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0, 1, 2. Cass 0 (Zone 0) is the nost demanding class of all, class 1
(Zone 1) is a slightly nore noderate class, and class 2 (Zone 2) has
further relaxed requirenents. Slightly deviating fromthe European
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in explosive zones, it is absolutely required to avoid sparkling induced
20 by static electricity as well as to limit the quantity of energy to be con-

ducted to the explosive zone, for example by limiting the voltage and

power. Explosive zones include oil refineries, oil rigs, mines, and sev-

eral chemical plants. These sites may have zones which differ in their

explosive zone classification, e.g. zones to be classified in classes 1
25 and 2, and part of the zones can be unexplosive zones.

Also in explosive zones, it is common to use electric devices, such as
process equipment, measuring instruments and iltuminators, which
need to be supplied with electric energy from the outside. Equipment to

30 be placed in an explosive zone must fulfil the requirements set for
equipment according to the explosive zone classification. More infor-
mation on these special requirements can be found e.g. in said Euro-
pean standard EN 50014.

35 In addition to the requirement that the quantity of electric power sup-
plied to an explosive zone should be limitable, also the controlled dis-
charge of static electricity must be secured without sparkling. This can
be achieved for example by -making the device to be placed in an ex-
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tive covers for such illuminators is not possible with currently known

20  solutions. Some conductive plastic composites (polymers) of this kind

are disclosed e.g. in U.S. patent 5,219,492: polyacetylene, poly-p-

phenylene, polypyrrole, polythiophen, and polyaniline. It is an aim to

use stich conductive polymers as electroconductors to replace e.g.

metal conductors and semiconductors in many applications, such as

25  batteries, photoelectric cells, circuit boards, antistatic package materi-
als, and structures protecting from electromagnetic interference (EMI).

EP patent publication 545 729 discloses a method for bringing electro-
conductive polyaniline into an easily processable, melt-workable form

30 by heat treatment with sulphonic acid or its derivative at a temperature
of ca. 40...250 °C. However, the resulting melt-workable material has
an acid pH value, which causes problems of corrosion in the equipment
for manufacturing and processing the material.

35  This acidity problem is eliminated by using a substantially neutral, meit-
workable electroconductive plastic material manufactured according to
a method disclosed in EP application publication 582 919. Furthermore,
EP application publication 627 745 presents a method for adjusting the
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to coat them with electroconductive substances, including said poly-
aniline, but the stability of the substances has not been sufficiently

20 good for demanding use conditions. The coating may have become
loose even by simply wiping or by scratching the coating lightly. More-
over, the corrosive effect of the coating on the plastics has prevented
their use in the treatment of transparent plastic materials to become
electroconductive.

25
it is an aim of the present invention to provide an improved method for
treatment of an article to become electroconductive as well as an anti-
static article, such as an iliuminator, manufactured by this method. The
method according to the invention is characterized in what will be pre-

30 sented in the characterizing part of the appended claim 1. The inven-
tion is based on the idea that the article is subjected to surface treat-
ment with a mixture containing polyaniline as a component, the article is
evaporated for some time to dry the mixture, whereafter the article is
subjected to retreatment with said mixture and evaporated again for

35 drying the mixture. The article can also be heated. Furthermore, the ar-
ticle according to the present invention is characterized in what will be
presented in the characterizing part of the appended claim 9.
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Fig. 1 is a schematic diagram showing a use site including a zone

which is classified as explosive and a zone which is classi-
20 fied as unexplosive,
Fig. 2 is a perspective view on an illuminator suitable for use in

explosive zones, and

25 Fig.3 is a side view and a partial cross-section on an illuminator
according to Fig. 2.

The arrangement of Fig. 1 shows a processing plant 1 with a process
building 2 classified as explosive (e.g. class 1 in the standard EN
30 50014) as well as a service building 3 classified as unexplosive. The
process building 2 is equipped e.g. with an illuminator 4. Electricity to
the illuminator 4 is supplied via an input cable 5 from the service build-
ing 3. The service building 3 is equipped with a transformer 6 whereby
e.g. the voltage of 230 V from the electric network is transformed to a
35 low voltage of 48V, and furthermore, the transformer 6 limits the
strength of the current to be conducted to the input cable 5§ so that the
electric power in the input cable 5 does not exceed the limit set for the
classification of the explosive zone. This upper limit for electric power
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protective cover 9 can also be implemented by gluing, but thus it is to
be considered that the glue used in the fixing should not corrode the

