Met Hod of Manufacturing Low Contani nant W per Thi £es ﬂ“’°r\d'.
invention relates to the manufacturing of polyester fabric for w perstep ?’?‘6’1'
in particular, w pers which rel ease fewer particul ate contam nates, g'

W pers may be nade from knitted, woven or non-woven pol yester
fabrics. The typical manufacturing process -begins with drawi ng and

~texturing - continuous filanment polyester yarn. The textured yamis
~knitted or woven to construct a fabri«l=and the fabric is washed or
scoured to renove spinning oils. The fabric may be chemcally

modi fied in order (o i miMuthdd 6f Mulfddtising Tow!ConbanimintWiper The

fabric is then dried in a "tenter franme" oven at a tenperature
bet ween 325 and 450[err] F, to renove noisture and heat set the fabric.

Heat setting dissipates stress in the polyester fibers and
stabilizes the falaCKgE _ xt, the fabric is cut into w pers,
typically 9 inch by 9 inch squares. The W pers nmay renain

unl aundered or nay be Y lintion fclales 6 the atinufichaing of pblyestee fibkie ol Wipers,
special surfactants and 'highly-filtered and purified water, to reduce

packaged dry 1 n o ERHGHES SRF Mo piteesdfeu B RANRAIREE, * Y 0T

sol vent bef ore hei ng pagkaged,_ and are ready for use.
These wipers ade util i&m&Yierﬁq'éeﬁo%wﬂﬁmmé’ﬂ&W@@PimmncI udi ng

fabrics. The typical manufacturing process begins with drawing and texturing
continuous filament polyester yarn, Tixe textured yarn is knitted or woven to
construct a fabric, and the fabric is washed or scoured to remove spinning oils.
The fabric ntay be chemically modified in order to improve its wettability and
10 performance. The fabric is then dried in a "tenter frame” ovezi at 2 temperature
of between 323 and 450° F, to remove mbisture and heat set the fabric. Heat
setting dissipates stress in the polyester fibers and stabiﬁzés the fabric.
Next, the fabric is cut info wipers, typically 9 inch by 9 inch squares.
The wipers may remain unlaundered or may be washéd §n a cleanroom laundry,
15 employ:ing gpecial sucfactants and highly-filtered and purified water, to reduce
the contamination present on the fabric. After washing, the wipers may be
packaged dry in air-tight plastic bags, or pre-saturated with a suitable solvent
before being packaged, and are ready for use.
These wipers are utilized for a nurnber of different applications, including
o cleaning within cleanrooms, automotive painting rooms %md other cleanroom

environments. Each different application exphasizes certain standards these



20 scleaning within cleanroons, autonotive 'pal nting roons and ot her

cl eanr oom envi ronnent s. Each different appI i cation enphasi zes certain
St andards. t hese : -2-
types of WI pers should attain. For exarrpl e, for wipers utilized in
cl eanroons, . ~stringent performance Standards nust .be nmet These
- standards are related to ' - sorbency and-geontam nation, including
. maxi mum al | owabl e particulate, unspeci fied extract abl e matter and
~individual ‘i onic CopedBf fiipits shotil atdiaFes skample, Tor Wipersitlized it
. contam nant rel eas€ are especially rigorous and var| ous .nmet hods m!"have

R o2 o BB Rt B e, o

| present to reduce contamn tlon caused b mal | f|be . Di_,aber, e; al.,
5,229, 181, descri b8asbengy maimuy W%l?kﬂﬂ“@“f%s_t be

cut and 10 seal ed, thereby reducr ng the contam nation caused by | oose

fibers fromthe mpmmummmmmmmwmr Thestandasdser
for a cleanroom envi ronnment t hat has reduced I norganic cont aimnats.

t hrough the us mxlatei&ﬁﬁﬁtfﬂaﬁ o?&i)s%d Rawyds.
US 5, 069, 735, gﬁescrr es a procedure to ‘cut P’wé abri c |nto p| eces

{i bors. formng b LAYSIESH BARCA oIt e Fos ol Plital (8 4 HB0122b]

contam nati on. _ _
describes a wiper baving fused borders, the sealed edge of the wipers being

present to reduce contamination caused by small fibers. Diaber et al.,, US
5,229,181, describes a knit fabric tube, only two edges of which must be cut and

10  sealed, thereby reducing the contamination caused by loose fibers from the
edges. f‘aley et al., US 5,271,995, describes a wiper for a ¢cleanroom
cnvironment that has reduced inorganic contaminants through the use of a
specific yam, namely "nylon bright". Reynolds, US 5,069,735, describes a
procedure to cut the fabric into pieces using a hot air jet in the range of 600 to

15  800° F to melt the fibers, forming a sealed edge product with reduced loose fiber
'cénta.inination.

Despite advances made in reducing particulate contamination release
from cleanroom wipers, further reductions in particulate release are,
nevertheless, highly desirable,

20 Summary of the Invention

Therefore, an object of the invention is to provide & low contaminant

wiping cloth suitable for a wide range of applications. Another object of the



Despite advances made in reducing particul ate contam nation rel ease
fyom cl eanroom wi pers, further reductions in particulate rel ease are,

neverthel ess, higly desirable. 20- Surmary of
the Invention -Therefore, an object of the invention is to
provi de a | ow contam nant wi.pi ng cloth sw table for a wde range of

applications. Another object of the

- 3- invention,is, to i de .a Cc el tantiall]y all
of the specificat P’c‘!ﬁ%“"n‘swp%‘% G&Pﬁ%ﬁl’@ﬁ@i gca%nsloo
¢l eanroons and bel ow, to provide an I nproved net hod of .
" manufacturing a fdrmaqm)daanmpm patticularly Classi t00:cleanseoms and belowhtoprovids

~substantial reduction in particulate release. A further object of the

invention is to piitisioved methvd cfeRAMERiridyw éledhroon vdBed dnd'th P r&qaésmer

