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BACKGROUND OF THE | NVENTION Field of the Invention This invention rel ates
generally to the 10 prevention of particulate contam nation_and static-
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cl eanroons, pharmaceutical manufacturing facilities and simlar facCilities,
for exanple are stringent. Products brought into and used in cleanroom
environments mbkt be 25 caref ul BACKE ) MEENANVENTIONed to avoid the
ri sk of contam nation. In sem conduct or fabrlcatlon cl eanr oons, for
exanpl e, surfaces fr guentl nust be w ped with exceptionally clean W pers
and cl eani ng solu§ﬁ§§—+ﬁ£e¥§%+l¥¥ﬁ§§$¥¥bnt contam nation. O her exanples of
cleanroon130 products include clothing, gloves and stationery products
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"cleanrooms", semiconductor fabrication plants,

pharmaceutical manufacturing facilities, and other
15 applications and environments where extreme cleanliness
must be maintained, and to methods for making such
products.
Description of the Related art
Cleanrooms are being used more often in a
20 greater variety of areas. The requirements for
maintaining cleanliness in semiconductor fabrication
cleanrooms, pharmaceutical manufacturing facilities and
similar facilities, for example, are stringent. Products
brought into and used in cleanroom environments must be
25 carefully designed and manufactured to avoid the risk of
contamination. In semiconductor fabrication cleanrooms,
for example, surfaces frequently must be wiped with
exceptionally clean wipers and cleaning solution in order
to prevent contamination. Other examples of cleanroom
30 products include clothing, gloves and stationery products
(i.e., notebooks and writing instruments).

It is well known that particulates can be
brought into the cleanroom environment by workers
themselves and by the materials which they use. In this

35 regard, items which are subject to abrasion or wear are a
cause of special concern since such abrasion and wear can
result in particle formation. Cleanrooms are
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characterized by a special enphasis on the prevention of particul ate
generation and the renoval thereof prior to deposition on cleanroom
surfaces and products. The term "applicator” or "wiper", as used in 5 this
speci fi cati ¥29%3Mint ended to nean a cleaning fabric suit aRCRUINNIEEe i n

cl eaning surfaces in cleanroons and the |ike. Such applicators or w pers
are distinguished fromtissues and simlar2materials in that they are
extrenely clean and have a rel atively high degree of wet 10 strength and
structural inte§hpryctenzag @ prechalcepphafis ernydhgorraventieq ef e when
used to wi pe suphztisulavegereatdenpanadtive saiavaldl atievebl pirieni iy
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d dat i b ' i j.al:s, ttack
by 00950, Sogr wqBBikaBle HHOMLE 10 cTEEATHY SadFrdidd iy o3AtntBhts lind ¢ 2C
controll ed i s ofhenlik@i eSuch ARPAAFREATH B JHiPaRs Arecdistinguighed of

smal | physical teshatisswés, amlieindlapanaterisie imthat theg aree between
that of bacteri a%:ewmxﬁ USfsan Uik %ﬁv&hﬁ”if—gﬂtﬁ%&ﬂ@igﬁnhégkﬁevgé YurdOW
concentrations, typrcalty neasured 1n parts per mllTon or parts per

billion. Th&OcoRtEANEEAtANG KEHUSEUXAd éntﬁgﬁg@-t‘ywwfﬁéns&vngtbﬁe
particles, (2) pebaustd ¢s)notedisdttagirate  witdh Wedh tor wipepsartaeés/ eached

from the fiberseQLntQﬁexﬁégﬁpeJéa'd@xggghgated with cleaning liquids.

Cleanroom products used in sensitive areas,

such as semiconductor fabrication cleanrooms and

15 pharmaceutical manufacturing facilities, are carefully
selected for characteristics such as particle emission
leéels, levels of ionic contaminants, adsorptiveness,
resistance to attack or degradation by wear or exposure
to cleaning materials, and lack of attack by or

20 degradation by biocides.

The contamination which is to be controlled is
often called "microcontamination" because it consists of
small physical contaminants, such as particulate matter
of a size between that of bacteria and viruses, and

25 chemical contaminants in very low concentrations,
typically measured in parts per million or parts per
billion.

The contaminants usually are of three types
including (1) particles, (2) ions and (3) "extractables",

30 which are impurities leached from the fibers of the
wiper, for example.

Loose particles 100 micrometers and smaller in
size are an anathema to obtaining high production yields
and reliable semiconductor devices. Therefore, wipers,

35 cleaning materials and other products used in cleanrocoms
should emit as small a number of loose particles as
possible. Similarly, ions and "extractables"” are to be
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For exanpl e, cIeanfosqmﬂmgndmcmmamwausaﬂbutedgMAth cl eani ng sol ution and
used to wipe the surfaces tgudif rdg@dreentad hows Kéé:}aw&o pggpduct s have

been developed 10 for,use in_ cleanr i tonme r.exagple, U.S.
Patent No. 4,888, PEEViEion ek EFRRYU(E rf—%?‘é?‘é] d“?%zgefé‘f‘?%p i ber
et al.: and U S. Bmitnvery. fe‘w z.msegsamm&eeyor Tiansli sbiideumaintdining e
patents hereby argtipehPel ai:&s&diqrt When ﬁsé&rertfca» ekample, cleanrdénever,

in sonme cl eanroom environnment s essar. t,o mai gtain
"cl ean" environneMtPeFE a'bﬁftfn"' tté:ﬁgné&tgs‘éi %‘% o8t 5P$ dsed to
di scharge. The prelhpenthé surfacescitecbei cﬂ.egmedi.s becone an ever increasing

probl em where, for exanple, vé%i&ﬁé'd!%a%QoShmgfééﬁﬁﬁé‘Hﬂﬁbpﬁﬁah Hévéf%
manuf act ur ed. Basi_cal léﬁ statjc i s creat en two sim.|l ar rrater#als are

rubbed t oget hd® af@¥tHh %(?"’"O?E%B?E’E?’"f%hd?% FPTc KPRt r ons
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a positive staticyghasgd829,181 to Daiber et al.; and U.S. Patent No.
5,271,995 to Paley. The disclosures of those patents
hereby are incorporated herein by reference.

15 However, in some cleanroom environments, not
only is it necessary to maintain a "clean" enviromment,
it is often also necessary to prevent static discharge.
The problem of static electricity has become an ever
increasing problem where, for example, sensitive

20 electronic equipment is being manufactured. Basically,
static is created when two similar materials are rubbed
together and then separated. One object tends to give up
electrons whereas the other tends to accumulate then,
thereby leaving the former with a positive static charge

25 and the latter with a negative charge. When oppositely
charged objects contact each other, a static shock is
created which corrects the imbalance.

Control of static electricity can be critical
in many industrial or commercial settings where an

30 undesired electrostatic discharge (ESD) or spark can
result in serious damage. For example, in explosive
environments such as in grain elevators or in flammable
environments such as an oil drilling rig or refinery, a
spark can be extremely dangerous. In addition, static

35 discharge can damage sensitive integrated circuits.
Therefore, such circuits must be safeguarded during their
manufacture. ' '
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di ssi pat e t ha0sthigh wlas ofc shrface deesistemeepohothenerder of d®eanr oom
W pers have fi(ohms). Such insulated materials should be modified to
r;duce the risk of static discharge. In the past, this
has been accomplished by increasing the electrical
conductivity of the products. Such an increase in

15 conductivity allows the product to dissipate the static
electrical buildup.

Some prior anti-static cleanrcom wipers have
been made by incorporating fibers having a higher degree
of electrical conductivity. Certain types of carbon and

20 metal fibers are inherently conductive, and therefore the
incorporation of such fibers increases the conductivity
of the textile material so that the previously static
materials can be rendered static dissipative. U.S.
Patent No. 5,324,579 to Sassa et al. discloses a non-

25 woven textile material made useful for dissipating static
electric charges by incorporating an electrically
conductive fiber.

