15 February 2006 1 PROCESS FOR BLACKENI NG A PLASTI C OR RUBBER MATERI AL The
present invention relates to a process for blackening a plastic or rubber
material and, nore particularly, to a process for blackenlﬂg a plastlc or
rubber material by the incorporation of uniformly distrib gpruary 2
nanoparticles of an electrically conductive polynmer in a host polyner
matrix. Surface coating is, by far, the nost common nethod used to col our
plastic and rubber naterials for aesthetic or protective purposes. Qher,
| ess commonly wused nethods, include the]blending of dye pignments with the
plastic materials or related prepol yners. Wth regard to prior art
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thernopl astic pol ymers, because the polyners have to be softened (usually
with the application of heat and pressure) bef ore they can be blended with
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and an organi c solvent. Anobngst the black pignents used, carbon black is
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i ncl ude graphite, black iron oxide (FeO Fe2Q3), copper cluomte
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Surface coating is, by far, the most common method used to colour plastic and

rubber materials for aesthetic or protective purposes. Other, less commonly
used methods, include the blending of dye pigments with the plastic materials

or related prepolymers.

With regard to prior art blending methods, these have the disadvantage of only
being applicable to thermoplastic polymers, because the polymers have to be
softened (usually with the application of heat and pressure) before they can be
blended with the pigments or dyes. Normally, after blending, the polymers
then have to be vulcanised in order for them to take on their final shape, so that
articles which have already taken on their final shape cannot be blackened by
this method.

In the case of a black surface coating, the paint used normally comprises a
mixture of black pigment, soluble polymer binder(s) and an organic solvent.
Amongst the black pigments used, carbon black is of the most importance,
because of its low cost. Other black pigments include graphite, black iron
oxide (FeO.Fe,0;), copper chromite (2Cu0.Cr,03) and aniline black.



2 There are three major concerns associated with the use of a paint in
surface coating of plastic and rubber materials. The first is the

rheol ogi cal property of the paint, which arises fromthe fact that the
conti nuous phase of the paint is a polyner solution. Spray Ikbatarng006
techni ques, commonly used in industry coating |lines, require non-dripping
paints, i.e., polyner solutions of paint havi ng a strong sheer-thinning
effect. Such an effect can, however, havé the drawback of non-uniform
cover age of ty.at i R Y C
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pol ynmerisation. The resulting matrix, which traps the pyrrole or aniline
nononers, i $asbersddackst Ifpr expopdel ais afen diffagilt to wet out and disperse in

polymer solutions, due to the small particle size of carbon blacks (50-100nm)

and the polar chemical groups held within the pigment surface. The degree of
agglomeration of carbon black particles also affects dispersibility, viscosity and
jetness of the paint, as well as gloss and wear resistance of the surface coating.
The third concern is adhesion between the surface coating layer and underlying

substrate, which has, for a long time, been a serious problem in the field.

Other previously reported blackening methods include the following two types
of technique:

(1)  Introduction of oxidant, iron (III) chloride, into a polymer hydrogel via a
swelling process, and exposure of the oxidant-loaded hydrogel to pyrrole or

aniline.

(2) Mixing pyrrole or aniline with monomers, and then subjecting the
monomers to polymerisation. The resulting matrix, which traps the pyrrole or

aniline monomers, is subsequently exposed to an oxidant.



15 February 2006 3 In both methods, neither the oxidising agent or
nononers can penetrate into the host polyner matrix, and pol ynerisation
takes place at the interface between the liquid and host polyner,
resulting in a surface filmof polypyrrole or polyanil i nelSdfdbyuaryReoo
surface filmof polynmer coating has the sanme disadvantages of |ack of
uniformty and poor adhesi veness, as nentioned above. Method (1) al so has
t he di sadvantage that it is only applicaBle to hydrogel substrates, which
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aniline have on the polymerisation process.

According to the present invention, there is provided a method for blackening a
hydrophobic polymer matrix, which method comprises introducing monomers
of an electrically conductive polymer into the polymer matrix, and

polymerising the monomers in the polymer matrix in the presence of oxidant.

According to this method, the monomers are polymerised within the polymer
matrix to form uniformly distributed nanoparticles of electrically conductive
polymer. The nanoparticles alter the optical properties of the polymer matrix,
to achieve a blackening effect, with little or no change to the mechanical and
electrical properties of the host material, and because the nanoparticles are
uniformly incorporated in the polymer matrix, the blackened material has
excellent uniformity and adhesion properties. The degree of uniformity and
adhesiveness that is achieved by the in situ polymerisation technique of the
present invention cannot be achieved by prior art blending methods, and is also
free of the disadvantages associated with prior art surface coating methods, in
particular, the unfavourable rheological properties of paint and poor

dispersibility of paint pigments.



present invention cannot be achieved by prior art blending nmethods, and is
also free of the disadvantages associated with prior art surface coating
nmet hods, in particular, the unfavourabl e Theol ogi cal properties of gaint
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nononers of the electrically conductive polyner may be introduced into the
pol ymer matrix before introduction of the oxidant. In this case, a surface
| ayer of the polynmer matrix is blackened4 In the case of surface bl ackening
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bul k bl ackening of the polynmer matrix, the nethod of the present
invention, preferably, conprises the steps of (a) inmersing the polymner
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Alternatively, the oxidant may be introduced into the polymer matrix before

introduction of the monomers. In this case, the bulk of the polymer matrix is

blackened.

In the case of bulk blackening of the polymer matrix, the method of the present
invention, preferably, comprises the steps of (a) immersing the polymer matrix
in an aqueous solution of oxidant and (b) immersing the oxidant-loaded

polymer matrix in an organic solution of monomers.

The monomers for use in the methods of the present invention are, preferably,

aniline or pyrrole monomers.

