tendency
of the fibers to break. When injection molding is '
used, it may be necessary to adapt the conditions
e.g. by modifying the rheology of the plastics during
20 injection molding and the injection speed. The diameter
of the extrusion orifice should preferably be at least
twice the thickness of the plate to be molded.
In additidn to the polymers described in the
examples below, numerous other resins can be used
25. in producing the finished product which incorporates_
conductive fibers. These include but are not limited
to pochérbonates; polyacetates, polyarylates, polyvinyl-
Lo _ chloride, fluoro polymers such as polyvinylidene-fiuo;ide,
| polyolefins, polyacetals and polystyrene. ' '
- 30 The invention will now be further described by méanS'
S ~ of thé.following non-limiting exémples with reference
e to the acébmpanying.drawings[ in which:

Figure ‘1 is-a p§rtia1_perspective view of the
. formative and f;niéhed stages of a thread formed from
35 an'impreghated_and sheathed bundle of conductive fibers
" and a granule cut from this thread;
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5 the.conductive fibers during processing or both. 5 Sone flame f rdi ng
glient s added during conpoundi ng of the raw plastic material have, i -
gbnbination with the i ncorporation of stainless steel fibers in plastics. as
*;;scrlbed above, inproved the properties of the materials according to the
§ivention as shields against 10 radio figquency and hi gh frequency waves.
f‘falnless steel fibers are used in the exanples below. Qther electrically
:;%nductlve fibers’are, 'in principle, also applicable, e.g. glass fibers
:_ith a netal coati Viyde 4 [ I .0 he plastic 15
getrix can take pl ;bgl l:(rjlﬂde:‘sri\ 0{% %atcp lJ}tei'lac"' ?’%?s?ﬁggr& orggég' P% %rder to '
fount er act t hehgrashasian cﬁlq@ménéautofhame&gf ab &l titengdegrosswhen
;@Jectlonlnﬂégéghd§ used, it may be necessaryito adapt the conditions e.g..
§y nodi fying the rheol ogy of the plastics during 20 ‘injection nolding and
‘fhe-injection speed. The diameter of the extrusion orifice should :
feferably beFiguteastig va mammg tdﬁ:lmqﬂssﬁid lge ailnacentta ind ngpl ded. | n
- gHdition to t r ﬂﬁﬁ%ﬁ e exanpl es bel ow, nunerous ot her
Aesins cané)beé]ﬁs%%%%@ éno producl ng % ni-shed product which i ncorporates
“gpnductive fibers. These include but are not limted to polycarbonates,

bl yacet ates, pol yae‘yé@.téss mlaf\qzraﬁmd:m dedfan tfatiem groleyeer s such as
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éonductlv%°f|§é¥%eéﬁd %P@ranule cut frOﬂlthIS t hr ead;

3 ’ Figure 4 is a graphic representation of the
{ optimal field of operation for the invention in terms
; of fiber concentrations and D/L ratios.
Example 1
15 With reference first to Figqure 1, a substantially
round, not twisted, bundle 1 of 20,400 stainless steel
filaments, AISI 316L of the type BEKINOX® (trademark
of applicant) with an equivalent filament diameter .
of 0.068 mm, was passed through a bath, containing
20 a solution of 20% by weighﬁ of a relatively low molecular
weight linear polyester (M.W. circa 14,000) of the
type Dynapol L850 (Dynamit Nobel) in trichloroethylene.
. After leaving the bath, the bundle was pulled through.-
: . a round stripping orifice, with a diameter of 1l.8mm,
i 25 then dried. The dried bundle thus comprised 6.2 percent
; : by weight'of résin (which equals 70 percent by volume
of metal fibers). The impregnated bundle was enveloped
in a wire sheath extruder (type Ma1llefer with fixed
centerxng) with the same polyester Dynapol L850.
‘30 The round extrusion nozzle had a diameter of 2mnm.
After the thus extruded thread 2 had cooled down,
it was chopped into éylindrical granules 3 with a
"length of 1 cm. The granules comp:xsed approxlmately
13 percent by weight of resxn whxch equals approxxmately
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ot ceathg ks geuler (Bt s A i el

andi emtﬁaaéaeme@l a %@é@éﬁhé’fld\?%urﬁi t 04‘ F o a’}lﬁbr anul es
rQQﬂ¢ﬁﬂ¥ﬂ9ﬁ]§Pﬂnﬂxxmﬁte-
Aymﬁ|gelgqgaper@@mtOX|Amme&ybéﬁilng, this extruded
thread was cut again into grains 4 (Figure 2) with

a length of 1cm. In these grains, the metal fibers
appeared to be evenly dispersed with a volume content
of .about 1.1 percent. ::The sheax forces encountered
during extrusion were held suff1c1ently low so that
excess1ve fxber breakage was avoided. One of the
measures applled to keep the shear forces down to

a minimal level anolved the removal of the filter
plates at the inlet of the nozzle. The temperature

at the nozzle of the 51ngle-screw extruder was 260
degrees centigrade when NORYL-SESO (a modified poly-
phenyleneoxide of General Electric) was used. - When
using Cycolac AM1000AS (an ABS resin of Borg Warner)
the extrusxon temperature at the nozzle was 220 degrees
centr1grade. When using Lexan L13848- -141R-111 (a.
polycarbonate of General Electric) it was 225 degrees
centrigrade. The extruder was'of the type Samafor

45 with a length-to-diameter ratio of the screw equal

 to 25, The feeding channel in the head next to the

extrusion orifice was a r1ng like space between a

- tapering outer surface of a mandrel and the concentrlcally

atranged con1ca1 inner su:face of the nozzle head.

The - channel was thereby confxnzng towards the extrusxon
orifice and shear was thereby somewhat increased and
this resulted in a better fiber dxspersxon whereby