' capacity. Yet another object of the invention is to proyirde a™w per

!t?li S i nstangg“”%iXﬁ@ﬁﬂgﬁ#ﬁM%@?g Wﬁoébﬁﬁ%%gﬂgs not

curl into aroll,, especially af the wper is Iaundered
Preferably, the \in¥entoRdslo pravi C{ﬁfa ggoamnaﬁmﬁ)saﬂm

shrinkage (less than 5% when it is exposed to a heat source of 175
degr ees fahr enheidapécity. SY'ctiamothes object of the invention ibdae providest wipen whidhhiad of

manufacturing a textile article for use in a cl eanroomis provided
having t h_e St eps fifnchsBidily StAB18I The tét! diftinfbnally'\sPabld MBAYSCin this instance, a
wiper which lies substantially flat and does not curl into a roll, especially after
the wiper is laundered. Preferably, the wiper does not undergo any appreciable
10  linear shrinkage (less than 5%) when it is exposed to & heat source of 175
degrees fahrenheit for 5 minutes. |
Accordingly, a method of manufacturing a textile article foruseina
cleanroom is provided having the steps of constructing a knitted or woven fabric
from polyester yarn, heat setting the fabric at a temperature of from 180° to 300°
15 F and cutting the fabric to form the desired article; wherein the polyester fiber
has not been heated above a temperature of 300° F. The invention also includes
a textile article, such as a wiper, made according to the aforementioned process.
Without being bound to a particular theory, it is believed that heating the
polyester fiber above 300° F causes low molecular weight polymers or
20 oligomers to blossom to the surface of the polyester fiber, where they crystalize
into small particles. These small particles, known as “trimer particles” can

number as highas 1 x 10% or greater particles per squaré meter, have a high



L from pol yester yarn, heat setting the fabric at a tenperature of from
180[err] to 300[err] 15 F and cutting the fabric to formthe desired

article; wherein the polyester fiber . has not- been heated above a
- tenperature of 300 F. The invention also includes a textile article,.
‘such as a wiper, nmade according to the aforemtloned pr.ocess.

W t hout being bound to a partlcul ar theory I s believed that heating the

pol yester fiber ab@ﬁ,}% RRryPaifchlt toRemble dhy Ter S or
20 oligoners to bllossomto ?k sur ace of the polyester fiber, %/here t hey

Y bart 1 of s o laﬁgfi%#%éﬁ%a@% : N AT o B

particles per square neter, have a

- 4- af fi ni nylmqﬁomnhe&brl}@adMM sourgsof contamisationy; Applicant has,
renove using " conventional |aundering procedures. Neverthel ess, the
trimer particles %ﬁﬁbluhcdadnmtmdaﬁammmmam”emutbﬂowmmtmmsm of
contam nati on. Applicant has est abl i shed a direct coorel ation

ST % BT v e 05 5 B8

The i-nventions includi g_g alterate errB | rent s tt]er[eo | ncorp tes the '
advant ages of being 6 inisng q tes the
reduci ng particul ate contam nati on on the fiber dr arrat i call y, bei ng

useful with . advartagesiaf being adeptableito existing manufactring procgsses;peducingency

capacity and 10 di nensi onal stability, as defined above. -
particulate contamination on the fiber dramatically; being useful with

conventional polyester fibers; and having high sorbency. capacity and
10 . dimensional stability, as defined above.
Brief Descrintion of the Drawi

Figure 1 is a graph of particulate contaminates greater than 0.5 microns
(millions per square meter) versus the maximum temperature (degrees F) to
which the fabric has been exposed as measured by the Biaxial Shake Test (IEST-

‘1S  RP-CC-004.2 § 5.2) on unlaundsred fabric.
i ipti el

Without limiting the scope of the inveation, the preferred embodiments
and features are hereinafter set forth. Unless otherwise indicated, all parts and
percentages are by weight, conditions are ambient, i.c. on¢ atmosphere of

20  pressure and 25° C.

:All of the United States patents cited in the specification are hereby

incorporated by reference.



Figuie 1 is a graph of particulate contam nates greater than 0.5 m crons
(mllions per square neter) versus the maxi numtenperature (degrees F) to
whi ch the fabric has been exposed as neasured by the Bi axial Shake Test
(IEST- 15 RP-CC-004.2 5.2) on unlaundered fabric. '

Detailed Description of the Invention: - Wthout linmiting the
scope of the invention, the preferred enmbodi neﬁﬁs and features are
herei nafter set .forth. |-ess O}’E rwi se [ndi-cated, al rts,and
percentages are.by wei gllﬂ]l ﬁ’&@‘% %m%m@%%f
20 pressure and 25 C. of the Unlted States patents cited

in the specificati MM@MMp&fMﬁb@ts&fgalWﬁWate) Itis

The wi pers of the present invention may be constructed from woven or

kni tted pol yester Bbb‘iﬁ'&fetabwﬁfe‘éhﬁﬂdtﬁidﬁgﬁésftoxﬁfcoﬂﬁh%ﬁﬂi%heegol%rI 1 gafn.om

terepht hal ate). S al so preferable to construct t

of dent o fia'nS”?ﬁ RV B e of il il Bl 8 e -1

yarns are those_having a denier to filament ratio of fromO.1

10, a denier of315Examples ofpsefukyaras.arsthossbaviag adenjerto Alamentstio of fogn 0.4
to 10, a denier of 15 to 250 with filament counts ranging from 100 250. A .

wide range of fabric weights may be employed in the present invention.
Typically, the fabrics used for cleanroom wipers have a-weight of 1 to 9 éunca
per square yard, pmferibly 3 to 7 ounces per square yard. - |

10 The yam employed in the fabric may be a textured polyester yarn. Such
yamns are commercially available and their manufacture is well known in the
arts. Briefly, partially oriented yarn (POY) is modified by crimping, imparting
random loéps, or otherwise modifying the bulk or surface texture of yém to.
increase cover, absorbency, resilience, abrasion resistance, warmth, insulation

.15 and/or to improve aesthetics. A general description of tﬁe texturing process may
be found in the Bncyclopedia of Textiles, Fibers, and Non-woven Fabricﬁ,
Encyclopedia Reprint Series, Ed. Martin Grayson, pages 381-398, John Wilcy
and Sons (1984) and Dictionary of Fiber and Textile Technolagy, Hoechst
Cclanese (1989). The yarn is preferably not heated above a temperature of 300°