Preferably, the polymer matrix is a plastic material or a rubber material.
Examples of rubber materials include butadiene-based rubbers, silicone
rubbers, and polyurethane rubbers, all of which are suitable for use in

connection with the present invention.



rubbers, and pol yuret hane rubbers, all of which are suitable for use in
connection with the present invention. 15 February 2006 5 In the case of
surface bl ackening of a polynmer matrix, the polymer matrix is, preferably,
a pol ycarbonate, such as poly(2, 2-bis(4'-phenyl ene) propank’ FeupdyrRpe,

vul cani sed NBR rubber (a copolyner of 1,3-butadiene, acrylonitrile and

di vi nyl benzene), ABS (a bl ock copol ynmer of acrylonitrile-butadi ene-
styrene), PVC, an acrylic plastic, a polyurethane, or a silicone rubber
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i ntroduci ng mp@yi?ﬂ(%)an@ ectrically conductive polyner into the pol yner
matri x, and (c) polynerising the nononers in situ. Again, both these

met hods provi de a neans of blackening a plastic or rubber material,
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preferably, a silicone rubber.

According to another aspect of the present invention, there is provided a
method of blackening the surface of a hydrophobic polymer matrix, which
method comprises the steps of (a) introducing monomers of an electrically
conductive polymer into the polymer matrix, (b) introducing oxidant into the

polymer matrix, and (c) polymerising the monomers in situ.

According to a further aspect of the present invention, there is provided a
method of blackening the bulk of a hydrophobic polymer matrix, which method
comprises the steps of (a) introducing oxidant into the polymer matrix, (b)
introducing monomers of an electrically conductive polymer into the polymer

matrix, and (c) polymerising the monomers in situ.

Again, both these methods provide a means of blackening a plastic or rubber
material, without affecting the mechanical and electrical properties of the

material, and with the added advantages of high uniformity and excellent

adhesiveness.

Preferably, the oxidant is produced by reacting (NH4),S,05 with HC1 having a

concentration of approximately 2.5M or more.



material, and with the added advantages of high unifonnity and excell ent
adhesi veness. Preferably, the oxidant is produced by reacting (NH4)2S208
with HC1 having a concentration of approximately 2.5M or nore. 15 February
2006 6 Preferably, the oxidant is produced by reacting (NH1p)2B2@8 HGch a
concentration of 2.5Mto 12M HO . Presumably, the oxidant is Cl20 according
to literature a.J.D. Lee, Concise Inorganic Chemstry, 5th ed. Chapman &
Hal |, 1996, pp 609-610. Also provided by the present invention is a

hydr ophobi ¢ pol ymer matrix prepared according to any one of the
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thereto.. According to a further aspect of the present invention, there is

provi ded a chiyenaptohiof 208Mytel2MetCl.x cont ai ni ng nanoparticles of an
el ectrically conductive polymer. The nanoparticles of the electrically
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contained in a surface layer of the polynmer matrix or, alternatively, the
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prepared according to any one of the above-mentioned methods of the present

invention, or by methods equivalent thereto.

According to a further aspect of the present invention, there is provided a
hydrophobic polymer matrix containing nanoparticles of an electrically

conductive polymer.

The nanoparticles of the electrically conductive polymer provide a blackening
effect, with excellent uniformity and adhesive properties, and without affecting

the mechanical and electrical properties of the polymer matrix.
Preferably, the electrically conductive polymer is polypyrrole or polyaniline.

The nanoparticles may be contained in a surface layer of the polymer matrix or,
alternatively, the nanoparticles may be contained throughout the bulk of the

polymer matrix.

Where the nanoparticles are contained in the surface layer of the polymer
matrix, the polymer matrix is preferably a polycarbonate, vulcanised NBR

rubber, ABS, PVC, an acrylic plastic, a polyurethane, or a silicone rubber.



Where the nanoparticles are contained in the surface |ayer of the pol yner
matrix, the polymer matrix is preferably a pol ycarbonate, vul canised NBR

rubber, ABS, PVC, an acrylic plastic, a polyurethane, or a silicone rubber.
15 February 2006 7 Whiere the nanoparticles are contai ned tlhffetglaou20dthe

bul k of the polyner matrix, the polymer matrix is, preferably, a silicone
rubber. In the case of blackening the bulk of a polynmer matrix, the polyner
matrix, preferably, contains | ess than 1% by weight of the electrically
conductive polyner. Only a very small_ anount of electrically conductive
pol ymer is Whems thal mapopahiclesears pontekedi Hyoughewt theAbulle of rihet polymmrher
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According to another aspect of the present invention, there is provided a
method of producing an oxidant, which method comprises the step of réacting

(NH,),S,0s with HC1 having a concentration of approximately 2.5M or more.

Preferably, the (NH,),S,0; is reacted with a concentration of from 2.5M to

12M HC1.

Also provided is an oxidant produced by such a method, or a method equivalent

thereto.

According to a further aspect of the present invention, there is provided a

molecule have the chemical formula CL,0.

The present invention, thus, provides a totally new way of chemically
blackening plastic or rubber materials. Specifically, the present invention
allows the incorporation of uniformly distributed nanoparticles of an
electrically conductive polymer into a host polymer matrix, which is a totally
different concept to conventional organic coatings and other prior art

blackening methods.



di fferent concept to conventional organic coatings and other prior art

bl ackeni ng net hods. 15 February 2006 8 The enphasis of the present
invention is on a new approach for blackening plastic naterials whose
surface matrix can be swelled by nmononers of certain conduckébrearp@Dtrer s,
such as pyrrole or aniline. The bl ackening effect is achieved by the
formation of uniformy distributed nanoparticles such as polypyrrole or
polyaniline in the polyner matrix, by way of a sinple inmmersion treatnent,
in specially fornul ated chem cal baths. There are little or no changes in
t he nechanical or electrical properties of the host plastic or rubber
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i nvention do not reed to use paint, they are "free of all the disadvantages
normal | y assabbatatcles! Folr henrelpel@stms; yucdf aspdliodneandbbers, the blackemng may
be done throughout the entire bulk of the polymer matrix if desired, i.e., the
present invention, in addition to providing a surface blackening technique, also
provides a novel method of bulk blackening with a very low volume fraction of
black pigment. Because nanosized particles, which impart the blackness to the
surface or bulk of a plastic material, are embedded in the polymer matrix in a
spatially uniform manner, the unique advantages of the methods of the present

invention over conventional blackening methods include excellent uniformity,

no adhesion problems, ease of application and low cost.

