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L, ICS MATERI ALS AND ARTICLES CONTAI NI NG ELECTRI CALLY CONDUCTI VE FI BERS 5
_h'-present' I nvention relates to plasticcs nmaterials and articles
1 ai ni ng el ectrically conductive fibers. In particular .it relates to
_.é|-mthS materials and articles having such fibres substantially unikhormy -
dlgtrlbuted therein at a very IOM/concenﬁratlon and 10 al so to spe c
|nterned|a§e-plast|cs products useful in the manufacture of such m | al s
plkgg;’;lrtlcles The incorporation of electrically conductive fibers in
and/

i cs |s_me]l known, for exanple for the purposes of reinforcenent
or for inprovenent 15 -of electrical. and/ or thermal conductivity.
ever, for some tinme there has been concern about the enV|ronnentaI

ha*ards of various klnds of eléctronao- ngtlc rﬁd|a§|o agﬁggggiar .
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radiation will growin the future as a consequence of the wi despread. '
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in the manufacture of such materials and articles.

The_incorporation of electrically conductive
fibers in plastics is well known, for example for
the purposes of reinforcement and/of for improvement
15 of electrical and/or thermal conductivity.

However, for some time there has been concern about

the environmental hazards of various kinds of electromag-

‘netic radiation, in particular those with high frequencies

_ such as radar waves and microwaves and those produced
20 by signals used in electronic circuits, e.g. in digital
devices. The use of radio-frequency and high-frequency
electromagnetlc radiation will grow in the future |
as a consequence of the widespread appllcatlon of
mlcroprocessors, dlgltal calculators and welghlng o
25 scales for cash regxsters, electronxc typewriters,
personal and business computers with asociated peripherals,
- electronic toys and games, m111tary equipment, and '
other electronic devices. - KR
‘When such dev1ces are housed in metal boxes,
30 the metal 1tself affords protectlon against emlssxon -
' of radlo—frequency and hlgh—frequency radiation since
it reflects the emltted radiation off the 1nterlort
surface into the lnternal space. " Interference w1th
and dlsturbance of radlo, televxslon or other electronlc
35 waves are thus_av01ded,




- el'ectromagnetic radiation but a drawback of such coatings is that the
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There is however a trend to replace netallic boxes by plastics housings.
So far, it has been customary to apply electrically conductive coating
t hese plastics housings to provide a shield against: the 5 em ssion of

not very durable. Mreover, in nost cases, these coatings require specta
and expensive progessing and appl i cati on nmetfods. Attenpts at inparting
el.ectrical conduct|V|ty 10 to the plastics thenselves (so that they shield
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t he physical and nechani cal _properties of pl astic natrlx I's an

obj ect of the pré§én@1?&?éﬁﬁ?8n°@o‘ﬁ%69%d%lbl%%Tg%sq?&HE*q%ﬁ%sQﬁu59ﬂ499ﬂk&$
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15 wire meshes and carbon fibers. However, drawbacks
are associated with "these conducfive fillers. Some
fillers do not permit sufficient dispersion in the
plastic matrix and clog together or degrade to very
small particles so that their shielding effect is
20 much reduced. This degradation makes it necessary
to add a great amount of conductive particles, which
renders a uniform dispersion even more diffieult while
having an adverse effect on the mechanical propertles
of the materlal.-
25 F1nally, 1t is known that for effective shleldlng
- agalnst electromagnetlc radlat1on the conductive particles
in the plastlc matrlx must. possess a large aspect
ratio, i. e. length-to-dlameter (L/D) ratio; these
partlcles must form a substantlally contlnuous conductive
30 network in the matrlx in order to 1ncrease the conductivity
without, however, greatly changing the phy51ca1 and '
mechanical properties of- the plastic matrlx.
It is an object of .the present invention to
provide plastics materials and articles which are
35 at least in part electrically conductlve and which
i have relatively low contents of flne, uniformly dlspersed
electrically conductlve fibers. -




E - Accorﬂrng to one feature of the present I nvention, there is provrded

p#&t having electrically conductive fibers having a specific 5

i j;ductrvrty of at |east 0.5%of the Zopper standard randomly and
jhstantrally uniformy distributed therein, the fibers having an =
“lvalent draneter (E» and a length (L) such that for a ngjor proportron
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0-5% vol une ofafd el adiricadldss ehaduaboue fi.6&ks, which are randonly and

ubstantially 35 uniformn drstrrbuted such that the tribut fibers
ST- Yoo Further %eatures of the present {nveﬁkf%n xncfﬂée ST

the following:

(1) a plastics article consisting'at least in part
15 | of a plastics material according to the invention

as hereinbefore defined.

(ii) A plastics grain for use in the production of
| plastics materiais'and articles according to
20 the invention as hereinbefore defined haying
| a length between about 0.4cm and about 1.2 cm
with eiectrically conducéive_fibers distributed -

g~

therein.
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25 (iii) a thread for use in the production of plastxcs
. grains according to the 1nventlon as herelnbefore

[P

A IR e

defined comprising a ‘bundle of conduct;ve flbers
embedded in plastic, the fiber content being
from 20 volume pefceht_to 70 volume percent

30 and the fiber diameter_being_not greater than
about. 0 01s mm.- : _

" The present invention thus for example prov1des plastzcs o
'artxcle with less than about 0. 5% volume of fine electrlcally
conductxve fibers, which are randomly and substantlally

35 uniformly dlstrxbuted such that the distributed fibers
- prov1de a suitable conduct1v1ty in any direction in
artlcles for use, for example, ‘electromagnetic 1nterference

(EMI) shxeldxngq The fibers can be - uniformly distributed

&l astics material which is at |least in part electrrcally conductrﬁ§j_sard.
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ﬁﬁprOV|de a-suitable conductivity in any direction in articles for use, for

¢ exanple, electronagneth interference (EM) shielding. The fiberg 8gn be
uniformy distributed = throughout the body of the article, e.g. égchate
or sheet, or alternatively may for exanple be only in certain pregetérm ned

parts of the article, e.g. adjacent to one or both planar surfaces of
articles such as 5 plates or sheets. - The qgectrlcally conductive fibers
preferably have ah equi val ent dlaneter of from about 0.002 to about :
0.9%5nm The present invention can be used to provide articles in the forny
. of or nade at least in part fromplastics 10 material in sheet or .plate -
fOfﬁ]MAth a shiel ding effective- ness agai nst el ectromagnetic radiation of
‘| east 25 dB SHRHIRY tnitde Podyuedc FhradgEicdey. ebet veeRldte @hd 10 Gz
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bags, covers ancb cifrerox dwttdi s arads rdacesast anthKEstonhpaate- or -
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4 20 ly condutCti ers are |sperse stics:_ material or article,
: such fibers haRiRferRrRIGUINANSe R quél’mé’taérenttod&@@ﬁéaé Pénﬁfﬂmré?‘?‘bt(D/L)
1 which varies fronebos dbdif09.t0asamqut 0.008 for a major part of the .
fibers. These,;

' length (L) betwetseenbe%rs%gmr{r}# ng}r%)q:x%r;‘plc%ﬁ tgl";’ﬁg"éaugvgl éﬁ% Fggg?\éga?g) 2.5
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- cross-sectiqg dhyidechbYid Yidet orThA ARG LEREL R ehxemtnﬁ EPEeéei@e-
~sum of the I'engths of the incor orated fibers divided e nunber of

fibers. At an BRRT AfLR 1y 99maﬂﬁg§lﬁnfaFHéFé°ﬂnP EErtﬁ?ﬁFy be fibers

wth a 25 dB within a wide frequency range (e.g. between

0.1 and 10 GHz such as for example 1GHz) while ma1nta1n1ng
their normal mechanical properties. Such articles
'15 are to be understood to include slats, various shaped
profile cross-sections, foils, thin films, 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 1ly conductive fibers are dispersed in the plastics
material or article, such fibets 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, for example, be metal fibers with an average
25 length (L) between 0 5 mm and 5 mm. The term "equivalent
- diameter" (D) means the square root of the quotient |
-of the surface area of the. fiber'cross-section divided
by 7. The average length (L) means the total sum
. of the lengths of the 1ncorporated flbers d1v1ded
30 by the number .of fibers. At an. average length of
L = 0.5 mm, there will certa1nly be fibers with a _
length shorter than 0.5 mm. However,ta major proportlon
of the_fibers will have a length approximating to

“the average length.




_ shorter than 0.5 mm However,, a naj or proportlon of the fibers wll
/e®a | ength approxi mating to the average | ength. According to the;

tion the specified fiber dinension limts have been found to nﬁaz;:De '

&-nment i oned shielding requirenents at an exceptionally |ow volu
gicentrati on percent age C (% of tonductive fillers, 5 nanely bet
a-zqt 0. 03 velsumexpercent and about 0.5 vdl ume percent.. The preferred
{ concentration percentage (C% is preferably from about 0. 05 vol ume
_""_ent to about 0.5 volune percent. For articles in sheet or plate form
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about 03%25v erern e concen Cwth réespect to the
fi-ber dimensi on§h¢?\tt‘h§ Bbd €R ofR IS tvihie ke i ddve Chiesknessn of éihw phianet he

linits defimged By sh&ee3ianteddecdlisci sae, oft HauReh (ffoumetﬁﬁ‘éoﬁﬁényl ng
drawings, when Lfe fibers are, presen, at |east noxt to the outer surface 30
of the articl es?® g req n
: concentration C lies within the limits defined by llne 1
and the ordinate axis of Figure 4 of the accompanying
-drawings; for plate thicknesses between 3 mm znd 6 mm the

15 _.above¥mentioned shielding requirements are met when
the concentration C lies within the limits deiined by
line 3 and the ordinate axis of Figure 4 of tae
accompanying drawings. These low concentrations exert

- almost no influence on the appearahce of the plastic
- 20  articles.

' It has been further dlscovered that antlstatlc
plastics materials and articles can be produced by
dxsperSLng electrically conductive fibers in the plastic
at still lower concentratxons (less than about 0.3%

25 lvolume), 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 tie accompanying dravings, when

the fibers are present ‘at least next to the outer surface.
30 of the. artlcles. -




6 - It |s “thus possible according to the invention to nake plastics ..
conp05|te articles with |l ow conductive fiber content by randonly and
.uni formy distributing electrically conductive fibers in-.the plastlgd§§§h 5
that the article has a predeternined.level of conductivity. The con ve

-about 0.5%volunme.,. OptimumD/ L linmits can be reached by adding the
letIs durlng t he productlon of ‘plastijc_articles 10 - in accordance with the
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acconpanylng drawi ngs. fnce
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te

preferably proj e¢t®abad “6F1 ﬂb%ﬁd%?"??ﬂ$%ﬁ&%%ﬂyf§Qakﬂ %ﬁ“%qﬂé flber
urface by | ess bhanaabedtbétpeenlmb@ht50vﬂ3%|¢olumen&ﬁdsﬁbauﬁIQ¢SmDst
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hei-ghbouring fibers 5 t'al Bl eSS St eel ers manu
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or No. 3,3791000inshevopashéE Ul athytBeli bebdess NS i died Ci UG W&

Aproperties for u |on bably thi S | attrlbutable
30 to the fact BﬁéFlPﬁEg g?eg?gég %ron h?cpf%wiﬁgﬁFﬁrﬂﬁﬂ ﬁﬁ 34