52?percént by volume of metal fibers. Wen cutting the bundle al nost
metal fiber ends were pulled out of it and hook formation and fl attes] ng
1 he fiber ends was avoided. This was inportant to assure 5 a éégy
f¢li abl e dosage and fluent. dispersion. Then the granules were dry m by
guirbl e bl ending techniques with the usual _thernoplastic pellets of various
§i.nds of resins in the proportion of 9f7§:%éTcent by wei ght of granules to
19. 25 percent pure pIastic’peIFets 10 . and extruded into a substantially
gaund threadtpﬂtg.asdianetef'of 4nmm and a netal fiber content of -
Jopt oxi mat e- “M§ SLREFFnYCperBRRE . Ohf 189S (Ao Meed t i sthetaxdrdis Y ead was
gut again i nBdrgecaion.4 (Figure 2) with.a length of lcm In these grains,
{he netal fibers 1 a e di spersed with, a vol une cont ent
§f about 1.1 per ce'g{".a THRg éﬁggi&?gr%@s{gge%%%ﬁrﬂ P HFShE okt rusion were
el d suf fici BAKRG vhhhsant aguabyeeighy cavaneitprobioure wiashisisled. One of
fhe neasusespappbtgdaha Eéeptéhé?nsﬂe?éciﬂé&%m ttactfline &g M ni mal | evel
g:nvol ved the Pengvgl of %h@ Er%@eg ﬁ ates at the inlet of the nozzle. The
{enperat ure 5Pt ARKREYSFE Ypd{ 2 EYRY BLER (2 PEEEY R YIERD F50 degr ees
genti grade whohdNeRS L cS&66cted nboi f meld pod ypladesy | wittoxa deh idkidser al -
parner) the extrusion tenperature at e nozzl e was egrees
fent ri grade. TRReheURERPLRERANLR 18Ba 5SqUaR-Fhanke pafgLariRARREL feX®ner a
-I'ec]E ri cggi t zmsaé@ﬁede?eeﬁe?e&a% } gzweded'i@g@‘ééfxﬂ@ﬁjrm dHa t heI t'yloe25
Bamaf or th a length-tozdi apetey, ratio e screw equal to :
Fhe feeding gégnﬁ%?r?ﬁstﬁgghé%ﬁaﬂ%ktE$5 E%%q%&ﬁ¥ﬁsié¥F?ﬁ§?4d%“%as aring
ki ke space béewesnrasins, and the temperature of the molds was
: - set at respectively 80 degrees centigrade, 50 degrees
centigrade and 90 degrees centigrade. The screw rotated

15 at 44 revolutions per minute. The nozzle opening had

a'diameter'of approximately lem. The Noryl-, Cycolac-

and Lexan-plates had smooth surfaces and the fiber

dispersion or distribution throughout the plates was

even. The concentration of metal fibers amounted
20 to 4 weight percent or 0.5 volume percent. The Bekinox

stainless steel fibers had a specific,conductivity

of about 2% of the copper standard.

'Examgle 2 _ .
Under similar conditions as in Example 1, injection
25 molded plates were made of the thermoplastic resins
mentioned above.'-However, a flat bundle of 20,400 |
adjacent Bekinox -filaments-with a'diameter_of 0.008 mm
‘was used as is shown in Figure 1A. As in Example
1, the flat bundle was again impregnated with a Dynapol
30 L850 solution and stripped'thrOugh_a rectangular Smm
- x 0.5mm orifice. 'The dried bundle comprised 6.4 percent
by weight of resin and was enveloped with the same o
polyeSter resin in a slot extruder at 160 degrees
g-j ' centigrade. The dimehsions of the rectangular extfusidn
% 35 nozzle were 5mm x 0.6 mm and the obtained cooled strand
3 ' comprised 23 percent by weight of resin which equals
approximately 39'perceﬁt'by volume of metal fiber.

flectric) waan§?§mmY%§21§§ t?“éfnﬂoé¥ﬁoéﬁ§ f@@ﬂﬂgﬁggégﬂﬁaﬁ§_resin_of Borg 
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i tapering outer surface of a mandrel and the concentrically arranged cogi cal
~inner surface of the nozzle head. 35 The channel was thereby confiwéi%

~ towards 'the extrusion orifice and shear was thereby sonewhat increases2and

- this resulted in a better fiber dispersion whereby ~ the fibers were nore
or less oriented in the extrusion direction. The thus obtained conposite
grains were dry m xed With an equal. wei ght Idantity of pure plastics 5

~pellets and fed to an injection nDIdlng machi ne of the Ankerwerk \24/20
type with a scre

a0 connect.ed. for . nol dj ues with a
thickness of 2.3 §W?§ngpﬁe§? gagnfhgﬁge HRdLfimo }eggté w#ﬁééh
t énperatures in hneks@pGWQGHanendméiettespagtofetyelﬁleBOedegrQQSe

~centigrade, 210 Qgg@qg%qungbg&agg ané1%38%gﬁpé?2?hgepi¢g%%dgn %oglgge

‘Noryl, iCycol ac, g@ éexan §S|ns ds Was set
at respectively 8§ndd§r 48sthenfr§ingmatsdxjEgr cbhecsake gpfidecaradtely degr ees
centi grade. Bhecm&kdwgrmhatgdahﬁleetp#évédvebubéOﬁérpeéfﬂééﬂiﬁe The nozzle
openi ng had a di te f, o]7 olac- and -
Lexan- pl at es had%ggno ﬁgéﬂgﬁaggékgﬁggbﬁ%eg Bgfedﬁgﬁﬁrsybﬁh%¥gd?§¥rlbutlon

t hroughout the pRdfédcudéyevdny miKedcwitbnpuaei phastioetpeéliebsrinanount ed

20 to 4 weight raerrwib BéthénVQbUB'S aﬁace9t33 JB@ RekbpZesit by ess steel
fibers had a specific tivi ébOf ab %e copper standard.

Exanpl e 2 Under §F5FP5F cdﬁ%PtPoﬁ §§aPﬁ1E%$HpF€“& injection 25 ol ded
pl ates were dfide tiredd « beh reopd beste ter esf N§ mmn{se8cExahpYe. 1) Hovener, a

[t Dund! e of 2000, o geeniofei poinalALAToRL oML LB Padle T 67 wloRe 000

mm was used as is s
, percent whxch co:responds to approxxmately 1.1 volume

percent, Composite grains thh a length of 1 cm were
cut from this thread. After dry mixing these

15 composite grains with an equal. we ight of pure plastic
pellets and Lnjeﬂtlon mcldlng of the mixture as
described above, an even d;sperSLQn was observed. The
average fiber length-waS'eSpimated at approximately _
1.5 mm and the final concentration again amounted to 0.5

20 yolume percent. See area A in Figure 4.

- The shielding behavior against electro- |
magnetic radiation of the injection molded plates was
tested. As known, the shielding behavior of a plastic
matecial loaded with conductive f£iller can be

25 determined in'prbportion to the plate thickness by

' comparing the reflection R (%) ‘measured at one
radiation fraquency (e g. 10 GHz) with the reElectxon
(L00%) on a reference material such as a metal plate.
If the electrical properties of the material are

30 suEficiently hdmogeneous and the conductive filler in
the plastic forms a network with a sufficiently small
mesh size (e.g. of an order of magnitude smaliéq than
the wave length of the radiation to be shielded), then
the shielding behabior can be extropolated for the