20  F during the texwuring process, and generally will not be heated above a |
temperature of 225°F.

The fabric may be washed or scoured to-remave spinning oils, dist and



wi de_range of fabric wei ghts may be enployed in the present invention.
Typically, the fabrics wused for cleanroomw pers have a weight of 1 to 9

ounces - per square yard, preferably 3 to 7 ounces per square yard.
10 The yarn enployed'in the fabric may be a textured pol yester yarn
Such . yarns are commercially available and the manufacture is well
known in the arts. Briefly, partially oriented yarn (POY) is

~nmodi fied by crinping, inparting randGﬁrloops, or otherw se nodifying

the bul k or surfacg textur f yarp t .increase ‘cove abs ency,
resilience, abras %@ﬁ%,%ﬁ?ﬁﬁ;‘h‘&%ﬂ%ﬂ%ﬁ&%@ yﬂf’%ﬁﬁﬁﬁfove
aesthetics. A general description of the texturing progess nay . be
found in the Encywitbpdinish todmpreve ity wettebility and washabilitsn Examplesof gpplicable
Encycl opedia Reprint Scries, Ed. Martin G ayson, pages-381-398, John Wl ey
and Sons (1984) aghniitdlimedifications miayiterfoandiin¥.8. Patents 8660,01093,676(052) st
Cel anese (1989). The yarn is preferably not heated above a tenperature of

300 20 F during gggasaﬁgt,%;j,m-#m%] 754,20707BNBI0RISS; wiosk 03! 4,233.9825 ed

above a t emger at ur'e 225[err , The' fabri ¢ _
Sont ani naton st ThAEAP s T B8 S 156 8h RO SThe0: 2R
e o g 45 M T s R s s,
4,073,993; 4,427,557; 3,620,826; 4,164,392; and 4,168,954. The finish ma;bc
applied to the fabric in the form of an aqueous liquér using conventional
techniques.
10 The fabric is heat set to provide dimensional stability, as defined above,
which is usually combined with drying ths fabric subsequent to washing,
scouring or application of miscellaneous finishes. The fabric is preferably heat
set at a temperature above what the yarns have pr_cviousiy experienced, after the
initial spinning of the fiber. Preferably, the fabric lics flat when it is heat set.
15  The fabric is heat set at a temperature of from 180° to 300° F, preferably from -
200° 16 275° F, most preferably from 225° 10 265° F.

Heat setting may advantageously be performed in a tenter frame oven, in
which the fabric is held flat during heating and while it begins to cool. The
temperature of the oven may be higher than the temperature actually experienced

20 by the yam, which will be a function of the oven or dryer temperature préﬁlc,
Iength and speed of the fabric through the oven.

The highest tempicrature which the polyester yam cxperiences subsequent



. chemical nodifications may be feund in U S..Patents 3,660,010; 3,676,052,
3,981, 807;- 3,625. 754; 4,014,857; 4,207,071; 4,290, 765; 4,068, 035;

4,937, 277; 5 3,377,249; 3,535, 141; 3,540,835; 3,563, 795; .3, 598, 641;
3,574, 620; 3,632, 420; - 3,650,801; 3,652,212; 3,690,942; 3,897, 206;
4,090, 844; 4,131,550; 3,649, 165; 4,073,993; 4,427,557; 3,620, 826;
4,164, 392;. and 4, 168, 954. The finish my beay- applied to the fabric
in the form of an aqueous |iquor using conventional t echni ques.

10 The f 2l ifimifhg 08 be Teterininad iy Differsital Sicalid Calbihictér DSGHS

defined above, ich is usualy combined with drying the fabric
subsequent to waghi Rg, . | @%ﬁ ' ) RRE
finishes. The fagﬁe@ﬂ‘tgc&e&oe(}g@@yéﬁe@"g?ﬂs ' lgg{}ﬂg?néaa&?@%g%turéwg%ove
what the yarns have previ-ously experienced., after the I ni ti.al

spi nni ng of the g&é@-’f?‘@? ﬂﬁﬁ@ﬁ&%%ﬁ%@%@‘m% IReat
set. 15 The fabric is heat set at a tenperature of frm 180 to 300[err] F,

preferably from order to mpiojize génerationcafiparticulates; thermadmum temperaticeto[vitich o
265 F. Heat setting nay advantageously be perforned in a- .

tent frame oven, theam is heateddieingtdny prodessing step be300°H artbelow, prefenablyi27§° and
while it begins to cool. The tenperature of the oven may be higher

than the tenperai,-%{,ﬁeﬁg}’g@sg#mgﬁpﬁr“g@y the yarn, which will be a
y

function of the ‘oven or tenperature profile, | engt h and speed
O ne bk o L0V BB Bt o s o b UGBl R AL
are preferably squares ranging from 6 inch by 6 inch to 12 inch by 12 inch, with
9 inch by 9 inch squarcs.being common. Any geometric shape may be employed
10 as the shape of the inventive wipes. The fabric is preferably, though not
necessarily, cut using & technique which fuses the end of the yarn, thereby
preventing unraveling and particle generation. Examples of suitable techniques
' may be found in Reynolds, US 5,069,735, and the references cited therein.
The inveptive wipes may also be utilized in automotive paint rooms
15 where t}_zé arca..itself is not necessarily substantially free from contaminatioﬁ.
The low level of contaminants which may be released from the inventive wipes
_ aids in the spray painting of an automobile. Pﬁdx to the application of paint
coats to the body of the automobile or component part thereof, it-may be
necessary to clean unwanted liguids or debris from the surface. The inventive
20 wipes provide such a painter with a cleaning article which will deposita
minimum of debris, fibets, or other type of contaminant on the surface to be

painted.