The methods of the present invention have the advantage over prior art
blending methods, in that they may be used to blacken a finished article and,
because the methods of the present invention do not need to use paint, they are

free of all the disadvantages normally associated with the viscosity of paint and

dispersibility of pigments.



di spersibility of pignents. 15 February 2006 9 Wth regard to prior art
surface filns, because the interfacial areas between the nanoparticles of
el ectrically conductive polymer and the host polyner matrix in the present
invention is very nuch |arger than between a coating | ayeril®Febrsatyf2806 fil m
and its substrate, the result is a degree of adhesion in the present

i nvention which is far beyond the reach of the coating |ayer or surface
films of the prior art. The nmethods of ®©he present invention may, thus, be

used to replag conyventional bl ackeni ng and paint cqQating processes to
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FI GURE 1 i s mavetivanwhiah islthubeyatd the rehcdwfithepodatingy iagert onsurddcentiimsref s of
an electrically .conductive polymer in a host polyner matrix. 15 February
2006 10 ThéheBHipbatof the present invention provides a totally new
approach for blackening plastic and rubber materials, nanely, the

i ncor poration of
The methods of the present invention may, thus, be used to replace

conventional blackening and paint coating processes to yield higher quality and
lower cost plastic and rubber products. The methods of the present invention
may be used to blacken any material comprising a hydrophobic polymer matrix,

which includes the majority of engineering plastics.

In order that the invention may be more readily understood, and so that further
features thereof may be more readily appreciated, examples of the invention
will now be described by way of example only, with reference to the

accompanying drawings, in which:

FIGURE 1 1s a schematic illustration showing polymerisation of monomers of

an electrically conductive polymer in a host polymer matrix.



nanoparticles of an electrically conductive polynmer into the polynmer matrix
of a plastic or rubber material. The invention is based on a nethod of in
situ polynerisation of nononmers of an electrically conductive polyner in
the host polymer matrix. In order to achieve this in situ PRy eedion,
the present invention provides a novel oxidant or oxidising agent, which
is able to diffuse into the interstices of a host polyner matrix and
initiate the polynerisation reaction. The& unique, snall-nolecul ar weight,

oxi dant specjes of the present invention is generated by reactin
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reaction.

The unique, small-molecular weight, oxidant species of the present invention
is generated by reacting (NH,4),S,0s with HC1 having a concentration of 2.5M
or more, (preferably in the range of from 2.5M to 12M). Although not wishing
to be bound by any theory of operation, it is believed that the reaction which

takes place is as follows:
(1) S0 +CI' > CL (2) $,047+Cl, - CLO

The oxidant that is generated by the above-mentioned reaction has the unique
ability to diffuse into and permeate a hydrophobic polymer matrix. Prior art
oxidants normally used for the preparation of electrically conducting polymers
are not able to diffuse into the interstices of a hydrophobic host polymer matrix
in this way, and so are unable to induce a blackening effect according to the

methods of the present invention.



nononers of an electrically conductive polynmer are polynerised, the polyner
particles tend to coal esce by a thernodynam cally spontaneous process.
However, when polynerisation takes place within the polymer matrix, the

pol ynmer matrix prevents the polymer particles from coal esdisrigbriragg0@6 ng i n
the formation of nanoparticles of the electrically conductive polyner,
uniformy distributed throughout the polynmer matrix. For sonme materials,

t he oxi dant of the present invention is pnly able to diffuse into a host
pol ymer matrix which already contains nononers of an electrically
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pr ot onat ed trix is_.then g}%l to sorb the, oxidant, whi CE IS a.

prerequi sit oprgatien, Of ianep ’:fi?(seﬂf 2@6 ﬁﬁ?‘f@é%@y P c%tp?]yggerhg\%fﬁgnly

nononeri c aIAe 4t i i:trogen content, for exanple,

pol yur et hanglgt%lgﬁwgitﬁ{@ Bgrg/h%ﬁﬁ%eg%nea@%de) bl ocks, are al so sm)t abl e for

bul k bl ackening according to the nethods of the present invention.

For some materials, the oxidant of the present invention is only able to diffuse
into a host polymer matrix which already contains monomers of an electrically
conductive polymer. For these materials, a surface blackening effect is
obtained. Such materials include, for example, polycarbonates, vulcanised

NBR rubber, ABS, PVC, acrylic plastics, polyurethanes and silicone rubbers.

For silicone rubbers, the oxidant of the present invention is able to diffuse into
the host polymer matrix even in the absence of monomers of an electrically
conductive polymer. For these types of materials, a blackening effect may be
obtained throughout the bulk of the polymer matrix. Because silicone rubbers
consist of alternate silicone and oxygen atoms, with two alkyl (or phenyl)
groups attached to each silicone atom, it is believed that the structure allows
itself to be penetrated more easily by hydrogen cations (H', protons) than other
polymers, via the formation of hydrogen bonds between the oxygen atoms and
protons. The protonated matrix is then able to absorb the oxidant, which is a
prerequisite for the bulk blackening process. Other matrixes having monomeric
units with a high oxygen or nitrogen content, for example, polyurethane
containing poly (ethyleneoxide) blocks, are also suitable for bulk blackening

according to the methods of the present invention.