Payer on their sﬂhéanebatxpnthpexhemahy1tHancqacemﬂnatlahuﬂldnes1wntbmpthe
fibers. This ”Eﬁﬂfﬁtéﬁﬁag s QY ag! nDrgEJ (the b EH%tL'Q§ESC8?t9CtuPQ'EtS

renalns | ow. Usla ar e aI t han
of the accompanylng draw1ngs.
15 Since, in the plastics matrix, the contact between

é' " the fibers must be as good as possible to provide -
: good electrical conducz1v1ty, it is important that
“they should possess a relatively 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 optxmum number of contact surfaces'
between nelghbourlng 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 conducti&e properties for use in
the present invention. Probably this is attributable
'30 to the fact that they are less prone to fortm an lnsulat—
. ing oxide layer on. thelr surfaces in contrast with, '
- for example, aluminxum or copper fibers. This means
| that the contact reSLStance in the . flber contact 901nts
remains low. Usually, they are also more inert than
35 Al or Cu towards most_plastxcsq Other flbers such
' as Hastelloy-X, Inconel, Ti orINi may also be used.
The _ specific conduct1v1ty of the fibers must be
at least 0. 5% of the copper standard. :

fi ber concentration can in general be varied bet ween about 0.03% vol une and
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‘@A or Cu towards nost plastics. Oher fibers such as Hastelloy-X,
gonel, Ti or NN may al so be used. The - specific conductivity of h
?--rs must be at |east 0.5% of the copper standard. - 7 - 1In pri nc
& i nvention is generally appli cabl® to thernoplastic and thernosetti
itfer i al s and is prefprdhtyplsedtia m}sﬁtdmnsmgtelmemlaa&yl applutabilal s

-hch can beg EOEHE Q £Q§ gs&ﬁg gggqugﬁ ﬁgch as for
dapl e cast g, g% ShQQd LSS qﬁ?ﬁ@{pg : cgﬂiﬁg And Toani ng,

. "gor di ngly, “nature. I'S rea Wer no I"C resins and’
use in comhiedt can \het ﬁoc@ndehmbhelua@alsmmneﬁﬁxre:mﬁqmeguﬁfch as

§7 usi on san@,ulcw agt Ifa@ @Rlaﬁlpme &h&l@lﬁ e seeredi &ka%dfe%d%d ets as a
-*rtlng mat eri condgﬁtlve % g ?ﬂb@% conveniently be added to t he

#istics pel 1819 b@rFﬁéoF‘B ap@qan petFRLE NI rat their
fpat i bil i tythel alrtislesheapl havecs Elexbble hrespd shesk aarﬂchmerqrtudral |y
f orm di Spey. St'u‘?:'é of tth‘iscﬁ?egﬁffigvsghg@éélé ed W?né’én?éﬁ 145t 48 reached

i ng conventional’ shapi ng processe cordi hg to an mporlt ant aspect of
|nventloﬁesdnﬁnﬁﬂérﬁpdp§se#§lGﬂnﬂgn@et%mﬁ%Ht yCRY Rt ANk i cs 20 grains

,a; -an integ rred:la@tlagprteeuﬁthﬁeé bﬁéhnaguéﬂﬁrwﬁo@faﬂéleuﬁjédﬁ&x whereby the

Ioade wi.t.h. conduct.i ve

rabl ast about
Jipere. Mhe mouring Madh 1RE: usRook! plade i REAAL ASH TSR TY onceng
t'hat of the Mmaterdaln t h@hki nahdgétmetftbersmme mnvenglemelyml di ng :
process a nuper, gafgf 'tBertﬁeaPQakﬂi‘ gﬁiieﬁ’é%ﬁg%s('\:’fﬁgé&fﬁoe can be

used for counteractlng e are ow. The volune
doncent r at i ort P 55ﬁ&GCPP4é°FFbéPstBBt Ehet heCOmRA R it 1 §Y gt al | y be
greater tﬂﬁnthbh®lh%¢ub56ds not threatened and an optimally uniform

dispersion of the conductive fibers in the plastics
is reached during conventional shaping processes.

- According to an important aspect of the invention,
a‘uniform dispersioh 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 process'a number
| of fibers are inevitably brokenr Measures which can
be used for counteracting thls fiber breakage are :
descrlbed below.
; The volume concentratlon of conductive flbers )
; 30 in the grains will generally be greater than the required
¢ final concentration in the_mblded'article. If,nfor 
example, it is desired to manufaéture'an article comprising
100 percent of the above described grains and with
a final concentration of 0. 3rpercent by volume. of
-+ 35 metal fibers in the article, then the average volume
concentrat1on of metal flbers in the gralns should
‘be at least 0.33 percent. If,. however, it is desired
to .make an article with the same final concentration

of metal f1bers (0.3 volume percent) cn the ba81s
- 40 of a mixture of 67 percent by volume of pure plastics




ﬁ final concéntration in the riolded article. If, for exanple, it is desired

§l to manufacture an article conprising 100 pescent of the above described

{ with a final concentration of. 0.3 percent by volune of 35 netal fi bers
i the article, then the avera ge volume concentration of netal fibers in

| grains shoul d b@edileltsagnd0333ppereahtby velump @l e?lastiqs Hit%ed to

l make an articl qoWigelh it ®@WB1f ENBLr §ONERAH reéd oivfag@tdlLuniders (0.3

§ volune percent) on the basi3“4g of'g glﬁture.of 67 gerCent b aﬁ¥dumeof
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i | paded with netgrefielrably beeatt heaatefad® petcemtconcentration of netal:
(ibers in these graing should peeterab! v, beulideast & HURGGEHattial

- A process for the pr o u€ti°6R -of "a plfasttcs_material which is at |east in
part el ectrical Mhicbndscaitvderstdébcpabtdebp@teied Mot GIPMSANDAE
;application 8401468 i43308RAr 8LaiREACERSEsvioLon®ki dsp Plesiiars &utlidEises
‘havi ng predetermned conductive portions therein 10 conveniently .include .
“the foll owing steps. AnfBB@@FBﬂasPF@§eé§ﬂﬁo§?¥e??%%ﬁﬁxﬁ%ﬁﬂﬁiqiaffﬁdc es
.conductive fibehagqngepleBaReNOnéaopbadatt i 2% ¢t fdratthizd¥%ivol . with a

i xed it 05 CoRVERAABES T nt REACAROIRE. 57 BT STy pure pl astics -
imaterial and the bl end if$bRAYPSAESEES] APBPEAEEROPHEPT A 14D MaRidDI e, an
| extrusion m xer.a ldbndueh igRPEiBEYScbhCeAt 2p4hg EngBE S adbdwt g ed to :
gsoften it and - %F%gé&kn%ﬁgeQ% Eo eyenly dis erse tgf_fltgif t herein. ?0
Low shear forces®a ol C&d VP aVb¥5 3x§%§§$@% R ER RAF e h S HSFers: the
“shear forces nusirdangewentbéheufinei efthis bogposbtenis cadmixed] stiritbut e t he
i b_e_f s wi thin the Pleastietmih8al AmBUARCoR EbEsEant 61 B YRF& sl Ad SIS,
- : material and the blend is introduced into the hopper
of, for example, an extrusion mixer. In such apparatus-
the plastics material is heated to soften it and worked
(kneaded) *o evenly disperse the fibers therein.
20 Low shear forces are applied to avoid excessive breakage
“of the fibers; the shear forces must however be sufficiently
high to uniformly distribute the fibers within the
plaStic; To form the article, the so worked viscous
mass can then be further forwarded by an extruder
25 sScrew through suitable orifices, channels or slots
| to a mold or it can be directly and continuously extruded
to rods, tubes, sheets, films or plates or be injection
molded. _ _ | o _'.
When using. a mixture of pure plastics pellets
30 and composite grains which include fibers as described _
above, then cylind:ical-compoSite grains with a diameter
at least equal to the average thickness of the pure
pellets are preferably used. This measure usually
. reduces the proneness of the embedded conductive fibers
35 to break during the hot mixing and kneading of the
grain pellet mix_prid# to the actual ‘molding. The
: length of the compoéite gfain will, prefetably,'be
é_ ' . . between abbut 0.4 cm and about 1.2 cm.. |
5 | For practical considerations, it is useful to

40 Provide plastics grains with standard dimensions and.




¥ can then be f . _
VirCeSJ-Channe|sugthe{ fofwarded by an extruder 25 screw through s o
% i nuously exffudeG.fOOESdtO a gD|d or it can be directly andug siltable
iRi¥ect i P .to rods, tubes, sheet i
gction . - : , sheets, filns or :
fosite S?L?ﬁg'mmﬁﬂ using a mxture of pure plasti csp:bglt-leZtgrsge

fposite grains with algplude fibers as Yescri bed above, then cylindri

: ns. ianeter at |east equal to the a@erage t%icﬂnggcalf

s of.

# pure péllets are preferabl i
s af _ bl.y used. _Thjs ne -
We“ess of thanaskeddedceatdatirdean bt gc%Sg%gr%wwlw RS he

i ng. and knead) , rs” eak” durj -
TRe I engt h- of eq%%g%%&%}ggs?ge%gﬁgpﬁegmbﬁm :Lmuu.ppl@:z"ciw’:ﬁ'tll’n‘ielg"r&‘lfgg?rrg herIhglt ng |
~ afd about 1.2 Fersyi 1! , he X :
pfdsti cs grai ntgsma 'Tlmar'%r.t‘l‘?ﬁs;%r &b ?%%é?“?ﬁaigeﬁgg?ﬁfa?n@%“t el
afd whi ch can %ggﬁﬁ)lfifﬁgﬁfﬁfﬂidmenél@ngdéﬁlee §1BBARdal d c%nggntfg{?glde:'
p4ifl ets i n 5 heptiedyded &%ﬁﬁqqsﬁ}ﬂ P{)H}Cgb%%giﬁ\l&st matemiedt PEn&heBRast i cs n
fﬁf?igaﬁgfgr?E?Qﬁ?d"tllvgféf*ﬁﬁhgﬁTP%fé?%nﬁ§ﬁ%.Qgﬁﬁﬁﬂgke&ﬁhmedfvofunﬁ
D s Ll B s, pretecasp BB PO a5
ard n : 5 _ med, CI 0SSrseCt el 1l that.
P n pel | et s, 30 aiFe Comper Rl ba b St P e e pore |
e n Pellels: pi0ardeattamnba) honbbak brLEouD St S et The
cimealle o oL LI oty vomeomzsniss B | Do
abaut 2% vol .- s i i : 0
W%??fe_r Al er 1 éﬁfmﬁmpﬁééﬁpéi ﬁgg\rﬂrgg&é?gog%o% gﬁf;“%b;?‘;& i cs
mefting point C§h?he erdlc “&ruPCkbetgrBénﬁaaép cohE so?%e%|ng and
' ' vary between about 0.5% vol. and about 2% vol. _
If desiréd, 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 in the composite grains musﬁ, nowever, 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 temperatures of the article,
ix with the main plastics material

to spread easily and m
used for the article, thereby allowing the conductive

" fibers to disperse therein under minimal shear forces.
The main plastics material of the article to
25 be prdduced must also be compatible with the resin
. of the composite grains. For éxamplé,,thé latter
resin must not disintegrate or react with the main
plastics material of_the_article when the latter is
heated to its proceSsing and molding temperature.
- 30 - ~ The conductive fibers to be incorporated are
conveniently in the ﬁorﬁ of a filamént bundle,'although
','other fiber'bﬁndles such*as'fibér slivers and staple '
fiber yarns can alsq-if_deSired be used. The fiber
. lengths should be sufficiently long and the fiber
35._slivers'should possess 2 Sufficient yarn humber or
tex (titre) to form a properly coherent bundle with
sufficient tensile strenéth for handling and procéssing.
Average fiber lengths of 7 cm with approximately 2,000 |
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resin in the conposite grains nust, however, - be not higher than that of the
pl astic fromwhich the article will be nade to enable the conposite grains,
at the 20 processing and nol ding tenperatures of the article, to spread
easily and mix with the main plastics material used for the article,

t her eby allomnng the conductive fibers to disperse therein under mini 2
i shear- forces.; The main plastics material of ;the article to 25 be produced
nmust. al so be conpatlble with the resin of tﬁ conp05|te grains. For
exa%bfe, the latter resin nust not disintegrate.or react with the main

gee' cs materi a'flgerfsheeer fsu%erweeesghseéeiaﬁrafé Hept&shd 0 idenerally,

P ssi'ng and nol di ng erat ur 30 The conductive fibers to be
flncorporated aretéﬁnﬁéﬁﬁénPPPdﬂﬁstﬁéefBWPﬁéﬁeﬁ in| amRkashimd&tr i t hough

o]E hgr fi bgr bbundlsg?s thaah t?:%bffllbelr &bﬁtenﬁ andrempifeftﬁeheéerlyaamsmamﬁl S(r)]

i esire e use e | t hs_shou u ent 0, and the
*fiber 35 sllver§e§ﬁ ggsggEQQEfPeEFaﬂg ya? %ﬁg?ﬁé%éagﬁﬁﬁﬁre) to
‘forma properly _Mbntlsb@ddbwew th stfiffenefke. ‘HenISYI@O@lmmJgttn for :

- handl ing and proGasRiNG, BeeiRge bi B8Lchenganenpbad ﬁé'H\h haacpﬁs@u mate' y.