20  end parts 7a, 7b or the protective cover 9. Moreover, a glued protective
cover 9 cannot be removed as easily as a protective cover 9 fixed with
fixing means 8, which complicates the maintenance of such an illumina-
tor. The protective cover 9 as well as the ends of the frame part are
further provided with sealing means (not shown) to secure that the

25  structure is dust- and/or water-proof. Furthermore, the first end part 7a
is equipped with means 10 for fixing a lamp 11 in the illuminator 4, as
well as means 12 for conducting electric energy via an input cable 5 to
the lamp 11 (Fig. 3). For clarity, Fig. 2 does not illustrate the lamp 11,
the lamp fixing means 10 and the means 12 for conducting electric en-

30 ergy, which are placed inside the protective cover.

Furthermore, Fig. 3 shows, in a reduced manner, a side view and a
partial cross-section of an antistatic illuminator 4 according to a pre-
ferred embodiment of the invention, as shown in Fig. 2. The lamp 11 is

35 advantageously a fluorescent lamp, e.g. because of its better efficiency
and impact resistance in comparison with an incandescent lamp. As the
famp 11, it is also possibie to use e.g. a Cooper-Hewitt lamp or a corre-
sponding lamp type which is resistant to concussions.



e .
protective cover 9 can also be inplenented by gluing, but thus it is to
be considggfgm# t the glue used in the fixing should not porrIIstedssshe 20
&nd parts 7/a, or the protective coyer 9. Mreover, a glued protective
cover 9 cannot be renpoved as easily as a protective cover 9 fixed with
fixing nmeans 8, which conplicates the maintenance of such an illum na-
tor. The protective cover 9 as well as the ends of the franme part are
further provided with sealing neans (not shown) to secure that the 25

oLructure LFnggip s 2 s8] pét 3wl BEKABIRYCIE feeh, Siehpar 72
wel | s moaRe COBAHEHVE SHIRR1 g1 a @msunp?ﬁﬁgéw&ipuy?wm&mp?abﬂ@ 5 to |
0 {2 vt o erre rom s s et e 1)
ergy, \m. cheiaﬁcg’i%PQ@EQY Fﬂg]ptﬁiéetFPf@?%?nyeEW%%%%Séa' 128 for ¥ 4%%r mor e, .
Fig. 3 sh?wslucﬁve atﬂmgmreipnwhen tda_esiatim wzeis tingd 2o the lampafixing!
cross-secti i 1l . O ©-

ferred errbowﬁ f@'fﬁ}%héé&ﬁ%&ﬁ %hggéggsﬁé\%a'ﬁﬁ% gbﬂg.sbgﬂ@nﬁa%%l is 35
ad\éa_nt ageousetpanisf 12ar 12 eonstitute aneelgetricezcannestion. Qs thmlmimr hﬂﬁd,cihency :

i npact i n ‘ t he

" 10§« thg cOpATEANS, 1222 e Lalinlod B'ehRAAORT SR S0 e bt OC .
Isponon1 ?@h| a@pblq@eTmiaqut@tors;ﬁasﬁ&m elestricseatjaare coupled to out-  The

a as gyt RaHa ﬁ@h@ﬂﬁﬁﬂgqy . as
comuctive &%‘I’tl S Jgi Z‘Sﬁ‘%mgyﬁs:’% I ng el ect r?%@yuﬁggﬁﬁsﬂ%gan%’l. n
the first erfigpHl@ $arvige ina 3n¥¥itan the lampel haised Lﬁzaff&lo"@§ @Ricting 5
el ectric engagip, 4eerelirent BUGI)I?V@HLM sfahatianippiiust biso béydigped Withcon-