15 February 2006 12 The present invention, thus, relates to two different
nmet hods for blackening plastic or rubber materials, both nethods being

based on the same principle of in situ polynerisation ofspmepnass/moef an
electrically conductive polymer in a host polynmer matrix in the presence
of oxidant (oxidation or diffusion polynerisation). Exanples of
electrically conductive polyners that may be used in the nmethods of the
present invention are polyaniline, polyppxrole and pol ythi ophene, the
correspondi ng nononers being aniline, pyrrole and thiophene, respectively.
The preferred electrically conductive polyners for the purposes of the

o Lﬁ;ﬁ?i | g:e”ﬂ‘ebkjﬁqggﬁé&x?e%%%ggk'gﬁﬁe o (BB GteTepy e ook @3ekhing o

. . _ . achi’e |
O ot - or SRSk bR i fitats Bl HE AT S Bpintd AN Bl prin BIOBE! €9
col ouring. l;p s9zt}§>udci erithti OF AEch Ph &S B Y e chiRa1LYRIBAARE v hoRMer in a

el ectrically con Ive polyner are first introduced into the pol yner

matri x by mees pBiYﬁeﬁthtrimgin phocnresencEhef pokidart (vatdationi srediffiséch t o
nononer, for exanple, by imrersion in nononer liquid, or in an organic

sol uti on of polymemsesioey). This allows inpregnation of the polymer matrix,
by diffusion, of nolecules of nonomer into the matrix surface, and the
process may be applied to any plastic or rubber material whose nmatrix can

be swel | ed t he relevant noner.... Matrixe:

aniline or %ﬂfrgﬁgs ﬂt%l&ﬁﬁ}csaﬁg'n%qﬁgguﬁ%%) P{yilées}g tﬁ!‘}%am &%d%ﬂqhé ?ﬁietﬂde
of the present invention are polyaniline, polypyrrole and polythiophene, the
corresponding monomers being aniline, pyrrole and thiophene, respectively.

The preferred electrically conductive polymers for the purposes of the present

invention are polyaniline and polypyrole.

The electrically conductive polymers of the present invention are able to
achieve a high quality blackening effect and, when used for blackening white,

colourless or light-grey polymers, they provide a substantial difference in

colouring.

In the case of surface blackening, the monomers of an electrically conductive
polymer are first introduced into the polymer matrix by means of a swelling
process. The polymer matrix is exposed to monomer, for example, by
immersion in monomer liquid, or in an organic solution of the monomer. This
allows impregnation of the polymer matrix, by diffusion, of molecules of
monomer into the matrix surface, and the process may be applied to any plastic
or rubber material whose matrix can be swelled by the relevant monomer.
Matrixes that may be swelled by aniline or pyrrole monomers include matrixes
that contain polar groups, such as a cyanide group, an ether group, or a siloxane

group etc. The monomer-loaded polymer matrix is then exposed to oxidant, for



that contain polar groups, such as a cyanide group, an ether group, or a
sil oxane group etc. The nononer-| oaded polyner matrix i s then exposed to
oxi dant, for 15 February 2006 13 exanple, by inmersing in an aqueous
solution of the oxidant, or in an aqueous nediumin whi chl®Keldamty 2086
produced in situ. Thus, according to this process, pyrrole and aniline
nononers are initially dissolved as a thin diffusion |ayer underneath the
surface of the host polynmer matrix, viai® swelling process, and the
pyrrole or aniline nolecules are then polynerised in situ upon diffusion
i nto the nateiample, byimarersingliecul aggicowhielbtioneddhe aidans dromnat AGIEHS a
bl ack surface |Layer. The result. is very thin, blackened, diffusion

| ayer, with BB ghw pBANE LS PAACNGEYHESTYn properties. In the case of
bul k bl ackeni ng, the above-nentioned process is reversed, and the polyner
matrix is first exposed to oxidant, for exanple, by imersing in an

aqueous sol LA Rlcqtdifig 38! #AS roQlss] Byfdle BOMSIifE dbbmBro i MiliRy

oxi dant is produced 1 n°situ. pendi on the material used, OX|dlant i's
abl e to diffdisplvédadial thin diffudite 1hestumpielnm® th@kiifice ¢heheokbstapdlyheaded

polymer matrix is then exposed to nononer, for exanple, by imersing in
mononer | i quialrixprviara swellioggenocesss ahdtthorpyotole ey awhoeeno epple)‘lr@ﬁitbani on
TRt 1 X, - and ROBRESREH e npeR O s OB 3R Hedn FroRgRHORt KBS eigh
Shi mi ng. bl adkBiscle s RounfiReb et T S ek 1ReanTBe YenTkith el Vil {RET - ©
oral et ghit i el HEARqrB YAl BRont AR iAD A a o paperRls. [ e
In the case of bulk blackening, the above-mentioned process is reversed, and
the polymer matrix is first exposed to oxidant, for example, by immersing in an
aqueous solution of the oxidant, or in an aqueous medium in which the oxidant
is produced in situ. Depending on the material used, oxidant is able to diffuse
readily into the host polymer matrix. The oxidant-loaded polymer matrix is
then exposed to monomer, for example, by immersing in monomer liquid, or in
an organic solution of the monomer. Polymerisation occurs immediately upon

diffusion of the monomer molecules into the matrix, and a blackening effect is

obtained throughout the entire bulk phase of the plastic or rubber material.

In the case of silicone rubber, a shining blackened bulk silicone rubber matrix
can be obtained with a content of polypyrrole or polyaniline of less than 1% by
weight of the total weight content of the silicone rubber. One reason that a
bulk blackening effect may be achieved on the basis of such a very low volume
fraction of the black pigment, is that the particle sizes are very small, preferably
in the range of 1-10 nm, and the spacial distribution of the particles in the
matrix is close to perfect uniformity. Prior art techniques cannot reach such a
goal. This is not only because the particle size of polypyrrole or polyaniline

powder synthesised using normal methods is much greater than desired, but it is



bul k bl ackening effect may be achieved on the basis of such a very | ow
volunme fraction of the black pignent, is that the particle sizes are very
small, preferably in the range of 1-10 run, and the spacial distribution
of the particles in the matrix is close to perfect uniforlhikgprudey 2606 art

t echni ques cannot reach such a goal. This is not only because the particle
size of polypyrrole or polyaniline powler synthesised using nornmal nethods
is much greater than desired, but it is 1#5 February 2006 14 also extrenely