2, 000 -10 - fibers per “sliver cross-section ari sultab Gener a a/
_the fiber bundl e§eé’rté-°é'@&e@(§@& PrRefeprAdyi BofafPRLISEH HhAR. %‘1‘% ?q‘b%‘?ta eous-

‘content therein lli‘y QQ’Id/Aﬂ:elquﬁlVQbuIthepelt'eeét-seﬁdlaﬁa!losﬂﬂ@ perewat . The
_i-npr egnat ed flber éﬂ% g&egﬁabk g 1§t Leﬂatg O by cooling) in

~order to produce r ead 81 088-S588tT onal area
preferably not0 snal I er 'Rﬂﬂartlme@dama'nb&gégusd Py havetacyaniety ofie

~cross-sectional i@ OfcAdiWcdtlion Relabeks ef gt NevaR| netavesmégroal . 10
The thread may be round qr have % variefy of .other cross-section shapes,

e.g. oval, il att EsEgular, to facilitate w1n ing up and chopping
- into particles. The thread may comprise 35,000 adjacent

filaments (or fibres) in its cross_section, but_a

15 lower number (at least about 1,000 filaﬁeﬁts) is advantage-
ously used. . ' _ '
It is often preferably to envelop tne impregnated
bundle with a sheath made of either the same plastic
as the main plastics material of the article to be
20 produced or the same or another plastic as that with
which the bundle has been impregnated. This assists
with the gradual disintegration of the cut bundle
and'theyuniform dispersion of the fibers in the plastic
matrix while mixing at high temperatures. The thread
25 is chopped into predetermined lengths, referred to
hereinafter, as granules, with such lengths ranging
-from O0.4cm to 1.5cm. _
It is evident that the plastlcs material with
which the fiber bundle has been impregnated and sheathed
30 must be compatlble w1th the main plastlcs material
of the article to be formed.__Fo: example, whe:e.the
 latter plastics material is a thermoplastic material
| the'impregnating resin is preferably a relatively
low molecular weight thermoplastic polymer Such as
35 a polyethylene, polypropylene, polyester, polyacrylate, i
_ polymethacrylate, polystyrene or polyv1nyl chlorlde . S ]

' homopolymer or copolymer.




ctangular, to facilitate mfnding up and chopping into particles. The
read may conprise 35,000 adjacent - filaments (or-‘fibres) in.its cross
ction, but a 15 |ower. nunber (at |east about 1,000 filaments) is (229
;vantage-.ously used. It is often pref any to envel op the inpregnat
indle wWith a sheath made of either®the gane plastic as the main plastics
pterial of the arti.cle to be 20 produced or the sane or another plastic

5 t-hap with which |ggr@g@gteg SREScRESEStS With the
adual di'si ntegratrﬁl%ﬁ 0 H;epcut lb ‘?g ae and t he Uﬁl Formgl ersion of the

‘hers int ?ﬁ%%t@kﬁ?\%ﬁ%ﬁ@( Wﬂqeé-nma%len§°§f"eﬁll§ﬁttl¥nﬁé?8?6? s. The
r éad 2|5 |15y crh@ph negjha lrmq; p;:]ﬁdet&rgﬁr@e?ﬂaemgtmpe&%eeredheo her ei na](‘jter
s granules, _wt uch. | engt.hs r 4c i s evident
fhat the pl SRR PIAT RIS t%ﬁ%a %%al$e%gh%§r gﬁngf ﬁgggbéén i npr egnat ed
#d sheat hedwisch narst aprer epmisdtte bIU@n/ﬂlttIY totfe pawiad Lglagibessmarerial of the

L . SR PRI

‘{Eher nopl asti c nat er | al e inpregnatin esin |s pr ef eL é relatively
Fow nol ecul aRadelyhEhe neatpptendy &r@r &GO 18S -35ThaASpBEFet hyl ene, -

.o: yproplyl EEES Q@H:g@@ﬁ@mtlpd&n@a:&ed aiIrEarptﬂxy:tmtshmr mllﬁee aploeyetrytede or
Bih iy conbbef babP R oad dPLut o el on B20 AR SRR Gt e by
Heki ng alﬂryfqr&e@flpu¢ed$ﬂe&n|dmﬁaﬁﬂsqnﬁhqﬁqqadwmhivplésbeé§ mat eri al) and
& number Qﬁaﬁ o 48 Pos Vi & AL apwmeﬁte:quea@ tsxsfef maasal l el fibers
ar e embedded f1bers, possessin ro nately nantly the
same | engt hslései‘ﬁéué?‘énh'ﬁ%% °“Q'I‘F?’g ’?ﬁp‘;% é‘ lll:ﬁg‘&&ed in an
EXtFUSIOH m $eosstset evati®dand cooled. Finally, the threads are
: transversally chopped 1nto grains with lengths of
15 at least about 0.4cm..
To manufacture articles of thermoplastics foam
material in molds, a predetermined 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 powder form with pure plastics pellets,
' together with a suitable amount of composite grains.
For example, the pellets can be moistened S0
that the powder stlcklng to them can spread sufficiently
evenly over them. Afterwards, the mixture can be
25 fed to the 1njectlon moldlng machlne in the usual
manner.

For the preparatlon of thermoplastlcs elastomer
_-articles {e. g. comprising an elastomeric polyester
such as Hytrel), elastomer pellets can be used mixed
30 with a suitable proportlon of composzte grains prepared
on the basis of the same elastomer.” However, the
shear forces must be particularly low durlng the kneadlng
jg] - and molding processes.
t O For sheet moldlng pre—lmpregnated fiber'sheets'(prepregsl,
35 it is p0531ble as a prellmlnary step to disperse the
conductive flbers in the llquld resin in an appropriate
concentration. For bulk moldlng viscous mlxtures
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tenpefature and with the application of |ow shear 10 forces in order t
di sperse the conductive fibers in the plastics material. Thereafter, o
soft mass is extruded into one or nore threads with suitable cross-se S
~and cooled. Finally, the threads are transversally chopped into grai
with | engths of. 15 at- | east -about® 0. 4cm Iojpmoufacture. articles of
t hernopl asties foammaterial in nolds, a predeterm ned mx of pure plastics
pellsts containing an appropriate ampunt of blowi ng agent nay be used. It
i s al so possi bl eoforesint fred 20ibét owi tige agmmiud i veovitidre rfsorcannibieh pure-
pl astics pellets,.together .\ | tabl 1 conposite grains. For
exalpl e, the pel Fé?ggﬁéﬁ béwrréllpes?%%%% ’?g fh%t%#er 8’%’1 er sticki gg. to them
can spread sufficient| fnepanticeiar, thenis pIssibls & mike thexconduesdi vise
25 -fed to the 'EJiSSEéOEiHQEddvDQh neehd fes iBe e diglalr IR ingOE ibhes
preparation of therpoplastics elastoner rt'g%ﬁfrﬁifﬁg cqurrsnge an
el astoneric pdl y8YFBr 38u8H2SS E&??E§),¢%ﬁ§ﬁﬁ et | T B A A Used mi xed
30 with a suitallibepsppandi ca dispenpestiis of ders mivepar epmen waye basi s of
t he sanme el astongr,. .. r, arce I1d G ' A
during the kneagﬁﬁgtgﬁg%rr%?{gfng&%“feo%g‘ggéessg%r-%ﬂ@eﬁhﬁﬁééﬁ@ a‘-rééinlsq '
pre-i npregnat ed ﬁtbés-Qhéé@§l€pkép¥%©%§?e3§heiQfQ%@Qﬂﬁﬁﬁ%ﬂ%&tﬁpﬁfad

prelimnary stepglocdndneritet Bepepadubédded i berslade idie By Quirhrers n in
an appropri ate concentration. -

_ _ ) . _For bulLk .IdiP Vi Scous m xi ur.es - 12 -
~of resin andif bé’Pg‘?rtlﬁénEoﬁdH&i‘?’t}Ee.f_‘?%e?gg%%n Feets sfé‘fs%%?‘*%ttlhvee mass in .
a simlar way. |fipetki dnl ahe desisegopsopdetionm kt tie alswlpdsidle bers
first with other£U Qﬁ%§egﬁth EEQQEOEgggg B&P@iés-in a side~by-side
S disposition with bundles of conductive fibers to form
the thread. Finally, it may be preferred to mix threads
15 comprising reinforcement fibers and cut into granules
with granules containing conductive fibers in an appropri-
ate weight proportion and to feed them to the molding
machine, whiie'adding, if so désired, a suitable gquantity
- of pure plastics pellets (main plastics'mate:ial).
20 An advantageous method of distributing in the plastic
a very low percentage of conductive fibers such as
metal fibers, consists of starting with a blended
sliver comprising thermoplastic textile fibers with
a relatively low meltiﬁg point-intermingied with a
25 desired percentage of such metal fibers. The blended
sliver is.then-impregnated, or impregnated and coated
with'ng. a relatiVely low molecular weight polymer
to obtain a thread which, after solidification, is
_ further chopped to granules. When adding the granules
30 to the plastics pellets and hot wofking the mixture,
| the thermoplastic textile fibers in the granules are
softened and disappear'in the plastic matrix.. The
step of'preblending-the_metalifibers among said textile
fibers enables a better separation of the metal fibers .
35 1in the plastié and eliminates any occurrence of metal
fiber cldéters duting_the hot kneading prdcegs prior
to mblding. ' '




' ’3uch as glass flbers .carbon. fibers or polyaram d fibers, and to
herse this fiber mix i'n some way.i'n"the resin.. For processing |ntC)§§