ducti tri.ps.. wh wh he, | 11 f t f
reans 10, ¢ HBRGAdRERNS ANGF Shpwn)s5ieh 35 aahokke tob fioblRa e ckSen.
E ﬁr par tﬁ% 126cerﬁ2bmmrﬁtf igniﬁomrmam?ré cpia@emdemg.i ncofnettion Wiﬁl\eti'ncd_nandi o
e counter Sean Sl i ‘ € A NPpU

cabl e 5. Thg?%'iﬁjaﬂ@%oﬁs @a,ﬁ{%b%%ﬁpbﬁe aﬁ%@@%ﬂl ﬁg%l @%ar“!e‘ﬁgm%?'leﬁc} fob gut -
put vol t age §iructumplaceddnsideatheriliuminatoed is presentednioxipasaliel Fone,
e.g. in a segiigReRthbplicihtion byiRE sdife laplicadt, Yied simuRlahbodsif it

the present patent application.

20
EXAMPLE

The following example is a description how a protective cover 9, pref-
erably made of a polycarbonate tube, having a diameter of ca. 46 mm

25 and a iength of ca. 363 mm, is treated to become electroconductive.
Polycarbonate is classified as an insulator, but its mechanical strength,
light weight, formability, and transparency make polycarbonate very
practicable in illuminators intended for explosive zones.

30 For treatment of the protective cover, a mixture is made of electro-
conductive polyaniline, a vamish, and a hardening agent. Powdered
polyaniline is dissolved first in toluene, whereafter a varnish and a
hardening agent are mixed into the soiution. The electroconductivity of
the treated protective cover 9 must be sufficient, in the order of 10-9 to

35 106 S (resistivity 109 to 106 Q/m) or better. The transparency of the
protective cover 9 must be sufficiently good for illuminator applications.
Furthermore, the stability of the electroconductivity under demanding
use conditions must be taken into account in the composition and
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impaired to a significant degree. In any case, a mixture containing poly-
aniline has adhered to the protective cover 9, whereby sufficiently good
20 electroconductivity (antistatic property) is achieved in the protective
cover 9. The duration of the first evaporation stage is advantageously
in the order of 10 to 20 min, preferably ca. 15 min.

The protective cover is surface treated with the mixture still a second

25 time, followed by a second evaporation stage, whose duration is advan-
tageously in the order of 8 to 12 min, preferably ca. 10 min. This sec-
ond treatment improves the stability of the electroconductivity also un-
der vety demanding use conditions.

30  After the second evaporation stage, the protective cover 9 may still
contain residual toluene which might cause corrosion of the protective
cover, consequently, the protective cover 9 can still be subjected to
thermal treatment, whereby toluene residues can be eliminated to a
sufficient degree. In the thermal treatment, the temperature is raised to

35 for example ca. 80°C, and the duration of the treatment is for example
ca. one hour. With regard to the temperature, one shouid be careful not
to exceed the melting point of -the material used in the protective
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ture, wherein toluene used in the solution of polyaniline starts to cor-
rode the surface of the protective cover. The first surface treatnent is 15
fol |l owed by alel ' I s St den.
However, t heﬁﬁ's?ﬁéﬁ?é?’%@*{ﬂiﬁeg?enﬂé%‘@bfﬂ I ok B Bich) Taetcr oo 1Bngef

wher ei n t he treaimeant dige seeutasthesemovalof taldere: i ve cover 9 cannot be
inpaired to a significant degree. In any case, a m xture containing poty-
ani line has adhered..to the protective cover 9, whereb uf fi.ci ently good 20
el ect r ocondub§ \Figpficance sqfamecﬁﬁf ¥ 1 %@MP@W@&XT‘%‘{ AEXIWre 1Bt i ve
cover 9.5Thevolveate.gnaosighiiicaht actelevation i ithe hdrdeninigs ohdvemhixbereys! y

over®i o scrwhbrdf 8 Shihe BLIRE ARtYee, chierS cannal be FHBRRE, oFi ouc

by a second @vighie) Auring evapgerationoskhel hasdener useddaeam-be a hardanig@ously in

the order of g ehpkﬁ@Nﬁiag,SLg;?@ferabl y ca. 10 min. This sec- ond
treatnent inpfoves the stability of the el ectroconductivity also un-
der very demandi ng use conditions. 30 After the second evaporation