7 to spinning can be determined by Differential Scanning
.Cal ori meter (DSC) . Briefly, the nethod involves heating a sanple -

Wwhi | e measuring heat flow. The hi ghest t enperature experjenced by
the sanpl e appears as a broad peak. In order. to minimze generation

of particulates, the maxi mumtenperature to \Malch 5 the yarn is heated

during any processing step is 300 F or below, preferably 275[err] F

or below, nost prefera 65 err or_.bel s The,f r|c S
cut into noninal. .si zes%%?&&?g}%wg‘aﬂ%g?ﬁw&ﬂwmn“ caira

preferably squares ranging from6 inch by 6 inch to 12 inch by 12 |nch
with 9 i nchwish the fabric orquipersdniasiicagronmisundry whichsmay be chmetemedm

be enpl oyed 10 as the shape of the inventive wi pes. The fabric is

ferably, th '
preferably Ougﬁ]%%’?n@ 29eMDYE hd hinifdive SondAinatise 6 heGiipe!) ITHe

fuses the end of er eby preventing unraveling and

article generation es of suit bIe es n
Reynol ds, US. 5. 06 GléasEoor bamarymay Amrlov dreb B Bt SiEfastapts, sedlieratls, piREq,

i nventive wipes may also be utilized in autormtlve pai nt roons 2 15 where .
the area itsel 5 i svates, ctectoremovelojlssreduecpartieleicountiand exiraes undasizableion on.

- The low | evel of contami nants which may be rel eased fromthe inventive

. wipes ai ds icantafinstes. aRxaaples of suitibleequipthatiabd description of tleahivom
. application of paint coats to the body of the aut'onobile or conponent

From the surf ace. Bnsin e e A8ES R Akl DxrEARR R gl*E‘Ba. m“é?ﬁsa%?%&ﬁp”s

cleaning article which will depgsit ni num, of _debrj s, flbers

ot her type of contBiniGlaanroonsan Aéﬁ?ﬁ?%m é&‘m tion,Gpnirel Seminars,
Michigan (1995).
10 Tedting

Among the standards which may be imposed on ¢cl¢anroom v}ipers
include performance criteria related to sorbency and contaminates. One
standard for evaluating cleanroom wipers is the Institute of Environmental
Sciences & Technology (IEST), Contamination Control Division Recommended

15 Practice 004.2, which may be cited as IEST-RP-CC004.2, "Evaluating Wiping
Materials Used in Cleanrooms and Other Controlled Environments*.

Section 7 of Recommended Practice 004.2 sets forth some of the tests
utilized for dctenﬁining the capacity and rate sorption of cleanrobm wipers. The
capacity tests is performed by saturating 8 known area of wiper with a selected

20  liquid and then calculating the volume sorbed per unit mass and per unit area of
wiper (iBST-RP-CCOO-’LZ § 7.i). The sorbency per unit mass is referred to as

the "intrinsic sorbency” and is the volume of liquid in milliliters sorbed per unit



Prior to packaging the wipers for use in cleanroons, it is desirable to
wash the fabric or wipers in a cleanroom | aundry, which may be
characterized as _ a laundry facility to renove and mnim ze .
contam nation of the w pers. The cl eanroom | aundry may enpl oy
special filters, surfactants, sequestrants, purified -5 water, etc. to
renmove oils, reduce particle count and ext r at®~undesirabl e i on

contam nates. Exanples of suitable equi prent and descripton of cl eanroom

| aundri es may be fofmassiof wipsrin grams. llextrinsic sorbeney® s the volumeoif liquid in

G eanrooms, Bi 0. C eanroonms and Aseptic Areas", Contanination Control
Sem nars, o WhinRieAofHed et unit s of wiper in square fi¥BiS. t he standards
whi ch nmay be inposed on cl eanroom w pers i'nclude performance criteria

related to sorbency an ] .€S. tandar.d far eval uati

cl eanroom wi pers is thi"?%%@@?“ﬁ%‘@@&ﬁé&“‘s’@i‘w@@ma%ﬂ*’l’ _
Technol ogy (1EST), Contam nation Contrql Division Reconmended 15 Practice
004. 2, which nay ©watersa fall fromarfixed ksightonto thesyefacaaf 8. wiper.pThe time
Materials Used in O eanroonms and O her Controlled Environments".

Section 7 of R§copequitddoPthedisappe@fdicedfspéculdraefidvtion fionotheidrop isxneasured

utilized for determning the capacity and-rate sorption of cleanroom

W pers. The el oRiARRRIAY dsThe ool fids MRITNPLR04% § 992 known area of
| The primary test for contamination associated with cleanroom wipers are
those measuring particles, unspeciﬁcd extractable matter, and individual {onic
constituents. The number of particles released during wetting and mechanical
10 stress-can be measured in the Biaxial Shake Test {EST-RP-CC004.2 § 52).
Briefly, the wipers are placed in 2 jar of water and shaken. Aliqﬁoté are
removed from the chaker and the nﬁmbcr of particles is counted, typically those
in the size range of 0.1 microns and larger are specified. The number of
particles greater than a given particle size are reported in millions per square
15 meter of fabric.

. The amount of extractable contamination associated with a cleanroom
wiper is determined by extracting the wiper with a solvent, such as water,
isopropyl alcohol or acetone, cvaporating the solvent and wcighing the non-
volatile residue QEST-RP-CC004.2 § 6.1). The quantity of extracted matter

20 may be reported as mass ¢xtracted per mass of wiper or mass extracted per unit

arca of wiper.



20 1iquid and then cal cul ating the volume sorbed per unit mass and per
unit area of W per (IEST RP-CC004.2 7.1). The sorbency pet unit mass
is referred to as t he ' |ntr|n5|c sorbency"and is the volume of |iquid
inmlliliters sorbed per unit of mass of w per in grans.
“The "extrinsic sorbency"” is the volune of liquid in -mlliliters
-sorbed per unit arca of w per in square netetld- . The rate of
sorption of a cleanroom w per is nmeasured by allomnng a drop _of

‘water to fall froma f The drgreiicaid inotganidworsvolasiiecesiducmay be furthbranal

‘5 required for the di sappearance of specul ar reflection fromthe drop |s

! measur ed S&':E ﬂﬁialﬁ? d@mé‘ﬁg‘ﬁ?‘%#s
- The primary test for contani na |on assom ate Aroomw pers are

those measuri ng p es uns ed le natter, and inpdi,vi dual
oni ¢ consﬁ'ﬂrpweiusth ol P 3§ Efted Rorvarions Rorgriis SPIRBIG N 1 | ng
and nechani cal stress can be measured i'n the Bi axial Shake Test

(| EST- RP- CC004. 2 c&dn)c constituentRfordsample A§ Ca, 4K LiyMgpKaNaand ZeofIESTof

wat er and shaken. Aliquots are removed fromthe shaker and the

nunber of part5cIRP_ceog4)gr§6g_;;‘ typically those In the size range of
0.1 mcrons and |arger are specified. The nunber of particles

O by e e Vo PEhd g Ay B AR S o il OB 54955 1°

examples. | o
| EXAMPLE ! |

The effect of heat setting temperature on particulate contamination was

10 tested as follows.

