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{IE'. S5 El ecgy RﬁJ\iﬁﬂéﬁ@f Agents Contenpl ated transf@erSfégents are those

ich are soluble in the el ectrolyte solvent and whjclg have reduction
otentd al s PRLALLBBREPARIRPRYuce the metal ion to zero-valent netal. A
unber of coPRLEESbEnzoqETNERED 126 Bl used in t he® pdbt ographic field can
e used proyjded th in the oxidized forgngfhe reduced species
an be in t%ghY ﬁ?§$¥5ﬁ%§%€ggﬁgfhe pr ot onat ed forn1ge ndi ng on whet her one
i\s wor ki ng tetaachpepobendequhn@n®roti c nedi um The t&gnsfer agents can be

el ecfed frogt gy naPpesverbg@iRofler i vatives, diketo0e84 aromatic conpounds,

itro conpounds, 1 mdes, sone Qérldiniunl qui nol i ni ymygnd acrydi nium 5
alts and cBRBFABRYABAXYPABEARRIABNE ng as redox potentials are conpatible
nd redUCtiemégahebéﬂ!eqalhbae The redox potential =@ahlvary considerably

but it has e _k - Kkt Of irreversibpegreduction of the
splveﬁ? or %gﬁyﬂﬁfgﬁé?P§P§§%§HS&%hﬁgnplated transfeé ggents, sel ected
dependi ng oh,8keapbtbegudnopetential of the metal to- deposi ted, include
the fo"0“ﬁggtnﬁﬁﬁabn9ﬂbeﬁlh3hé Transfer Agents 0.69

[ B o nilon S

-M(vs SCE) benzoqui none, : 0.62
.54 1B pheRp8tBEAAYRAPRONE )
.46 di chl oankaeaquinoaee 0.83 0.18
i hydr oxybenz I 0.97 0. 57
tetrachloroﬁgﬁggaggﬁgﬁguino?e 1.08 -0.02 20
tiet r af | uor odémeswilaosbroquinone : 0. 04
tiet rahfdr oxyhgregtendaee 1.94 0. 32
di cyanobenzoqui none 1.48 -0.31 25
di cyanochl oP&PEA2AG8RESe : -0.41
- napht hogi¢inaane - | 1.04 0. 60
t hyl papht hoqui_n 1.21 0.69 30
p-enan?hraq Fﬁﬁﬁ@gg%one 0.87 ' 0.62
aht hr aqui nofiduocenone : 0. 83
ajri noant hr agidink ¥R e 1.65 0. 97
df et hyl ant hr oqui none _ 1.08 36

acet openone . A u€?€?1
benzal acet om¢tann et al.. Electrochemical Reactions In Non-Aq B benzi

1104 Ssystens, Marcel Dekker. N.Y.. 1970.

50 Representative combinations of polymer/solvent/metal/transfer agent that can be used in the process of
\ . this invention are:
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L4

40 benzophenone ‘ - 1§P1
f 1 uocenone EP 0 259.126 B1 0. 87 xant hgne

1.65 5 *Mann et al:. Electrochenical Reactions In Non- Aqueous Syst ens.

Marcel Dekker. N.Y.. 1970. 50 Representative conbin 31
pol ymer/s /rret al/tr agent th be use e process of
R - 3t e RS L7 U r ansf=

Solvent  poy vinyl- achpishitriles  Ag,AWHG” Wry doneiCr y! oni tri lfe/

Ag. Gy. Hg ch@SBlaGU' noaem thylfoghloride di et prm

(BQ am de Pol yvinyl - amjdenet hyl form Ag. Hg

Benzoqui none i dene- am de

(BQ 10 Polyviaylde @bhgvhpiformdi net iygfigm  Benzoquinone Ag
Benzoqui nbdenekuori deamide am de (BQ)

(BQ 115 f£fluceehfel ose wat er/ al cohol Ag. Hg. Cu

Benzoqui none (BQ 20 Wility And Control O Layer Position The principles
of this i ReAWVEBNLal | 84REeBRYIEPLBF t he | A%t on ofnm%“%| tion wthi
the matri%1uehddfet o aRLER! | ayer i s conmposed of spherl@og mcroparticles §f

met al havj aneters 500 angst Ithou h some |arger an
sone’*smal #E?lﬂgf’??cl e'gag?é?'a? hﬁfese g"'Bb‘r ‘h)st gdatﬂm}fppl i cati ons,
the mcroparticles are present in an anount of at |ea Qbout 18% by

volume. In particularly preferred enbodi nents of the invention, the

particles can be packed to a density which is as high as 75 percent of thd
de{ns Lty offthe bulk netal. In a preferred enbodi nent, the thickness of the
po ymer mand the thickness of the interl ayer is 0.05
to 10 [mﬂé%—t&%eg@@:ngst Tons). 30 The paraneters can be vari ed
during thﬂwedpﬁiﬂgsﬁéstdf% iRYeRfidR Ssiiow: SoniRdd bR 106 MBI bieietdTRbpRkitidAMNIthiIR itRSmarBlITHe as
mul t i pl o ﬂ%ﬁEy%r Riconprsdd siGpieNiaf hiRRBSIcIed BNHbthi YhavirrbrdRA df hidit 500 biystonishe !
At 1 bsX . aitlddgP SonteCRighr &1 die tshiiler PXIdNsi 431 alf Présede okt inbst fpsacticalr apbiltetionshel act ur e
of el eGhitrogaricly a@Opdssat inven emsudtibft atpiadst etsons 18%, byetdhiniez édparivalgys prefPaadt er ned:

i nt er | aybdimerdofhiee ihvantion.cthd pariicies lcanybengackpd td @ desity which lisoabahighaas 7B pereendbloyi ng .
. phot osamsddniity@f thabiliocketsl. inra poatanjed protiadiprentydhe thicloiesst of thd @olwhesio fitmis 2tet®ARMques.
.. 35 @t kne thiakbass bftthecisterdayer i@050p 1@ kA (500 1os1@1§6Q angsteoms) | ns.  For exarrpl e, films
©cont & ni nghel patametersycan ke waatdsiealthe Hepgsifion peesy tajtbipiny qompipxmetAlirataysas et # es can
. be opt i mtileyiayersrbwrsyieaothiskness, density; and ppsitiop witlinsibe gatriy Jhese deatures of 1“? "“‘B‘ecause
t hey arRsovidaaHitsionihp aanyfaciye ?fWQCWfU!é‘F% Vg cisquit Ppfters o Metalizpd imagese %’f“? al
-den5| tynterfaverheanr bg W°€dﬁ¥ W'W'é? 'i"@‘h F'"éeﬁ' & e[“ﬁ'ﬁ‘ﬁ 4p"6t°s‘??ﬂ%"e °8th %B&8Y pti on

of | i ghton m lﬂaqﬂme RN i scotnﬁam,é qgg LJ oanot hef
.enbo n;g{lus#ht 'ﬁléu ﬁf %ﬁ% e Ecg:{tbe nF():a i?Lom ff ie. th Clt ‘ oﬂii . 0{ al