'anDpIastic resins, it is possible to replace t he af oredescribed th
.conductive fibers enbedded in plastics by a thread 10 conprising
@kt ure of glass fibers and condbictive fibérs in the desired proportion. It
ifFal so pogsibleé to inpregnate glass'fﬂﬁé bundl es in a side-by-side
®sposition with bundl es of .conductive fibers to formthe thread. Finally,
ﬂ_:nay be preferr T, | | bers and .
o P ob CATR ] 310008 B2y FRTRLLELES £ELNAERIRNGd) Peors and.
: por-opri - atimbeeityiet plasgdct ifon enampdef sedlmnmeotmmeemmxrgahachl ne,
fi 1 e addi ngodducia Wasi b3 end w‘se%eogueet f&&‘l?itﬂ:’é Crpd apfd S PRI et s

in plastics material’). 20 An advanta geous met hod of distributing in the

’eastlc a vé?@rQQﬁNﬁﬁﬂiﬂgﬁﬂ§§efdPeEEnQHEP VePF?B%?§1%%C%FaE°ﬁ%taI fibers,
, ;'ber s with g rgl atr'r%ve!giafs@gcnﬁlatt' ?%a&o}l nagrgg,ﬂgiggt%,g NS - desired

grcent age Ot sUc ers GedtSI TV IS N hpr egnat ed,
£ i npregnatte dmtarmeirad igint (9 fe sgalalseSasteelLyf lbﬂﬁﬁoi@c@l%ﬁtm ght

f}lyner t()(ggfﬁéhé%ﬁHEHe%%dﬂQ'CHmp@Eb@E %ﬁé'?k&?é@%i@@ ofstﬁgrther chopped
P granul es. Whe addln the | e 30
%Pa

, . gg Lé ellets and hot
br ki ng t he BALE Stﬂﬁ?% Pc LPERPELRN RBePR L +%§Eles are
{eftenedl&uutaﬂrnnﬂrﬁquentﬁlamdpmaghltrequenny wheest ep of preblendlng t he
1Etal fibers anbng said textile fibers enables a better separation of the
Tetal fibers 35 in the plastic and elimnates any occurrence of netal

‘i ber clust Ferihkdsy ateelhdiibeysadiceg usedcénsthei exanpled| e heow. - 13-

Other electrlcallv Ponductlve fibers are, in principle,

also applicable, e.g. glass fibers with a metal coating
provided that the dispersion process in the plastic

15 matrix can take place under sufficiently low shear
forces 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 addition to the polymers described in the

examples belOw,.numeroue other resins can be used

25 in producing the finished product which incorporates
conductive fibers. These include but are'not:limited

_ to polycarbonates, polyacetates, polyarylates, polyvinyl— '

- chloride, fluoro polymers such -as polyv1nylldene-f1uor1de,.
polyoleflns, polyacetals and bolystyrene._

30 The invention will now be further described by means
of the follow1ng non-limiting- examples with reference
to the accompanylng draw1ngs, in whichs
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 Figure 1 is_ a partial p’er_sp'ectiVe view of the
_ formative and finished stages of a thread formed from
35 an 1mpregnated and sheathed bundle of conductlve fibers -
and a granule cut from this thread-




gCertain addftives may if desired be i ncorporated into the plastic for
giexanpl e to inprove the el ectrical .conductivity of the plastic or to-

if aci | irtate the dlsper5|on of the conductive fibers during proce53|ng
fgooth. 5 Some flane retarding agents added during compounding of the
ipl.astic material have, in conbination'with the incorporation of stainless:

ngdgﬁlals according to the.invention as shields agai nst 10 radio frequency

h f S 1 ber d |
e o [reaueney e, el 655 5° bRk bt BEsBASSOE Ly Bt ol o

Apbi{ cabl e; ‘e. g. thiressl faisbdns Miigulrea lbusl hevangng FLavteredttresshe

jdi spersion.proce délc%?e plastlc 15 matrix can take place under

isuf ficiently Low shear torces in order to counteract the proneness or .

it endency of the fibers to break. "Wen injection nolding is used, it may be
Ihecessary to adaptigure @nid & drawdng. olfyarrpdaéycuaggthenrhemtag:ymg t he

ipl astics durlqg 20. %Rﬁ?%ﬁ? %Fﬁ%tqvg lggr%he i nj ection speed. - The:
(@ ou

Hi aneter of tHe € préferably be at least twice: the
hi ckness of the plate to be nolded. In addition to the pol ymers descrlbed

i n the exanples bel ow, PyyElDYS @t '&e'igrra%'lesIE?BeQSnHSE@035ofntﬁéOdUC' ng
i he finished product whi C |n or por ates conduc

ive fi E g chude )
but are not |im tRatai PRI oVﬁgéeféﬁggenﬁ8|3§}y? ectro-
pol yvi nyl - chlcw|m&gné&ﬂumuadﬂﬂqmauwanﬁumheashneuﬁungybfﬁeoeibénessde

polvol el ns. bolvees dhe gyl it d0pTuE LOXERLhoRs"eLhanott pe

further descrlbed ["OW N

treference to the Gickkanmnyandy drawings, in which: Figure 1 is a partial
perspective view of the formative and fini shed stages of a thread formed

from 35 an inpregnated and SQFathed bundl.e of condu%tlve flgerﬁ and a
' granule cut fromthis thi®eg ¢ 1s a grap ic representation o

optimal field of oneratlon for the invention in terms
of fiber concqntrdtlonp and D/L ratios.

Example 1
15 With rererence first to Figure 1, a substantially
round, not twisted, Dundle 1 of 20,400 stainless steel
filaments, AISI 316L of the type BEKINOﬁ:)(t;ademark
of applicant) with an equivalent filament diameter
of 0.008 mm, was passed through a bath, containing
o 20 a solution of 20% by weight of a relatively low molecular
P ' : 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"
... - around str1pp1ng orlflce, with .a diameter of 1. Bmm,:"
FE 25 then dried. The drled bundle thus comprised 6. 2 percent 
i ' by weight of resin (which equals 70 percent by volume
. of metal fibers). The impregnated bundle was enveloped
in a wire sheath extruder (type Maillefer with fixed |
_ centering) with the same polyester Dynapol L850.
o 30 The round extrusion nozzle had a diameter of 2mm.
S  After the thus extruded thread 2 had cooled down,
' ' ' it wad chopped 1nto cylindrical granules 3 with a

'length of 1 cm. The granules comprised apprOX1mately
13 percent by welght of re51n which equals approx1mately_

Steel fibers_ in plastlcs as described above,4 mproved the properties-of.the'

D T



“Figure IAis a_partial'perspective view of a thread as in Figure 1
aving a flattened cross- section; Figure 2 is a drawing of a pl A.C

n containing 5 dispersed conductive fibers; Figure 3 is a graphzgfi)
esentation of the relationship betmeen the wave frequency (f) of

Stro- magnetic radiation and theé shié I§hng effectiveness (SE) of a

thi ck pldstic-plate containing conductlve 10 fillers; and Figure 4 is a
‘c representation of the opti‘mal field of operation for the invention

erms of fsﬂzb%fer%@ﬁew%uaﬁa 8RInbLL1 T ALbOFs. EXAEA e dfng Wth
rence first to Fi.g a substanti II ro nd not tws ed bundle 1.

i " , 400 st &R é’§§‘d§@e ?L“‘Plsltaﬁﬁnf“@tah Eibef cendd YOS (Bipkle
,\I NOX[ err] [Cutadedtk a0l appki Caphmatibhhand Ehatvehimy 6f |enent di aneter .

008 1T 35, PRSI QY0 28D iy SODL! TRAD: e g odakian of 20% by

ht of a re ["OW 1o ecu ar circa
00) »f tiee !te,,lp@bD)ﬁndpélagll?SBGd( I_f)}ﬁam'-t dNéBeWMPlh- t r'rm othret hyl ene.

r | eavi ng A ikat mer’eh%rguﬁdhéd%ij puhbed bhssa acd@itdd 1 pDI NG |

fice; th a . dianeter t hen ried, bundle thus.
e ek S Eal et mab 18t i P R T e e e e Lol o

g nmetal fi be:cis)resfﬁse iinmrheg pabedrbiod| efm&s?ﬁnyeto@etl by weighte sheath

L ruder (ty%e%yéiﬁ] o ¥ fz'sxggr‘é‘éﬂleéi; g’&é@h& kﬁe{?ﬂ'@s pol yester

ggapol L850 € round extrusion noz er of 2nm After
fe t hus® ext ranfe @xtrused gmt@daceebeaaaemllnrmadchl@m@di whtl cylindrical

g _anul es 3 wij g innetndt polinh @M aThetdrapubhes é@ﬁ’é’éh@e@f PP Lot Rd &dy 13

Ppreent by wel o X ight perint *AiRe? 2BBLIKGPESLY extruded
thread was cut again into grains 4 (Figure 2) with
a length of lem. In these grains, the metal flbers_

- 15 appeared to be evenly dispersed with a volume content
of about 1.1 percent. The shear forces encountered'
during extrusion-were held sufficiently low so that
excessive fiber breakage was avoided. One of the
measures applied to keep the shea:]forces down to

20 a minimal level involved the removal of the filter
plates at the inlet of the nozzle. The temperature
at the nozzle of the siﬁgle—screw,extruder was 260
degrees centigrade when NORYL-SE90 (a modified poly-~-

_ phenyleneoxide of General Electric) was used. When.
25 using Cycolac AM1000aS (an ABS resin of Borg Warner)
the extrusion temperature'at the nozzle was 220 degrees
centrigrade. When. u51ng Lexan L13848- 141R-111 (a =
polycarbonate of ‘General Electrlc) it was 225 degrees
'centrlgrade. The extruder was of the type Samafor
30 45 with a length-to-diameter ratio of the screw equal
~ to 25.  The feeding channel in the head next to the
extrusion or1f1ce was a r1ng like space between a

e 7{;:-{.{!\}:4_';&'#.#-'5:“’7"#%»'%” l_m-,-.‘,-ﬂ-.-»-:._-;.e_.,,._-.._e;-,._-.- et i meoosn - Loemedtea e L

- tapering outer surface of a mandrel and the concentrlcally
arranged conical inner surface of the nozzle head.
35 The channel was thereby confining towards the extru31on
- orifice and shear was thereby somewhat increased and -
‘this resulted in a better fiber dispersion whereby
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;35 15 52 percent by vol urre of netal fibers. Wen cutting the bundle

al nost no netal fiber ends were pulled out of it and hook formation aT€z§5

{flattening of the fiber ends:was avoided. This was inportant to assur

;a reliable dosage and fluent dlsperS|on - Then the granul es were dry m xed
by tunbl.e bl ending techniques wth the*usual thernoplastic pellets of
various kings_of ;resins in the proportion.ofg 9. 75 percent by weight of-

_granules to 90. 25 percent pure plastic peIIets 10 and extruded into a

suﬁstantlally round thread with a dianeter of 4mm and a netal fiber- cont ent
of  approxi nat e- ébefwaEKHﬂwdrﬁwmaﬁe oAf tlesscoeliengedt hins thet exdedsibnead
was~cut agalnllax) ns 4 (Figure 2) with'a length of 1cm In these
‘grains, the neta %3?9‘15 appeared to be evenly dispersed with .a -

vol une content of abouthd.thyserabhainedTicomposdtef gredssenesandsyed durlng

extrusion were. hﬁ%ﬂeé%ft‘.t?'aﬁ{‘téc}hajlo‘%ei%htth%a%@.%%b‘fepﬁtbeblbééilifage was
av0|ded One of

Kk f d
ca’ mniml Ie‘?/elp?f%nt?g%‘fﬁfeea gtrﬁ)\e?zﬂ 153 e[c%é.orn] I'“ijp?%%af“grg gget ﬁg/nl nFet of

-the nozzle. Thethenmekedwsrk al24/20 rtojz:EI eriath whecsiemglite- gbiel extruder was

By o e i B A e el paeapge of

‘resin of Borg V\a¢f|e2)3mlhe axkengiowt &Pﬁ@rrata@rde aat idkd REz2PeClas 220

degrees centrigroge. teberatisidy Liexan lsbi%%ﬁchémelrl lwe(re pekypeathosaye of .