3}1 agﬁ, _tlnﬁ pAcpratedtive conarrtréated\bysthiel dbove-presented anethodswas aset db uenle
I ch m ght I r t ; ently,
the protecti W@@F‘égﬁdﬂ%ﬁﬁwge&%ﬁ c’{hé?aﬂf’ L{sed Wﬁeéém%g%at ment ,
wher eby t ol uiarBpasilabsT ke ilusainatorwas placedinaa climate chambey, avhergegr ee.
BO[err ]G angs T aire W S EE P Car DTS Ak e e A oWa AT e
] * u . | . X .
rour . W thr Juh Prderobli e . Fhe rwinelo 4 BRs mainkined iidar dhesg cond > 7o
gxceed ti%e ntionsrigr F@0rtowrs, after ]rcvmieln itestsuwere carriedh@uprfot tee ielectro-
cov . < | actor; a
Ponger " cpnduetily ¢l 150 6 fsistatiod I AR yith pfFafiéd hoPtest
After the tests, it could be stated that the- electroconductivity of the illu-
minator had remained substantially unaltered. Also the shot test did not
impair the properties of the illuminator, but the transparency of the pro-
20 tective cover 9 was sufficient and no changes were found due to em-
brittlement.

It is obvious that the invention is not limited solely to the embodiments
ptesented above, but it can be modified within the scope of the ap-

256  pended claims. The polyaniline can be a known polyaniline polymer
with internal electroconductivity. The term polyaniline covers also de-
rivatives having the polymeric stem specific to polyaniline. As the sol-
vent of polyaniline, toluene can be replaced by also other organic sol-
vents. .

30
The article to be treated can be also ditferent from a protective cover
for an iluminator. Examples include antistatic packages, where in addi-
tion to the antistatic property, also transparency is needed at least par-
tially, e.g. for perceiving the contents of the package without opening

35 the package. Moreover, transparency and the antistatic property are re-
quired also in different eye shields in certain work tasks. Such work
tasks include e.g. the handling of chemicals in explosive zones and the
handling of electronic components vulnerable to static electric dis-
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The significance of the hardener in the.above:spresented mxture in- 5

vol ves e.q@ gy 3 ificant acceleration in the hardeni ng of ptiverosiodser e,
Wwherein th ructure of the protectgve cover 9 cannot be inpaired
(bristle) during evaporation. The hardener used can be a hardening

agent known as such. 10 A protective cover treated by the

above- presented nethod was used to manuf acture an illumnator 4, in
whi ch the | shargeswhicls issusually condudted in undxplosivé zbhed! Tfansparentri nat or

| d i Asg|d t at ca.

507 o1 T andNASE A SRR Grr Wil wi cohl B e o flgee 2t o2

i 1] uni nat or &wekkemahe musdd qws&er.tnm ac\b!ﬁblﬂl costact |t©rt§efmﬂc‘?m%0urs

af ter which 6Spﬁhﬁoﬁ"eF6r eRa Oébé\hf— rﬂiginéﬁgrpu oses,cmedﬁfésemt y and
&5

for the re to [o} After the
tost s 8 Sounethastiar el ema@f tra@s:@reat Hagicatioes 19 becomeelactre:

m nat or had ¢orictied isuellastitad, becaadd ¢hadplastisity tdnd fight waght @&fd not