35 . full frequency range. Moreover, it is known that foc

.a great humber_OE applications of electrically

conductive plastics, the shielding requirements are

. met when a shielding-effecéiveness (SE} of 25 dB'is




e flat bundle was again inpregnated wi_th'_a D§7napol 30 L850 solution
stfipped through a rectangular 5Mm x 0.5mmorifice. The dried bu e
rised 6.4 per cent by weight -of resin and was envel oped with the s@ }
diyester resin ina slot extruder at 160 degrees centigrade. The.
@ensmns of the rectangul ar extrusion 35 nozzle were 5mmx 0.6 nm and -
é obt ai ned cool ed, strand conprised 23 pereent by wei-ght of resin which
eddal s approxi matel'y 39 percent by volume of netal fiber. - 18 - The

filfdt thread wabtalioededt ra |Ereduengyhs feiGiR: hddk Wodh rkscorfoung

fI_'af teni ng of %Q‘”tbft'h%ersﬁe e ARGl RWigiehng @sHTPi ng of the
flbersmaflat e 1n e resin matrix for the sake of aq(;uraterS
cditing the gmangitdsls d*(/léfd‘ B IReCdiE geHistans e BRI frd-F

: g;anul es were Mmowwzglutal gjlifé igild imal diy thexedcimity pdro.plastics

4kl ets in aratio nlO aind 89.-3 ht erc nd truded into -
gSubst antial 1y %rﬁ?"l(f’el iRty sd?}é\%,\rg f ﬂﬁrré('gee anple 1).

THe nmetal fiberitdoma emsnammtceﬁj aARP LPPiRAde st & B %l%tcmé%%ewl ch
cq responds t qaPRIPE "B Flde lan “aje a%ehfcerﬁla@rrpcps':taag{ﬁmwth a

I ghgth of 1 cmwere cut fromt |s thread After rg ng these 15
‘cdpposi te graibeswrien the g ldin rﬂfﬁﬂc"p%lf%‘ﬁﬂsd g ca'ﬁe & ¥ i njection
¥ di ng of thEE:fE Qi iy o6 m%}févheduﬁhﬂi/@xréim eSien 4li spetsi vini okase svser ved.

T f I th t t t dth
el Concint 1ok b S Ay ol S5PUGK) dRifod dnd BRALTD 02

§ Figure 4. Tgb'rfalséﬁlaaﬁ dL nem be hawd w2 hgaeﬁetset@cthe) rerh@he@mehmdﬁan on of
Of.a' nj ection [REFEC PARIFLNES K586, ASakBENE: akNEoSBits) chREcbaBavi or
curve 2 shows the relationship for R = 70%, again at

10 GHz. . 1, for example, for a conductive plastic
15 plate with a thickness of 3 mm, a reElectxon R is

measured of 80% at 10 GHz (sourve-to-plate distance is

1 em), then it can _be derived from Figure 3 that the

SE value will be at least 35 dB at any frequency.

When R= 70% and 1 GHz, then SE =38 dB.

20 Analogously, the Eollow:.ng values hold for
other plate thx_cknessgs, measured at a distance of

1 cm between source and plate:

o gt el S T - - Sl Ry :

Tht;:;‘ess : 10GHz = 1 GHz

' R (3) | SE (dB) R(%) SE (dB)

- 25 4 70 35 70 | 41

| 2 .85 35 70 14
! 95 35 70 21

. From the ahielding theory (Schultz) it can further be

_ derwed that the specific resxatancn /’ (- cm) ; for

30 homogeneously conductive plastlc plates and indepen- :

‘dently of the plate th].ckness, shows tha Eollowmg

values as R(%) varies




mat eri al ‘| oaded with conductive filler can be®25 “determined in proportion
to the plate thickness..by conparing the reflection R (% neasured at one
radi at'i dn frequency (e.g. 10 GHz) with the reflection (100% on a rg&grence
material .such as a nmetal plate. If the electrical properties of t-h '
material are 30 sufficiently honobgeneous and the conductive fitt&A n the
“plastic forns a network with a sufficientl y-s#@lt mesh size (e..g. of an
order ‘of magnitude smaller thdn thé wave | ength of the radiation.to be -
shiel ded), then the shielding behavior can be extropolated for the 35

fuw frequency range. Moreover, it is known that for a great nunber of
applications of electrically condgctigye plastrtcsPZiMaemdn el ding.

requi rements are_net when_a shielding effectiveness (SE) of 25 dBis . -
-19 - obtained at a frequency of 1 GHz. It was also tound that the SE val ue
for electric fields and for materi &89 w th a speci fd.d¥ esi st ance between
[err] and [err] always'is minimal in the vicinity of 0.4 to 55 GHZ for

pl ate 't hi cknesses between 1 and 6 #% and with a di $.&dke of approxi maiely 1
cmto 10 cm between the wave source and the plastic plate. . Arelationship
bet ween t he shi el di ng ef fecti venes90SE and t he wavé-«fy equency f is shown in
Figure 3 for 3 pl ate thickness 10 qf 3 nm and a di st ance between the source
and the plate”of '1 cm Curve 1're_8rs to the'rdiﬂ%x%whip'for reflection
values R = 99% neasured at 10 GHzﬁ wher eas curve %szpoms the rel ationship
for R=70% again at. 10 GHz. If, Pbr exanpl e, for & conductive plastic

1,5_ p| ate wi th a~thrckness o3 T reftectromRtsneastt pd of 80% at 10
GHz (source-to-plate distance i's 1 cn), then it can be derived fromFigure
3 that the ' Hence, it can be derived from the data that a

thicker plate may possess a lower specific conduc-
tivity (1//) and a lower reflection value to reach
10 _the_édﬁé shielding effectiveness (SE) at a given

frequency (e.g. at | GHz). Thus, the D/L value of the
:ibers may at a same fiber concentration be higher in -
a thicker plate than in a thinner plate, or, in other
words, the fiber concentration in a thicker plate may

15 be smaller than in a thinner plate when D/L is equal

- in both plates. '

Transmission, reflection and resistivity
measurements were conducted on thé'injection-mdlded
plates. The transmission and reflection

20 measurements were made at 10 GHz. For these
measurements the plates were placed between a wave
-emitter (an oséillator) to which, via a circulator, a
first horn antenna was connected,and a second horn
antenna,which is connected to a second detector. The
25 energy generated by the oscillator is sent to the
 plate via the first antenna and the ttansmitted ehergy
is, via the-secodd antenna;'regiStered by the seéond '
detectoriéonnected thereto. The reflected energy is
-returned.tO'the:firSt antenna and registered by a
:30” Eicst'déteCt§r connected thereto. This amount of




g al ue Mﬁll'be at. least 35 dB at any frequency Vhen R= 70% and 1 GHz,
 SE.=38 dB. 20 Anal ogously, the follow ng values hold for
plate' thicknesses, nmeasured at a distance of 1 cm between Soues

plate: Thickness ' 10GHz (nn) ' o E%ég
R_(0/<) SE (dB) R( /<) - 21 SE (dB) 25 -4 -

_ .70+ - 412 ; . lgs _ 35

95. 35 ' .70 27 Fromthe shleldlng

er (Schultz) it can further ‘be derived that-the specific resistance
] Eor 30réfhagentoerséyggoisiuetpyespedsincpptaees @Revabdepest dently

_ h% ?&fte é@éc§£5§ft éfo eldy. (i€6{P“%RQSNaggeggéfegié@ Var'e? 0.53 90
& 5 metal plate 1gQothe same circumgtang@s. When the 3.3 Hence,

§ - can De. deraa(&sinérafnwsnsﬁietéaa&nerw tkebqRhb gt EomQL‘:BOSEﬁéﬁ a | over

r;lelc conduc- tivity [err]and | owefl reflectlon value fo reath 10 the'f
ine shﬁeldlnBD%fF%%tPVEH%§§ ?éEfegleﬁtgPVeHePFéﬁﬁEﬁB§ gedg. at 1 GHiz).