:General Electric was 225 degr rade. - .extruder .was of the
‘type Samaforiéo %SQS‘SWT?\‘*% ‘F%‘?}q'gﬁ?f ‘f)e’dl LAgS. (S:e %Ltgﬁgdgc%\?/ equal to
25, The feed|ngzama@@@teesl¢énxigxzﬂeundoﬁ(xhduuomyunu§Wunlacufané was a

rlng like space Egﬁxﬁepeélns, and the temperaturé of the molds was
' set at respectively 80 degrees centigrade, 50 degrees
ent;grade and 90 degrees centigrade. . The screw rotated
15 at 44 revoluticns per minute. The nozzle opening had
a diameter cf epprogimately lcm. The Noryl-, Cycolac-
and Lexan~p1atee had smooth surfaces and the fiber
dispersion or distribution throughout the plates was
even. The concentration of metal fibers amounted
20 to 4 weight pelcent or 0.5 volume percent. The Bek1n0£®
' stainless steel fibers had a spec1f1c_conducg}v1ty
of about 2% of the copper standard.

Example 2 o _
' Under similar conditions as in Example 1, injection
25 molded plates were made of the thermoplastic resins. - |
mentloned above. However, a flat bundle of 20,400
adjacent Bekmox(B filaments with a diameter of g. 0cs8 mm_5
was used as is shown in Fxgure 1A. As in Example
, 1, the flat bundle was agaln 1mpregnated with a Dynapol
'30 ‘L850 solution and strlpped through a rectangu;ar Smm
- x 0.5mm orifice. The drled bundle comprlsed 6. 4 percent
by weight of resin and was enveloped with the same
po;yester resin in a slot:extruder at 160 degrees.
centigrade. 'The'dimehsione;of the rectangular extrusion
35 nozzle were 5mm x 0. 6 .mm and the obtained cooled strand
compr ised 23 percent by weight of resin whxch equals'
approx1mate1y 39 percent by volume of metal fiber.
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ftrlbutlon t hroughout -t
ifber's anourexdd ude Gn4°mé|gﬁpsﬁéﬂééﬁ%lbrfgu%ﬂvolune percent. The

ki noxper rcisteddl epen si el ameé bet shhagl dn spsed fiscamsirduot. vitthe of about 2%
%t he copper st rd. Exa 2 Un m | ar condlt on Exampl e 1,
fection 25“3ﬁ%fdgﬁbﬁfaf%ggaﬁgeaﬂ%ﬁ% %%ea??ﬁﬁ§mﬁﬁ s% resﬂ1 ment i oned
gve. Fbmegerqemrf¢micbumdt9°6902@$4ﬂ@ aﬂya@enmaﬁﬁﬂurﬂ»quQHUMqI ament s

E).égp?ed.',am{’gfcgﬁtp 0&8mPUL YRS Y5£dnasyten SQOY\@néEh RS @U &rlAve c_e‘o*s in
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: '*rlng ‘outer surface of a mandrel and the concentrically arranged conical
P surface of the nozzle head. 35 = The channel was thereby confi _
¥ ds the extrusion orifice and shear was thereby somewhat increas nd

. resulted in a better fiber disperdion whereby :. - 16 - the fibers
nmore or -l ess oriented in t her ext rusi on dlrectlon The t hus obtai ned:

@posi te grains were dry mxed with an_ equal t quantlty of pure
Wistics 5 Thel Fdes éﬁdeﬁédwﬁé ﬁﬁoPﬁf%cf?cﬁFWnﬂ%ﬂé%f
i er vwer k Vzébﬁofbynethhhaadscneuméﬂlm@l@h Ehénﬁxbemxfna&nmeched for

mgkdi ng - pl aqyes .with a_thickness | engt 30gm.jand a wi dt h- of
cm The %e Pét Ye&VPh % C? m% HQE%%rthe 9 13

ST RILRR Yot t he

€ sCre wer'e respec |ver 10 250

§ir ces centiugddee 1n2];©edéglseesméémkgfguet@dsm fegreaa tedivt i gr ade, for'

Noryls, - QGQ:Q:IL%% tﬁ@d lf%as@merse§kaseaaeg $é1evéﬂrrpeezf@etcttrﬁeof the nol ds was

- -at respectlv rees ceni grade 'h rees centigrade and 90 .
EBJWEES at! %ﬁ! AMth ‘per nminute. The
:zle openidic fiat laydi drgt eixefl apphogpinatelys t s péllietdoriyl -, Cycol ac-

ir'ees centigr & al“?ﬁef Bred ABY
Lexan- pl.at, %%l%a%em@hh 1946536RS 89035 Mo [4ibe pdli Rl Sl of

| at es was even e concentration of netal

cut from this thread. After dry mixing these

15 composite grains with an equal weight of pure plastic
pellets and injection molding of the mixture as
described above, an even dispersion was obSefvedf The
average fiber length was estimqted at apptoximafely
1.5 mm and the final concentration again amounted to 0.5

20 ' volume pecrcent. See area A in Figure 4.

The shieiding behavior against electro-
magnetic radiation of the injection molded plates was
tested. As known, the shielding behavior of a 'plastic
matecial loaded with conductive filler can be

25 determined in proportion to the plate'thickness by
comparing the reflection R (%) measured at one
cadiation fraquency (e.g. 10 GHz) with the reflection
(L00%) on a reference material such as a metal olate
If the electrical prope:txns of the material are
sufficiently homogeneous and the conductive fillecr in
the plastic forms a network wiEh'a_suﬁficiently_small
mesh size‘(e.g; of an order of magnitude'Smaller than
the wévn'length'éf the radiation to be shielded), then

 the shielding behavior can be ‘extropolated Eor the
full frequency range. Moreover, it is known that Eoc

S a grea&'humber'oE.applicationscf 2lectrically

' conductibe plastics, the éhielding'requi:ements are -

met when a shielding effectiveness (SE) of 25 dB .is




1, the flat bundl e was again |rfpr'egnat ed with a Dynapol 30 L850 solution
and. strlpped through a rectangul-ar.. 5mm x 0. 5mmorifice.  The dried byddhe
~conprised 6.4 per cent by wei ght of resin and was-envel oped with the ﬁt.
polyester resin in a slot extruder.at 160 degr ees centigrade. The

‘di mensi ons of the rectangular extrusion 35 nozzle were 5nm x 0.6 nm and
the obtained cool ed strand conprised 23 Rercent by wei ght of resin whi ch
equal s apprioxinately 39 percent by vol une of nmetal fiber. - 17 - The

H\&L thread }Naswﬂaqp@ﬂf amdalcmécgr@idysb d\iﬂe¥ edyz | hogﬁ%fﬁmélém @dlfhfd .
flattening of the fi s_wer e, abso) ute o) ing of the -

fibers in a fla abtljn@] %?}euer &9 ?955(91‘?2/ 2k ﬁcfnpacuratel y 5 3

. cutting the grmﬂmﬂ&@hm@w@lefdﬁismcé’mw@ e thain .

granul es were-t xed ur.e stics

i pellets in a’ ragt}?g ween l%f%%ﬂa dgég”g%"mgl g’ht |oeeF'EE£4fﬂ£lc th‘* ed into

i a substantiaPlyp rQﬂhchfO Pliateathigkresses mt\@remflélamdnfim &dnple 1).

{ The netal fi berwm:dntaerahseuﬂm:rd %f ta@p%&h%d@!xﬁ']y c§n WeJ O e etk ohi Ch
corresponds to. eH%prom per.cent npQsite gr.ai ns wth a.

- mately 1.1 4 q_m
length of 1 cmweré Cqt Tromt rﬁ"s Rfas i é’rladﬁr_ it Gifg- bigp
- conposi te grai rebwetem arhee gl e Miinghte ffeqireendsasts® 3@ |tefes waRE i Nj ecti on

ol di ng of the Erpgg%t,_,tg&fsf des @ bad lq.pqv]tguraen 3evEe di Sﬁ%rlts%% observed

" .The. average_fi be engt'h was esti nated approxi teI*y
- final concehfr&f chmyand aﬁ*réi}ﬁt‘?@d’ctﬁ) e tBremm the (aesiquey @it .theSee ar ea A

~in.Figure 4. Thaade edingghehaviee qgaz'éﬁr@'t%ﬁttftfe E@i%hrkextdn hrgad d on of
s

the.injection I ates was tested. As known, the avi or
of a plastic maty eﬁ%egl Lo8h et 4AS IR Gortiot iRRAFUTakrated E 2, Whefeas

curve 2 shows the relationship for R = 70%, again at
10 GHz, . If, for example, for a conductive plastic
15 plate with a thieknéss of 3 mm, a reflection R is
measured of 80% at 1Y GHz (source-to-plate distance is
1l cm), then it can be derived from Figqure 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 following values hold for
other plate thlcknesses measured at a distance of -
1 cm between source and plate:

Thickness ' ' o
R (3) | SE (am) i R(3) 5E (d3)
25 | a4 70 3| 70 | a1
2 85 - 35 .70 T34
L || es .35 70 | 27

From the shielding theory (Schultz) it can further be
der ived that the soec1ELc resistance /O(Jﬂ.cm), Eor
30 _homogeneously conductlve plastic plates and indepen-
dently of the plate thickness, shows tha following
values -ag R(%) veriee ' . |




B determined in proportlon to the plate t hi ckness by conparlng the
@1 cction R (9 measured at one radiation frequency (e.g. 10 GHz) with the
BE | ection (100% on a reference material such as a nmetal plate. If
W¥ectrical properties of the material are 30 sufficiently honpge s and
i}:;conductive-filler inth e plastic f %ns a network with a sufficiently.
Sl | nesh size (e.g. of an order. of magndifude snmaller than the wave Iength
& the radi ation’ t'o be shielded), then the shi el di ng behavior can be :
;,\wopolated for the 35 full frequency range.” Moreover, it is known that
,;i' ‘a great nunber of applications of el ectrically conductive pl astics, the
&i ¢l di ng requiTeNENTtS are net (when a shlevﬁﬁﬁbC%ffectlveness (SE) of 25 dB
@ - 18 - obtained at a frequency of 1 GHz - It -was—also found that the
S value forerectric fields and for -materials th_a specific resistance
gt ween 0.01[err] and 100[errP8&m al ways is n1ﬂrﬁ£n in the viciniity of 0.4
#$ 5 5 GHZ for plate t hi cknesses between 1 ang S mnm and with a distance of
JprOX|nater 1 cmto 10 cm b&Bween the wave $6 Pce and the plastic plate.
:’relatlonshlp bet ween t he shl%ldlng ef fectivengss SE and the wave :
giequency f is shown in Flgur 3 for a plate thickness 10 of 3 nmand a
;Stance between the source and the plate of b gm Curve 1 refers to the
&l ati onship for reflection values R 99% neasured at 10 GHz, wher eas

rve 2 shows the relationshi p,d‘or = 70% -again at 10 GHz. If for
;anple for a conductive plastic 15 plate w.th a thickness of 3 mm a
ri&f1 ecti on R-s—rreastred—of—80% at 10 Gz (source-to-plate distance is .1
dm, then it can be ‘derived from Figure 3 that the SE val ue
I

I be at
east 35 dB at any fresneasyit Viem 5= JoOpbved Arapithe [-%CBSE'.‘.V%.%
: thlcker plate may possess a lower specific conduc-
t1v1ty (l//’) and a lower ref1ectLon value to reach

10 the same shielding effectiveness (SE) at a given

frequeqcy (e.g. at 1 GHz). Thus, the D/L value of the
3 fibers may at a same fiber concentration be higher in
'é a thicker plate than in a thinner plate, or, in other

' i ' ! i thi te may
words, the fiber concentration 1in a rhicker plate may

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

in both plates.