Partially oriexitcd yam (POY) was drawn and_ textured on a false twist
texturing machine at a maximum temperature of approximawiy 180° F. The
textured yarn was circular knit into a fabric of approximately 4 ounces per square |
yard. This fabric was scoured in a jet to remove spinning oils, for 20 minutes at

15 180°F. The febﬁc was dried on a tenter frame oven at 250° F, at a speed of 25
yards per minute.

The fabric was rewet, and sampleslof the fabric were dried and heat set on a tenter
frame oven at tempafatqrcs ranging from 250° to 400° F. The fabric samples were then
cut into 9” x 9™ squares and tested for particulate contamination according to the Biaxial

2_0' Shake Test (IBST—RP:CC004.2 & 5.2). The results of the test are shown in Table 1
below, and in Figure 1. The heat history of the fabric,was tested using a differcatial

scanning calorimeter (DSC). The highest temperature to which the fabric (and yam) had



The "ampbunt of extractabl e contam nation associated with a cl eanroom

W per is determ ned by extracting the wiper with a solvent, such as water,
i sopropyl al cohol or acetone, evaporating the solvent and wei ghing the non-
vol atile-residue (IEST-RP-CCO4.2 6.1). The quantity of extracted matter

+ 20 may be reported as nass extracted per mass of wi per or nmas$ extracted
. per unit area of wi per. ~11- The organi ¢ and

inorganic: non: voI | §i ~ when it is
desirabl e to know! mb%ﬁ? gp“ﬁ%‘?lwé%ﬂé ? e pere cut and viewed
Typically, the non-volatile ' residue is tested for vari ous inorganic,
“anionic or . . undex piseanning clsaten miseaseape (SEM). St SEMepicinres ghow wiry livje suface
My, K, NA and Zn (1 EST- 5 RP- CCOM4. 2 6. 2). The invention
may be further ungamislceonlthsfabricleatsetat 256° F,iwitlf indreasingsyrface particles ¥aithehest set
EXAMVPLE 1 The effect of heat setting tenperature on
particul ate cont agg 0 iy 1Bereastd td 400°Fd as fol | ows.

Partially oriented yarn (POY) was drawn and textured on a false tw st-
texturing machgne at a nmaxi rrumterrperature;gﬁ ﬁPlprom mat el y 180[err] F. The
textured yarn s circular knit into a fab approxi mately 4 ounces per

SARare Tenter DSC Measured Unweshed -greater
Temperature Temp than 0.5 microns-
' particles
~  (degrees F) (degreesF) . (million particles/sq.
meter)
250 261 30
10 275 288 45
300 297 58
325 313 72
350 35 162
375 372 225
15 400 ' 394 196
EXAMPLE 2

A test was conducted to test the release of particles from wipers which were

heat set at various temperatures and were saturated in a mixture of water and 2-
propanol.

20 | Two types of partially criented yam (POY) were drawn and textured on 2

false thst texturing machine at a maxunum temperature of approximately 180° F.

The textured yarns, 70 denier/34 filament and 70 denier/100 £lament, were circular

kait inti) a fabric in 2 3:1 ratio, respectively, to give a weight of approximately 4

ounces per square yard. This fabric was scoured in a jet to remove spinning oils,



yard. This fabric was scoured in a jet 1o renove spinning oils, for 20
mnutes at 15 180[err] F. The fabric was dried an a tenter frane oven at
250 F, at a speed of 25 yards per mnute. The fabric
was rewet, and sanples of the fabric were dried and heat set on a tenter
frame oven at tenperatures ranging from 250[err] to 400[err] F. The fabric
'sanpl es were then cut into 9" x 9%-l@equares and tested for
particul ate contanination according to the Biaxial 20 Shake Test

(1 EST- RP- ccoos. fow2@ minutesratd 802Ky (Tihs falricrwis designated StylAdh Samplapbsthe
‘below, and in Figure 1. The heat history of the fabric was tested using
‘a differential ‘&bncvwmednndnm;umﬂmﬁhnm&h&natﬂﬁi@humﬁhewthMRBE7Beﬂﬁlﬂkﬁaure to
‘which the fabric (and yarn) had

-11- beersshen! sdpdeds af 26 35, 4RO Yrds e e reépeb@eg,w SEBEE val

the fabric were cut and vi ewed a scannin ectron

r[;1a(r:'[ :)(s:f:ggeOE]SFhe ‘glrl C yegpew&%tﬁg%lﬁeg%déh eaha%ﬂ@%@gguﬂgtywrface |

articles as _ the he set, enper at i s increased to 400 F.
E s %csc wipers were p!achTi%qqam_oEag_es o 50 wipers each and saturatedent er

DSC Measured - Unwashed -greater Tenper at ure

Tenp twitn540 fml of imixmresof 95% ultrapure water and 5% submicron filtered 2-
particles - (degrees F) (degrees F) (mllion
particles/sq. anol. These packages were allowed to sit for more than 24 hours.

meter) - FoP S TR us. Theywere 5,
%80 ‘then oé%&d and two wipers from %gc%Sgackage were tested for paf't?ctﬂag%

313

contaminatizg according to the Biaxial Shake Test EST-RP-CC004.2 & 5.2).

10 Five packages each were tested from the fabric heat set at 250 and 300 degrees. Ten
packages were. tested from the fabric heat set at 350 dogrees. The results of the
Biaxial Shake Test are shown below in Table 2, The “small particles” reported are
those measuring between 0.5 and 20 microns and the "large particles” reported are
those measuring between 5 and 20 microns.