difficult, if not inpossibl .Lo handl e and add ultr [ n wders ,into a
vul cani sed €49 %Wfén?lbfﬁgg?aﬁﬁtl HINBT e JOE‘)?‘“GM?‘;‘LHETJD P‘E‘Bﬁ’%‘@ﬁm ng.
An exanple qof, a treatnent Jliguid th y -US ﬁgn t uni.gue
oxi dant specﬁ1 s ¥t VPLC@nbsregsesgffi&@}leveﬁ'{qbgﬁ fﬁﬁigeqﬂnﬁ;{t 0 g g{}{il ?%Ilie‘%%g‘lgg\%}g is
an aqueous c%ﬁ{ﬁ&ihﬁﬁlg?f (NH4) 25208 (30g), HC1(12M 30 m) and water (100
m). By selecti'ng suitable reaction conponents and reaction conditions, the
size and distribution of the nanoparticles may be controlled. The

illustrative methods and exanpl es described herein are solely for the
pur poses of An lewample iofice ticatmpensshquidi that nay beanstdat® ganerait thagagico be

construed as |imting. apple 1 A piece of Rolycarbpnate ig i,mer.sed in a
m xture of QFZ%%ISP?Q!%%ttg?,Pf'emﬁﬁmno@lmpa}et }/“e Sa?i‘i‘tﬁpﬁa 3bRVEAS ) £ or
10 m nutes and then.taken : f - a4t ' i noved b
rinsing. ¢ he S0t5 ROl e B AXHeRS U (I BEF LIS BT B0 R = Y
i mersed into an aqueous sol ution of (NH4)2S2C8

By selecting suitable reaction components and reaction conditions, the size and

distribution of the nanoparticles may be controlled.

The illustrative methods and examples described herein are solely for the

purposes of illustrating the present invention and are not intended to be

construed as limiting.

Example 1

A piece of polycarbonate is immersed in a mixture of ethanol (4 parts),
propanol (1 part) and aniline (4 parts) for 10 minutes and then taken out. The
surface-attached solution is removed by rinsing the object with ethanol. After
air-flow drying, the object is immersed into an aqueous solution of (NH4)2S,0s
(30g), HCI (12M, 30 ml) and water (100 ml). The above treatments are carried
out at room temperature. The polycarbonate surface becomes black within a

few minutes. The object is then washed in water and dried. The thickness of the

black surface layer is about 10 um and the texture is uniform.



(30g), HA (12M 30 m) and water (100 m ). The above treatnents are
carried out at roomtenperature. The pol ycarbonate surface becones bl ack
within a few mnutes. The object is then washed in water and dried. The

t hi ckness of the Dblack surface |ayer is about 10 pm and thteFébexdryie06 s
uniform 15 February 2006 15 Exanple 2 A piece of ABSis imersed in a

m xture of ethanol (5 parts) and aniline (1 part) for 10 m nutes and then
taken out. The surface-attached solutionlds renoved by rinsing the object
with ethanol. After air-flow drying, the object is imrersed into an
aqueous sol lﬂz@mwﬁ_ (NH4) 25208 (30g), HA (12M 30 m) and water (100 m).
The above treatnents are carried out at roomtenperature. The ABS surface
beconmes black within a few m nutes. The obj ect is t hen washed in vvater and

?(ralxtegr eTlhg L :p?&;%nﬁ%é;ﬁg Eg]ﬁ“'%le%%gl ég{éfngl% V y(\)/l ﬁop&ﬁ% ori dg?ﬂ
i mer sed i npgRh | fope1d Infffidd ahQr thRH taleRUL@S ”PH@ sﬁﬂﬁ@e—taﬁlééﬁhd)léblutfﬂﬂe is

surface- attgched solution is renoved by rinsing the object with ethanol.
After air-flrewoded byginsinpetirbytgest w&hlewhimroéeAfter ah@ﬂaw drgrimpy tke sbject ion of

(NH4) 25208 (30g), HC1 (12M 30 m ) and water P}& The above
treat ments mmemmdm@da@aque@uSr&@émqmﬂﬁ@JHahS 8@9@) €1 (§4M% é@dnBe@tdres

bl ack within 30 S obj ect |sthenvvahed|n water and drj
Exanpl e 4 Wwater HIO mﬁ. The above J‘ueatments are carrie %i out at room temperature 'lL

ABS surface becomes black within a few minutes. The object is then washed in
water and dried. The thickness of the black surface layer is about 10 um and

the texture is uniform.

Example 3

A piece of PVC (polyvinylchloride) is immersed in aniline (1 part) for 60
minutes and then taken out. The suiface-attached solution is removed by
rinsing the object with ethanol. After air-flow drying, the object is immersed
into an aqueous solution of (NH,),S,0s (30g), HCI (12M, 30 ml) and water
(100 ml). The above treatments are carried out at room temperature. The PVC

surface becomes black within 30 minutes. The object is then washed in water

and dried.

Example 4

A piece of silicone rubber is immersed in a mixture of N-methyl-pyrrolidinone
(5 parts) and aniline (5 parts) for 4 hours and then taken out. The surface-
attached solution is removed by rinsing the object with ethanol. After air-flow
drying, the object is immersed into an-aqueous solution of (NH4),S,05 (30 g),
HCI1 (12M, 30 ml) and distilled water (100 ml). The silicone rubber surface

becomes black within a few minutes. The object is then washed in water and



A piece of silicone rubber is imersed in a mxture of

N- et hyl - pyrrolidinone (5 parts) and aniline (5 parts) for 4 hours and
then taken out. The surface- attached solution is renoved by rinsing the
object with ethanol. After air-flow drying, the object isqmamRisedoddto
an- aqueous sol ution of (NH4)2S208 (30 g), HA (12M 30 m) and distilled
water (100 m ). The silicone rubber surface becones black within a few

m nutes. The object is then washed in wdter and 15 February 2006 16 dri ed.
The thickness of the black surface layer is about 20 mand the texture is

uni form ThdriedSThe thigkeessloftbablack satfaby Hysr shabentt9apm; sl thertexee by ack

| ayer is a conposite of silicone yubber and. the " dope ol yani l.i. ne. EDS
(energy di spaierme ThseEDSoswdace clementay amdysy Sg‘%’é &‘6‘: g}é‘?é?“ﬁ%ﬁ"e bl

chemcal ¢ osition of .a surface |ayer (Wt e nat i dent h about
500- 1000 naRGHES & §9mpé§éi$ﬁ$él%°°&epﬁ‘@8r %Pdvtgf’ igﬁic@ﬁédm%ﬂﬁﬁg ED'S