Transmission, reflection and_resistivity
measurements were conducted on the injection—molded
plates - Phe transmission and reflectlon

20 measurements were made at 10 GHz. For these
| meaSurements the plates were placed between a wave
emitter (an oscxllator) to which, via a cxrculator, a
first horn antenna was connected and a second horn
antenna whlch is connected to a second detector. The
25 energy generated by the oscxllator is sent to the
' plate via the first antenna and the transmltted energy
is, via ‘the second antenna, reglstered by the second |
detector connected thereto. ~The reflected enerqy ts
returned to the flrst antenna and reglstered by a
30. ficst detector connected thereto. This amount of




20 ' --"Analogously; t he foilomﬁng val ues hol d for other plate
t hi cknesses, measured at a distance of 1 cm between source and pl at
- Thi c.kness (m‘r) o -10GHz - : : 1 GHz R (% SE )

F{qﬁ ', SE (dB) 25 . . 4 ' 70 - 35
o -85 35 ’ ' 70 3495 - . 35 i
70 : 27 Fr.om t he shi'el di ng theory. (ffhultz) it can further be derlved,ﬁii

t hat .t he speC|f|c resistance [err]([err] cn), Eor 30 honogeneousl y
cohductlve pl astic plates and indepen- dently of the .plate thickness,, shows
EQ&V] ‘EFLL?}M nﬁ?r‘é%'l‘é‘é%eﬁs eﬁ(e%gy*’alrs' eeﬁcprSesselﬂg in %e(r@eﬁt (R—vgaolue) of
1.1 5 the amount qﬁ)energy (100%) which Af reELected by a3 3 Hence,
it Ca][l ‘be de(rjl ved afir g at:l(@_te idateh el imed dllfﬁcﬁiﬁ@;ap#cléésa rr&aheﬁml&mss a Iovvﬁr
speci fic conduc- tivit 1 ower_ ref | gction val u to reach 10
" the safme shi el @Y e Toycttlr\)%hsétg]sh)t(e@)erhe[rgg iR e i8S Ye. (5‘ Mt 1 GHz).
T_hus t hesD/ L \E@Irue:‘m‘ gtmpdsebe:rfs :raa@/lmtua)rsanma‘umerdnm@nt ration be
higher in a thiglers flaaliod Nahd hia dd yered g A Qdganwor ds, t he
fiber concentration in a thic I ate may e sna Ier than 1n a thlnner
~plate when D/ L seeesyRgtwerh@™ pizdesneay a#?ﬁn Eisq oth, an e e ok eghd

resistivity MeasdAENMSt L AW UCt@rk Odhddieof N2 cn On-Tii feghyil at es.
-The transm-ssion and reflec t|0f
: _ ment stacts at least 14.5 cm away from the cxrculator.

16 This dynamic method enables the avoidance of_measurinq

ecrors'which might occur in static measurements when
the position of the various plates relative to the
circulator is not nxactly the same during the succes-
sive measurements. Indeed, the measured reflection
15 signal is always the result of successive ceflections
' ~and rereflections between the plate sgeciﬁen.and the
" metal (circulator, antenna). This prcduces a standing
wave pattern as a function of the distance between
specimen and emitter. In the dynamic method, the
20 ‘ average value of the registered standing wave pattern
is determined by a microprccessor. o

For the measurement of the specific
resistance (resistivity), the plates or sheets are
- connected near their opposite edges between clamps in
25 an electric circuit. To obtain'good'conductive-: '
contact between these clamos and the condudﬁive'fibers_
in -the clamped plate edges; the latter are scoured and
coated with s;lver oalnt

The measurlng results were as Eollows
30 (average values)




f’t

jeasusenentgootaen |t he posigsi®n| of the various|plates relative td the

t7-asurenents mere made at’ 10 GHz. For thesSe neasurenents the plates were
:ced bet ween a. wave emnitter (an OSC|IIator) to which, via a C|rculator a
st. horn antenna was connected and a.second horn antenna whi ch

nected to a second detector. ~The 25 energy gener ated by the ost-or
sent to the plate via the first® antenna and the transmtted enerd S

‘the second antenna, 'regi stered by.t}ye second detector connect ed
~eto. The: reflected energy i's returned to the first. antenna and

;gg*stered by a 30 first detector connected thereto. This amount of -

-reflected- -ener gy I's expressed in percent (R—value) of the anDunt of
'. y (1 - " 1pt3;!- P .fl e
§rcumstafces. W TS nountegf)-ﬁl?;gf“?a%‘ﬁ?% uef%eﬁérggﬁ;ﬁaﬁ? o zero,

5 -or—tihre—purtpose—of—ref rcuTruu easprement—and-—regtstyati on, the

fate is ngg iﬁOCdted at ggnstjant sgeed between and from near the first

t-enna td e sedond antenna jover a distance{of 22 cm ~This nbve- ment
‘art s at,L@gﬁi 1?.5 cm away fromtige circulator. 10 3 This dynam c nethod
Ince of neasuring errors.whig¢h mght occur in $tatic

abl es. the avoid

trcul ator|_i s _not-lexactly the sane durlngfthe succes- Sive nmeaslirenents.

lghdeed, the nmeasured reflection 15 signal is almays the-result of

R

qiiccessive reflections and rereflections between t | at € specimen and the
Btal (circul ator,Thit epheys Yt p*n@du@b%cm@@ml@

il ?ﬁt 11 ont ﬁfu %ﬂge ad't?r\tx%'%%s@e}dfﬁef%nfﬁ?ﬁﬁ'd&% 3pd t«%g\ tl:xﬂﬁé: beRwll@ dy{\?m C

et ho e aver age val ue Qq er ered standing wave pattern is
Bt o m ned 16 S SO GEEs UL 1SN T %2

vebvdtehttern as a

MEmEHE 861 1t

(35 dB) for certain applications. See area A in

e§|§eC|f|c

10 Figure 4.

Examgle 3

A similar resin-impregnated flat filament
bundle (thread) as in Example 2 was chooped into
_ granulés of 1 cm length and as in Example 2 mixed with
15 pure 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 mixtuce was extruded into a round thread
o -and cut to form com9051te gralns contalnlng
_ZO _ approxxmately 1.1f percent oy volume of metal fibers
| (see Example 2). The com9051te g:alns.were then dry-
mixed with pure plastic‘pellets in-a 50/50 proportion
and were fed to an injection moldlng machlne of the
Maurer type with a nozzle orifice hav1ng a dlameter oE
.25 0.95 cm, The same temoeratures as in Example 2 were ’
applied" - If the shxeldxng characterlstlcs must
be suffxc1ent in the 1mmedlate v1c1nxty of the nozzle,
‘the injection will preferably take place at a slow
pace and/or ‘an after-pressure which: 1s_as low
‘as nossible will be annlied at the -

Tt (ke e R b




resistancé (resistivity), the ﬁlates or sheets are connected near their
-opposite edges between clanps in 25 -an electric circuit. To obtain oood
conducti ve contact between these clanps and the conductive fibers i s

clanped plate edges, the latter are scoured and coated with si | ver

. The measuring results were as follows. 30 (average values): - -2
Refl ection TransnlsS|on Specific resi ¢fance (@a (%
([eyr] cm Noryl: . 65 0 , .. 2 Lexan

0 3 35 Cycola ' ~ .65.5 : 0

ﬁglhls shows that the fnjection nDIded plates  with a thickness of - 2.3 nm
e on the |iend ofethRe&NieCHENT Proqesht dne Jguﬁﬁmnemldeﬂmellaa%g'em St

ef fectiveness B) C S a F|gure
4. Exanple 3 Aﬁi?ﬁgfar%ﬁés?ﬁé%ﬁ%geﬁggégdikbggﬁ nggén bun Re%tﬁ¥ead) as
~in Exanple 2 mﬁEtEHBﬁp%GfYnﬁblgréh&Fé§ &fom &hesengihtafdd asdin Exanple 2

~m xed wi.th 15 suBHéQuéﬁ‘E!Lg e%gsislﬁgsfeﬁleae)eshn ehemdenkiedspy pper - tion.
These resin gell e di frensi ons (approximtely 0.5 cm | ong,

0.5 cmwi de, aﬁB aﬁagﬁ?fﬁﬁc Tﬁ@ahﬂkPﬁrélﬁé§ E?FF&B@d“Pﬁ?B & round
_thread and cutmlorbecubeonpeseheagialHSqeeetalabageaaondapﬁiexlEﬁée|y

1 err] percegh gydgggy ngé Bgl & ngﬁ g grEngp%ﬁ g) The conposite:

'gralns were then M xe pure 5 E8£50 proportion
~and were fed tGﬂaﬁlﬁhpecan@ncnnﬂdchgvmayhmﬁesutemhetwhueee typpéuaiet a

~nozzle orlflceabaaéaa:@beaaasbee of rRe :eQuQ%sCEke lhﬁmQ@QEeBe?HeEﬁgures as

~in Bxanple fo 581e below:
Reflection Transmission SQecific res istarce
(3) (%) _ (< cem)
Cycolac 8 _ 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 weight of
'acrylate resin K70 (Erom the company Kontakt Chemie)
were, under care ful stxrrxng, directly ‘added to a 45%

20 solution of a thermo—hardenxng polyester re51n
Derakene_4ll in sty:ene. The Eibers from the granules _
were e#enly and randomly diepersed in the resin and the usual
acceleretqrs were added, as well as a catalyzer. The

© relatively liquid mass was molded into 30 cm x 30 cm x

. 25 3 mm . plates and de—eeratéd ~ The mold- was closed and

. rotated durlng the cold hardenlng process to prevent
the metal fibers from settling to the bottom of the
mold. The hardened plate comorxsed 0.5 percent by
volume of metal fibers. In Figure 4 this mix

b Rt T8




‘i ed. - If the shielding characteristics nust be sufficient in the

pdt ate vicinity of the nozzle, the injection wll preferably take p

pe sS{ ow pace and/or ~an after-pressure which is as | ow as nossible wil

ied at the - 22 - -end of “the injection process. The injection nolded -
M es were 5mrthick. The average fibér Iength L was determ ned by .. '
i ng very.thin.slices fromthese plates, and subsequently di ssol vi ng the
®-n fromthese slices 5 and analy$1ﬁ§‘1he remai ning fiber netting under a
r"’écope Area B in Figure 4 corresponds with the thus determned fiber

&gt:h d'StrldQHHchﬂlt1thQ:d¥Tk£H§$rﬂ&B aﬂ&EHZQﬂﬁhiﬂilG“ tyrHEe /s S wer e
gdlcted as des rlbed above, Qg ults are summarized in the. %p tabl e
Yo i et ion Bttt Hhard el ke s "
0. 43Nq esnd aom)a @n:arism.ssmrﬁ&f 0%. : _
;anple 4 15 Flat granul es conprising 20, 400 paraIIeI st ai nl ess
' fibers with a disimtlar cﬂl%te[%rfqamcﬂmqnﬁ\mﬂﬁbfw@e{nﬂa&ﬂaedded in 8

ent sby wej Ol fmpfd W RS TSIt/ dd HB A dibh S0P HQRtdIgn Chen e)
, under careful stjrring dlrectla{ added to a 45%.20 sol utjon of a

ro- har deHi 57§50 Sk raid o3 RPDT bk RS 153 15 ARG bers from.
{¢ granul.es were evenly and randonly dispersed in the resin and the usual
a ?elerators mere added as mell as a catalyzer The relatlvely liquid

?.3 was nol Tt 20 (g m T e A Yan g5t P "hfn o .The
$d was cl ope aj;ml r“‘“? d daN ﬂ rﬂf’ €o f@}g an?lgéﬁ%%rséf:b“s s‘:g%us%le';%nt -
® netal fi pers.fron1settll ng. to the bbtkﬂﬂhﬁf n& The Trar deped
plate eonpri | T '
3 10 _ 70 1.44 0 C
2 0.004 3 | 025 | 87 | 1.68 0 D
i 0.004 | 3 0.50 | 84 3.11 0 E
‘ 0.004 3 .12 | 70 15.1 0 F
_ " From the examples and results limits were
15 derived for the volume concentration of the fibers
(C%) as a €function of the D/L ratio of the fibers.
According to the invention, the area between the two
straight lines 1 and 2 in Figure 4 determines the optimal
"conditions for C, D and L to provide sufficient shielding
20" 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,fthe'straight.line 3 in Figure 4
will be the lower limit for providing sufficient shielding..




vol une’ of metal fibers. In*Figure 4 this mx
with point G The neasured reflection anbunted to 92% at. a specific
resistance of 0. 43[err] and at a transmission of 0% Sinmilar plates (
dlnen3|ons) were nmade 5 wi th conpositions as nentioned hereunder.