§us, the D/ Lrggigeratidhe Ehbebsaaayxat:acspaacatbaraeoaeaataatlon be
~bher in a thicker

h n.a-thinn LeP l.at e in her ,words, the
foer concent PBEFBn g wﬁe?h?ﬁgeFrBWaPsaﬁag £5 ElﬁétsﬁﬁFnga hgntpﬁ a thlnner
Rate mhen Eysecenéqaatenna ovet a distance of 22 cm. This move-

ment stacts at least 14.5 cm away from the circulator.
10 This dynamic method enables the avoidance of measur ing
ecrors which might occur in static measurements when
the position oEJthe various oiates relative to the
: citculator is no: exactly the same during the succes-
i i sive measurements. Indeed, the measured reflection
‘ 15 signal is always'thé'res?ltﬁqﬁfsﬁcéeSSive reflections

 and rereflections between the plate specimen and the

: ' me tal (ci:culahor{ antenna) . This produces a standing
: wave pattern as a function of the distance between

specimen and emitter. 1In the'dynamic method, the
20 average value of the registered standing wave oattern

S

_U*:qu-pmo~ﬂwwﬂ90H<

_ is determined by a microprocessor.

: - For the measurement of the soecxflc

é resistance (reSLStlvxty)._the plates or sheets are

' connected near their opposite edges between clamps in

25  an electric circuit. To obtain good conductive
contact between these clamps and the conductive fibers
in the clamped plate edges, the latter are scoured and
coated with silver paint. |

The measuring results were as Eollows
30 (average values)-




in both* plaves Transmi ssion, reflection and re5|st|V|ty nmeasur enments were
| conduct ed on t he I nj ection- nDIded pl ates. The transm ssion and refl-ge&ion
' 20 +reasurenents were nade at 10 GHz. For these measurenents the p
Cwer é pl'aced between a wave emtter (an oscillator) to which, via af, =
~circulator, a first horn antenna was conngcggd and a second horn\g
which is connected to a ,second detector. The ener gy generated by
oscillator .is sent “to the plate-via the first antenna and the transnitted
energy is, via the second antenna, reglstered by the second detector
bﬂnected thereto. The reflected energy is returned .to the first antenna
‘and r'egi stered by a 30 | Rafilettidmt ec} Pramsuiseidred t HSpetific dhiistameunt of
- 21.- reflectgd_energv is (8kpressed in p®rcent (Ri{val ue{rofedtlhe amount of
energy (100% which isreflected byla nmetal plate ijn the sane -
_CircunstanCes.'Nﬂﬁﬁh t he annun@sof ransf tted enerjgy is eq¥al. to zerlo,

t hen, -5 fpr the. purpose gf reflection neasufenent
and L registrdion, the|plate is3reciprocafed at
const ant sgeed %Wlwﬁﬁ fand frogﬁPga 'thﬁﬂiirst_antenna to the second
antenna ov ceg of 22 Thi s e- ment dtarts at?l east 14.6 cm
~away- fromt he cHettator— .n,a'dyﬁaﬁhe—ﬁe%hed— ce of

measuring errors which n1ght occur in statlc measur enents when the position

of the various pl ates r@hgglggobg Ehgtckg %SQEHf%dmmb %Eacgklec@? sanme

during the succes; sive Measurements he neasur e tion 15
signal is al way it 2 geighness s‘lﬁ:c?es%lm V%W Rnibhe hhalkpeEveeri ons

between the plat i SWEFi @Béh nshd NeufBi @led €1 SRLEPEDRg @PE&EYeneddi s
produces a standifg 45, for certain applications. See area A in
10 Figure 4.

Examgie 3

A similar resin-impregrated flat filament
bundle (thread) as in Example 2 was chopped into
granules of 1 cm length and as in Example 2 mixed with

15 puce resin pellets (Cycolac) in the desired propor-

tion., These resin pellets had the usual dimensions

(approximately 0.5 cm long, 0.5 cm wide, and 0.2 cm

thick) . The mixture was ‘extruded into a round thread

and cut to form composite grains containing

- 20 approximately 1.1' percent by volume Of metal fibers
 (see Example 2). The composite grains were then dry
mixed with pure plastic pellets in a 50/50:propo:tion
and were fed to an injection molding machxne of the

©.ny

_Maurer type thh a nozzle orifice having a diameter of
25 0.95 cm. The same temneratures as in Example 2 were
applied. If the shielding characteristics must
be sufficient in the immediate vicinity of the nozzle,
the injection will preferably take place at a slow

pace and/or an after-pressure which:is as low
as nossible will be anplied at the




bive pattern*as a function of the distance befween specinmen and emtter.

N the dynam c nethod, the 20 average val ue of the registered standing
e/ e pattern is det er mi ned by a m croprocessor. -For  the neasurenent he
gpecific resistance (resistivity), the plates or sheets are connect r
hei r opposite edges between clanps in 25 an electric circuit.  To ain
Bjood conductive contact between 't hese clﬁ%ﬁs and the conductive fibers in

. he cl anped pl ate edges,. the I’atter are scoured and coated with silver
faint. The neasuring results wete as follows. 30 (aver age val ues): -

b2<. Reflection Transm ssion Specific resistarce 29@
err] Nocylend of the Eﬁiectlon Prog@ss. The injection moyge@ fes were Smm -4

D . | 6 4
iThi s shows Fmafkthe | Jec %8 ef%e‘ 1?" 52 én?ﬁs d?ﬁ hg%é b¥ 2. 3 m wer e
on the I|n1cubELmeewerhsbhihc$bn¢eanﬁf@mfthesenpléh¢§hdﬁn§ ef fectiveness

(35 dB) forgGeLLdidn 8P |B§§§b?0§n?5€§ea'i:€§1ﬂ 'f'i‘oﬂiothegeg'd!.@cés Exanple 3 A
sim | ar reésin-Inpregnated angent %§ read) ,as in Exanple 2 was
chopped |%t6“3r5hélé§169 EhEnFF@ﬁgﬁh“SnSLQ§rlﬁe angl §eﬁlﬁed with 15

pure resin ﬁfhké&éobGycohaéa BnlhhglqeﬁerQdcbteaeponﬂsonltﬁhche resin
pel’l et s had al Xi g, 0.5 cm w de,
and 0.2 cm Pék; %efﬂé"ggxiﬁg Wé§R§f8 ggé g § roun%gthread and cut to
fornlconposshéegdangsaodnbandunngxty measurements were conducted

as described above. The results are summarlzed in the
10 table below: '