-such t S
Capablle m%\ g are much o’é}_@ bﬁtq tﬁénﬁ: th}’fﬁ%@ Cﬁ@i’j ve

Aot rla‘%r n @e rm With f @éﬁsnﬁ'r@%ﬁl budh @Hafl 6 Ghetd t h T he
sur r Q&J Fb%EME‘m lé o88id cht,%rlj |§g QIFHIdCﬁIeAI leirren€ frhee@ibdinicaiyas a
mrror. co-ll; l\ﬁ |rﬁ&fafdr Qﬂl' de)b‘l’éi;%@l Nﬂid $hBrply QBFinb & sthdodr-iktétfabedithitheSsuirdtindind wojy@nes ,
becausegch @4t e GnibtfabdTRI dphidally Peredtitaks & GniftdA ETHEBekirally-EdnBuclies bisticalidrefibaive
abr asi Owmteriahery,ajataacherbdr€ pirhaSily iarhall ®Ithe Datd arb ae¥istactite doraslonUArivantagss pe elpar ed,
for exasgilest, ovéryasingddegruttaes pregacadior example dgusgepwise pronddgref baseause the interface
45 between the interlayer and the matrix can be maintained optically flat and shows no tendency to
delaminate. Articles and composites made by the process of this invention possess utility for reflective,
electrically-conductive, abrasion-resistant coatings which can be used for electrical, optical or radiant heat-
shielding.
' As will be apparent to one skilled in the art, metal ions can be rapidly reduced to the zero-valent state
50 when they encounter electrons of sufficient reducing potential. The position of metal deposition is, therefore,
dependent on the experimental variables which determine the fluxes of metal ions and electrons from
opposing surfaces of the matrix. The disclosed process relies on control of these counter-directional fluxes.
In a preferred mode of operation, the fluxes of reduced transfer agents and metal cations are both
maintained constant, i.e., under steady-state conditions, to form an interlayer.
65 Depending on the experimental conditions and the properties of the electron transfer agent and the
metal ions employed, different steady-state conditions can be obtained. For example, raising the concentra-
tion of metal ions in solution causes interlayer deposition to occur deeper within the film and closer to the
interface with the electron source, whereas increasing the concentration and/or extent of reduction of the

—

—

A 20N

6




the

' EF U 259 120 O
45 t ween the interlayer and the matrix can be maintained optically flat

and~sfiows no tendency to delam nate.” Articles and conposites made by the
procefs of trduusediirnsiantapats qw:asa.amsdemaltrlm"ttgffaéa)trausreefdbl@e't'mﬁe occur closer to the interface
el ect§i cal | yitl taduetal jou sourceh Thestopgentratier of treguged drgesfar ﬁﬁ Vi e Benininencgd degh o r
el ect}ical , theponaseiratios of pidized fransfee agent i fhie byl atiion and by e potppial Haﬂ &nipe ¢afodse
skil1pd in {geendipg uporhis poteralcand &1 nyeaber of redex statescayilable fop the Elé?'d’atféﬂ' agrt
state] 50 fh&fef ’é’??f?o‘ﬂﬂ‘t%‘? eleptiop may ke cyfiedy repsh qaiig m?'%Fd s@ca"
The ppsiti offHon 3a regkcing-a9ens in;hofhy mago apd,dinegative gateﬂgg%dr‘ﬁ@?t h" s°me nstances
exper | ment aP™y Hpidioagatie SR ey baseRapiRtaduch cortpil g netal ions and
el ecttons from opp05| ng surfaces of the matri x. The discl osed process
reliep on c of t hese counter-directional fluxes. In a preferred node
ratlor-n—'t@ﬂe—fl uxes -of reduced transfer agents and netal cations are

| Nt a1 N0 GOBEEHS earl 161l EHAHIRE nSRABYC sy coNdi L ons, to form an

I nter] ayer. Dependi ng on the experinental conditions and t he

propefyties of the el ectron transfer agent and the netal ions enployed,

di ff ef entssStagmslhcyptedt € conditi ons can be obtained. For exanple, raising the
concentra- tion of metal ions in solution causes interlayer deposition to
occur{ deeper \ihb lstidky tdpe tefst deferracnid i the SalowidgOEXaingles withopdpaatdo datermingtiom obddberencen
source, WhemessppligiCin isolivging ivanwo rTbe tepe aves pressach tightly orete enetal efrfagecand dhen priled f
the 6 EP a@ay2 6 e 126! Erhainesichttachet to theriifof. @ passerbthe adhegiontldse cat hode/ mat ri x

acewcauses deposition to occur closer to the interface with the netal

hon sjpurce. The concentration of reduced transfer agent wll, in turn, be
i nfl yenced EerifopProligcMaasivrment r at i on of oxi di zed transfer agent in the bul k

solution and by the potentlal plledtothe cat ode. e ol 3
t tial d {hﬁ H_E er tr lets c o(rﬂp usi fg rs pount prob
e T iy

Inc.,
each carrie mt {9‘3?‘ §r’o s\!n ﬂq &' nﬁn%?ﬁ £§u%ﬂ S shéotiiGLidds AERRGS
é’t

in both mond; Gl Qd iy tmi N SOME | nstances
only the di né{%a 'V e?°§‘39a ({cg of ragd(uz:l ng cerntgl n netal ions. 10

EXAMPLES ;he PVC vvas t he same for aII Exanpl es in which PVC was used. 15
Adherency Test The sticky tape test r&¥erred tg -1he follow ng Exanpl es
with respect to deterninationRegf aﬁhé"‘ﬁﬁ?e'wag agpliéd in the foll ow ng

manner. The tape was pressed tightly ofi the nmetal surface and then pul | ed
away.: |f the nmetal remained attached to the film it passed the adhesion

 test.’ 20 dour Point Probe Measurenent he Ins - The
measur enent of resistance of the polynmer substrate was acconplished using
the f:our - poiBximgy Dbe the 25 technique of Berry et al., in

"Thin Fil m Technol ogy". Van Nostrand Co., Inc., Princeton, N.J., 1968,
pages 1 -ed An18% solution of low MY PVE. (inharent ¥iggosity O6F) in felselarefuiap SEF;was spinspaled
fbe film%cwrdesntin oxdg gigse plated Aliee Arying in #ie 2 slagrarenseaPt fily a‘t?bt Jugrgmet (“"" “"C"
and the resuas ghiginagofhe 'H?RSﬁt'%d‘faBg%!"ﬂdt?ét 't‘\ﬂba‘?pé'ﬁ‘ﬁ? FH‘;P: g} ?' ° ' H’E .
The sheet r Seiptiop éﬁ:ﬁt@ myronium hexafluorophosphate § E
m

i ’ ogoqyi S; I ed SE itrile AN eth)ylfo
1S Pl oport| eposntlon ag r%{ PQ con nt currer?l b wag(o\B Ca 6| eg lta

i n of gm d t th flm
’ An 18% soffutd cout?f g ﬁﬁgﬁ%irfé”ttfpd?"s"%pétge i A rea i :élB-ﬁt”
(THF). was s F {SE‘ f) cm"1 very close to the rml Kh rRlerb é‘thLtf%ﬁgd RitMee
~After dryi nd&ll\}ep wgé émbe@deg Gkly tid BB POGHHE Rlm &nid! vﬂk QQ'@dH o o Rlrfabd OB Q1S the dathode.