20 Lect | vebiagiels 68ngtobiipar @9@?935%%&hgéy%%@qé%%ﬁﬁﬁy%&&%eeﬁi >

brlttlenent.an It is obvious that the invention is not limted solely
to the enbodi nents presented above, but it can be nodified within the
scope of the ap- 25 pended clains. The polyaniline can be a known

pol yani | i ne pol yner with internal electroconductivity. The term

pol yanitine covers al so de- rivatives having the polyneric stem
specific to polyaniline. As the sol- vent of polyaniline, tol uene
can be replaced by al so other organic sol - vents. 30 The
article to be treated can be also different froma protective cover

for an illum nator. Exanples include antistatic packages, where in addi-

tion to the antistatic property, also transparency is needed at |east par-
tially, e.g. for perceiving the contents of the package w thout opening 35
t he package. Moreover, transparency and the antistatic property are re-
quired also in different eye shields in certain work tasks. Such work

tasks include e.g. the handling of chem cals in explosive zones and the
handl i ng of el ectronic conmponents vulnerable to static electric dis-

9



it

charges which is usually conducted in unexpl osi ve zones. Trans arent
shi el ds arwoas/smszused in connection with some machi ne t ool REEHP

4 worker who nust, however, have a vit@ual com ng
operation. For exarrpl e for the above- rrentlone ,W

ses, the present 5
met hod for treatment of transparent plastic [@“ﬂ Mﬂm el ectro-
conducti ve MI suited, because the plastic I ght of

plastic is conpared to e.g. glass, which |s used i'n ¢hields of pri or
art. 1. A nethod for

charact or i 2dd nﬁ‘[‘*ﬁ“"?& foi realrlent o0 &R ANER (97 Hé&%'%"%%'re‘é‘ﬁ?%@"d‘é" {ai ning
el ect r ocondti¥@i obarastesized nis thaidtm teaatment is made witthaanixture con-
Ctages. > "%mMing Bictidehnd hm’ér?b W AP 28, sdtd yaifish A 10

reat ment st eated with

he artic r
said m x- hardemng agent, aaﬁd bthe met Wdﬁ%& ahéaﬂléﬂé%ﬁﬁwﬂ& deni ng
t he mxturesﬁ g¢gast partly. 2. A nethod for treatnent of an article

(9) o Decote SLeLaai e o yih e w5 AEBE i BBl i

pol yani | i ne, knéwe,andsuch, a varnish and a 15 har deni ng agent, and that

(e e, SO b6gagd by ne ol ARy,

m xture, - a first evaporating stage for hardening the m xture at

troated wit1e- A method for Jetifert of B BIpIS (67 fo bRCUMG BidchiocBlile: 2, ) ' ©
stage for hdivgharacterized: Jn dhat the-treatment is made wish @ mixture con-
. taining electroconductive polyaniline, known as such, a vamish and a
15  hatdening agent, and that the method comprises at least the following
stages:
— a first treatment stage in which the article (9) is treated with said
mixture,
— afirst evaporating stage for hardening the mixture at least partly,
20 — a second treatment stage in which the article (9) is treated with
said mixture, and
— a second evaporating stage for hardening the mixture at least
partly.

25 3. A method according to claim 1 or 2, characterized in that the
mixture contains polyaniline in a solution of 65 to 75 %, preferably ca.
70 %, varnish 15 to 25 %, preferably ca. 20 %, and a hardening agent 5
to 15 %, preferably ca. 10 %.

30 4. A method according to claim 3, characterized in that the poly-
aniline solution contains electroconductive polyaniline 0.5 to 0.7 %,
preferably ca. 0.6 %, and toluene 99.5 to 99.3 %, preferably ca. 99.4 %.

5. A method according to claim 2, 3 or 4, characterized in that
35 — at the first evaporation stage, the evaporation time is advanta-
geously 10 to 20 min, preferably ca. 15 min, and
— at the second evaporation stage, the evaporation time is advanta-
geously 8 to 12 min, preferably ca. 10 min.



25 3. A nethod according to claiml or 2, characterized" |nthat t he
m xture coppassspol yaniline in a sol ut—rrm”6f 65 to 75” ca.