Reflection Transmission 'SpeciE ic resistarce
® ) _ (e cm)
Cycolec | 0 4
Example 4
15 Flat granules comprising 20,400 parallel

stainless steel Fibers with a diameter of 8 um and a
length of 3 mm embedded in 8 percent by we ight of
acrylate resin K70 (Erom the company Kontakt Chemie)
were, under careful stlrrlng, dxrectly added to a 45%
20 solution of a thermo-hardening polyester resin
' Derakene 411 ‘in styrene. The Eibers from the granules
 were evenly and randomly dispersed in the resin and the usual
acceleiato:s were'added, as well as a catalyzer. “The
relatzvely 11qu16 mass. was molded into 30 cm-x 30 cm x
25 3 mm plates and de-aerated. The mold was closed and
rotated durlng the cold hardening process to prevent
the metal fibers from settling to the bottom of the
mold. The hardened plate comprised 0.5 percent by
" volume of metal'fibe:s._In Figure 4 this mix |
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20 appr oxi mat el y 1.1!_percent.by-volune;of’netal fibers (see Exanple 2).
The conposite grains were then dry mxed with pure plastic pellets ina
'50/.50 proportion and weré fed to an injection nolding machi ne of the
type with a nozzle orifice having a dianeter 'of 25 0.95 cm = The
‘tenperatures as in Exanple 2 were applied 4 - I f the shielding .
characteristics nmust be sufficient in.theimediate vicinity of the nozzle,
the injection will*preferably take place at a sl ow pace and/or an
after-pressure ' 3% 3 I ﬂyggg i dd s npl ' - -23-
egd of the inj e%@%%ﬁ&?@sﬁ% I N ecH%nWr%:}Hgg % a;%tggm’g%raeg‘gerrerﬁ t hi ck.
The average fi bd@ GlEFHIPN AR nd@dertA Mt At cutEPeRt LG yrehistange st f rom

. .these plates, and sushsequad lat G SAdmsdiwnresionfromthese slices 5 and
~anal ysing the remaining fiber netting under a mcroscope. Area B in Figure
4 corresponds with the tSismidete pliateds f { dete | @iméds tbnsY i beit e omade The

The resul't5 ar o SMaones? TEAHE S HendEoded NerRlidady, CREEISERR OV

The result
ﬁﬂanﬁmﬁssﬁqnnqniusngqﬁgic resistanqe@were'measured.
o . 2 .

urer

"Transmi ssi on

[err] - Cycol ac 68 1 -0 _ o .

- Exanple 4 15 ‘Fl at granul es conprising 20,400 parallel stainless

steel fibers mﬁﬁh_a_dLaneLeL_oL_S_tﬁ : ngth of 3 mm onbedded in 8

percent by wei gfR ®F dchylmg edith kFo(B¥ o -cONPARTMRSAPAK R

were, under carpful stiirring,| direct]y addédZE®:SE-459 20 o) uti ¢nFoFg

t her no- har deni ng- St-ef—elst-—Deralcere 3%??9?:x3rcnc. +hre—tHbers—Frem

the granulqy- o008 | 3 | 0.5 | 70 | 1.44 0 c

o 0.004 3 | 025 | 87 1.68 0 D

lo.cosa | 3 0.50 { 84 | 3.1 0 E
.04 | 3 o2 | 70 | 151 0 F

Frcem the examples and results limits were
derived for the volume concentration of the fibers
(C$) as a function of the D/L ratio of the fibers.

15

Accoﬁding to the invention, the érea between the two
straight lines 1 and 2 in Figure 4 determines the optimal
conditions for C, D and L to provide sufficient shielding
effectiveness for plates with a thickness smaller than

3 mm. For plate-or sheet-like articles with a'thickness'
between 3 mm and 6 mm,'the'stfaight line 3 in Figure 4
will be the 1ower'limit.£orlproviding sufficient shielding.

20




@ere added, as well as a catalyzer. . The relatively liquid mass was nol ded
tnto 30 cmx 30 cmx 25 3 nmplates and de-aerated. The nold was cl osed

ind rotated during the cold hardening process to prevent the netal_flbers

Jron1settllng to the-bottomof the nold.. The hardened plate conpris§sd 0.5
bercent by volune of nmetal fibers. In Figure 4 this mx - 24-
'Yorresponds wi th p0|nt G The feasured reflection anounted to 94
5Qec ific resistance of [err] and at a transm ssion of 0% Simlar at es

: di nensi ons) were nmade 5 wth €om$05|t|ons as nenti.oned hereunder.
?eflectlon transm ssion and specific resistance were neasured. D (mm L
{ C(% R (%  specif. transmss ion p0|8t [ rishzt ' (96
F| ure 4 (c 0..008 3 0.25 . 7 . : )

Cg 004 ( W)Ej"&”é’.—l%io 87  1.68 0 - D 0:004 3
b 50 84 3.1 0 E 0.004 3 0.12 70 - 15.1
0 o F Fromthe exanples and results limts were 15 derived for

the vol ume concentrati gn ﬂbgdge,gllﬁq_rﬁ ggﬁdt'ﬁ%oan f%r% |eod1 dﬁge ?,[\)éL ratio
ion e area

of the fibers. .According to the i1nveé
strai ght i ne2PPUt 3 0x Bedhne s Feradmlia s %ﬁﬁ,ebpﬁﬂmmerctmchmbns for C,

Dand L to pra\uedevaw‘n‘ iam Qrajuxsiul@ndi NEE Pdhen ©fd Bid (e e56 6%{0@'& es wth

a thi ckngss s héﬂ l,at e- or, sheet-llke articles wmth a
thlcknesg betmeen nm-an % ?U%ndF e% ?Fg'gﬁt line 3 in Figure 4 will be

the | ower |i mexamplenr enditdi mMa‘pdﬂl @BSEHelutigh as explained in
Example 1 to form a strand. Granules of 0.5 cm
in length were cut from this strand and dry
blended in the appropriate proportion with CYCOLAC»KIB-

10 pellets to make grains. The grains were again made by
extrusion on the Samafor 45 ektruder (Ekample-l) and
comprised about 0.5 § volume of the fibers. Their
length was chosen at 1 cm.  After dry blending
these grains with an equal amount in weight of Cycolac

15 KJB pellets, the mixture was fed to the injection

\ : molding machine used in Example 1 to mold a plate of
2.3 mm thick. An even dispersion of about 0.23%
volume of fibers was realized in the plate and the
average fiber length was estimated at about 0.7 mu.