. thick ner Thes,,ve,wasaboutwn,\fm obtal ned. The netal deposition was carried

out in ansgapparatus such as that depicted in Figure 1. The tive

~ solution contained 0.1 Mtetramethyl anmoni um hexaf | uor ophosphate [err] 0.1

M[err] and eganpdd! | SO benzoqui none (BQ, dissolved in a

e 2/ 1 mixture Oof acetonitrile (AN) and dinethyl formam de (DWF). The

The procedure of Example 1 was repeated. The BQ concentratlon was increased to 0.2 M and the
§6 current applied was 1.0 mA/cm? and the potential was -0.8 V vs. Ag/Ag The silver interlayer was 1.3 um
(At = 1.3 um) thick and was located 10 um from the cathode surface (! = 10 um). The specific

conductivity was 10° @ =1 cm™".




ace deposi ti on EF @2s59Vezs ﬂ; 1 cn2. A constant current of

mA was used. The applieéd voltage was'-0.2 V vs. ,to 45 [err
0.3 ¢dul onb was deposited. The silver deposited had a mirror quality,
adhered-éf%?‘%ly to the film ive, and coul d not be peele

of f by the Stide%reto?E,? test. The specific conductivity measured by a

four - poify t{:f%fff . dvag ropeatadoonly healfYQ wasspajedon agiastyaatbbresiacirbdec Thaf

silver nglg, ;SI aﬁfﬁme &ﬂ’s‘ M BOyand O 1A TMARRSs i p 144 emixtwe of asetbidid@ad PRF.t i al |y
in the ) deposnezf%ri?‘:?_‘:‘éﬁnf "S5tel P12 3 me1 AgiAe CThe st was 22rte 2.0

cat hode.yery kiosbMY the solufion surface. — EMsreREm e dhpmetallc prer ps 1 hkewhicioad
Exanpl e 2" The procedure of Exanple 1 was repeated. The BQ concentration wds
.increased to 0.2 Mand the the 55 current applied was 1.0

[ er r ] roamsbniphes paicempdrale B@mpie 0- 8 V vs. Ag/Ag . The silver interlayer was Je
1.3 [erfT €T =13 ferri—thick and was | ocated 10 [err] fromthe catho
surface [ eor demensktich®F e effdaor #oS@iiifidnGr bhSectroacti conductivity was
[err] t laried out urkdlt iBonB&@PcchaifiontloxEepEiia! e &n;gat%?i?}tévreéiramf r{;%en&]@::@%( er%Prgzntsa t?\: S

r epeat edignsioriggntipheeeriPwisress ExaarpRiaGntRhed0. § MAR%qhidhd @R tﬁ&inéqﬂga%ﬁve Sfor
sol uth opgent it t@ssDa BPC MmAwdsRsed Shdthd\oREMt maglaceamﬂmelm)n{\&ﬁy& rmbrHiaé (XR/DMA1 XT Urie
of acet éfhicontairing 0 i AIFF: arfsl OThig TOHAPELS Alt bR chlaBiorS Morel 8 BesRiibled I G 1 GARST ant
pot ent i 8ipctiglyses erp corrigd out faba pdnstdih goltaghy ofem8 VWELSAGAAG2. I the LoRpdr&ivé Exdthp®, hOUI OND
was depB&ficuent yase!-F A whigh incigsef by 4. mAh2 cdulomb @eraeibmkiteld CTHe atgedsitisiParibd 5
[err] t Eqnbk nupher gf%};}ztscqndgeeelchoqewyf@g gt deadhitis grofth oesilvek @ryktam Rititued irddHe

Goppdt af'"yB cpaiE Resites dsmerhia Skampiephin which te sivief istedayerfwas depcaitidistiindfondf  an
elect r oReFMPEe #4599dt & 5 Bknt, two experiments were carried out under
i dentical conditions, except that the Conparative Exanple did not have an
el ectrog,g;n'lglgg transfer agent present whereas Exanple 4 contrained 0.1 M
benzggur -(BQ as the electroactive transfer 15 agent. In both cases, a
PVC fil mwas used and the sol vent was acetonitril e/dinethylformam de
( AN DMFDepshibn frOBigd b BelyHerdl M AgBF4 and 0.1 M[err] Al other conditions
. were aS_d'E'S"CTi‘b'E‘d—i‘TT'ﬁa'I‘I‘p'Ee 1. The electrolyses were carried out at a
. constant Kolehd@8s Sbpardd-v3 dbsdiing pOFAiNHdene 'rllo {dignucﬁ) AL G B
. 1 ni t bal 4T THRThe\eGutidn Wad Tébiniddhied) oh REHIRARE Gia Oas4in0%{ﬂ§, ? ﬁr?'?!%%%
Vi a
g

. the

|l e
gl’
deposi trephthadlitone @eRIAGNOY 03 MAMABEL i hAUBME 2AUBDES. 1A £§eQ'I1. \pﬁ’ %sasf iggtrode
sur f acegagn@6 oidkal? intsieadygtatsboiditihs. PftbrEY colib Wad GopSHbY, &H&‘%@Eﬂ&n stopped.
film |siveciowtiayarstas famoeddeme il es forned in Exanple 4 in which the silver
i nterlayer was deposited 5 [err] fromthe cathode surface [err] = 5 [err]
Exanffl e 5 25 Deposition In A Blend O Polyners A blend was prepared by
di ssol \Eiﬂﬂf_"iicﬁt&gi nyl i dene fluoride and polynethyl nethacrylate in a ratio

of 30 4/1_in THF. The solution was spin-coated on conducting glass as in

. Exanpl e_1%Y PERfa olExemple A 5inarensing thi aenabnietine of Be G sAl NGBy widg driigraie | i N
AN DF 2T CHBPYITont penditens esife in maving tg sivbraintedauer dgwplfiomahesonio sfageer 1] i n

t0 Th reent Y h

st eady-,3aat g%’?‘? ?f?f{?% ! N"S WS- o8uhEnd e vakegsowriedeithm toHcior-b@dtson Was
stoppedA. Ag':rlh' e SR gﬁ%’ég ¥BPhed in the film 35 Exanples 6 to 9 By
t he procedure of Exanple 1, increasing the concentration of the silver
salt, when working under the same consIABLEcurrent conditions, results in

nmovigg the silver igiagiw/er dowy fdgy®.t sol ytjggnesurface 40 toward the

cat hode surface. The current was O. andThe vol tage varied from-0.4
to -1.0 Vvs. [err] . ®mhis is deno®s®ated in3O3%/@ | owi ng Tabl e: TABLE 45
Exanpl e Agonc. (M 0.02 [ernlo/sesi.2
50 8 0.05 22/8/1.2
9 0.10 13/0/1

j wr.wre L is the ﬁ!m- thickness, 1 is the distance of the interlayer from the cathode surface, and A ¢ is the
s5 thickness of the interlayer, in um. At low silver concentrations, the layer is close to the solution surface; at

higher copcen’trations it is on or near the cathode surface and is highly reflecting. At intermediate
concentrations, the interlayers appear in the interior of the film.