However, the use of such fibers has many
disadvantages. For example, the conductive fibers only

30 allow for increasing conductivity in the direction of the
fiber. Accordingly, the resultant product would have
different conductivities in different areas and in
different directions. Furthermore, conductive fibers may
be relatively brittle when compared to the majority of

35 fibers used in a wiper product and therefore have a
tendency to break when flexed. Such breakage not only

. results in a reduction in the static dissipative
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cl eanr oom product s, gartlc oom w pers, that can dissipate
el ectrost ati c 1@ sERYLEMINY% nmintaining suitability for use in cleanroom
10 envi ronnents. In particular, it is an object to provide

cleanroom products such as wipers which have relatively
uniform anti-static properties, without degradation of
the cleanroom quality of the products.

15 It is a further object of the present invention
to provide such cleanroom products and manufacturing
methods which are relatively simple and inexpensive to
make and use.

The foregoing and other objects and advantages

20 of the invention will be set forth in or apparent from
the following description and drawings.

[») I0
25 In accordance with the invention, cleanroom
products are provided with a coating of conductive
polymeric particulates. The particulates decrease the
surface resistivity of the products to give them anti-
static characteristics, without degrading the cleanroom
30 properties of the products.

Preferably, the particulates are pyrrole
polymers. The anti-static properties are achieved by
depositing conductive polymer particles onto the non-~
conductive substrate surface. Preferably the coating

35 consists of particles spaced relatively widely from one
another, covering less than 75% of the area of the
surface to which they adhere.
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stationery produg&gFéggtqeoo S anﬁ iéﬁ rment's, and swabs (i~ e.,
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i ncl ude 5 nofl®books conpriBigg aodey:echyl 8NSEN i agrlmre£ibers coated
with pyrrole polymer particulates.
Fig. 3 depicts a SEM of untreated polyester
fibers. |
Fig. 4 depicts a SEM of polyester fibers coated
15 with pyrrole polymer particulates.
ESCRIPTION OF PREF D EMBODIMENT
The presently disclosed anti-static cleanroom
products provide for the dissipation of static electric
charge without degrading their cleanroom qualities. This
20 is achieved by applying conductive polymer particulates
onto the insulative surface of the product.
Surprisingly, the conductive particulate polymeric
coatings, even though in particulate form, do not degrade
the cleanroom properties. It has been discovered that
25 such particulates can be formed on the cleanroom product
and are not easily removed. Accordingly, such coatings
do not provide a significant source of "loose particle”
contamination. Additionally, it has been found that the
particulate coating, even though not covering the entire
30 product with either a uniform or coherent film, provides
for increased dissipative qualities. A continuous and
coherent coating of the particulates is not required and
is, in fact, avoided using the present invention.

Furthermore, it has been found that the coating results
35 in relatively uniform surface resistivities in multiple
directions.
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the resistivity of the resultant wiper is between about
10% to 101? gq.
The wiper product is made, for example, by
15 contacting an untreated wiper with an agueous solution
containing polymerizable monomers, an oxidizing agent and
a counter ion. Suitable monomers include aniline and
pyrrole. The monomer is preferably pyrrole. Suitable
oxidizing agents include ferric chloride and potassium
20 persulfate. Suitable counter ions include 2,6~
Napthalenedisulfonic acid, disodium salt and
benzenesulfonic acid, sodium salt.

According to one embodiment of the invention,
an BESD dissipative wiper is prepared by adding a counter

25 ion and an oxidizing agent in an aqueous solution at room
temperature and mixing. Subsequently, a monomer solution
is added to the mixture and mixed. After sufficient
mixing, uncoated cleanroom wipers are added to the
solution and mixed. The wipers are subsequently removed,

30 rinsed and dried to result in anti-static cleanroom
wipers.

The time for treatment can range from about 0.5
hour to about 2 hours, preferably about 1 hour to about
1.75 hours. The time of treatment can be varied to an

35 even greater extent, for example, by varying the
concentration of reactants in solution, the amount of



7 The anti-static properties for the wi per are achi eved by depositing
conductive polyner particles onto the non-conductive fibers that make up
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[err]. If the resistivity is greater than 10[err] [err] there wll be no
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enbodi nent of tkﬂsmMmaedaﬁnewmqom eoenskdlled mepwattby addi ng

? count ter 25 'gr\wﬂ%@ u%&g@' ékﬁ&%&aﬁi@rﬂ%oaguglﬁﬂﬁ 8! aitv, 'I[’OO'Enh
enmperat ure an | ubse Q sol ution i o the
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substrate to form an irregular coating. Preferably, the
particulate coating covers less than 75% of the substrate
15 surface, more preferably less than 50%, even more
preferably less than 25% and most preferably less than
10%. The embodiments of the invention include applying
such coatings of conductive polymer particulates to
cleanroom wipers, gloves and garments. Additionally, the
20 invention includes applying such particulates to plastic
gloves.

What is particularly surprising in the
cleanroom wiper and the other cleanroom applications is
that the effect of these particles is sufficient to

25 decrease the resistivity of the product enough to provide
the anti-static properties. This is the case even though
the particulate coating is non-uniform. Also surprising
is the discovery that the particulates adhere strongly to
the substrates so they do not detrimentally reduce the

30 "cleanroom" properties of the products by becoming
dislodged upon exposure to cleaning solvents and/or
during use. The particles are not dislodged in any
significant amount, even by washing the wiper.

Preferably, the particle counts of the

35 resultant anti~static cleanroom product is less than 30
million per square meter, more preferably less than 20
million, even more preferably less than 15 million and
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that the particul YJRenaglst fostditiflas ke following:

1. 100% polyester or nylon, preferably

knitted from continuous filawment yarn. Typical products
15 are sold under the trademarks "AlphaWipe"; “AlphaSorb";

and "AlphalOo"; or "MiracleWipe" by the Texwipe Company,

Upper Saddle River, New Jersey. Woven polyester or nylon

fabrics also can be used.

Some of such fabrics are sealed along the

20 edges, in the manner described in U.S. Patent No.

4,888,229,

2. 100% spun bond polypropylene. The fibers
of these fabrics are arranged randomly and are bound
together by heat or chemical action. A typical product

25 using this construction is sold under the trademark
"PolySat" by the Texwipe Company.

3. 55% cellulose and 45% polyester fiber or
100% polyester bound together by hydroentanglement. A
typical product is the Texwipe "TechniCloth" product.

30 4, 100% polyurethane foam.

5. Other fabrics made of rayon, acrylic,
abaca, (e.g., '"M-Wipe" wipers sold by Texwipe), hemp,
cotton, etc.

EXAMPLES
35 The following examples are illustrative of some
of the products and methods of making the same falling
within the scope of the present invention. They are, of



t he 'substrates so they do not detrinentally reduce the 30 "cl eanroont
properties of the products by becom ng di sl odged upon exposure to cl eaning
sol vents and/or during use. The particles are not' dislodged in any
significant anmount, even by washing the wi per. Preferably, the particle
counts of tMOSB3IMMsultant anti-static cleanroom product iBCTHES3/04086n 30
mllion per square neter, nore preferably less than 20 mllion, even nore
preferably less than 15 mllion and WO 9g/ 33701

PCT/ US97/ 04006 9 nost preferably less-than |10 miIlion. Preferably, the
non-vol ati | e r esodtree), nndti tmikbee donstidered insany way Risdtgtivecef cthe

gDrlg glr ﬁL f;??'e?’riln%ﬁgiaﬂnt %@&%@tﬁaﬁ‘ lea] anf\élﬁ‘é‘am&ﬁl%f eaabby h&ss than
nos refera ess ne

Preferably the |éﬁ'gc5ﬁ58ﬁ??a'f$ § NV, 1Pﬂaﬁniﬁx$§m%5eg %’g?ﬁbﬁ/ | ess

than 10 ppm evd&henfibeprwateninls, eodvenks, Snpnomersd oxddizingf erably | ess

than 1 ppm @m’agﬁhtéhed&?ﬁ?dj écféﬁﬁsps fd@.gea BRAVEYr ibhs,segnasahal | y used

in such cleanro aﬁg gns and é§y renge e tl-statlc i ncl ude

knitted, woven RFURB VSR 5 IR a§ﬂ8ﬂ Lt $wing: 1.  100%

pol yester or nylon, preferably knitted Bm?l@oﬂtl nuous filanment yarn.