20 This ra2sult is indicated by line H in Figure 4. The
antistatic perfo:mance of this plate was estimated by

.rubbxng the plate with a textile pad so as td> generate
an electrical charge on its surface. The plate was
then brought in thé vicinity of a certain quantity of

25 fine cigarette ash dust laying on a table. There wés

‘'no significant tendency for the ash dust to lift _
from the table and to deposit itself on the underside '

{ _ QE the plate. However, when repeating the sama

| antistatic dust test with a pure CYCOLAC-KJB-resin plate,

30 devoid of metal fibers,the ash dust was immediately

| attcacted to:lth'e plate. ' ' |

: }re evenly ‘and random y di spersed in tHe resi'n and t he usual accelerators
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Nl -'25;- Exanmple 5 A substantlally round, non-twi sted bundl e of about
10, 000 Beki nox stainless steel fllanents Al'SI 316L with an equival ent

filament di ameter of 0.004 mmn ~ -- 5 was inpregnated d -
sheat hed, for exanple, wth a Dynapol L850 |_Luti on as expl ai ned in‘E§§§>1e
1to forma strand. Guanules of. 0.5 cmifflength were cut fromthi

{strand and dry bl & 1len t he appropriate proportlon w th CYCOLAC- KJB- 10
pell ets to nake g%%gth——£ ira?ns wer e a%aln made by extrusion on the

Samaf or 45 extruder (Ex&nﬁpéd e gfd abetsr il @08 BEKINOX usEailndesst the

fhers.  Their Ierscttemw@&behgsqa %11134e(2mforﬁxf &fthdian Qk;eridlaliant fiber
- these grains with an e uaI LN wel pell ets,

the nmixture was f&d af“gtte%e SEn é tloﬂ‘mr'rﬁ'la(? %&pﬁﬁ@ﬁﬁ%‘ff?% 5@8 |SH E)‘f'éﬁ'ﬂl elto
1ol d a plate df 2wd thmat DynhpolAﬁ.Séﬁeme@mpers&d@scrmbaﬁodh ExAdpleol une of.
fibers was reallzgg '%?%h%t&%%heh%ﬂd al e dve %%r bgﬁ%eﬂﬁpgkhaW%EtESt'"atEd

at about 0.7 result. 1sin |cate In Flgure 4 rh

antistatic perfor@@ndebyf veli-s Ipl &We wes t&ot 1gmmde@y Or-ébbmngnﬁh@ g e
with a textile pacie%pe@suwlgew AleRgith e.le%t rdd@'fr@ﬂﬁr&ﬁso%t'rta%dsﬁhﬁace

The pl ate was the brou VICIn g ce I uantit f 25
|fine cigarette as §U§F%bé§ 9 # ﬁﬁ@' oF Cytolac

.SI gnificant {@ndemap f(grrelyhetasbbtdlmt at @dmp‘dsﬁ&m idfe Ot.&bl%e bynaraila
deposit itself on th;%t urﬂ%rei-' dqn the %[3 ?]c rel—slqv‘)(eve,rhemgg_%nrde%%%tl ng the

isame antistatic dfSt Yest Tesin plate devoil d of
metal fi bers t he ddgtecism f\ns}s 1|nrh¢ed4h@t éwlqpmrt e tagd ingeatd om aed ding

machine of the Type Stubbe S150/235 (operating pressure

O .

_ 130 kg/cmz, injection pressure 30 kg/cmz, after pressure
15 30 kg/cm ). The temperatqre at the injection orifice
was 205°C and the injection time 4 sec. for a molded
plate measuring 30cm:by 30cm and with a thickness
of 3mm. The metal fibers were substantially uniformly
distributed in the plastic. The electrical propertles

20 are given in the table below (average values).
FIBER LENGTH REFLECTION | TRANSMISSION| SPECIFIC
IN GRANULE _ : RESISTANCE .
(mm) | (%) | (&) |  (mem)
25 | ¢ |l 67 0 o 11

The reflection value at a metal fiber content
of 0.5 % in the plastic still results in a shleldxng
effectiveness of more than 25 dB. _

According to our experience we can expect a

30 sufficient shielding performance (25 dB) with less
 stainless steel fibers having a diameter of about

0.0065mm and with a direct feed at the injection molding '
machine of a mixture containing granules of about




6- Exanple-'6 A bundle of about 10, 000 BEKI NOX stainl ess steel fibers in
El i ver formwi th an equivalent fiber dianeter of 0.0074nm was i.npregnat ed
pind sheathed 5 with a Dynapol L850 resin as described in Exanple 1. The
Etrand had a netal fiber content of about 25 %by vol. In two testgs
granul es 0.6 cmand 0.3cmrespectively in length were cut fromthi
gand dry tunble bl ended with plastlcs pellets of Cycolac 10 KJB
@obtain a conposition of 0.5 % by vol= 2t-al fibers in the bal ance MeSin.
j?he bl end was directly fed into t he hopper of an i nj ection-nol ding nachlne
§o( .t he Type SBUbbesﬁﬂ\S%ZBénéapeaml@gn@fsﬁsmeea content in the

$2°130 kg/[err u k after A

tkg/[err]). hé gﬁera $é8§? éﬁ hYgé§an cﬁTf?% fﬁb’ and the
§inj ection tlnﬁthS§cPefogranﬁ%¢ded plate measuri ng 300n1by 30cmand with a
it hi ckness. of 3mm  FHegNBkpkr L hERE SLHES CpSHPSS amaél'éd(od”&ﬁ%ﬁ%
»dlstrlbutgd in th

tabl e bel CEHYNSM SSI ON
ESPECI FI C | N GB&NgkERnules at the injection molding stage,Fﬁﬂﬂé§Bﬁlﬁi(ﬁqﬁ
(O/()

r
75 6 the Lntermedla%% QLeS of makxng %falgg
refl ection value at a netal-

and
to

_ 11 The )
fiber content of 0.5 %in the plastic stil

results in a shiel dmna threﬁtwﬁnaas séeﬂopsrtb@ma’ﬂélfi%eé@@m@h ng to our
-xperlence we Qag gect a 30 f |C|en %g #ng erfﬁﬁnance (25 dB)

‘th less staMit8sEeLLEEPCE; FR,BLAS Fﬁgma Fi obrsBiRtfL%8 0065mm and.
ith a dﬂﬂectaﬁaads&tra330|ﬁ;eqheuaynahdlhggh frequency waves.

In case of a relatlvely high L/D ratio of the thin
conductive fibers in the plastic matrix, electromagnetic -
waves in the radar frequency range can be greatly

absorbed. The volume concentration of fibers may

in this case be very low since good conductivity is

no requirement for camouflage against radar waves.

Here, the surface resistivity of plastic sheets containing

dispersed conductive fibers will preferably be higher
than_lOO;m/sq.