(but adi ene- t kSl rtf]eeﬁi:. i Smle AeelRmhial | €
and anili ne?%\?/eﬁg}gi%gpsﬁger %&ﬁgﬁk@yz;%t ena?g ers]eé(lj”ltjc%(?i@frhe esurface-gtﬁlt ached
sol ution ischeipeYieidnbyf bidieiae laher oRItRCE pohéthatbseidepth offabeut 580+ HFdOow
drying, the object is imersed into an aqueous solution of (NH4)2S208
(30g), HA faRdmetdds)nl ) and water (100 nl). The NBA rubber surface becones

black within a few m nutes. The object is then washed in water and dri ed.
The thickness of the black surface layer is less than 5 mand the texture

is unifor nhx%la@ge 6

A piece of vulcanized NBA (butadiene-based) rubber sheet is immersed in a
mixture of acetonitrile and aniline (v/v = 1) for 4 hours and then taken out. The
surface-attached solution is removed by rinsing the object with acetone. After
air-flow drying, the object is immersed into an aqueous solution of (NH,4)>S,0g
(30g), HCI (12M, 30 ml) and water (100 ml). The NBA rubber surface becomes
black within a few minutes. The object is then washed in water and dried. The

thickness of the black surface layer is less than 5 pum and the texture is

uniform.

Example 6

A piece of polyurethane elastomer sheet is immersed in a mixture of ethanol
and aniline (v/v = 5) for 30 min and then taken out. The surface-attached
solution is removed by rinsing the object with ethanol. After air-flow drying,
the object is immersed into an aqueous solution of (NH4),S,0g (30g), HCI
(12M, 30 ml) and water (100 ml). The polyurethane rubber surface becomes

black within a few minutes. The object is then washed in water and dried.



A pi ece of polyurethane el astonmer sheet is imersed in a m xture of ethanol
and aniline (v/iv =5) for 30 mn and then taken out. The surface-attached
solution is renoved by rinsing the object with ethanol. After air-flow
drying, the object is imersed into an aqueous sol ution ofs ¢M#d<S208
(30g), HA (12M 30 m) and water (100 ml). The pol yurethane rubber
surface becones black within a few m nutes. The object is then washed in
wat er and dried. 15 February 2006 17 Exalple 7 A piece of silicone rubber
sheet (thickness =5 nm is imersed in an aqueous sol ution containing
(NH4) 25208 (Bxample B (12M 30 ml), and water (100 mi) for 1 hour. An
oxi dant (which is believed to be dichlorine nonoxide Cl120) is produced via
a reaction involving the (NH4)2S208 and HCl with a trace anount of an

matrix of 1 nePlee BB IRber Ut (KRS -7 o) & AnPRRR R GRRES o
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er IS en out

and rinsed stﬂbrM@éxﬁﬁuﬁﬁg mm)eszé)p@@gy fHQP(ﬁEMHQU%l)S%Htw&@r (thﬁnﬂ bber

is then imrersed in a pure pyrrole 'liquid was obsérved that, only when
the matrix for dgourhdnoaxidant (whigh 1p3b|ehei/®d lxebbakehﬂonme mbroxide déig@)'es

pol yneri zation_of _ pyrrol e takes place i medi ately as f)yrrol e nol ecul es
encount er t PEodpgedavie a taactien rweolying the ANkl hShQpynd 31l with »irdes apannt cl es

b mbedded t The col our| | ub
o1 oce becomsd BniRy (R nifil SERBEIE). UEDEXidans SbE 1 PR dRIE

results i stedl el flidor bR erdObkiah B aded rubber is then taken out and
rinsed with water to remove the surface-attached solution. The rubber is then
immersed in a pure pyrrole liquid. It was observed that, only when the matrix
traps the oxidant, can pyrrole be taken in. The oxidative polymerization of
pyrrole takes place immediately as pyrrole molecules encounter the oxidant. As
a result, black polypyrrole colloidal particles become embedded in-situ in the

matrix. The colourless silicone rubber piece becomes entirely shining-black

rubber.

Example 8

The experimental results listed in Table 1 show the following:

(1) The oxidation systems of rows 2 and 4 are unable to achieve a blackening

effect.

(2) Only when HCI is being used can a blackening effect be obtained

(comparing row 1 with row 3).

(3) The concentration of HCI is crucial to the formation of the new oxidant

CL,O (comparing row 1 with row 2).



(1) The oxidation systens of rows 2 and 4 are unable to achieve a
bl ackening effect. (2) Only when HCl is being used can a bl ackeni ng effect
be obtained (conparing row 1 with row 3). (3) The concent{atiRi:9h0 I's
crucial to the formation of the new oxidant C120 (conparing row? with row
2). 15 February 2006 18 Table 1 Influences of the reaction conditions

Oxi dant sConcentration of Acid Cccurrence of Sol utionbl ackeni ng (NH4) 2S208HC
1(2.5M -15m Yes (NH4) 2S208HCL(0. 6M - 21pglNo (NH4) 2S208H2SO4(2. 5M - 25mLNo
FeC 1,3Wthout adding acid - No 20m *3 grams of (NH4)2S208 acid and 6
grams of FeC 13 was used Tabdpédnflveicgs lof thor ieactiph epnditiens or mat i on of one
mol e of Cl120 consunes four nol es—of (NH4) 2S20g—andtwo—ppl-es—ot—Hd