7 % varnish 15 to 25 % preferanyMa eni ng agent 5
to 15 % preferably ca. 10 %. ngto claim 3,
m tne“ 58I

characterized in that the poly- - ution contains
el ectroconductive polyaniline 0.5 to 0.7 % pr | fuerably ca. 0.6 %
and toluene 99.5 to 99.3 %. preferabliy:-c¢a. 99.4:9%" * ’ ‘5. A met hod

23;82 ?; tn?Otn o6¢l Aimethod accardimdto anyfi themlalms hetbf:?éharactemdi' htﬁufs : r Stl 0
- SuRgrats on i bl 8bibRS TuhheF o 't iékiing the artele GICRLS ),
stage, the ewhich the aride isheatediabattemperature of ca. 80°Q;sand the duta ni n,
referab o f the
EI ai s 1!5%/0 gon]cﬂar agteeartm?e%}apﬁ is 30 ‘fﬁg%ﬁk’%ﬁ%@-@#ﬁsﬁ@sﬁm@her a
st age of heaprefgrabiyaa; 60dnin. (9), at which the article is heated at a
tenperature of ca 80C, and the dura- ‘5 tion of the heating stage is 30

to 90 mn, nt a to 70 ferably ca., 60 mn
77 Aethod decd metapd sckagiing To Aaychtinesclaims Tefo nahatecierizad
that the art Itnétethé%mce (O?té bearéeatedss of Fr’%ésw s@ch %%?brlgé?r%hhfétr bonat e. 10

8. A netjhod according to any of the clai cterized in
that th rticle (9) to be treated is used as a protectlve cover particu-
lady in illur8.n& method)accordingdd dny oftive claims i t@Vyehavaetarizetﬁ in9. An

the articre dfbHepHfdioglo t@t@% 15800 e A BB e B e, (o).
char act er i zedary in luminators (4} intendad foruise incgxplesivezones. t o be el ectro-
conductive with -a m xture containing at |east electroconductive poly-
15 9. An article, such as illuminator (4) particularly for explosive zones,
the article comprising an at least partly transparent protective cover (9),
characterized in that the protective cover (9) is treated to be electro-
conductive with a mixture containing at least electroconductive poly-
aniline, known as such, a varnish, known as such, and a hardening
20  agent, known as such.

10. An article (4) according to claim 9, characterized in that the pro-
tective cover is of plastic, such as polycarbonate.

25 11, An article (4) according to claim 9 or 10, characterized in that the
mixture contains ca. 70 % polyaniline in a solution, ca. 20 % vamish,
and ca. 10 % hardening agent.

12. An article (4) according to any of the claims 9 to 11, characterized
30 inthat

— the protective cover (9) is treated at least twice with said mixture,
and that
— the mixture is dried after the first and the second treatment.

35 13. An article (4) according to any of the claims 9 to 12, characterized
in that it is particularly an illuminator (4) intended for-use in explosive
zones, which comprises further at least a frame:part (7), a lamp (11),
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agent . knowgosgemen 10, An arti ife]mm Hﬂ@ﬂlﬁ\\“ﬂm”;ﬂ&éf@ |

characterized in that the pro- g2t ectivecoverii st ofs plfastic, such as
pol ycarbonate. 25 11. An article (4) according to claim9 or 10,
characterized in that the m xture contains ca. 70 % polyaniline in a

solution, ca. 20 %g@g&)i’s_h, and ca. 10 % hardeni ng agent.
12. An articl/Beqns ( dbang the lamp do the éramaipast, @andomeansoB) fecfier i zed

30 in that ingthe protecti\tr@@o%pioemb'mﬁms% (9) is treated at |east tw ce
and t hat -

with said m xture, the m xture is dned

after the first and the second treatnent. 35 13. An article (4)
according to any of the claims 9 to 12, characteri zed inthat it i5s
particularly an illum nator (4) intended for-use in explosive

zones, which conprises further at least a frane part (7), a lanmp (11),
nmeans (10) for fixing the lanp to the franme part, and neans (8) for fix-
ing the protective cover to the frame part.