15

A reflection value of 10% is sufficient,

20 but generally it will be approximately 40-50%.  The s
relationship between fiber concent;ation_and D/L will
in most cases correspond to a point in the area to

the left of the straight line 2 in Figure 4 at concentrat-
lons lower than 0.25 volume percent.

The words HASTELLOY, INCONEL, HYTREL, DYNAPOL, NORYL,
CYCOLAC, LEXAN and DERAKENE are regzstered_Trade marks.

25
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machi ne o6f a*m xture containing. granul es of about - 27 - 3to5min
l'ength and a netal fiber content in’'th bout 65 % by vol. e.g.
at about 10,000 fibers per. granule. Th?HWH 1mﬁmﬁhus proves ‘t hat good
shielding 5 " results are achievable w Ire®t Fntroduction of granules
at the injection nolding stage, thus deleting the internediate step of

maki ng grains. The i.nyention. has been partlcuTa%ﬁ y descri bed with ref
_to pl astic material s for shielding 10 agai.nst . radi o .frequency an
ffrequency waves. In case of a relatively high L/D ratio of the thif _
co uctive fibers in the plasti'c matri x, el ectromagnetic waves in the"radar
frequency range can_be greatly absorbed. The vol ume concentration of -
fibers may 15 in ase be very | ow since good conductivity is no

f equi r ement for cam)uflage agai nst radar waves. Here, the surface '

resistivity of plastjc SheEtprcﬁ@éléﬁlfbflgtlﬁ& w&wﬁ:ﬁﬁnwta YA afsitieiss Wil |
oreferably be hi-gher ghan #%; ? ﬁﬁth A refJectlon val e of 0@6|s
I

sufficient, 20 bufeyehed: e %ﬁ)fpr](fkl t'eleyl The
el at i onsh| p bet weepohdbetiverndeihth atompr bsal Ditle vitdps roﬁrost cases

correspond to a poi ”5 in t;EP Y”;{&fn& ?{;ﬁéﬁ? @ﬁhfﬁg%ﬁc{@ee_fve 51%%!%pllgsﬁg|.c

Figure 4 at concentra ower~ t ercen
wor ds HASTELLOY? INCC]\IEL TANRES i to\hawring mdumm QuSK QIR t

DERAXENE ar e registered Tragegimgkérom alkdut MD hrolume Ad¥difsd abdute
production of a plastics

70 volume percent and having a substantially
parallel fiber arrangement therein,

{b) aamixing the fiber/plastic composite from step
10 (a) with a predetermined volume of further plastics
material, and '

(¢)  heating the mixture thus formed and working the
heated mixture while maintaining low shear
conditions to avoid excessive breakage of the

15 fibers but with sufficient shear to distribute
the fibers substantially uniformly within the
plastic. '

2. A process according to claim 1 wherein the
~ electrically conductive fibers have a specific conductivity .
20 of at least 0.5% of the copper standard.

3. ; A process according to claim 1 or claim 2 wherein
~ the electricélly conduétive:fibers have an equivalent
diameter (D) and a length (L). such that for a major
proportlon of the flbers the ratlo D/L is from 0. 0005 to
25 0.008, '

4. A process accordlng to any of the precedlng clalms
wherein the electrlcally conductive flbers have an _
-equivalent diameter (D)_of from 0.002 mm to 0.015 mm.




|t erial ‘which is at |least in part electrically conductive which conprises
he steps of: (a) provi ding an el ectri cal m m mmuugerl pl ast Ic 5
‘onposi te having a conductive fibers content\mma 3 ut 20 une
jercent to about 70 volune percent and having*a subst &nt fal Ty par
i ber arrangenent- therein, (b) adnixi gg ~the fiber/plastic conpd !.I _ from
tep 10 : (a) w,th a predetern1ne vol ume of further plastics
mXture while maintaining | ow shear conditions to avoid excessive breakage
bf xhe 15 - fibers but wth sufficient shear to distribute the
fi bers substantially uniformy within the plastic. 2. A process _
ccording to cBaim1 nhpreéesshecebedingca¢anxowﬁhthé\deddﬂﬁnglﬂ%ﬁimw
speci fic condug) ée‘fe& e?éq:?h.b&f?g Qorggv\ﬁéntré]ef £ dad. 3.
process  accor di g eln the electrlcally
onductive fi bénbemavbaahnmanvaveﬁ@ga| tergth ¢D)TEm &3 HRYtH WY . such
‘hat for a major proportion of the fibers the ratlo DL is fron10 0005 to
5 0.008. 4. A process accor di to,_an recedl
erein the eIéctrlcaPI?IBSﬁﬁﬁCFF98ragﬁgr§°h @W%
‘of from 0. G02 midereifl @he edectrically- c5nduct1#epfnbess baowrding to any-
of the precedi I & trically conductive fibers are
metal fibers hg%ﬁ%ﬁiggagvggéggﬁle§§$ﬁhgg ‘from0.5 to 5 nm 6. A process
according to any of the preceding clains 5 wherein the electrically

conductive fibers have process according to any of the preceding claims

wherein the electrically conductive fibers comprise
stainless steel fibers. '

10 8. A process according to any of the preceding.claims'
wherein_the plastic comprises a thermosetting resin.

9. A process accordlng to any of claims 1 to 7 wherein

the plastlc comprises a thermoplastlc resin.

10. A proceés according to either of claims 8 and 9
15 wherein the resin. is an elastomeric resin.

11, A process according to any of claims 8 to 10
wherein the resin is a foamed resin.

12. . A process according tb any of the preceding claims
wherein fibers in addition to the electrically conductive
20 fibers are incorporated into the plastics material.

13. A p:ocess.accdrding to-claim_lz'wherein at least
part of the additional fibers is provided by reinforcing:
fibers. ' '

14, A'érdcess aCcording to any of the pféceding claims
25 wherein a flame retarding agent is lncorporated into the:
 plastics material. -

mterial, and (c). - heating tHhe m Xture thus fornmed and working the heated

Qﬁfe a ?eﬁs([» o



el at'ivél‘y sroot h surfac_es.' 7. A process accor ilng to any of the
oreceding clains wherein the electrically iju ! 6.
tainl ess steel fibers. 10 8. - A proce any

receding cl ai s wherein the plasti c conpri ses a ther nosetti ng

.herm)pl astic-resin. 1Q. A process accordl ng to elther of clains 8 and 9

5 wherein the resin is an eFastoheric resin. 11.. A process accordi ng

-Q any of clains 8 to 10 wherein the resin is a foamed resin. 12. =~ A

ess according to any of the rece i ng .cl ai.ns _wherein f| %edtz.ﬁgdd't'on
0

othe electrlcally%onduc'hRﬁ? r%?ré:lr?@gr rzﬂled
lastics material. dBaims v&nenfmesmeacmmuheng ptlmsdmsnmem@rleprﬁ attepedbd