Typi cal products 15 are sgboat/nuieradivizeadesBek wddlpieiingh a 1.5 1

saddl'e R ver , negak QZ'y. heberkeh iaced B tﬁ%%ﬂa%fiexwe%ears§9§aﬁa%”pper
used. Sone df0 sehakiexbruvpning cat amlspeed ofigl60crpl. eRyds g iof t he manner
described in U penZaneBh1¥enid £8f1,2%bdium salt and 2.8 g of ferric
chloride were slowly added into the beaker after both
ingredients were predissolved separately in 50 mL water.
Immediately after the additions, 0.5 g of neat pyrrole
15 (non-diluted) was added dropwise into the beaker. While
the shaker was still running, 12.2 g of polyester wiper
material was added to the beaker. The total weight'
represented two 9" x 9" sealed-edge double-knit wipers
constructed from 100 percent continuous filament textured
20 polyester.

The reaction was run for two hours at room
temperature. Initially the color of the white wipers
changed to light yellow and then gradually changed to
grayish black. At this stage, the wipers were taken out

25 from the beaker and placed in a separate clean beaker.

The wipers were then rinsed several times with deionized
water containing a surfactant (Triton-x®) and left to dry
overnight in a laminar flow cleanroom workstation.
The resultant dried products were tested for
30 resistivity. The surface resistivity of the coated dry
wipers was reduced from an original 10*14 g to 10 @ in
all directions when measured by a surface resistivity
meter obtained from Static Control Services. The
tremendous reduction in resistivity suggested that the
35 wipers acquired excellent electrostatic discharge (ESD)
dissipative properties.



2. . 100% spun bond pol ypropyl ene. The fibers of these fabrics are
arranged randomy and are bound together by heat or chem cal action. A
typi cal product 25 wusing this construction is sold under the tradenark
"Pol ySat" by the Texw pe Conpany. 3. 55% cel | ul ose and 45%h§&@§ester

fiber or 1009%WYABMer bound toget her by hydroent angl ement . P4084
product is the Texw pe "Techni d oth" product. 30 4. 100%
pol yur et hane foam 5. Q her fabrics nade aft rayon, acrylic, abaca, (e.g.,

"M W pe" w pers sold by Texw pe), henp, cotton, etc. EXAMPLES 35
The fol lowing exanples are illustrative &*a8B3}® ®f the products and nethods

of making the same falling M ideternifesthpecoitininationccharageetisticsihey
are, of WO 97/ 337

. < N . 04006
0 course, not 1 oSheths, Rlentrestatis discharge, (6D dissipatiVEiulilil,
Nunerous changes additiend} wigieds weneppradweed,usindge pPyocednres heimhlamntion
including the sel est ERample harithh&éhenBbBlowing cIRing@al:s, nmonomers,

oxidizing 5 agents, dopin san [ |
tenperatgre du?ingho ergtigﬁﬁg%ﬁkiﬁeaﬁiEgsmgé%ﬁgﬁgﬁ%g%%%iﬁfggygﬁelonized
wat er was pl aced Fhah the reagtyion wagheoRdugEed piy@eFlea™ FEapnLesHr m of an
or bi t al 1Q shaker stuanimﬁt(ﬁz%oaanﬁ"lﬁOgr:pm" &G g/aﬁl)benwnéesul fonic
R T
| mredi at el y aflfer vehatilelinessidnes) sng dpnaesef (khe srdginal wipers were
determined by usual laboratory test procedures prior to
coating. After the coating treatment, the same
parameters were evaluated in order to determine the
extent of any increase in contamination that may have

15 occurred as a result of the process.

Accordingly, 800 mL of deionized water was
placed in the steel tray. The tray was placed on the
platform of the orbital shaker and the shaker was allowed
to run at 150 rpm. i‘our grams of benzenesulfonic acid,

20 sodium salt (predissolved in 100 mL water), five grams of
ferric chloride (predissolved in 100 mL water), and,
lastly, 1 mL of neat pyrrole were consecutively added
into the tray containing the water. The pyrrole was
added dropwise. Immediately after these additions, six

25 pieces of 9" x 9" polyester wipers and two pieces of 4" x
4" nylon wipers (total weight 37 g), were gently draped
on the surface of the solution. The shaker was run for
30 minutes, at which time both of the nylon wipers turned
grayish black whereas the polyester wipers turned light

30 gray.

The nylon wipers were taken out and placed in a
beaker and rinsed several times with deionized water and
surfactant solution (Triton-X®). Meanwhile, the
polyester wipers were allowed to run for additional time

35 for a total of 2 hours, at which point, they turned
grayish black. The polyester wipers were rinsed in the
same manner as the nylon wipers. Both sets of wipers



15 (non-diluted) was added dropwi se into the beaker. Wile the shaker was
still running, 12.2 g of polyester wi per material was added to the beaker.
The total weight represented two 9" x 9" seal ed-edge doubl e-knit w pers
constructed from 100 percent continuous filament textured 20 pol yester. The
reacti on wasWOH338@t two hours at roomtenperature. InitialHCrmusarodoes or of
the white w pers changed to light yellow and then gradually changed to
grayi sh black. At this stage, the w pers ware taken out 25 fromthe beaker
and placed in a separate clean beaker. The wi pers were then rinsed several
times wth dei onvwexel dihest avernightnat aroem ftemperatorei bprhafiging )themd | ef t

to dry overni ghtihna acledfirttm WoeksEA€E6M O0MHADHesliathoNridEcof atid Rt
dried products were tested Lesistivi re5|sé|V|t

far 30 ty. The surface y of

Lhe conted dry vIHRTRE WieEs Basiner, BRing, Y sns propefire 895 jLamFhg  or )
[err] in all dirbetExampléhdn nBathr typesy of suipexschadsexcellent Raler
obt ai ned frongSt@fdeigatiiivedpropey¥tss. Tt [dRRAIAYIoheHISérPhdd'a
resistivity sugg)g?sézg§ .th.q_;[y toli}e 26 W pers acqui ged exce‘H eer;:s %Ia%ct rostatic
di scharge (ESD) X% %fr dBer it And thepodyester wip
PCT/ US97/ 04006 1tesSatriptisizsT drdnt 20 me tohe 0tdmM.aniBeforentblar act eri sti cs
of the el ectrostgiprishtsidiniore thESEbatingd RAL V& thBChTperdQidd ONal W pers
were produced using. procedures simlag 5 to Exanmple ]D["%tg the foll ow ng
changes: The steﬁ%&%%ﬁ%%“ﬂé?g f’é?}%a?toed £%$t1 hat®t he reaction was
conduct ed i n1@ cl{irsnkative)ess steel tray (size 11 3/4" x 9 1/2" x 3 3/4").
The Both wiper materials were tested for the

pa—rticle release counts by using a HIAC/ROYCO Liquid

Particle Counter and by using the RP-4 test procedure as

recommended by the Institute of Environmental Sciences.