TABLE 2

Fabrie Heat Set Temperature  Small Particles (std dev) Large Particles (std dev)
Style Degrees C millions/sq. m.- millions/sq. m.
A . 250 17.1 (3.8) 0.29 (0.04)
A 300 22.6 (8.0) 0.33 (0.20)

20 A - 350 : S72.7(11.1) 1.03 (0.22)




350° 351 ' 162 - 375

372 . 225 -15 _ - 400 - : - 394

196 _ EXAMPLE 2 "~ A test
was conductd to test the rel ease of particles fromw pers which were

heat set at various tenperatures and were sef3*ated ina mxture of water

and 2- propanol . 20 Two types of partially oriented yarn
(POY) were drawn and textured:on a EXMPER!3V st texturing nmachine at |
a maxi num t enperature of ‘approxinately 180 F. - The textured yar ns 70
denier/34 filament and.70

into a fabric in a 3: Mﬁ@c%gﬁ?fﬁﬂmﬁﬁmﬁﬁ#ﬁ%ﬂ%ﬁc abso:ptlon
approxi mately 4 ounces per square yard. This fabric was scoured in a
jet to renove splcapamg,dtywclghtandthlclmessweretested

-12- for 20 mnutes at 180[err] F. The fabric was designated Style

three t opor at ur os: 2078 W@WﬂWandmaW%f& fefifde Yven

speeds of 25, 35, and 50 _yards per_mnute (es fabr| c was
then cut intoS9" ak 290, 275c300, andy3s %M?&fﬁiéﬁ ﬁ aadcf%armom Bipkiey

5 These wipers were placed into packages of 50 wipers each and
sat ur at ed Mymngﬁcasme\(waﬁ! SiylO Canel ¢irculutr imitvibeics voasetoted
submicron. filtere propanol . These packages were allowed to-sit

for more than 24cﬂ&‘éiy of T4 PUY’ yam, prepared according to Example 2. Style B weighed 4.0
02. per square yard and Style C weighed 3.5 oz. per square yard. - Both-Styles B and
C were dried in the tenter frame oven at 250 and 350° F. Then, Styles Band C

10  were cut info wipers, and washed and dried in & cleanroom Jaundry.

All of the fabrics, Style A,Band C were tested for absorption capacity, dry
weight and thickness. Absorption capacity was tested according to IEST-RP-
CC004.2 § 7.1 At least three samples were tested from each style. Averages are
shown in Table 3, with the standard deviation shown in parentheses.

15 ‘;his data shows that the increased absorption capacity seen with a lower
heatset temperature corresponds to increased bulk in the fabric. Samples of the
fﬁbtic-of style A, heatsetat 250° F and at 350° F, was observed under an optical
microscope. The fabnc at 350° F has more holes between the knit loops than the

more bulky fabric heatset at 250° F.



t hen’ opened ‘and two wi pers from each package were tested for particul ate.
contam nation according to the Biaxal Shake Test (IEST-RP-CCOM4.2 & 5.2).
10 Five packages each were tested fromthe fabric heat set at 250 and 300

degrees. Ten packages were tested fromthe fabric heat set at 350
degrees. The results of the Bi axi al Shake Test are shown bel ow in
~Table 2. The "small| particles" reported a=&4- t hose neasuring between
0.5 and 20 mcrons and the "large particles" reported are t hose

' measuring between 5 and 20 microns. Table 3

. TABLE 2 Fabri c Heat Set Tenperature Smal | Particles (std
~dev.) Large Par Fh&'z@Styﬁ&td Heatset'remp AbsSitichéy DzyW@P@{teeSIﬁid%xcs
-mllions/sq. m lions/sq. m 50s
+17.1 (3.8) 0 29 ( ) -
226 (8.0) A 033 (&%) 20 eaLag " 1580) g (0.5)
57.7(11.1) A 1 03(0. 608 (14) 156 (3) 8(0.4)

- 13- 5 A 30 615&19&NPLE3 158 (4) 33.0104¢
fabric styles were heft set at \30i ous te res aidS0(3)e abso20i(0.8) _-
capacity, dry werght gn I cCknegp wer e ga 8 0. e
A of Exanple 2 was out and d edlnt : 3 ,
275, 300, and 396 :- . -‘: 4 Q% 8 I -
respectively. Fabri'cstyle B and tyle Cé : rcul ar. ?1 7(0.9)
.const ruct ed 10 efeirely of 38034 pov VIO prepar éHI%COI’dI n%jl§607)
Exanple 2. Style B weighed 4.0 0z. per square yard and Style C

wei ghed 3.5 o0z. per square yard. Both Styl es B and C were dried in

the tenter frame oveqyafordging Bfamipies Qedrly Semdrlifiare R ddrfitatinTitvwien heat
sctting the fabric at a temperature below 300° F and (2) the reduction of
contaminates; and (b) increased absorbance capacity of the clcanroon.x wipers.
Following the process of the present invention it i possible to reduce
15 particulate contamination of ;Jarticles greater than 0.5 microns to a level of less
than 75 million/meters? for presaturated wipers, and less than 30 million/meters®
for dry packaged wipers, as measured by the Biaxial Shake Test (EST-RP-
CC004.2 § 5.2); to reduce particle contamination of particles greater than S
microns to a level of less than 25 million/m? for unlaundered wipers, as
20 measured by the Biaxial Shake Test (IEST-RP-CCOM.Z § 5.2); to reduce non-
volatile residues with water extraction to less than .005 grams/meters?, and even
less than .003 grams/meters? as measured by short term extraction JEST-RP-
CC004:2 §6.1.2); and to achieve absorbance capacities of 3.75 milliliters/meters

or greater, and even 4.0 milliliters/meters? or greater.