0.01 30/30/2 7 0.02

6;_ ;_..
3046+1.2 8 ‘ 0.05EP 0259 126 B1 22/8/1.2 50 9
0. o’ 13/0/1 where L is the filmthickness, [err] is the distance
of the interl ayer fromthe cathode surface, and Al is the 55 thickness of
thd i nt erf¥amRIaS 10#0112[ orr] At | ow srlver concentratr ons, the layer is cI ose
tojthe soluti onms rface at h|t her {1 trans]eraegtfromtﬁ)eca&g
caghode SL{I’I'F%?SE ct ovm josite I r{a Angns
el 12 el Es%m e, % r&aﬁe'&: o B
0 o C
oshiration M)ﬂg sur zrace m"?o the PVC film Thrs has

reduced
he % it§ bro AW in th @eposu

t he effect novi ng ed interlayer away fromthe cathode surface
and 5 into the polyrrer substrate. Ime Exanpl es, the procedure and

condrt]oons were as in Exanple 1, the r concentration was kept constant
ati0.1 Mwhile th@mrl_ent was mcﬁe&m fromO.6 LARAAR [err] The results

are shown in the follhow ng Table TABLE 10 Exanp : I (mA)
[err] 10 lb 6% 53/8 Efi% 11
0.8 23/2.0/ 1. 2 12 0.8 25/2.9/p.2

18/4.07/51. 2 20 Exammkes 13 and 14 Wep 0.1 M [eru_bnobwuzns wer e used,
instead of the silver salts, mercury was deposited in the PVC film In
Exarrple 13, the applied current was 0.4 [err] and the results were [err] of
15/1.5/1. The sanple | ooked quite reflecting on the solution side. Wen theé
gurrent was increased to 0.6 [err] in 25 Exanple 14, the results were
[err] Yt Baidda2adkl 14Examl e 15 30 Cuprous tetrakis acetonitrile [err]
1 M was used instead of the silver salt. The BO concentration was 0.1 M
h t he [ er Whenyiis MCHgENGGh2i sqluigng BRYE usgdy instead af ithgreiiven salte, fasrcypt ‘” P%”Fﬁd '6 he0
nN cnp warélca[érgoan Bampip, 13pshesapplied curreniayas 04 BACT A g '?SH'tst"Y?ée ':B éi 5
20/ 5/ 6, 3apl | qwite p5flgofing, 1y 1 |S?'ﬁ'eﬁé'd?|‘ﬁ'aﬂ‘|t6°e°‘("wwff "&?Fﬁa??g ?"ésm ved
in DVF arfeeenn 1. e ey ware LA/AY ZPe glass, at [err] It was then heated to
114 C for 10 m nutes. A clear 10 [err] filmwas obt ai ned, adhering quite
strongly to trh% gl ass cat hode. The sol ution used consisted of 0.01 M AgBF4,
0.1 MBQ —1 M[err] 40 in a 1/5 m xture of AN and DWF. By applying a

const agt Vv £ Quthitfo BE: 0AMAWs Q38 MinsRad bflthE S¥e? 3altOThelh @nsditatiodiwas
ﬁ oo Egrf'sa ﬁﬁm o1 T RGORE DN CEutf POShIRE e ol 62 fhcH wab2bdiSd. B 5.

current
Exanpl e % terlayerwasformed ih he®NOLNGIAE¥OGIBENT , the PVDF was cast on an
el ectrode of gl assy carbon. The concentrations used were 0.01 M AgBF4, 0.05

MBQ and 0.1 M TMAPF6 in AN. El ectrodeposition was carried out at -0.8 V
vs. [efr |exgipié 80 @ current of 0.08 [err] After deposition of 0.3 coul onb,
it was stopped.” The interlayer was very close to the surface [err] of

8/7.5/1. SOPdEvavrqdbre fliGridé, (RBOF) ehigs] welre Himmolwéd ip AIMFandyspinfepatagrdncietinigrisle gtassaghed
ko a gl aseo’cubeas Hbrebeatddctall1€ Entondd minates-hdiearblp #m (film wap ciaitecadhering ajte h

mer cury. soglydo Hheglass adthods Thetselufian|upad geasistideh@eT MAgBF«0-5 M B 3ng Q-1 TMAFO‘:E M
AgBF4 D 03 119 @ere of AN and DMF. By applying a constant voltage of -0.8 V vs. Ag/Ag over a film area of
’ 10.2 cm?, a current of 0.35 mA resulted. The silver deposited was L/X/AL of 12/1 0/1.5.

Example 17

|n another experiment, the PVDF was cast on an electrode of glassy carbon. The concentratrons used
were 0 01 M AgBF4, 0.05 M BQ and 0.1 M TMAPFs in AN. Electrodeposition was carried out at 0.8 Vvs.
Ag/Ag giving a current of 0.08 mA/cm?. After deposition of 0.3 coulomb, it was stopped. The interlayer

was very close to the surface; L/t/AL of 8/7.5/1.
50

Example 18

A 25 um film of polyvinyl fluoride was attached to a glass tube. Electrical contact was made by filling

5  the tube with mercury. The other side of the film was dipped into a solution of 0.01 M AgBF4 0.05 M BQ

and 0.1 M TMAPF; in DMF. The whole assembly was dipped into a thermostat heated to 90° C. Then, -0.8

V vs. Ag/Ag were applied giving a current of 0.02 to 0.06 mA, in an area of 0.7 cm?. Deposition was
obtained inside the film over a rather wide area: L/t/At of 25/10/5.