Refl ection, transm ssion and specific¢ resistance were neasured. D (m) L

@) 'C (99 R(% specif. transnmission point in resist. (9
Figure 4 10*-°0.008 -3 0. 25 70 1'44 _ S

04004 3 0.25- + 87 -1.68 - 0 o D0.004 - 3 _
0,50 .84 - 3.11: 0. : -540.-004 _ 3 - 0.12¢ 70
15V1 0 F Fromthe exanples and results limts were 15 derived

- for the vol-une- concentration of the fibers (C% as a function of the DL
ratio of  the fibers. Accordlng to the invention, the area between the two
straight lines 1 Figure 4 determ nes the optimal ~conditions for .C
- Dand L to proevide: suffi cient shi el ding 20 effectiveness for plates with
a thickness smaller than 3 mm For plate or sheet-like articles with a

t hi ckness between 3 mm an 6 ra| ine 3 in, Flgure 4 will be

the lower lLinit for providtny su‘fafr}t’l ‘%‘?‘b’? i Mipn-twisted byndigef 5 A
substantial |y romhpumom.tw«stmmm estﬁl.ralnm*. sﬁh@ﬁ&%é}o&% zsﬁsan nl ess

S e S YA AR e Ao e 2
solutlon assepréV%%dPW?Fegnated “nd ‘Sheathed, -
example, with a Dvnapol L850 solution as explained in
Example 1 to form.a strand. Granules of 0.5 cm
in length were cut. from this strénd and dry
blended in the agpropriate proporiion with CYCOLAC-KJB~
10 _'pellots to -make grains. The grains were again made by
extrusion on the Samafor 45 extruder (Example 1) and
- comprised about ).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 ihe
_ averaga fiber length was estimated at about 0.7 mm.
20 This rasult is indicated by line H in Figure 4. rhe
- _antistatic'performancg of this plate was estimated by
rubbing the plate with a textile pad so as to generate
an electrical charge on its surface. The olate was
then bbought in the vicinity of a certain gquantity of
'25-' fine clgarette ash dust laylng on-a table. There was
‘dust to lift
from the tahle and to deposit itself on- the underSLde'
- of the plat However, when reona;1ng the sama.
ant istatic dust test with a pure CYCOLAC-KJB-resin plate,
30 devoid of metal Elbers,the

attracted to the plate.

no significant tondency for the ash

ash dust was immediately

- 3 conposition corresponds

Wi




rrple 110 forma strand.” Ganules of. 0.5 cmin length were cut
s strand and dry bl ended in the approprlate proportion wth CY!
L pellets to make grains. The grains were again made by extrug :

e Samafor 45 extruder (Exanple 1) and conprised about .).5 % vol UM “the
Wbers.  Their length was choser at_ 12 m  After dry blending these grains -
fgfh an equal apount in weight of Cyco ac 15 KJB pellets, the m xture was

@d to the'i Idlng machi ne used |n Example -l to nold a plate of
E ﬁﬁ]thlckghéééiEVEﬂ

| spe I f olsisher s was
pal i zed in the pl a"té"’aﬂﬂjle{)t%fsaﬁ?’é)ru%g& %enggoﬁov\g;{%égtlﬁfrsrgt ed at about
7. mm . 20 sfdus fasadd irs sttmmwunm@ma%mad@Pé £ibefpe

htistatic perfornmnce ofq Loy padd als Vﬁ%&%ﬂi@@%ﬁw shiehhieg the plate
th a textlle pad s0 as 10 generate an el ectrj chaﬁzg(e OHTItS surface.

fhe platé waswitiera napal i ihe’sid rﬁst)ﬂ‘%ﬁcral Sty of 25

- 'ne cigarette, asfhg@grgtﬂylﬂu}a O nfe bl £ be T hesyret exels qﬁ)ashogm ficant . .

th ndency for the ash to lift.fro I t 4 itself on

~ thhe under si de??f¥ e ‘b‘?lat ef HRetRT S LIn‘-’"{rshe egsgtulené" eaq’sﬁ?r’e%?nt i static
§st test w theapwtev@‘pamamh eeen*e prat e£1 PO th]oﬁe\ﬁirtf ng afd al

4
ffiber's, t h | - 25 -
aﬁ{)lse A Ie i 1%1%6@2%’0@% 3 Yopdd ¢ Acd %IIEE&"Q)@ @jdvlac

abo

| NOX, stainle el flbers in:
_1 ver 8 m wkdB Sareyli vl Qhtaip b%r“&ﬂ‘%‘?r%’c’é%‘mbfo% %357%1% SANSRT npr egnat ed

1d sheathed peyayi khb@raymp@me L8502 eS| reebn desthe Hekend wd@mmpl e 1. The
sirand had a net al flb con

b b
o‘anules 0.6 éhfaﬁﬁlﬁ ﬂ1?% E??v%?@B%% % ég yﬁiﬁ%}%ﬁé]¢¥%ﬁ§£i|s strand

Lk d machine of the Type Stubbe SlSO/ 35 (operating pressure
i: B 130 kg/cmz, injection pressure 30 kg/cmz, after pressure

o

cli

'15 30 kg/cmz). The temperature at the injection orifice
o was 205°C and the injection time 4 sec. for a molded
¥ plate measuring 30cm by 30cm and with a thickness
i : of 3mm. The metal fibers were substantially uniformly
- ~ distributed in the plastic. The electrical properties
r 20  are given in the table below (average values).
FIBER LENGTH REFLECTION TRANSMISSION SPECIFIC
IN GRANULE - | RESISTANCE|
(mm) | (%) BRI (mem)
3 70 B R
25 6 e | o 11

The'reflection.vaiue at a metal fiber content
of 0.5 % in the plasric Still'results_ih a sbielding
effectiveness of more than 25 dB. o
. Accordlng to our experlence we can expect a

-
¥
iy
1 -
]
i

30 suff1c1ent shielding performance (25 dB) with less
-stalnless steel flbers hav1ng a dlameter of about _
.0 0065mm and thh a ‘direct feed at the injection molding

machine of a mlxture conta1n1ng granules of about




dry tunbl & bl ended with plastiés pell ets of Cycol ac 10 KJB (grey)
obtain a conposition of 0.5 % by vol. netal fibers in the bal ance r :
. The blend was directly fed. into the hopper of an |njectron nol di ng 55 ne
- of the Type Stubbe S150/235 (operating pressure 2 S

2 130" kg/cm, injection pressurge 30 kg/cnr after pressure 2 15 30 kg/ cm
). The tenperature at the injection orjfice was 2050C and the i.njection
time 4 sec.’ for "a nol ded plate neasuring SOCnrby 30cm and with a thrckness
“of-3nm The netal fibers were supstantial l'y uni my distributed in the "
plastic. The el cfPicll b?oS%???%s @% ’ﬂ¥ éég?ﬁrquﬁfqgﬂﬂ“e & ow
(\aver age val ues)grEhBlEEisLE&lCﬁbbut %RB@I‘I@& STRANGM SBloDit lDSIQIEOI FI CIN
GRANULE - - flbers per granyle. _ RESISTANCE (M)

0 ' err]c 70
( - (A% o5 This eﬁpZExmentnzhus prqﬂes that good shlq;dlng

11 The refl esti onexal ye areaaem@ba&wemmr&f elir et %rﬁ:r%ﬂd@ttlhﬁ pl astic
' still results |n shrel f tiveness o e than 25 to
our experience mg%c ReexR g%%t g g@& aRE 1) 1creeéggﬁ9%ﬂ QEF %ﬁﬁ@g gS
dB). with | ess st&hal essesme@iateb%t%p ey i matk fengHli gPsitnes of about 0. 0065nm

and with a direct feed at .the |nJect|on nol di ng machi ne of a m xture
cont ai ni ng granules of to 5nmin lquﬁb and a netal fiber

. content in the granuleggﬁflﬁﬁﬁﬁFl%% @G%yb%ﬁﬂ Par jicud oﬁﬁsﬂfNﬂﬁﬁ fibers
- per granul e. Thi siespeeteesicéhts playetc tiste gt sﬂv:elshmdﬁng results

are achi evabpe P | (o) f ection
nDldlng Stage “hgg ﬁ ESSEo BEEQEUEE Y O P Th YR Gfudllcy WV,
In case of- a relatively 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
15 in this case be very low sinée good conductivity is
no requirement for camouflagé against radar waves.
Here, the surface iesistivity'of plastic sheets containiﬁg
dispersed conductive fibers will preferably be higher
. than 100 .2 /sq. A reflectidn value of 10% is sufficient,
20 but generally it will be approximately 40-50%. The
relationship between fiber concentration and D/L will
in most cases correspond to a point in the area to
“the left of ‘the straight line 2 in Flgure 4 at concentrat—
ions lower ‘than 0.25 volume percent.
25 ‘The words HASTELLOY INCONEL, HYTREL, DYNAPOL, NORYL,
CYCOLAC, LEXAN and DERAKENE are registered Trade marks.




e |nterrred| ate step of maki ng g ntion has been particularly
bscri.bed with reference to-plastic materlals for shielding 10 agai nst

adi o frequency and high fre_quH ”mm se of ‘a relatively L/D
at i 0 of the thin conductive f l’”ﬂ'ﬂ”mt ic matrix, electr vgt‘ﬁ i C
hves in the radar  frequency range. can Be dretatly absorbed The \gol sine
ncentration of_ f| bers may 15 kn2thies case be very | ow since goocd _
] Qﬂductlwty is. no requi rement -for canoufl age agai nst radar waves. Here,

he-surface resistivity of plastic sheets containing di spersed conductive
i bers wi'll preferably be higher than 100 [err]/sq. A reflection val ue of

8% i s suffdiGigd, 20 but generally-it will be approximately 40-50% The
gel atlonshl‘pip'b'eﬁ/\een fiber concentration and D)L W ll in nost cases .
] orrespond to a point in the area to the left of the straight line 2:in
$igure 4 atl concentglaist icenmaltewdalt hadch. 285 ablMeespeInemartZS : The

gor ds HASTE LOY %}E D %qug Yﬁ}ﬁ& and o
DERAKENE are ctg":llslg I“"Fr gﬁ%@ve' gglAEOpar 7 -17 i lastics
Peterial wrordat ise (fdkers hayapg al §BEFiEAF| GORBREREY T b2, O%aﬁ part

fhaving el eqtd gald %%C%Edlé@ﬁe' \é%pbbli?eﬁ%aﬂa)ikagrén&@ﬁf*fé&d@iﬁ’é@éﬂﬁ’lé]}iﬂf at
Ecast 0.5%0of the codtp standard rando sub antlall%‘PS unlforn1y

4 st ri bubedntifa Ly, ribyded ﬁéﬁlrﬁ@nan¥§ﬁufﬁla?€ﬁt Y Lt

'engt h (L) §P&xﬁe€@@t (l'.f:)orar?d r@l ].CHndeer(Qr)t 's%'&hOfthtaf&e £birbar maljBe ratio D/ |— i's
g rom 0. 0005 to ﬂ he_vol une concentra/l p%rcent age (C% of the
fibers in s%mP%H%e? q%s%"%sc He 5540 LS ELOM A materi al
.CCOI’dI ng to.e0as md Q/\mﬂ&a,l rartdrle:heolwielneonmnen&uﬂaamopercent age (C% of
the fibers percentage (C%) of the fibers in said part being less

10 than about 0.5%.