Accordingly, an exdeodsnist HCL is Cancentsption of dsedi, |to gQecuresee phat t he
reaction tgkes place continuously untiSolathen (NH4) 2S208 ibdadkeathgup. The
anount of CIZ0 prgmg [T allso ;iﬁpg rat1 o of ( ) 25208 tp
HC . In the abov exZ%%lOgs the initl aIQ%M?IBH)?atl D_of s
(NH4)»S,05 HC1(0.6M) - 21ml No
(NH4)28203 HQSO4(25M) - 25ml No
FeCl; Without adding acid - No
20ml

*3 grams of (NH,),S,0s acid and 6 grams of FeC1; was used respectively

In i)'n'nciple, the formation of one mole of CLO consumes four moles of
(NH4),S,05 and two moles of HCl. Accordingly, an excess of HCI is
preferably used, to guarantee that the reaction takes place continuously until the
(NH,),S,05 is used up. The amount of Cl,O produced will also depend on the
ratio of (NH,),S,05 to HCL. In the above examples, the initial molar ratio of
(NH,4),S,04 to HC1 was maintained at 1: 2.8.

A variety of commercially available plastic or rubber products can be
blackened using the methods of the present invention, at low cost, and by

means of a very quick and simple treatment process.

The features disclosed in the foregoing description, or the following claims, or
the accompanying drawings, expressed in their specific forms or in terms of a
means for performing the disclosed function, or a method or process for
attaining the disclosed result, as appropriate, may, separately, or in any

combination of such features, be utilised for realising the invention in diverse

forms thereof.

In the present specification "comprise” means "includes or consists of" and

"comprising" means "including or consisting of ".



(NH4) 2S208 to HO was maintained at 1: 2.8. A variety of commercially
avai l abl e plastic or rubber products can be blackened using the nethods of
the present invention, at |ow cost, and by means of a verys il cltyanes
sinmple treatnent process. The features disclosed in the f oregoi ng
description, or the following clains, or the acconpanyi ng draw ngs,
expressed in their specific forns or ijp terns of a means for performng

t he disclosed function, or a method or process for attaining the disclosed
result, assgﬁggﬂgiate, may, separately, or in any conbination of such
features, sed for realising the invention in diverse forns
thereof. In the present specification ‘conprise" neans "includes or
consists of' and "conprising"” means "including or consisting of ". 15
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matrix, the ”Etho%ﬁ??@?&%shﬂﬁmnpk”BF%ﬂ”@%&gcﬁgﬂg u95 fi ?ﬁ&'ﬁ@"y

conduct i ve pol ymer rix; yner € nononers
in the pol ymepolyaier ingtrix) ahthe presence of an oxidant mhereln t he nononers
are introduced |nto t he pol yner matri x before |ntrodu0|n t he oxidant. 2.
The method accor dPd ﬁmﬁféﬂ@ GrMPNOTRRES 18 Wetﬂ?éym?tt%ﬁﬁctnn@edﬁaseﬁﬁ? §héRi zi ng

conpr i ses: oxidant,

wherein the monomers are introduced into the polymer matrix before

introducing the oxidant.

2. The method according to Claim 1, wherein the introducing and polymerizing
comprises:
(a) immersing the polymer matrix in an organic solution of monomers; and
(b) immersing the monomer-loaded polymer matrix in an aqueous solution of

oxidant.

3. The method according to Claim 1 or 2, wherein the monomers are aniline

monomers.

4. The method according to Claim 1 or 2, wherein the monomers are pyrrole

monomers.

5. The method according to any of Claims 1 to 4, wherein the polymer matrix is a

plastic material.

6. The method according to any of Claims 1 to 4, wherein the polymer matrix is a

rubber material.



(a) imrersing the polymer matrix in an organic solution of nononers; and
(b) imrersing the nononer-|oaded polyner matri x in an aqueous sol ution of
oxidant. 3. The method according to Claim1l or 2, wherein fﬂﬁemﬁ PRhHs are
ani | ine nononers. 4. The nethod according to Claim1l or 2, erel h the
nononers are pyrrole nononers. 5. The nethod according to any of Clains 1
to 4, wherein the polynmer matrix is apgplastic material. 6. The nethod
according to any of Clainms 1 to 4, wherein the polymer matrix is a rubber

mat eri al . br 2006 ,20 7. ~Th h r dj;ng al.m. r_ 2,
wherein th(]a75 pgﬁ%n@gﬁﬁ%ta&g?‘%d}n@ taO Cg%%yg%b%a‘?@%&?u%@aﬁ@%@% %%%lg(u%b%r, ABS,
PVC, an acryl psly@drbstates;, vdlcarigddy NBR haibeer, OABS, SPVCCame atmytibeplast&, dhe

met hod according to Claiml or 2, wherein the polynmer matrix is a silicone
rubber. 9. A peiywsthapgorgsgicvaaiub§en hydr ophobi ¢ pol yner matrix, the nethod
conprising: introducing nonomers of an electrically conductive polyner
into the polynmer matrix; and polynerizing the nononers in the pol yner

matri x i n t8heThy esdvdecodrdag to @hidantor 2nhaeeimthiepelyaxdrdantixiis aisilicoaeluced

into the polynmer matrix before
rubber.

9. A method for blackening a hydrophobic polymer matrix, the method comprising:
introducing monomers of an electrically conductive polymer into the
polymer matrix; and
polymerizing the monomers in the polymer matrix in the presence of an

oxidant;

wherein the oxidant is introduced into the polymer matrix before

introducing the monomers.

10. The method according to Claim 9, wherein the introducing and polymerizing
comprises:
(a) immersing the polymer matrix in an aqueous solution of oxidant; and
(b) immersing the oxidant-loaded polymer matrix in an organic solution of

monomers.

11. The method according to Claim 9 or 10, wherein the monomers are aniline

monomers.

12. The method according to Claim 9 or 10, wherein the monomers are pyrrole

monomers.