9




f filmoveggndfgher wde-area: [err] of 25/10/5. 9 EP 0259 126 Bl Exanple
.19 Pol yvimytft1wori de powder was stirred in DVF and cast over a glass plate

and 0.1 M[err] in DVMF, The whol e assenbly was di pped into a thernostat ! '

heated to [err] Then, -0.8 V vs. ER® 289 18881 appl i ed giving a current of
0.02™0 0.06 mA, in an area of 0.7 cn®. Deposition was obtai ned inside the

pl aced over, u t 10, C.. The film about 100 [err]
t hi ck, m@hﬁgﬁﬁh&@ﬁgﬁmﬁ% 5 émﬂnglﬁa‘gt e EJFSI a tgbssapl medga’;;?ggé}ﬁg ?htehe

hel p oé &bé Wittoth® Rl HIEBK; fvin
sol ut i onofomo1sM &bgﬂ& b1 @°E@;1aﬁmg k%% E 'gg E}ers%”tPH ceneeted The
Ibm

el ect r odepogig’i D conent @&y 0.8 @ﬂ.n@ﬂ? 6?42 '%hs 0.6
M in a &4 ige@yenr ea and 0.3 coul omb avvas dep05| te Pysiest s'\‘f\?ﬁ’aﬁ PP ed as

an interlayer. 10 Exanple 20 A dialysis film of regener ated cel |l ul ose was
tied 9 a glass tube with a fluoropol yner shrink sleeve. The contact was
made wi tBe®REE&Ury. The solution used was 0.01 M AgBF4, 0.01 MBQ and 0.1 M
[err] in 15 water. The voltage applied was -0.6 V vs. Ag/Ag and the

curr ent wad dgiveis fipyef regpnersted @sliRlogsowrs dinth toveatassl Epeositht aforofdyhe LR didale/ Fhes WS
st opped. ta was S3ge with pereury. rihe splutipe usadeaves 1001 v AgBFEXCEOTIM BQ2hd 20 M Kiiogliny Si S
film osf J f voltage applied wasy@E Vusss Agihe| snddhd curprtiwes 0.88) chADARE ©F dOMEHb @ad | N
oxi de gl ag f’ RISCURlY P WasStoppRsleA RE M sibveriingeriayer wastieded.0 it with the hel p of
an o-ring and a nmetal clanp. The glass tube was filled with a solution of -
0.1 M[@xg,]\p,QZpS M[err] and 0.01 MBOin a 1/1 nixture of water and

&t hangl .—A~nrtTogen bubbler was used to rem)ve di ssol ved oxygen and to act

as mxer. Abgysadiihlc Rhsheak§ ShILA ewvvas§vel 25 WI re and the reference
el ect r OGfass\@be WasAmiMakdRhodto ft YIS I ags 5 OH:I g Plﬁida%rei\ﬁ wand;@agg)la:l
appl i ed vrtlesublhtloﬁgfmﬂwﬁkmn%saﬂtug f ?T%P Jn I h? vy:‘s' ”ﬁﬁ of 2
coul onbsitbed bl tWad GseWaS refbiIRE Ved vdoh m'xer '@!P 8 gihanok

t ouchisndt wa:kndabdﬁerereawéld:trbd% weld @A |ree %&is{a.? gf

to 28 Thrsulfinglid @wbnsnticudenpbfassy SO, WG abioSitiddlof 8 Sh% éa}ét%ntwagﬁ p8d. A ggents

ot her t frtanayseel meepuryrdpopiets iR oaaPbkidricaul K sebh dle@tro
oxi de glass plate as described in Exanple 1. The concentratlon of the

silver salt -and the reagent are shown in the Table, as well as the
pot erffi ExamPles @2 128 currents used. In 35 all cases, 0.3 coul onb was

deposi tedT TABLE V. (vs. No. Cat al yst * Conc. [err] [err]
[err] 22 The following\fxpmples show thg ugepot elegiraagiive transfer agents etflar than benzoquidond/A 20%

25/ 12. Sf utlgn o PVC in THF was,qqted on a tin oxige gigss plafp, a§ Aescribed in Example 1..Th& concentrat@n 48

ion

It and the reagent are shewn in the Tabl
o5/1 %é 1° ' §§ver sa 5 g m n the Table, agywglhjas theo®@BIs and the currents iised. In
0 35> #teess 06:? ?uagb was depos:tedA 0.05 0.05 -1.5 0.5
25/ 11.5/2 26 0. 05 0. 05 -1.6 0.4
25/ 20 12 27 AT - @ABLE o 05 -1.2 0.25 25/1 /2 .50
28 FL 0. 05 0. 05 -1.8 .0.52 25/ 23 /2
*NQ %o napfﬁﬁocl_l:ﬂ none. AQ = ant Wm‘ﬁoﬁ benzil. 55 AT =
ant hr one. Catalysih Cong. 3 Ag/Aqt) mA/cmz L/2/A82 '
22 NQ 0.02 0.02 -1.1 0.27 25/712.5/1.5%
, 23 NO 0.02 0.02 -1.2 0.48 25/19 /1.5
a5 24. NQ _ 0.01 - 0.005 -1.4 0.35 25/22.6/2
25 AQ 0.05 0.05 -1.5 0.5 25/11.5/2
26 BZ - 0.05 0.05 -1.6 0.4 25/20 /2
50 27 AT 0.05 0.05 -1.2 0.25 25/1 /2
28 FL 0.05 0.05 -1.8