2. A material according to claim 1 wherein the
volume concentration percentage (C%) of the fibers
in said part is 0.03 to 0.5%.

3. A material according to claim 2 wherein the
15 said volume concentration percentage (C%) is from
0.05 to 0.5%. | ' '

4. A material according to any of the preceding
claims wherein the equivalent diameter (D) is from
0.0602 mm to 0.015 mm..

20 5. A material according to any of the preceding
. claims wherein the fibers are metal fibers
-having an average length of from 0.5 to.
Smm. ' _
6. A material aceording.to'eny.of'the_p:egedlng
25 claims wherein the conducgiveffibers-have-relatlvely
| smooth surfeces.' B




in said part is 0.03 to 0.5% 3. - —Amateriat according to claim2 wherein
the 15 said volune concentratlon percentage (C¥% is fromO0.05 to 0.5%

A material according to any of the prﬁlmmumﬂﬂmﬂlwerel n the equi @ t
di anet er (D) is from0.002 nmto 0.01 materi al accor¥ to

any of the preceding clainms wherein’ the fibers "aré métal fibers havi ng an

average length of fromO0.5 to 5mm 6. AIﬂ%%HIaJ according to any- of the

p[gceding-ZB“c1aiﬁB mherein the'cOnductive fibers have relativery snoot h

surfaces. . er| ccordin t he Rr eceding
cl ai ms wher ein fhe conoﬁljclfelﬁlle ec(ra% d?cﬂ?prtl I%’?s PEEEEAPPbers. 8. .

A\pat er i al acco¢h¢h@§t%h%myl@fth¢m$qnduﬂﬁﬁwq;ﬂibecﬁamwmpwhseeshauhéepsast|c
conprises a these®setEipersesin. 9. . A material :according to any of

claims 1 to 7 wherein the plastic corrprlses a therrmpl astic resin. 10 10.
A material according to either of clains 8 and 9 wherein the resin_is an
el astoneric resSn 11A ma tfe mi kraedo mtiony d:lmgartyooa?n)th@.-f ptledieding to 10

mhereln t he: ges L Ss Al & ﬁ%ﬁg s Al r| corg to any of
~the preceding, o %l ns ch coréha&}s:écf cbd%\ |Gé %dltgl it tgI"I
. electrically- coﬁ%ﬁlb‘hve fibers. 13. - A material according to claim 12
~Wwherein at | east part of the additional fibers is provided by reinforcing
_ffbers. 9. A material according to any of claims 1 to 7
wherein the plastic comprises a thermoplastic
resin. -

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

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

12. A material according to any of the preceding,

15 claims which contains fibers in addition to the electrically
conductive fibers.

13. A material according to claim 12 wherein at

least part of the addltlonal flbers is provided by
re1nforc1ng fibers. C

20 1l4. A material according'to'any of the preceding
c;aims which contains a flame fetarding agent.

15. A plastics article cohsisting at least'in part
of a plast1cs materlal as claimed in any of the precedlng
¢laims. '

25 16. an article according to claim 15 in the form
of or made at least in part from a plast1cs material
in sheet or plate form.-
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204, A nmaterial accordlng to_an¥eQL_Lhe~p#eeed|ng cl ai ms whi ch contalns
aJMane retarding agent. 15. A plastics article consisting at least in -
p3 of a plastics material as cl rlm;eprecedlng clains. 25
138 An article according to clai %lﬂi““ﬂt‘mﬂuu‘ f or made at leasf in
pE froma plastics material in sheet ©or ‘pl 8t esfofm 17. @ -
arj ’gJe accordhng e cl-aim 16 wherein the thickness of the plate or et

'&ss than 3 nm and . t'he vol ume concengPattion (C) of conductive fibers in
__plate or sheet . is within the linmts defined by li'ne 1 and the ordinate

I

t H

t ol ai m 16 wherein the thickness of the plate or sheet is between 3 nmmand

6 3m and they yol urg, coRGeNt %ec%@glgi % 99 %Bvﬁhefe’ Seid clmeagse or

StIS within the limts define i ne eor nat e axl s of
Fillure 4 of ¥hehs FdmFdh W Fhdednilsg es§9thanAﬁ Bt ﬁedetfa%cmmmm to any of
clinms .16 t@brﬂ&rvhenﬁjdm tleg &l ma&@m@eet Eabbes. 5.1@) tiod ﬁPé‘tQéJQSﬁ vséhééfbers

i it he plate or sheet thln th | ine 2 and the

or ;‘ inate axie oft'# gl tél 4 3 4HTe d?r ﬁg E?% gé“ﬁr S\Aﬁ""i\é Lhi?%nat%ﬁ’%ﬁﬁ icle
or di ng 5t ovi'arihygm:fe d &ifirhEs acgoi@angdegbygrawjiegsi on nolding. 21.  An-
Bicle as clainmed in any of clains 15 to 20 having a shi el ding

Eectiveness_ agai nst. el ectromagnetic radiation_of at |east about 25 dB .
Rhin a frebfrencPo@itfde Gcriing togRaipole whepeint e ghithngss use

2t he Erodu&;ﬁ |ﬂfhe q:f]idl:lea%tﬁ Ghedr! &l &bewaeal arﬁmﬁhﬁﬁ 8Sme | é‘zhdfPQ-xé ndagyzof

Bi B to t he asti.cs .grai avi_ng a .l engt et ween, cm
olino1 ect r iR Sirnas sl (dape BrlerFRoraattheTe i che Blate S
;. sheet 1s w1th1n the limits defined by line 3 and the ord;nate
10 axis of Figure 4 of the accompanylng drawings.

19. An article according to any of claims 16 to 18 whereln
the volume concentration (cy of conductive fibers in the
plate or sheet is within the limits defined by line 2 and the
ordinate axis of Figure 4 of the accompanying drawings.

.15 2Q. An article according to any of claims 15 to
19 made by injection molding. |

21. An article as claimed in any of claims 15 to
20 having a shielding.effectiveneSs against electrbmagnetic
radiation of at least about 25 dB within a frequency

20 range of 0.1 to 10GHz. '

22. A plastice'grain for use in the production of
'plastlcs materials and artlcles as claimed in any
of clalms 1 to 21, the plastlcs graxn having a length

between a. 4cm and l.2cm with electrically conductlve
25 fibers distributed the*eln.'

23.: A grain accordlng to cla1m 22 wherein the. average
length of the electrically conductlve flbers is greater
_ than that of a predetermlned average length for the .
electrlcally ‘conductive  fibers in a plastlcs materlal
30 ot article to be produced therefrom. '

ax@s. 5 of Figure 4 of the acconpanyi ng.draw ngs. 18. An article according




23. A gr‘ar n according to claim22 wherein the average | ength of the

electrrcally conductive fibers i than that of. a predeterm ned
average length for the el ectrrca l@gﬂ”mﬂ bers in a plastics
material 30 or article to be pro _' - 30 - 24. A gr

according to claim22 or claim 23 wherein the f| ber content is greater than
a predeterntned fibre content for the P astics material or article to: be
produced theweﬁront 5 25. A grarn accordrng to any of clains 22 to 24
hauurg a-vol une r[‘zoncen%r atiqn’ om 0.5%10
grai n according S
te_the el ectri calthe ¥dbercoodtenitvésf gbeaser2fhan & phedetkfroinede in the
production of pl I.CS. | ny

3&%:% YRt 33:C %ﬁ gabgéé mggeﬁ{p gﬁﬁﬁ%réﬂﬂe ¢iber

-conprising a bun of conduct.i ve
_content being frd&® P& PoRGNEeHetbERe F8m15
fi ber di ameter bei.ng not greater than about 0.015mMm 28. A thread _
accordi ng toccl aiom 27 d qr r A
t hread accorgrng‘g% er?hérgq g?%§§§§ andggg 8§ %iQ re?% {%Cf%rber
bundl e contai ns ihaving @r@Qiumscpponeﬁtantiooogfteh€5fﬂmﬁm$r@©r%ﬂmwo A

t hr ead accor di ng ¢.Gany, ofy.claims 27 to 29 wherein the plastic in which the
| bundl e is enbedded conprises a thernoplastic polymer of relatively |ow 25

' nol ecul ar wei ght. 31.. A plastics material or article as clainmed in any of
"clainms 1 to 21 wtf&h |$ @mahaaabcnmdpagttelanyrocablylnsnﬁactmvzs
substantrally as wk}ﬁ_

.70 vol une percent and t he

| "ontains fibers in addition to the electrxcally
10 ‘conductive fibers.

27. A thread for use in the pﬁoduction of plastics
:graihs as claimed in any of claims 22 to 26 comprising
}a-bdhalé of conductive fibers embedded in plastic[
the fiber content being from 20 volume percent to
15 70 volume percent and the fiber diameter being not
' greater than about 0.0l5mm.

28. A thread according to claim 27 having a flattened
cross-sectional surface. '

29. A thread according to either of claims 27 and
20 28 wherein the fiber bundle contains in its cross
' section from 1,000 to 35,000 fibers.
30. A thtead according to any of claims 27 to 29 _
wherein'the plastic in which the bundle is embedded
.comprises a thermoplastlc polymer of relatlvely low
25 nolecular welght. ' '

'; 31. A plast ics materlal or artlcle as clalmed in any

~ of claims 1 to 21 which is at least in part
electrlcally conductlve substantlally as hereln
~described. ' '

% A
any oﬁréﬂgrﬁﬁcﬁf 3892 °mﬁtihmc% t%ﬁr&lﬁyﬁef% Wq$%&kﬂtron
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subst antial | h d t f th o
' U ng\?\n Ings y. aS §r¢| n escrl m’mﬂwrﬁme erilce o an-y.o e acnyl ng
e e '_31 - | o

”32;1* ‘A plastlcs materlal or artlcle as clalmed in any

of clalms 1 to 21 which is at least.in oart
electrically conductlve substantially as hereln'

descrlbed with reference to any of the accompanylng
5 -'draw1ngs

described.~ - 31 - 32— stics material or article as claimed in |
hny of clains 1 to 21 which is at- least In * el ectrically conductive

b
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