10 were cut into w pers, and washed and dried in a cleanroom |l aundry. :

All of the fabrics, Style A. B and C were tested for absorption capacity,
dry wei ght and thi ckness. Absorption capacity was tested according to
| EST- RP- - CCOM4.2 [err] 7.1 At least three sanples were tested from
each style. Averages are shown in Table 3, with the standard

devi ati on shown in parent_heses 15 I-_Qs_s dat a shovxs that the
‘increased absorption capacity seen with a | ower heatset tenperature -

.corresponds to increa ﬂa@#&ﬁ ?@%F %mnsggﬁbéd of
'style A heatset at 2 ’]‘hl“:ban P{ errtﬁégmswas observed ‘under od

foptical m cr,oscope., The fabric at 330 F ha re hol es between the
"knit |oops than tdimensional M@%bﬁ@ m&%g&a@ qt roll up after

-14- Table 3 _ Fabri c
Style Heat Set} ,‘mmgAbsor bency Dry Wi ght Thi ckness

A 250 631(10) 158 (3) 34.2(0.5)

A 275 608 156, . 2.8 (0.4

A 500 The cleanroighaviped find utlity BEyiAlly any eilizsinidt Where

A 350 508( 13) 150 (3) 28.0( 0.3)

B S 296w contaminate, high abgérbance wipingidlothiiy desired, swh &3 ift. 3)

B 350 477 (17) 143 (3) 29.4 (0.6)

C )

c 5 8mxconductor m&i%uﬁcal cleaxﬁ%,) and mpre}?agazti@ %Quyfages

The foregoi ng exanpl es clearly denpnstrate the correlation bet vveen heat
setting the fabr ifer painting enptiencoatings dhewipenstasy e presaterated)witlh a desized: ¢ i on
of .

solvent and sold in sealed dispensers, as is well known in the ast. Suitable
solvents include water, organic solvents such as naphtha, an4 aqueous solutions -
10  of water miscible organic éolvents, in particular solutions of alcohols, such as
C,-C; alcohols, especially isopropanol, and water. Of particular interest ate
wipers presaturated with a solution of isopropanol and water, especially 1 to 99
wi.% isopropanol/water solutions. The solvent composition may also contain a
surfactant and/or other additives selected for their cleaning characteristics. By
15  way of example, additional solvents and packages for pre-saturated wipers may
be found in the following references: US 3,994,751; US 4,627,936; US 4,639,
327; US 4,998,984; US 5,145,091; US 5,344,007 and JP 6{1994]-48475.
Alternatively, the wipers may be sealed in air tight packages while dry. |
There are, of course, many alternate embodiments and mo&ﬂuﬁms of
20 the invention, which are intended to be included within the scope of the

following claims.



cont'am nates; and (b) increased absorbance capacity of the cl eanroom

Wi pers. mmmmuumum'l ing the process of the present invention it is
possi bl e t B ”ﬂm iculate contami nation of particles greater
than 0.5 nmicrons‘'to"a Jevel of |ess than 75 mllion/meters[err] for
presaturated wi-per, and less than 30 mllion/nmeters[err] ' for dry
packaged wi pers, as nmeasured by the Biaxial-Bfmke Test (I EST-RP-

- CCOM.2 5.2); to reduce particle contam nation of particles greater than 5
m crons to a. |l evélamig:l ess than 25 mllion/nferr] for unlaundered w pers, :
~as’- 20 neasured by 't he Bi axi al - Shake Test (IEST-RP-CCO04.2 5.2); to reduce
non- volatile residues.-with water extraction to | ess than .005.
grans/ nmeters[err], and even - less than .003 grans/netersferr] as
measured by short termextractio | EST- RP- .2 6.1.2); apd to
achi eve absorbance ca?ac&%?&%é%ﬂﬁ?%‘t@@‘%ﬁ@#“@m r
greater, and even 4.0. mlliliters/nmeters[err] or greater.

Further, the cl esufacewithadabri¢ construpted from polyestet fiber, Whenirsthedbbrig hasi

di mensional stability, i.e. ‘they remain relatively flat and do not roll up
af ter | ApREIPhedGet at o temperature of frDiF1 81113009 WMl Y fibdr i rigk bbéd Y

in virtually any environnen oOw contam nate, gh absor bance
Wi ping cloth %‘s gesi ed, s;&&@ s in sem conduct or and pharmaceuti cal
cl eanroons, afd Fﬂtﬁi&é aye ‘of surfaces :

2. The method of Claim 1 wherein the fabric is woven or knitted from

continuous filament, polyester yarn.
3. The method of Claim 2 wherein the fabric has been presaturated with
a solverit and sealed in a package prior to being used to wipe the surface, and the
10  fabric has a particle count of particles greater than 0.5 microns of'75 million
particles per square meter or fess as measured by Biaxial Shake Test IEST-RP-
CC004.2.

4. The method of Claim 3 whercin the fabric is heat set at a temperature

of from 200° to 275° F, and the fiber has not been heated above a temperature
15 of275°.F.

5. The method of Clgixp 2 wherein the fabtic has an unlaundered particle
count of particles greater than $ microns of less than 25 million/m?, as measured
by Biaxial Shake Test (EST-RP-CC004.2). |

6. The method of Claim 2 wherein the fabric has been sealed in a

20 packagé while dry, prior fo being used to wipe the surface. |



for - pai ng%?g;ing The wi pers may be presaturated with a desired
sol vent sold in sea di spensers, as is well known in the art.
‘Sui t abl Eimwmmﬁ i nclude water, .organic solvents such as naphtha,
m g of water mscible organic solvents, in
)

and aqu
particul ar sol fut Mong al'cohol s, such:- as_ . Jerr]-gd err]

al cohol s, especially isopropanol, and water. ‘U"part icular interest are

Wi pers presaturated with a sol ution of |s.opropanol and vvater especially |~
to 99 Wt . % i sopifopEamethadof Glaim 6 wheesin the-fabric apanlmimmdnto may
- also contain a surfactant and/or other additives selected for.their

 cleani ng char act eigefidiésareltir i 0.58cRbs SF O RIMior SiidIbopR's ?ﬁb\fﬁé&foﬁ s

packages for pre-Saturated w pers nay be found in ol 'owm n

references: US 3, 994 751; 327; US 4 998 984;
| US 5,145, 091; US &8 @W%ﬁ% -CC004.2: At ornativel y, the
. W pers may be seal ed |n air tlg t packages Wmle dr There

are, of course, many aBt&he dio ClatonT whenein thefabric istheatsst af 2 temperatuce
i nvention, which are intended to be included within the scope of the

foll owing clai §5. of from 200°t0275°F and thcﬁber has not been heated above a,ten:lpm'ature16
d ai ns: A et hod of cl eani ng a surface conpristng the

step of wiping th surface with a fabric constructed from pol yester
fiber, wherein tﬁgzﬁ;b‘?‘i ¢ has .