.0.52 25723 /2

*NQ = naphthoquinone, AQ = anthraquinone, BZ = benzil,

56 AT = anthrone, FL =« fluorenone.




3’59 126 Bl Exanple 29 Deposition O Two Layers 5 The procedure of
Ex@#hple 22 was repeated. The sil vEP aesarigégiconcentrati on was 0.02 M and
t he N& was 0.02 M A potential of -1.2 V vs. Ag/Ag was first applied. The
st gady- st rent was 0.54 [err] After deposition of 0.3 coul onb, the
potfent i al g’tvég‘glggécreased to -1.1 V and the steady-state current was 0. 32
[egr] 0.3 coulonb was deposited at this potential. SEM m crographs showed
that two gdpsdidon ©F o !%gergepar ate deposits were obtained at [err] = 19 and 12
[efr] reespectivety— same results were al so obtained when the first
deposi ti on WaSprékdré -1.1 V. fol|lowed by a deposition at -1.2 V
VS. [GI’I’]W&)O@B’?M,Q p%@ﬁtﬁa%ﬁng“ I%g%gare e?gg‘o}t‘ﬂ:tﬁ Ig teé’ﬂ"??@tﬂ%’”P‘@@ WSMgm the ti@at ed
on a chr oAfeuidaposition loR6.S cSRHEE ;hgipg ot Q1O 09?1 ﬁ@dtﬁﬂtﬁmcwren'e\gas%ﬁm%d by
20; 1 mm $RkoescmZT he c&iuld»rMBWasbibb&itédJQrthig ot I?Slﬁ\?rr}; ?on?npﬁistﬁ %??c;)ﬁgtéta HEFS. RS04M
and t he Bepamisdeodts MoreAbaRéillii 2119 @hg TBu otively o Ao 3&359 d I"E‘bﬂsq'.‘%di ng
td a steddyn be bstelepasttiorewds catiodouPat]-£1 ¥, folldwebby G2 _Sz\fl" ;ﬁﬁ {288 °0taned| ear
| ifne pattern was observed. The deposition was 1 Oﬁerr%{\qf rom the cat hode
surface and di splayed a netal reflectance. 25 Exanple 31 Deposition From
| fraged TEI 99t Cat hode 30 PVC was spin-coated on a chrom um on gl ass
commer’@i al photomask test chart conprising bars and spaces in a chrom um
| ayer where the minimumfeatures are 2.2 [err] w de. The silver
bPr of | uoﬁmm%%sed was 0.05M and the BQwas 0.1 M The
potential applj, g.v_v&s -1.06hV,vs. Ag/ Ag and the current was 0.8 [err] The
deposisi on, caﬁ. %'e%@gfé ) ,f’ :‘?’H‘lé"l‘ P B@ssTammergialipbetemask Saving p o liree ebpated By 35
inter | aygro@ly 94 | Ably” %gc’%i #li' saltpancentiation) used was 04N akstthe BR weh MG\ foRinig
ﬁxarrpl e aa%os‘ith.%QLé?'uL eI s'%‘g %E?ﬁ‘?y'ét@fatcé@”bﬂf & mélcané;t Q- S0w@ulnmbl erao f
ydr ogendiégeglecSi mé@h&hﬁfﬁﬁ deposit ed bR BEleT was t Hm fom the cethedecdrfagh ass. A
lline pattern mask was placed in front of it and it was illumnated with a
proj eet or lanp giving 45 visible Iight. The solution contained 0.1 M BQ and -
0. 02M AgBedple 3he applied potential was -1.0 V vs. [err] the current was
0.34 [err] The reaction was stopped after deposition of 0.25 coul onb. A
| ine pattern was obtained with conductive |ayers of silver in exact replica
of the pReapsiion Exdmilmagge Tesh OhdbGamplees 33 to 35 These Exanples illustrate the
use of° a t'ir,@sferI agent (electrocatalyst) in interlayer deposition ina
ol ynmer whf¥hwassspintcgaiéd oned gedmias e giassadohyheRGE dhéBma: i
fgrrpl oy eFPFRS th & sBrogiupe fayerewtiers the rhihimufetfbajdre(snﬁi .Y uﬁﬁéﬁﬁgﬁﬁ'ﬂfﬂg{é dor at e
( NVBF4) .g°'r°9g;rav<@ ﬂwaarg-ogwtaem 80 was 0.10LTk loyterial bppledrMise 1.066 4. AR T 3 thed D
that gf . ,ﬁ%‘E eﬁ? FeAGe 1 Eherrdapositian ves @&rdovierab. fThe)mighaﬂpMMdﬁaaﬂédrécﬂ@ed%Etn
pyromel 'TTIC ai Arth§ATtlede’ e toppiytion mam) betterthas 6 uexper i ments were carried out
using filnms of ODA/ PMDA coated on conductivized gl ass as previously
descri beg, nple 7 of U S. 4,512,855). The film area exposed to the
' sglutiomwas -+ 07 cn? and the thickness, L is as indicated. The electrolyte
:sol utgon was 0.10 M[err] and 0.01 M AgBF4 EP 0 259 126 B1 dissolved in
-acet oni Prdid-ihagihg? €ach case, the anmount of Ag deposited was sufficient to
'producemu ve, electrically conductive interlayer. The applied

‘potenti ?olatemd glzvsass ipliilngﬁa:t\{:rfﬁ an k&l&frﬁclle hedb b hyhrogenated Si thin film deposiled on top of a tin oxide
. ‘mask was placed in front of it and it was illuminated with a proj ivi
08 ' \ ; joctor lam
45 ;/\ls;:le’ llgrl:t. The solution contained 0.1M BQ and 0.02M AgBF;. The applied potential was -1.3 g\;;vu\r;sg
gtt g ., the curr'ent wa; 0.34 mA(cmz.' The reaction was stopped after deposition of 0.25 coulomb. A Iiné
] pattern was obtained with conductive layers of silver in exact replica of the projected image. '

s0 Examples 33 to 35 |

These Examples illustrate the use of a transfer agent (electrocatalyst) in interlayer deposition in a

polymer which i_s it§elf electrochemically active. The transfer agent employed in these experiments is N-

N gettm;l(methyl nicotinate) flu.ort.zborate' (NMBF,). Its reduction potential is roughly 0.1 V more positive than
at of the polym'er (the polyimide derived from 4,4-oxydianiline and pyromellitic dianhydride, ODA/PMDA)

These expefnments were carried out using films of ODA/PMDA coated on conducti\,/ized glass a{s

previously _descnbed (Example 7 of U.S. 4,512,855). The film area exposed to the solution was 7.07 cm?

and the thickness, L is as indicated. The slectrolyte solution was 0.10 M KPF 5 and 0.01 M. AgBF,

1"




mol e/ liter Ep0259126§err] ' - [err] 0.00 ‘

6. 94 0. 035 ' 0.038 0.02 ' 6. 00

0. 093 0.710 0.03 : . 6.08 0. 106

0.722d ncacgigninfie; 19 eBSh-asps ggr\mgemsm iwas eficiontiasasiiceng eafiectivenas
condu@F@GFa&F%‘Wé""gé\‘ﬁé'Pw The QR?ERS’LW@" wasy bORoY ¥s. A¢Adhe PVC il mwas 30 [err
thi ck. The solvent used was 2/1 ANDWF containing 0.1 M[err] 0.02 MJerr
and_0.02 M di - NNMR§pyromel liti g de. A potgntial of -1.2 V vs. Ag/Ag was

~applied and thglgyggdyrstate o rnr ent vvasmﬁ/agzerr] ig/8 1 cn2 area. After:

deposi tion of coul onbs, ver interlayer was obtained. 25 Clains 1.
A process for conoool | ed depom.snon of net.aBsSin a sWeld3dl e pol yner matri x,
conprising the s of: (i) ling th layner t Vi de an environnent
W t,hi n the pol yéréggf or el ectrgwabr ansfer6 ngn 30 0 p'rl(bel ectron transfer

agent, (ii) proQi@dng the sweb-O8 pol yneP. Wh an eled@d cal circuit sourge
of electrons for transfer within the polyner by the electron transfer
agent, (iii) contacting the swelled Polynmer with an el ectron transfer agept

to carry the electrons of step (ii) within the polyner, 35 (1v)
constacting the swelled polymer with netal ions reducible to zero-val ent
et al E §Eont act with electrons, and (v) reducing the netal ions of step
(iv) by o mp Eﬂplthemvvl th thfeere ectron- car tF?qr?e ectron tr r agen

of st (’?pl' fﬂm was 3 Llr:g/%-lif}( %egs;g:ven @S’Br‘(ﬁs ntajn ?yrrer
e A om et niRoa iy ?rfotem. % e ..poean qhe &d n1in
’V\)ﬁ'}??:h Eﬂﬁ 2&9% A rg ﬁ&@rom |I r Gt r ordin
to c |nvvhc rlses at Ieas onerre er seﬁectedfr m
45 VI nyI pol ymers, poI on efl ns poI yacryl ates, polyesters, polyimdes
pol ysi | oxanes, tetrafluoroethylene- cont ai ni ng copolyners and cel | ul ose.