15 The particle counts of the treated wipers were under 10
million per sguare meter and, hence, are suitable for
cleanroom wiping applications. Non-Volatile Residue
(NVR) was also determined in deionized water for both
types of wipers and the numbers recorded were found to be

20 within the range for cleanroom applications (0.10 to 0.15
g/meterz) . Ions such as sodium and chloride were also
determined by Atomic Absorption (AA) Spectroscopy and by
Ion Specific Electrode (ISE), respectively. The sodium
concentration was in the range of 1 ppm and the

25 concentration of chloride was 26.5 ppm (high). The
coated wipers were also tested by being placed in an
aqueous solution or in isopropyl alcochol solution for
several days to determine the strength of the particulate
adhesion. It was found that the particulates adhered to

30 the substrate even after several days of exposure.

Example 2 provided three important findings.
First, nylon material coats more rapidly than polyester
in this process (in terms of time needed for the
application of the coating). Second, ferric chloride

35 should be avoided as the oxidizing agent if chloride
concentration is a concern since it causes the higher
chloride contamination in the product. Third, the



contam nation characteristics such as particles, non- 10 vol atil e residues,
and ions, of the original w pers were determ ned by usual |aboratory test
procedures prior to coating. After the coating treatnent, the same
paraneters were evaluated in order to determne the extent of any increase
i n contani nat iWRYAEM may have 15 occurred as a result of thEBCHP
Accordingly, 800 nL of deionized water was placed in the steel tray. The
tray was placed on the platformof the orbita® shaker and the shaker was
allowed to run at 150 _rpm Four, granms of benzenesul fonic acid, .20, sodi um
sal t (predissolve&ﬁﬁ?lfeﬁtnfaﬁﬁﬁéh3§t?iqﬂé Pﬁnﬁdﬁﬁr?%H5959q9HW6FPdEﬁe
(predissolved in Gbers.water), and, lastly, 1 nL of neat pyrrole were
consecutively added into the tray contaiq%gthQ@3mater. The pyrrol e was
added dropwi se. Imedi ately after these additions, six 25 pieces of 9" X
9" polyester wipers and twoThpcREReefune of Exapple 2 ik ereabed exeeght 37
g), were gentlys drecdontenhe sfirfhe astafell krayohst shhown Tive Bianpde 2aweren
for 30 m nutes, E“cﬂ@ﬁd@& LENMBoRPbdis Of the nylon wipers turned grayish bl ack
wher eas the pol yester “w pers turned |.ight, 39 gra¥. The nylon w pers were
taken out and placed in a b8aker23%d% 2B3c¥aFeY i nes with dei oni zed
wat er and surfactant solution (Triton-Xerr]). Meanwhil e, the polyester

wipers were allowed to run gor %le't‘ifﬁgpgg?i“eﬁé‘ﬁﬁnﬁf agig(')u_rs,

i t
at which point, they turned @raylg% | 'ack. yester wpers were rinsed
in the sane melher as the nyl on H§RAIM SRt as; therdeping agentyn 97/ 33701
PCT/ US97/ 04006 12 were dried ovepredidsalivedodm senpkrwdter by hangi ng them

c. 0.5 g of Potassium persulfate as the
oxidizing
15 agent predissolved in 50 mL water

d. 1 nL. of neat pyrrole added dropwise

e. and 4 pieces of 9" x 9" nylon wipers.

20 The reaction was run at room temperature. The
entire content of the tray was allowed to shake on an
orbital shaker for 30 minutes. The resultant products
were grayish black wipers. The wipers were taken out and
rinsed several times with deionized water containing

25 surfactants and allowed to dry. The dried wipers were
tested and found to be as clean as those prepared in
Example 2, including a substantial reduction in chloride
content. The resistivity was tested and determined to be
in the range of 10*% 0. The chloride content in these

30 wipers was low and quantified by Capillary Ion Analysis
(CIA) technique to be lower than 1 ppm. Accordingly,
ferric chloride was replaced with potassium persulfate as
the oxidizing agent for all the subsequent runs.

Example 4

35 Samples of the products made in Example 3 were
inspected in the Scanning Electron Microscope (SEM) to
evaluate the degree .of enhancement of particulate burden



I n a- cl eanroom workstation. The resistivities of the dry w pers were
nmeasured using the sane procedure set forth in Exanple 1. Both types of

wi pers had excellent ESD 5 dissipative properties. The coated nylon w pers
had a resistivity of 10[err] [err] and the pol yester w pers had
resistiviti eWOPIAIMWIO[err] [err] to 10[err] [err]. Before ®oEUSHIMOOSati on
of the coatings all of the wipers had resistivities ranging from 10[err]
[err] to 10[err] [err] 10 (insulative). Both w per materials were tested
for the particle release counts by using a H AC/ ROYCO Liquid Particle
Count er and by (refieyet hpdRRLYex cenatingsedufbeatibers nim kel unpoated

Institute of EnyyiemRipetsSapséwesa v]e‘inquagngQéepM s)of the treated

W pers were undef 10 mi re ce ar swt bl e for
cl eanr oom wi pi ng'{oé'ﬁﬁleféa Sngga{\%éq‘ygl °h gﬁ&eﬁéy ‘? x gl 3
determined in d mﬂgﬂéérv\apéﬂﬂbrpwwayﬁég? Qi-swve‘i%eérﬂ?etrhéhﬁunbers

recorded weresf gifitalce BE dAch fiber tama rmnsemfzeénCfﬂaéwoqae@mlgﬁeésons
(0.10 to 0. 15 g/get kte)rr% as _sodiu chl ord de were al so
ot er i ned” by A o TosPpreafErasly ds3ReBThyLALE £ edta e o 2

El ectrode (I SE) diﬁ@é@e&tweepwpm It mhteéneén reughruta$hien enfdreange of
1 ppm and the 251&@tﬁeatfr &Ebﬁnwﬂﬁexef'&di@ﬁ%r\i/ﬁé £Re SERGEN tHH O the The coat ed

W pers were also tested b aced in an.ag egus | ution
i sopropyl al cohdi® °§" |8¥e ?&g%ﬂéy HAVGSP 3pd [OV T f;gmﬁ%‘és *st engt h of
t he parti cul 1@ e sigiiderononrunjfern sliatnibationcoppartisclaseyagihpdsed to 30

the substrate e\/ﬁénaflhetn&e&eéal ofl tfe Qfol@é@&&ﬁrﬁlh&@nﬁ' lﬁ'eOW)VI deget hree
i mportant findings. First coats_npr "ﬁ' t han pol yester

P eh o pr ocess Whapatsr potpéeFRs Bitne] 158 pRnSRESe [ B bl
coating). Second(Fifgwne 3)chl Intepesisingioul &hseoueaaubqummﬂ di zi ng

agent if chlori dipgeaianite’ ati Bhe | Sodtdd HuRtAcE! WAE Véry ausiforie hi gher

15 Accordingly, aesthetics were nicely maintained in the
process in spite of an extremely random microscopic
distribution of the coating particulates.