13. The method according to Claims 9 to 12, wherein the polymer matrix is a plastic

material.



i ntroduci ng the nononers. 10. The nethod according to Caim9, wherein the
i ntroduci ng and polynerizing conprises: (a) imersing the polynmer matrix
in an aqueous sol ution of oxidant; and (b) inmersing the 0{§ﬁ nt-Jgaagd
polynmer matrix in an organic solution of nononers. 11. The net hod
according to Claim9 or 10, wherein the nononers are aniline nononers. 12.
The nmet hod according to daim9 or 102 wherein the nononers are pyrrole
nononers. 13. The net hod according to &Iains 9 to 12, wherein the pol yner
matrix is a plastic material,. 15 February 2006 21 14. The. net ho

accor di ng tl¢- Ehameehod aceordme aHdrigsy ihkd pHieyatR fherRalyns matri 15 gghiher
material . 15. The. pmethod according to Caim9 or 10, wherein the polyner
matrix is a silicore rubber. 16. A method of bl ackeni ng the surface of a
hydr ophobi ¢ pol yner matrix, the method conprising: (a) introducing

nononmers of_ _ap_ el ectrically conductjve_ polynmer jntq the olynmer.matri X;
(b) i ntroduc Eae Biefhediccoriing alﬁb? %11:8’ r?liﬂﬁ}e% ymey @f%%ﬂﬁoang t he

mononers in Sjlyder.

16. A method of blackening the surface of a hydrophobic polymer matrix, the method
comprising:
(a) introducing monomers of an electrically conductive polymer into the
polymer matrix;
(b) introducing oxidant into the polymer matrix; and

(¢) polymerizing the monomers in situ.
17. The method according to Claim 16, wherein the monomers are aniline monomers.

18. The method according to Claim 16, wherein the monomers are pyrrole

monomers.

19. A method of blackening the bulk of a hydrophobic polymer matrix, the method
comprising:
(a) introducing oxidant into the polymer matrix;
(b) introducing monomers of an electrically conductive polymer into the
polymer matrix; and
(¢) polymerizing the monomers in situ;
wherein the monomers are selected from the group consisting of aniline and

pyrrole.



17. The method according to C aim 16, wherein the nononers are aniline
nononers. 18. The nethod according to Caim 16, wherein the nononers are

pyrrol e nononmers. 19. A nethod of blackening the bul k of gph i
polymer matrix, the nethod conprising: (a) introducing o?ist}%aég{ ' ?Q(chhe

pol ymer matrix; (b) introducing nononers of an electrically conductive
polymer into the polyner matrix; and éc) pol yneri zi ng the nononers in
situ; wherein the nononers are sel ect & fromthe group consi sting of

ani | ine and g%rr' ol e. 15 February 2006 22 20. The nethod according to any
?ne of the X dbewethpdaicaording tarmay ona of He rssqediagtclains, Whesaitdbel ovyantdact i ng
NH4) 25208 wi th HC . havin C rati o apnroxi nor e.
21. The met holoS8Es gjlyngre%%&lél gﬂ%ﬁg&@%‘g&e?ﬁq hgg{l@( %:éﬁg&ggar@yn? r%ati on

in the rangeagfroZnkbly 0.5MM mdz. The nethod according to any one of the
precedi ng cl ains, wherein the oxidant is C120. 23. The method according to
Claim2 or 10, wherein the aqueous solution of the oxidant conprises

NHA) 25208, | 24T i i
(NF4) 217%he %«ée]%)l/%’rge er?c@grrrél & gsa?xﬁiz%m%gieég% Hf%%é?ﬁ%rgh&&eﬁﬁ?tgn%%% or

19, wherein't I'n an aqueous solution of the
oxi dant, the aggeofi3.558blout2MoN conpri si ng

22. The method according to any one of the preceding claims, wherein the oxidant is

CL0.

23. The method according to Claim 2 or 10, wherein the aqueous solution of the

oxidant comprises (NH4)»S,0s, HCI (12M) and water.

24. The method according to Claim 16 or 19, wherein the polymer matrix is

immersed in an aqueous solution of the oxidant, the aqueous solution comprising

(NH4),S,0s, HC1 (12M) and water.

25. A hydrophobic polymer matrix containing nanoparticles of an electrically

conductive polymer, wherein the electrically conductive polymer is polyaniline.

26. The hydrophobic polymer matrix according to Claim 25, wherein the

nanoparticles are contained in a surface layer of the polymer matrix.

27. The hydrophobic polymer matrix according to Claim 25 or 26, wherein the
polymer matrix is a polycarbonate, vulcanized NBR rubber, ABS, PVC, an

acrylic plastic, a polyurethane, or a silicone rubber.

28. The hydrophobic polymer matrix according to Claim 25, wherein the

nanoparticles are contained throughout the bulk of the polymer matrix.



(NH4) 25208, HA (12M and water. 25. A hydrophobic pol ymer matrix
cont ai ni ng nanoparticles of an electrically conductive polynmer, wherein
the electrically conductive polyner is polyaniline. 26. Thi FabduapB666 c
pol ymer matrix according to Caim25, wherein the nanoparticles are
contained in a surface |ayer of the polynmer matrix. 27. The hydrophobic
pol ymer matrix according to Caim?25 25 26, wherein the polynmer matrix is
a pol ycarbonate, vul cani zed NBR rubber; ABS, PVC, an acrylic plastic, a

pol yur et hane, or a silicone rubber. 28. The h%drophobiclpolyner_na rix
accor di ng t29- Ghaitwdpephobisepdymer Fairin Afepang; © E8IRr & OB KedeithiSughout

the bulk of t , ‘ t Fo bruary 2006 23 29. The hydrophobic
pol yrer natriEgggg%ﬁgﬁﬁbgﬁﬁﬁ%%an1%@gor 28, wherein the polynmer matrix is
a silicone rubber. 30. The hydrophobic polyner matrix according to Caim
25, 28 or 29, wherein the ol ymer matrix, contains %eif tgsn % b }yeight
of the el et Thahygropbekia@elymst ey pssording to Claim 25, 28 or 29, wherenr the

polymer matrix contains less than 1% by weight of the electrically conductive

polymer.