A processs according to any preceding claimin whi ch the el ectron transfe
agent camgri ses at | east one nenber sel ected from qui nones, quinone
derivatives, imdes and pyridiniumsalts. 50 6. A process according to any
of cl &i rfeprdcesstiordcontrolledtepdsitivinel nestat dtarserailable aolghe magtig sntmpddnyphid Ses ot | east

one menbef) seliex the dolymente pevide guiemanmmenhaiitt the galymerrer, eleatrbm krargier ke,

berzi |, amp¢woomensiof 4gawr enone, di anyl pyromel litinide and N-nethyl (methyl

ni coti nat &) prgiding the swelled qu("]ﬂ‘ yiteanseleptrical ciituil goures oiglpctpne foe Hanstgr within W9 i n

whi ch t hePPrERespY the flspliog &ransier agedlast one menber sel ected from Ag, Cu, Au,

Hg, Cr, CS") cp“tactlr,_gothe po(elleqjgplyngh wntrF%n elqﬁtron msfeq@gaﬁdo Wry the elﬁtrmsdg ster (i)

TR afy csrtac?or@we‘ﬂef P il e Bt b SR R PR Cacn
case, theg rgﬁ&gﬁ $ndd .oﬂsa%af,@faé ) A e A BELANRS BT Y2,

el ectricably & rveinte
[err] [err [err] rmle/llter
O%]Sz A process acco(scri%;gg E%irn012wherem the polyn[e?a Frbthix &ggg%es an organic polyme(r).. 092- 94

0. 7103.0.40s%0cess according to claim 1 in %hi@iBthe polymer matrix cénpkiddd a polymer blend. 0. 722 15 Exanpl e
36
4. A process according to claim 1 in which the polymer comprises at least one member selected from
45 vinyl polymers, polyolefins, polyacrylates, polyesters, polyimides, polysiloxanes, tetrafluoroethylene-
containing copolymers and cellulose.

5. A processs according to any preceding claim in which the electron transfer agent comprises at least
one member selected from quinones, quinone derivatives, imides and pyridinium salts.

50
' 6. A process according to any of claims 1 to 4 in which the electron transfer agent comprises at least one

member selected from benzoquinone, naphthoquinone, anthraquinone, benzil, anthrone, fluorenone,
diamyl pyromellitimide and N-methyl(methyl nicotinate) salt.

ss 7- A process according to any preceding claim in which the metal comprises at least one member
selected from Ag, Cu, Au, Cd, Hg, Cr, Co, Hi, Pd, Pt, Pb, Sn, Fe, Li, Na, K and Mg.

8. A process according to any preceding claim wherein the metal interlayer extends to the surface of the

12
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- Thi s Exanpl e, errpl oy| ng a dil m%} %@gﬁr agent, was conducted by the 1
geneyral procedure of Exanple 1 ilmwas 30 [err] thick. The -

sol veAat used was 2/1 ANNDMF containing 0.1 M[err] 0.02 M20 [err] and

0. 02 Mdibisol¥d airydefdpitiidITi | dathl dabd, @R. amBurfd ©f &g bidpdsite® fvas dufiidien! 1 Broddce far rbfleRs,

appl i echlearrichily toaduetive ardyrlapsr. Th@appligdrpewhtialvess -000 yseAgidg’in a 1 cnR area. After

~ deposition of 0.3 coulonbs, a silver interlayer was obtained. 25 Clains 1,

A process for cowmsell ed dep03|t on of net aé in a swellable polynmer matri X,
k

conpski sing the 4 (i) swelling the Rer to vi de an environnent
within the polm&ectron r ansf er E§—a}r‘|—30 12 el ectron transfer
agent, (ii) provigdipgd the swel gegqpol ymerovxbg an el gcpagcal circuit source
of electrons for transfer within the pol yne y the electron transfer

agent, (iii) conPa®®ing the swlkPRd Polyrrﬂroﬁ/?th an 8r2Pron transfer agent
to cBrry the el egtpans of stepg(bs) Wi thip.1be pol yner7235 (1v)
contacting the swelled polynmer with netal ions reducible to zero-val ent
nmetal upon contact with electrons, and (v) reducing the nmetal ions of stej
(iv) by contacting themw th the electron-carrying el ectron transfer agent
of sfep (iii). 42. A process according to claim1 wherein the polyner
mat r | X Ezawger 36ses an organi ¢ pol ynmer. A process according to claim1l in

whi ch the polyner matrix conprises a polyner blend. 4. A process accordin
t 0 cl ai m Thisi Bxarogid. employing axiiiinigerransieagenti vwas Soralictdddarshe general peadyigre of Bxageleed f r pm
vi nyl poThenRMCsfilm wa$ §hilm fthigks Thepsglvert wsed| veas @4  ANANIF, eontaining 0.1 TIARK: @82 M

pol ysi 1AgNeneng 0.0e 4 F'é\“#@ydﬂy@@?'ww@ném@@ﬁ't‘élmﬁ s.Agiie| yercarplied ger hesteavose. §.
APr oc &tetescunent wagiP-A AT dhg 1 AmE ceeai Mg derasitan; Otfioplpmisna sEPeRlrayf Yasansf e
agent GB‘H'ﬂ?dr ses at | east one nenber selected from qui nones, quinone
derivatives, imdes and pyridiniumsalts. 50 6. A process according to an

of cl ai m; 1 to 4 in which the electron transfer -agent conprises at | east
one #e sel ected from benzoqui none, napht hoqui none, anthraqui none,

benzil, an? hrone, fluorenone, diamyl pyronellitimde and N-nethyl (nethyl

ni cot i Rat 23,058 for cobblied depitBh HHRRF inBSHQIHb Blyrhd? b BHERAdIBGeplgi min
whi ch the %{?" i BTl Aot thn s%ﬁte:ﬂ&ﬁnaip ?n¥th§ "fﬁﬁéfqg&f e AL, O,

" Hg, o, Co,e|e|5{ymt,gfe,§3em Pb, Sn, Fe Na, . A process

& accdldi Ng i) prkling the 6R&IIbd Bolyher wiif mcﬁllcﬂ ckdul s&lﬁieﬁ:lf elbd%ﬁH tbrpaRsteranithiR BdS t O
t he surf acgoghertblthebidctron P adedt, 126 B1 matrix. 9. A natrix containing a

\—4

metal | i c i rliyadohtacsing th svdled Palyridy wah @1 Ex@aSiransierQigehit igcatrp tha Rlsctiing eiedbp® cl ai m

g. 5 10. A mvlitbin thapeymeonposite of at |east two disparate matrices according
% 10 Cdsai m 9 (Pemhtadittha swetied gaiytheb yitremetw iank Fedacibiabeprlosgient miefabidpon sontact with

= el ectrical lelectwondett i ve and optically reflective. 11. A conposite according
-t o cl ai m 10v)vddeging]the rpetal ioas aftstep i) birgentdcling themwithdhe alestron-cadng ¢estromigansfer

t hi ckness @genhefétep (M- to [err] and the thickness of each metal interlayer is

abgut 0.05 to 10 il m 10 Revendicatlons 1. Un proc6d6 pour |e d6p8t r6gle
de met & RABRPSYAFE R PioRE burermh %Eﬂ‘yé‘ew?i‘f”f %Pmpé\ses &’b?fB?"@rP&HF‘efr es 15

6t t nf | nb d tit
TRt e ehPOdS %S‘rfémﬁet?é% Figipie %h A o R O R '%dgfgit Lone par un

agent qe Ar% gg Lr @J gg%r Oln IC % 0| ses at least one mem e g‘quah\r l e
~ pol ynbre Ef Vil o.éﬂy MG "até"st"';, e ﬁ#ﬁssqtla' Bl 3 i o,

el ec‘i"’ronscoglg ers and cellulose. transfert | nt r| eur du
;- pol ynbre par agent de transfert d'6lectrons,

. B. A processs according to any preceding claim in which the electron transfer agent comprises at least
one member selected from quinones, quinone derivatives, imides and pyridinium salits.