Another surprising observation was the fact

that although the particulate distribution on the fibers

20 was very non-uniform, the overall coatings were tested
and determined to be quite substantive (i.e., adhered
strongly to the surface of the fibers). The substantive
nature of the coating is a primary factor in these
products being suitable for use in cleanroom

(

25 applications. No particle shedding was observed during
actual wiping applications.
Example 5
In this example, thiophen was used for the
coating. 950 mL of deionized water was added to a clean
30 steel tray. In two separate beakers, 0.75 g of 2,6~
Naphthalenedisulfonic acid, disodium salt and 0.60 g of
potassium persulfate were each dissolved separately in 5
nL deionized water. Both of these ingredients were
subseguently slowly added to the water. While the entire
35 solution was being stirred in an orbital shaker, 30 drops
of monomeric thiophen was added slowly. Four 9" x 9"
pieces of nylon wipers were placed in the solution and



chl oride .«contam nation in the product. Third, the WO 97/ 33701

PCT/ US97/ 04006 13 resultant particul ate coating adheres strongly to the
fibers. Exanple 3 The procedure of Exanple 2 was repeated except 5 the
contents of the steel tray as shown in Exanple -2 were changed as foll ows:

a. 900 nL dYQMWIE water b. 0.5 g of 2,6- Napt hal enedi s UF¢HHIEONE d, 10

di sodium salt as the dopi ng agent predi ssol ved in 50 nL water c. 0.5 g of
Pot assi um persul fate as the oxidizing 15 15 agent predi ssol ved
in 50 nmL water d. 1 n1_ of neat pyrrol e added dropw se e. and 4 pieces

of 9" x 9" nyl on WP@eprtirg) contents stinped rfé%fct"i%'ﬁ W&en fphoprs o%‘?nr”’“
tenperature. Thetemperstust erivenf athertsmh\ms eaitended periddkef on an

orbital shaker oppafafiditl Ahe EBIokesk! tA0L{HAL Gsa HEE chAR ff;&biﬁck
wi pers. The w pers Wer € taken out ri nse severa times Wt el onj zed
wat er “cont ai ni ng Be CiRITR (WETes t&ﬁ&“a??’éme‘é?ﬁ’l?"dr‘}‘”@ﬁﬁllﬁr?’é‘a wer e

tested and fousd forhbEsmdidsiypativet ppepertiems eto chiEngepie 2$D| ncI uding a

subst anti al reduc&i9€h§e&rﬁm gfog,gfggng,gf oJ{l]e‘ed%? %hhv&g ]f& and

determned to be In err Ior| nten
these 30 wipers TA® Fofd ityaxepping W@bl%%\l‘?“ﬁ&ﬂﬁ\nbﬁ’ym 8- (CF'!AT—
techni que to be | pasult reppearzpito Anddcdtegthat fthrilopheahlierane was repl aced

\rMuth potassi um pe§ U fAEI RS dion@l Ebf! P €45 eilM a?! brbbEss Usddrent
10 these operating conditions.
Example 6
ESD dissipative nylon wipers were prepared by
adding the following ingredients together and running the
reaction for 25 minutes at room temperature.
15 a. 600 mL deionized water in a clean steel
tray
b. 1 g aniline hydrochloride
c. 2 nL, concentrated hydrochloric acid
da. 2.5 g 2,6-Naphthalenedisulfonic acid,
20 disodium salt, predissolved in 5 ml water

e. 1.5 g potassium persulfate predissolved in
5 ml water; and

25 f. 4 pieces of 9" x 9" nylon wipers
After 25 minutes of orbital shaking, the color
of the wipers changed to dark green. The wipers were
removed from the tray and rinsed well with deionized
water containing drops of a surfactant (Triton-X%).

30 The resistivity of the coated wipers was in the
range of 10*® 0 to 10*° 9. Accordingly, aniline monomers
are suitable for use in the process.

Example 7
A method for producing ESD dissipative wipers

35 on a larger scale was developed using the experimentation
as exemplified in Examples 1 through 6. Experimental
runs were carried out using the following procedures:



Exanpl e 4 35 Sanmpl es of the products nmade in Exanple 3 were

I nspected in the Scanning El ectron M croscope (SEM -to eval uate the degree
of enhancenent of particul ate burden WO 97/ 33701

PCT/ US97/ 04006 14 before and after coatings. The fibers in the uncoated
nyl on wi per WaFF¥Ped very clean (see Figure 1). However, PEEUSYHAH®E nyl on
fi bers showed extrenely randomirregul ar polynmer particul ates distributed
over the 5 surface of each fiber and in betgeen fibers (see Figures 2). It
was remarkably surprising that a uniformdi ssipative property was obtained
t hroughout the entire | enBivs®i apaddiiepsankofcapreityy athddOagnlinns)t he

coatings are achiasl tYehnadow e hottiun: RYarou9de  sSLdPidH M e RAAKUGAE O M
di stribution of rgart | c%gs wa ﬂ{soi%een in the case of the polyester fibers
(Figure 4). The*dRE8% °5%‘I'%é A5} H¥88%al so appeared very clean (Figure
3). Interestingly, the ovésiny amommiey eutppatiemragrare tbeat ed surface
was very uni feor mo1lewifgosteps ! vere asdrnaticeed. Wwere nicely maintained in the

Boati ng particulates.  anoPhEr et SR bhras, eRT bk 1 Add penaRe phar
al t hough t he pamaitexl, athe dtenpexatiine beinghwainteine®@®@t \#0° Fery270 g
non-uni form thesogeeahhpheRdl &tk MANTonde! 86iaNda dedPrun Radl 9alie quite
substantive (i.eg., s dher g strongl EP t he surfagce OK;?SF flbeL ) .._The
substant i ve nat dA%s5 PERAISAIYRY 30 ohe, GAIPY oF yaren Fakersgub: bEeR: <
bei ng suitaf® ftie ook and| subsemamtaya pddedabachsinty the tavke skaddi ng
was observed durand@h@e! vassel Pl PRIF ¢RkasBum persulfate was
predissolved in one gallon of water (also taken out from
the tank) and subsequently poured back into the paddle
tank. Both of the chemicals were allowed to mix well for
15 2 minutes. 550 mL of neat pyrrole solution was then
added directly to the tank and mixing continued for
another 2 minutes.
Right after the completion of the addition and
mixing of all the chemicals, 30 pounds total of nylon and
20 polyester materials in the form of precut 9" x 9" wipers
were added to the tank. The mixing was then allowed to
run at room temperature for 2 hours with the direction of
the mixing in the tank being changed every 2 minutes.
The directional change allowed for thorough mixing of the
25 solution and the fabrics.
At the end of the treatment, all of the fabrics
appeared dark grayish black. The liquid was allowed to
run out and the fabrics were rinsed three times with a
fresh supply of water. After rinsing, the wipers were
30 removed using a baskeéet and the excess water was extracted
out by use of a centrifuge. The wipers were then dried
in a dryer at 100°F.
The surface resistivity of the coated nylon
wipers changed from 10*14 0 to 10*5 0, whereas resistivity
35 obtained on the surface of the coated polyester wipers
was in the range of 10*® 0 to 10*1° g. From an aesthetic
point of view, the surfaces of all the wipers appeared to