art of the additiopal flbers inforcing fibers. 14. A
rocess according tb® a‘l:ﬁf“%’fl? Cil ndcgj)baelrl?r's wherein a flame

etarding agent is incorporated |nto the plastics nateri al . - 30 - 15.
process according,§o any rd e Pr £ th S | 8 BT alhe Precedihkeiclaims

| astics material of ste I'S conprised of tic, eII

rocess accordi Ag tbnﬁn‘}gb?gtmepﬁ r@b%gsﬁpa.‘%a% Iau(f aé)e#%rftﬁrctlﬁer
tep of ‘formng a shypgﬂjaétj.@handnyldmgcthe)rwom(ﬂdjlmgtttm whiadaed afires

btai ned after heatjng and wo 0, o & gfalcrpaim 1.
7. A process acﬁﬁgﬁ?‘ﬂ‘é ‘?Béa‘ﬁ?/%*n%l aﬁ?nésg%]{&%&aél ni%ﬂegil %p t h)e further
tep of formng a shaped article 10 by extrusion of the worked m xture
hrough a die. 18. 17.A prmcpsscmoa«:jq:mgiim; ctaianyl pivwading tlhd¢o 15

including the further step of forming a shaped article

10 by extrusion of the worked mixture through a die.

18. = A process according to claim 17 wherein the

volume of the further plastics material of step (b)

is adjusted'so-as to obtain an extruded thread with a

conductive fiber content of from about 0.5% to about 2%
15 vol.

% I 19. A process as claimed in claim 18 including the
further step of sub-dividing the extruded thread into
grains having a length from about 0.4cm to about 1.2 cm.

20. . A process according to claim 19 including the

20 further étep of admixing the grains with a predetermined
volume of still further plastics material so as to
provide a mixture wherein from about 0.05% to about 0.5%
vol. 6f fibers are éubstantially uniformly distributed,

| ~ the plastic in the grains havingISOftening and melting
25 points which are not higher than those of the still fu;ther
- plastics material with which ‘they are admixed.

21. A process'according td claim 20 wherein following
the further admixing an article is formed by extrusion
through a die. ' ' '




ol ume -6f the further plastics material of step (B) is adjusted so as_to
@btain an extruded thread with a conductive fiber content of froma

.5%to about 2% 15 vol. 19. A process as ctarmed—in—elai-m 18
ncluding the further step of sub-dividing the extruded thread into ns
aving a length fromabout 0.4cmto aboy 1.2 B Hlu u ess . :
ccording to claim 19,including the 20 éj{furt h “’Hﬁ "I'“ m'wng the =
rains with a predeternined votunme of still furthet pladtiés tmterial so as

0 provide a mxture wherein fromabout 0.05%to about 0.5%vol. of fibers
reg substanti ali%/. uni on?g&e'ggstae'bg%ggg tBeRhagt bg i n the grains having
of t eni ng and an%%n 2 @ﬁ:nt mhi-h'%re ot higher than those_ of the
till further prARISEs madohlow tﬁﬁﬁh_eﬁ fEyadpixing; 3Bgardicle A
rocess accor diig fiormeléaiby ih jeleiennmbaldangng the further adnmi xing an
‘Rrticle is formed by extrusion through a die. 22. A process according
0 claim20 wherein follow ng the further adnixin% an article is fornmed
y injectionrnﬂﬁdingA;Pi?CESSApro¢é§§mﬁoﬂfﬁnﬁunﬁng_aétBléSbiC%.p!astics.S
}) e[' _alt _ 0[5| ar trdaaiﬁaerim.cjg 'a%t_@blgeﬁgﬁ.ch” iaaAht ebgetr ?ﬁabltaﬁtcondu]cct . ;/e f
ubstantially as herein described. ,24- process for, the magufacture o
JU T acti co e BYeHthoaly condngtine supsteBLAIIR por hoBFLLL e barioed-
onductive substantially as herein described 10 in any of the Exanpl es.
5. A plastics matefi r.ardicle I d.hQy_a as clainmed
n any of the p?%’cedi %924%%?5. ftfg. tsem&%gg?ﬁ%%ﬁégag?cFa??ré‘ggfe'_gécI aim25 in
he form of or makRrigl |auaArticlgamhichoksa ayl deastsimaparktal in 15  sheet
r plate form ejectrically conductive substantially as herein described B
10 in any of the Examples.

25 A plastics material or article when prepared by
a process as claimed in any of the preceding claims.

26. An article as claimed in claim 25 in the form of

or made at least in part from a plastics material in
15 sheet or plate form.

27. An article according to claim 26 wherein the thick-
ness of the plate or sheet is less than 3 mm and the
volume concentration (C) of conductive fibers in the
plate.or-sheet is within the limits defined'by line 1
20 and the ordinate axis of Figure 4 of the accompanying
| drawings.

28. An article according to claim 26 Wherein_ the thick-
ness of thé plate or sheet is between 3'mm and 6 -mm and
_ the volume concentration (C) of conductive fibers in the
25 plate or'éheet'is within the limits defihed_by line'3
' and thg”brdinaté axis of Figure 4 of the accompanying
~ drawings. | ' o '

29,

_An artic1e accofding to any of the claims 26 to 28
wherein the volume concentration (C) of conductive fibers
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. B e ‘;‘- . . . . s i - ] .
1 27. An article according to claim26 whereih tgﬁﬁéﬂégglﬂness»ef’rhe
plate or sheet is less than 3 nmand the vol unme cen ration. (C) of
conductive fibers in the plate or-sheet is within the I|i Ted b
line 1 20 and the ordinate axis of Figure 3 of th ’T\\‘\\} “u dra
28. An article accordiing to claim26 wherein the - exs &f the\l
plate or sheet is b@tmeen 3 nn1and 6- mMm.and t he volune concentratlon (C) of
conductlve fibers in the 25 ‘plate or sheet is within the limts defined
*line 3 and the ordinate axis of Figure 4 of the acconpanyi ng draw ngs.

297  An article @ﬁc%g g?a{._g gpysﬂéeEhE%%ngQIé 01 £ Y Ed &t Thd By

vol une. concentrati on conductl1 ve ers - - 1nthe plate or
sheet is within thdinenpt andethacardinptacarianef (Hkgereli hee W8 s of

Figure 4 of the acggegﬁEthgngraghﬁgﬁ gs30. An-article as clainmed in any R
~of clainse 255 . to 29 having a shielding effectiveness agai nst

el ectromagnetic radi ation of at.l|east about 25 dB wi'thin a frequency range
of 0.1 to 10GHz. 30, - An article as claimed in any of claims 25

5 to 29 hav1ng a shleldlng effectxveness agalnst
electromagnetlc radiation of at least about 25 dB within -

a frequency range of 0.1 to 10GHz.