6. A process according to any of claims 1 to 4 in which the electron transfer agent comprises at least one
member selected from benzoquinone, naphthoquinone, anthraquinone, benzil, anthrone, fluorenone,
diamyl pyromellitimide and N-methyl(methyl nicotinate) salt.

ss 7- A process according to any preceding claim in which the metal comprises at least one member
selected from Ag, Cu, Au, Cd, Hg, Cr, Co, Hi, Pd, Pt, Pb, Sn, Fe, Li, Na, K and Mg.

8. A process according to any preceding claim wherein the metal interlayer extends to the surface of the

4
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he
Yo,

he

b

: 20 , (iii) nettre en contact |e polymbre gonfl 6 avec
un @gd 't de transfert 'd' 6l ectrons pOBP Ot259n2pBTter | es as

MA30ns de | ' 6tape (ii) a l'int6rieur du polynbre, (iv) nettre en contact
nbre gonfl 6 avec des ions nbtalliques r6ductibles en nttal

|l e p'oll-

» z6rovdl ent par ®¥ift act avec les 6lectrons, et (v) r6duire les ions

nbt al lii ques de | ' et ape é % en les nettant en contact avec |' ?cgnt de
||

transfiert 259 Amatix CB‘“?} Rt PRl "ﬂ‘?‘ﬁﬁé BBAYCabY eracesy LY TIRAE 2nyP” ‘é!'fga%”é"‘ -
§)I0: Iyarbr 2 an r OCS Gersceyﬁ%% | ﬁl Eg% ggratg?p da&r%ﬁ% Hanmé?' hrn?nf-aracterlzed by a

revendi cation fne 45 '"tegf d'veﬁ"d a"y reﬂewv end un n6l ange de he
pol ymbres. (i{)aco posjte according to clai whle}%mpa'i Bgs@grﬁa @yrﬁe‘?\é%}qlh%té tRBkndss of
dans | equel ¢ polYihaan aﬂ%mﬂ‘ bt ol e 5900 538 (0BT | €S

pol ymbres ,yi nyl i ques, es pol yol 6fines, Ies polyacryl ates, |es polyesters,
| es polyimdes, les ith 35 pol ysi | oxanes, |es

copol yner es g&eh@eatidhs du t 6t rafl uor 6t hyl bne et la cellulose. .r. (er
5. Un, proced6 sel on I une quel conque des revendi cations pr6c6dentes, dans
| equel ' agemt uheprdckdensdueletdépdt régid>de métal dans une matrice de polyiin&re gotfiaige SompEmENERS]
au not ns us) nerepes soames: parm | es qui nones, |es d6rives quinoni ques, |es
i mdes et |es selistaidegopfer legiolyindrmde 4Qor62 chgatityer 8 d'BitgBeus di oelyrhéra premifienstonyenantau
des revendi cat i ohanstert déldctronierasur| aggm o transigg dAlectges.t ransfert d' 6l ectrons
conprend au noi né) mﬁnlm'emb'v/@efelﬂeﬁﬂs|d'up%us¢ﬁfceld& QH@NZQB??UFIWOfﬁ'é"'SSP%{ de® REMSBRIPO HE
l}'}nt ra- qui non&ansieea higgquy du polymarsterrIgsrat de tangfer lesHeNte

pyr éhel | i m("ﬂ aeflre oy gondas| le Bolwrﬂgonﬂ? aveﬁﬂq Fggpt c)erﬁansfert d electrons pour transporter les
(nﬁt hyi ni coti ni qﬁ'é‘)"msﬂ?"?tapel}ﬁ 4 Jinigrieuy du polymézp | ol ont
revenfli cati ons p 6‘1?5’8:‘?(‘@%"‘3 'ﬁr‘?g'y'f‘"egaﬂ‘@ e F‘f?c 'Sﬂs ’E%Pe&{gﬂ’éﬁeﬁﬁ“ mgtal zgrovalen

nmenbr ChOISI 'es

N PR ﬁ kS de?&ﬁe "%f%so%“&’é‘ B s foqily o oot
pr6c6dentes dans It &r Couc gue s'6tend jusqu' a
l'a surface dg lg Bé ngn % roWbHRickRA M %nsCQ&Ie?r@%th§olyﬁ§r@rcSrQH@rﬁeun polymére
nbt al | i que progyyahiguePar un proced6 sel on | une quel conque des revendi cati ons
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7. Un procédé selon l'une qusiconque des revendications précédentes, dans lequel le métal comprend au
moins un membre choisi parmi Ag, Cu, Au, Cd, Hg, Cr, Co, Ni, Pd, Pt, Pb, Sn, Fe, Li, Na, K et Mg.

8. Un procédé selon I'une quelconque des revendications précédentes, dans lequel l'intercouche métalli-
50 que s'étend jusqu'a la surface de la matrice.

9. Une matrice contenant une intercouche métallique produite par un procédé selon I'une quelconque des
revendications précédentes.

55 10. Un composite muiticouche formé d'au moins deux matrices différentes selon la revendication 9
caractérisées chacune par une intercouche métallique qui est électriquement conductrice et optique-
ment réfléchissants.
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wobei das Metall wenigstens ein Glied

7. Verfahren nach irgendeinem der vorstehenden Ansprliche, e

ausgewdhit aus den folgenden umfast: Ag, Cu, Au, Cd, Hg, Cr, Co, Ni, Pd, Pt, Pb, Sn, Fe, Li, Na,
Mg.

8. Verfahren nach irgendeinem der vorstehenden Anspriiche, wobei sich die metallische Zwischenschicht
bis zur Oberflache der Matrix erstreckt.

9. Matrix, enthaltend eine metallische Zwischenschicht, hergestellt mit Hilfe eines Verfahrens nach

45 irgendeinem der vorstehenden Anspriiche. :

10. Mehrschichtiger Verbundstoff, zusammengesetzt aus wenigstens zwei nicht gleichartige.n Matrices nach
Anspruch 9, jewsils durch eine motallische Zwischenschicht charakterisiert, die elekirisch lsitend und_

optisch reflektierend ist.

50 0 " N .
11. Verbundstoff nach Anspruch 10, wobei wenigstens eine Matrix eine Polymerschicht mit einer Dicke von

etwa 2 bis 100 um ist, und die Dicke einer jeden metallischen Zwischenschicht etwa 0,05 bis 10 um
betragt.
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