Exanple 5 In this exanple, thiophen was used for the coating. 950 nL of

dei oni zed water was added to a clean 30 steel tray. In tw separate
beakers, 0.75 g of 2,6- Naphthal enedi sul fonic acid, disodiumsalt and 0. 60
g of potassium persulfate were each di ssol ved separately in 5 nL deioni zed
water. Both of these ingredients were subsequently slowy added to the
water. Wiile t moemddme 35 sol ution was being stirred in an oPOrUSY7/EdsKer
30 drops of nononeric thiophen was added7slowy. Four 9" x 9" pieces of

nyl on wi pers were placed in the solution and WD 97/ 33701

PCT/ US97/ 04006e xniflrormdyt bisckontBris exampled demonsbratesiathe hours at room

tenperature. &yfiferdlilaAr prelictiof oLl St 9dpelk=0B9r dking tidie col or of
the wi pers did not ch%g% at agk. The w pers were taken out, washed

t hor oughl y antPRIFA% PRYPSFIELHIAN RYYMTRre properties. No change in ESD
di ssi pative property was noticed i n Enample8ed fabrics. The resistivity
reading wag in the rang@ abtéPhehé]tnédgtinthe tifeUhbcaBafey Sed® dnyli cate

t hat t.hi ophen_is_an Jjneffe ve, mopones. for, this rticul ar_process under
10 t hese. oper BRSIHPRITICE, BHD SERSHTELve RuBetivgs AR PEVR, FETPRISA o wor o
prepared by awiae repdatedosdngnghe nepreslichenicadget Weternandunni ng the
reaction for gardffHileIndtneOREnt OPPSEcttichs.loHowever, wipérs, Bdkh N
dei oni zed water.in a Ieg& sfteel "‘[’raé/ b. eé% ar&kllgl ne hT\é o%rhT or]|rsde C. 2
L concentrat%l?ﬂ/cﬁ’ﬁ’glﬂ” PEEEEr VEFS TRYes 2% RAFRFRAF AR %N ¢
aci d, 10 of time and examined to determine the extent of reduction

in surface resistivities. 1In each case, two wipers, one

polyester and one nylon, were taken out, washed in water

and dried. In the case of the nylon wipers, the

following results were obtained:

15 Time of Treatment Surface Resistivity § Remark
1 Hour : 10724 Insulative
1 Hour 15 Minutes 10+14 Insulative
1 Hour 25 Minutes 1011 ESD Dissipative
1 Hour 35 Minutes 108 ESD Dissipative
20

The polyester wipers were found to be in the
range of 10*® £ to 10*10 0 after one hour 35 minutes of
treatment time. Samples of polyester wipers taken out 10
minutes earlier, were found to be in the range of 10t12 2,

25 hence still insulative. This confirms the earlier
finding that polyester wipers take longer to coat than
nylon wipers. _

This example demonstrates that under a set of
operating conditions, the time of treatment can be varied

30 1in order to achieve the desired dissipative range. The
example also shows it is possible to provide products
which are either very close to ESD dissipative (i.e.,
resistivities < 10*!! g) or very close to being totally
conductive (i.e., having resistivities < 10%* q).



20 . ' di sodium salt, predissolved in 5 m water e. 1.5¢g

pot assi um persul fate predissolved in 5 m water; and 25 f. 4
pi eces of 9" x 9" nylon w pers After 25 m nutes of orbital shaking, the
color of the w pers changed to dark green. The wi pers were renoved fromthe
tray and ri nQ9UBPM wi th dei oni zed water contai ning drops BET/HSY@#E0aCt ant
(Triton-X[err]). 30 The resistivity of the coated w pers was in
the range of 10[err] [err] to 10[err] [err]asAccordingly, aniline nononers
are suitable for use in the process. Exanple 7 A nmethod for produci ng ESD
di ssi pative w pers 35 on aCleangoom garmenks daydemafie dsingt fabrics

experinmentati on gagm@X&APLSfEeskd ided T hakihd en ciean®epar Wigstsl runs

i ed t i t follqw d s, 97/ 33701
PeTy USa7! 03006 18ERIPopel eyt dAY 48 SRSRHEESY 15 alRs GERESRSIM was
cl eaned w t h sodrusahing cantie-skatic plastifegloves waleaanroon shatbonery

W th water. Usgi ngraaGet®)teledntictipiswabsPhidr ther A danreomopregueteps were
conducted. The tank was fifst filled wth l,qns .of ter, .,the

40 ,
tenperature being maintain AP Ff’rl‘-'_p%é?ﬁg‘gé e f""’evl\‘l%lon is
2, 6- Napht hal enediiptiended ctadbel, ildiusdaiagdveannd et {imsitipgedi Yaviews in one

?ﬁ' ! ?n Ef \lNater F%Kﬁ&eguérrﬁéﬂ%ﬁﬁéﬂ]%ﬂsa?h tné énhﬁl:&ﬂﬁlla]jit:s' ﬁe@dﬂfﬂeg?ﬁéﬁy: ntg
e tank. In another _vgss g .of  potassi um persul fate_was predi ssol ve
in one gallon of %Pﬁrg?a&%s? aﬁa'e’%‘l&?t ’f‘rgﬁﬁ ﬂ’g%'t arﬁ})esfmﬁ’a?\g%?eﬁﬁgﬁt |y

pour ed back iuet owikboptddeparting fidwrh the shiritheon cdopenofethel owed to mix
wel I for invention.



15 2 mnutes. 550 nL of Wn was then added directly to
Il

the tank and m xing contin !u"mm m nutes. Right after the
conpl etion of the addition n”, | the chem cals, 30 pounds total

of nylon and 20 polyester material s'if the formof precut 9" x 9" wipers
wer e added toWﬂ@g% k. The mixing was then allowed to run aPCFH
tenperature for 2 hours with the direction of the mxing in the tank being
changed every 2 mnutes. The directional change allowed for thorough m xi ng
of the 25 solution and the fabrics. At the end of the treatnent, all of the
fabrics appeared &&dIM8zayi sh bl ack. ‘'The liquid was allowed to run out and
the fabrics were rinsed three tixeami-staticesbemupgdy prfodmater. After

rinsing, the w per I e ' a4k d3h wat er was
extracted out by tfs%én\ﬁgfigégge%trl aﬁ’%te&.bﬂr%gb%{:ggﬁé%\/\%re t*leﬁaﬁiﬁggéi n a dryer
at 100[err] F. The condngtivecpasticyiareycopkdngoon & sHfAeanofetBechanged

from10[err] [esr]subatt@kecr] [err], whereas resistivity 35 obtained on the
surface of the coated pol yester i MRS A b 0t r [err] to
MO LR34 Uil Srolilp &)

10[err] [err]. Froman aesthétic¢ poin Vi ew, aces o t he
wi pers appeared t Fecite® dn/giaim 1, wherein said conductive polymeric

PCT/ US97/ 04006 17 patrtieulatsl godt ek .cohipird sexasphducieiw polymerithe

comer ci al producty . safe wi pers by using the topical
pol ymeri zati on r?ca%tslgg‘léxgg%fe 8 5 To determ ne the optinmum

time necessaryl@or the proddeti ofR®famtdpsgaticpaleanrempreduckeagbove
Exanpl e 7 was repaficitedstifigcldim symwhieincshid yeridictd V@ polymeric

particulates have an average size ranging from 0.01
microns to 10 microns.
4. The anti-static cleanroom product as
15 recited in claim 2, wherein said conductive polymeric
particulate coating adheres to said surface when said
surface is flexed.
5. The anti-static cleanroom product as
recited in claim 2, wherein said conductive polymeric
20 particulate coating covers less than 50% of said surface.
6. An anti-static cleanroom product as
recited in claim 2, wherein said conductive polymeric
particulate coating comprises pyrrole or aniline.
7. The anti-static cleanroom product as
25 recited in claim 1, wherein said cleanroom substrate
material comprises cleanrcom polymeric fibers.

8. The anti-static cleanroom product as
recited in claim 7, wherein said fibers form a wiper
product.

30 9. The anti-static cleanroom product as

recited in claim 8, wherein said wiper product is
knitted.
10. The anti-static cleanroom product as
recited in claim 8, wherein said wiper product is woven.
35 11. The anti-static cleanroom product as
recited in claim 8, wherein said fibers are arranged
randomly to form said wiper.



materials in the sane proportions. However, w pers, both nylon and

pol yester, were rem)vec“nﬂummll“u(ﬂm"mt ervals 10 of tinme and exam ned to
determ ne the extent off face resistivities. In each case,
two w pers, one polyester &nd‘on® nyl dn, were taken out, washed in water.
and dried. Iwoptasmase of the nylon w pers, the foll ow ng PEFUSIIRNINET €

obt ai ned: 15 Ti me of Treatnent Surface Resistivity [err]

Remar k 1 Hour 10[ err] 20 | nsul ative 1 Hour 15
M nut es 10[ err] I nsul ative 1 Hour 25 M nutes

| O[ err] ESD i3si [khe \anti-Bbati@ScManrdoman product as  10[err]

10[err] [err] to er err] -after, one hour_ 35 m nutes of “treatnent

time. Sampl es of polyestet3wi anfizftabic 191 $ANKAMS PERANFE; @8 yere found
to be in the ramgeitédlhecldin ar,r wheZeihenaidd sAnti-statikatileanrdtms
confirms the sea%:!r'bﬂ ctl Hflénﬂ énﬂ?ﬁao‘éokﬁﬁikﬂvﬂﬁ%&vkﬂﬁeabBﬁQeios egoat than
nylon w pers. Thi g,exanple denonstrates that under a set of operating
conditions, thel® nefof treatment can be varied 30 in order to achieve the
desi red di ssi pative rangels Therhex amtliesthtbe stbawmnndom prpduskbas to provi de
product's whi ch %%g-eeahﬁf.egﬁgmw,O%e&aiﬁspaﬁaéﬂbﬁate @48 nylon or

resistivities < err] or very close t eing tofally conductive

(i.e., having r ®S¥EPYREres < 10[err] [err]). WO 97/ 33701
PCT/ US97/ 04Q@6 18 C eanr opsn garrmntantdasthticackearstoon pxbduct asnilar to

those used fof [RKLRgA' BE &) RANLOWNNAThSsald diodifldchl dnkbRhebne

invention is al so use ) .
material is a stationery product.

ESD Di SSipativer%Q}% a ??' fﬁii;:ﬁNdﬂﬁiéiﬁeﬁéﬁé(¥{Béﬂé)ﬂ@%miQ yagméRege Of

16. The anti-static cleanrcom product as
recited in claim 15, wherein said stationery product is a

15 writing utensil. '

17. The anti-static cleanroom product as
recited in claim 15, wherein said stationery product is a
notebook. '

18. The anti-static cleanroom product as

20 recited in claim 15, wherein said notebook comprises
polyethylene impregnated with silica.

19. The anti-static cleanroom product as
recited in claim 1, wherein said cleanroom substrate
material is a plastic glove.

25 20. The anti-static cleanroom product as
recited in claim 1, wherein said cleanroom product
substrate material is a swab.

21. The anti-static cleanroom product as
recited in claim 20, wherein said swab comprises a

30 polyurethane foanm tip. .

22. The anti-static cleanroom product as
recited in claim 1, wherein the product has a particle
count less than 30 million per square meter.

23, The anti-static product as recited in

35 claim 1, wherein the product has a non-volatile residue
count less than 0.5 g/m?.



creating-anti-static pl ' . cl eanroom stationery 5 products,
cl eanroom swabs and ot hiﬂ!&ﬂ”ﬂ“mﬁmﬂaguﬁucts The above description of the
i nvention is intended to«D€% and not limting. Various changes

or nodifications in the enbodi mnents described may occur to those skilled in
the art. ThesdQEW3ME rade 10 without departing fromthe spi PF¢VUR0Gpe of
the invention. W97/ 33701

PCT/ US97/ 04006 19 CLAI Ms: 1. An anti-stati4l cl eanroom product conprising
a cleanroom substrate materjal havi a _conductjve ticulate ¢coating on a
surface of the 5 substrate.2%. Tﬁggaﬁ{‘ 13F5RY cﬁ‘% Soﬁfprﬁﬁﬁ'g?éa'ﬁ‘g
recited in clai mtlaivhel pivhexmich thedproduct guas gy iionpsoncentratiomwat i ng
conpri ses conduct hygs POl BS] patdis! pel! A8 £8i0r0 3. The

anti-static cleanroom product "as recCited Ln claim 2, wherein saifl
conductive polyneric parti AR-ates RaPEEBAdQBMAENd AP ARNATAEAF4Om 0. 01
mcrons to 10.1$ cehaeanrdom pridimcincomprasing ctlearsteps wfoduct as 15 recited

in claim2, wherein said conductdaje pgh¥gB¢ifg PRrdidandon peahhsg adheres
to said surface when said surface is f|exed, 5. The anti-stat|c,_gl eanroom
product as recited in claim 2, mhereFHbﬁFﬁt%dmﬁﬁ?t’iﬁew%'hyﬁeF?i“ n
particul ate coating covers | ess thancbftabhisgi d surface. 6. An

anti-static cleanroom product as reci(ri?d i g ﬁ$ﬁ6ﬂﬁ12’ca‘ﬂ$%r1%i stfbflming a
conducti ve poll%rreri o
| conductive polymer,
(ii) conductive polymer particles or

(iii) mixtures thereof;

15 thereby coating said substrate;

and
(b) removing said substrate from said

solution to result in a coated anti-
static cleanroom product.

20 26. A method as recited in claim 25, wherein .

said contacting is a batch process.

27. A method as recited in claim 25, wherein
said contacting is a continuous process.

28. The method as recited in claim 25, wherein

25 said contacting_is for a period of time ranging from
about 0.5 to about 2 hours.

29. The method as recited in claim 25, wherein
said solution further comprises an oxidizing agent.

30. The method as recited in claim 25, wherein

30 said solution further comprises a counter ion.

31. The method as recited in claim 25, wherein
said substrate material comprises a polymer selected from
the group consisting of polyester materials and nylon
materials.

35 32. The method is recited in claim 25, wherein
said solution is aqueous.



particul ate coating coiﬂrlses rrole or aniline. 7. The anti-static

cl eanr oom product a Bﬂu"ﬁ Jml | aim 1, wherein said cleanroom
substrate nmateri al om pol yneric fibers. 8. The

anti-static cleanroon1pro uct' ad reC|ted in claim7, wherein said fibers
forma w per product. : The anti-static cl eanroom product
as recited i OO 8, mhereln sai d MA f product i s knitt PETUSY04TISC
anti-static cleanroon1product as regiy |n18 wherein said w per
product is wov puct as

T 39 Inter, ééahh s¢! 9;$§Bﬁb§2§?
recited in clai cht? %QYe r r to formsaid
oot ted 10 ¢ 2T, T OBt clafie fg% fgpﬁéggé?gf maaadon ) 0 10 o2t

20 12. The anti-static ch_eanrg,qrglxﬁg Wil 1%scﬁ.gﬁh:t:§ n&om pro7 wher ei n

said fibers forma garnent -static c duct as
recited in cIEHQﬁWPrLﬂH§9ePn°%%?%FQRﬁ|S“95§Fﬁ§ecméﬁﬁ¥fﬁ%nQPYiﬂﬂdect has a
surface resisticdrndnchéireeparebontatld[atlingoohOhesutfaes rde theé The
anti-static §|QQEEQ roduct as recited in clain17 wherein said fibers
conprise nylon or po yester. 10 The anti-static cleanroom
product as recited in CI3|n1IThQWﬁRQ%1?Q§%¥G GFBGHFQRWhEﬁHﬂHﬂFaﬁé material is
a stationery prastiited if. claiihel anthersdial isaiadl eenduord v @blgimeadcr ecited in

claim 15, wher gidte33h9atbabboP iy npiFes BofladBe 1bd A mibARs! ! -
particulates.

10 3. The anti-static cleanroom product as
recited in claim 2, wherein said conductive polymeric
particulates have an average size ranging from 0.01
microns to 10 microns.

4. The anti-static cleanroom product as

15 recited in claim 2, wherein said conductive polymeric
particulate coating covers less than 50% of said surface.

S. The anti-static cleanroom product as
recited in claim 2, wherein said conductive polyweric
particulate coating comprises pyrrole or aniline.

20 6. The anti-static cleanroom product as
recited in claim 1, wherein said cleanroom substrate
material comprises cleanroom polymeric fibers.

7. The anti-static cleanroom product as
recited in claim 6, wherein said fibers form a wiper

25 product.

8. The anti-static cleanroom product as
recited in claim 6, wherein said fibers form a garment.
9. The anti-static cleanroom product as

recited in claim 1, wherein said anti-static cleanroom
30 ‘product has a surface resistivity between about 10° to
10 Q.

10. The anti-static cleanroom product as
recited in claim 6, wherein said fibers comprise nylon or
polyester.

35 11. The anti-static cleanroom product as
recited in claim 1, wherein said cleanroom substrate
material is a stationery product.

AMENDED SHEET (ARTICLE 19)



17. - The anti-static 1r roduct as recited in claim15, wherein
sai d stationery product 7 mmmmm# E"ﬂS The anti-static cleanroom
alm :

product ‘as 20 recited in* *€i n sai d notebook conprises

pol yet hyl ene inpregnated with silica. 19. The anti-static cl eanroom
product as re®Y@&EHB3TH claim 1, wherein saig cl eanr oom subst PEFESH #8408 i al i s
a plastic glove. 25 20. Th&anti-static cl eanr oom product as
recited in claiml, whereinxsai thel aati aoratircodlieansedys tpxadachnaerial is a
swab. 21. The apliagtalid eamr%fHW%&a%cé%ﬁ&? pRofhet MLG
wherein said swabrco%?iéses a?g'tél pol yur et hlane foamtip. 2 .b The

anti-static cl eanP’BbHWd&F&'{s%s recited in claiml1, wherein the product
has a particle count |ess tigtan 38enahtiestareic sieancoomfsrodug. as The

anti-static productcased o6l (QGi185 Gﬁ@éém&,sa%eéeéﬁdﬂagppaaﬁéchfé &
non-vol atil e residue J(D:oulgt | ess than 0.5 g/nferr]. WO 97/ 33701
PCT/ US97/ 04006 21M8%®P0%K. The anti-static product as recited in claim 1,

wherei n the product has an i4on Gbecentiastianic edeanteom Xgrodictsaper

mllion. 25. RebBEERUi Pfc1iBW BY AReBdH: sdliat bfednfddn Hudetrateduct
conprising the stglgg?ﬁfﬁl(%% ago tacting, a _cl eanroom product substrate
cont

material with a s PR f"c( Jjove'a nononmer capable of formng a

10 15. The anti-static cleanroom product as
recited in claim 1, wherein said cleanroom substrate
material is a swab.

- 16. The anti-static cleanroom product as
recited in claim 1, wherein the product has a particle

15 count less than 30 million per square meter.

17. The anti-static product as recited in
claim 31, wherein the product has a non-volatile residue
count less than 0.5 g/m?.

18. The anti-static product as recited in

20 claim 1, wherein the product has an ion concentration
less than 20 parts per million.

19. A method of making an anti-static
cleanroom product comprising the steps of:

(a) contacting a cleanroom product

25 substrate material with a solution containing:

(1) a monomer capable of
forming a conductive

polymer,
(ii) conductive polymer
30 particles or
(iii) mixtures thereof;

thereby coating said substrate; and
(b) removing said substrate from said
solution to result in a coated anti-static cleanroom
35 product.
20. The wmethod as recited in claim 19, wherein
- said substrate material comprises a polymer selected from

- AMENDED SHEET (ARTICLE 19)



10 conductive pol yner, I“I,"”"IHMHHHI"" pol ymer particles or (iii) mxtures
t hereof; 15 t hereby coating said substrate; and
(b) renoving said substrate from sai d solutlon toresult in a coated anti -
static cleanroom product. 20 A nmethod as recited in claim
25, wher ei nvX¥@3Wdnt acting is a batcg process 27. A net MoAUNY40ei ted i n
claim 25, wherein said contacting is 4contlnuous process. 28. The net hod
as recited in cid griwp WHAEREDintD ofS polyastéAaidtey iiad sf and anyjem od of tine
rangi ng from abg %} g0 about 2 hours. 29. The nethod as recited in claim
25, wherein sai G50l ution further conprises an oxidizing agent. 30. The
nmethod as recited in claim25, wherein 30 said solution further conprises
a counter ion. 31. The method as recited in claim?25, wherein said
substrate material conprises a polyner selected fromthe group consisting

of polyester materials and nylon materials. 35 32. The net hod
is recited in claim?25, wherein said solution is aqueous. WO 97/ 33701
22 PCT/ US97/ 04006 AMENDED CLAI MS [received by the

I nternational Bureau on 25 August 1997 (25.08.97); original clainms 1-32
repl aced by amended clains 1-20 (3 pages)] 1. An anti-static cleanroom
pr oduct

AMENDED SHEET (ARTICLE 19)



conprising a cleanroom substrate material having a conductive particul ate
coating on a surface of the 5 substrate. 2. i The anti-static cl eanroom
product as recited in claim1l1, wherein said conductive polymeric
particul ate coating conprises conductive polyneric particul ates. 10

3. The anti-static cleanroom product as recited in claim2, wherein said
conductive pol wesisraarti cul ates have an average size rangi necinisotindeod) 1
mcrons to 10 mcrons. 4. The anti-static cleanroom product as 15 recited
in claim2, wherein said conductive polyneric particul ate coating covers

| ess than 50% of said surface. 5. The yaphi -stati c cl eanroom product as
recited in claim2, wherein said conducti pol ynmeric particul ate coating
conprises pyrrole or anlllne 20 6. The anti-static cl eanroom
product as recited i g bstrale mat eri al
conprises cl eanroom ianr oom
product as recited i 25 product.
8. The anti-static erein said
fi bers forma garnen S recited in
claim1l1, wherein sai rface
resistivity between I -static

cl eanr oom pr oduct as onpri se nyl on
or polyester. 35 gluct as
recited in claiml, S a
stationery product.

15kU K1.8808

FIG. 1

18%KkU X1.,0808

FIG. 2
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WO 9%/ 33701 PCT/ US97/ 04006 23 12. The
anti-static cleanroom product as recited in claim11ll, wherein said
stationery product is a witing utensil. 13. The anti-static cleanroom
product as 5 recited in claim1l, wherein said stationery product is a

not ebook. 14. The anti-static cleanroom product as recited in claiml,
wherein said cl gy, substrate material is a plastic gl ove. pt@nuse704006

15. The anti-static cleanroom product as recited in claiml, wherein said
cl eanroom substrate material is a swab. 16. The anti-static cleanroom
product as recited in claim1, wherein t%ézproduct has a particle 15 count
|l ess than 30 mllion per square neter. 17. The anti-static product as
recited in claim1l, wherein the product has a non-vol atile residue count
less than 0.5 g/nferr]. 18. The anti - ) SGluiniiigggn 20 claim
1, whérein the produc IR @ :
mllion. 19. A nethod
the steps of: (a) cont
a sol ution contai ning:
pol ymer, (ii) cond®
particles or :

e T m product conpri sing
@t 25 substrate gmterial with
e ki jonductive

[

FIG. 4
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(iii) ~-mxtures thereof; thereby coating said substrate; and (b) rgﬁg\'ﬁ'l%'y
said substrate fromsaid solution to result in a coated anti-static

cl eanroom 35 product. 20. The nmethod as recited in claim19, wherein said
substrate material conprises a polyner selected from WO 97/
PCT/ US97/ 04006 24 the group consisting of polyester materials
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