9. The method of Claim 1 wherein the surface is selected from the group
consisting of an automobile body or component thereof, and se_miconducior or
pharmaceuticat cleanroons.

10 10. A method of manufacturing a wiper comprising the steps of:

(2) weaving or knitting a fabric from continuous filament, textured,
polyester yarn;

(b) heat setting the fabric at a temperature of frora 180° to 300° F;

(¢) cutting the fabric to form a wiper; and

15 (d) sealing the wiper in a package;
‘whcrein the yamn has not been heated above 2 temperature of 300° F.
11. The method of Claim 10 wherein the wiper is presaturated with a
solvent prior to being sealed in the package.
12. The method of Claim 11 wherein the wiper has a particle count of

20 particles greater than 0.5 microns of 75 million particles per square meter or less

as measured by Biaxial Shake Test [EST-RP-CC004.2.



‘been heat set /t,@%ern’ﬁé’rature of froml|80[err] to 300[err] F and the fiber

‘has net—teen ted above 300 F. 2. The "nethod

of . d mfabric is woven or knitted from cont i nuous
filawgm arn 3. The method of Claim2 wherein the
fabri St béen presaturat ed with * . a sqQlvent and sealed in a package

prior to being used to wipe the surface, and“fe 10 fabric has aparticle

o "Saomr o et or or °F b “hus msbact ol 4 e ik Wlmundecsd LS °'

CCOA4. 2. : 4. The met hod. of . 0 aim 3 wherein the fabric is heat
set at a terrperatyégﬁgsealedmﬂieﬁabmezoo to 275[err] F, and the fiber has
not been heated above a tenperature 15° of 275[err] F. 5.
The met hod of Caim?2 £OMhidt ﬁgﬁg 1%’[

count of particles greﬂ{]er é%@éﬂ cronsl o} Iess th 25 &9 |on/ﬁlrf°{aenrlrﬁ]le
as neasured B| axi al . Shake Test (IEST.RP. CCOA. 2). )
The net hod of C aP herein the fabric has been sealed in a 20 package
while dry, prior to bel ng used to w e t he surface.

-17- 5 7, 15T Ehemethod of Cleirml dwherdin the mpenbasapmmermcf

particle count of . _
particles greater than 0.5 microns of 30 million particles per squar¢ meter or less

as measured by Biaxial Shake Test [EST-RP-CC004.2.

16. The metho& of Claim 10 wherein the wiper is heat set at a

temperatire of from 200° to 275° F, and the yam has not been heated above 2
10 temperature of 275° F. |

17. An atticle comprising a fabric wiper constructed of continuous
filament polyester yam, wherein the fabric .has been heat sct at a temperature of
from 180° to 300° F, and the fabric has not been heated above a femperature of
300° F;

15 18. The article of Claim 17 further comprising a sealed package
contaix;ing the wiper.

19. The article of Claim 18 wherein the wiper is saturated with a solvent
and wherein the wiper has a particle count of particles greater than 0.5 microns
of 75 million Mcles per square meter or less as measured by Biaxial Shake

20 Test [EST-RP-CC004.2.
20. The article of Claim 18 whercin the wiper is dry and wherein the

wiper has a particle count of particles gréater than 0.5 microns of 30 million



—_—
_—

%part“l cles t D mcros of 30 mllion particles per square neter
Qr -l ess ,ﬂ'@i”m m r' by Bi axi al Shake Test | EST- RP- CC004. 2. oo
8. The net RodcOT ¢ i wnerein the fabric is heat set at a tenperature

5 of from200 to 275[err] F. and the fiber has not been heated above a
tenperature - of 275[err] F. o 9. The method of aiml
wherein the surface is selected fromthe group consi sting of an
aut onobi | e body or conponent thereof, and se@®eonductor or _

phar maceuti cal cl eanroons. 10 10. A nethod .of manufacturing a
W per conpri si ng_ﬁhﬂc&&?ﬁﬁs@fa’rémeteror less as meaued b Biaisl SHakk Test TEST-RP-
~fabric fromcontinuous Tilanent, textured, pol yester vyarn;

(b) heat setting gggoj’_abric at a tenperature of from 180[err] to -300 F;
(c) cutting the fabric to forma w per; and 15 (d) sealing the

W per in a package; . [ei he .yarn_has not been heat ed
above a tenperature Oﬂ%M@%&m 17w ete&%lﬂ@%ﬂ?ﬁ@maﬁaauafa@am 10
wherein the wiper is presaturated with a solvent prior .to bein

seated in the pagietele count of particles greater thenes rakirbariofiessthan 25 iiillivndmsias t he

wi per has a particle count of 20 particles greater than 0.5 microns of 75

mllion parti gr?ég_gwmtw%&qﬁg?@_cm‘feasur ed by Bi axi al

Shake Test | E
22. The article of Claim 17 wherein the fabric wiper is heatsct at a

) temperature of from 225°-265° F.



-18- 13. The method of Claim 10 wherein the w per is

|-aundered prior to bei ng sealed in the package. 14.
The nmet hod of Claim 10 wherein the wiper is dry when sealed in the
package. 5 15. The .method of Caim 14 wherein the wi per has a
particle count of partlcles great than 0.5 mcrons of 30 mllion
particles per square neter or |ess as neasured by Biaxial Shake
"Test | EST- RP- CC004. 2. 16. The method of Cl aim 10 wherein the
W per is heat set at a tenperature of from200[err] to 275[err] F.,

and the yarn has not been heated above a20ro tenperature of 275 F.

i ament. ot yes: o VEPHOB, fe; BRAGEALhARInG 0ok ke plater ML utoLS

t enper ature of - - from180[err E nd the fabric has not
been heated above a tenperature o biﬁfgpé@dﬂ"“‘i‘% 18. The article
of Claim17 further conprising a seal ed package cont ai ni ng, t.he wi per.

19. The article of QW@awb&M@@lﬁ%@@bﬂ’%ﬁﬁe tyelyy ent

and wherein the w per has a partlcle count of particles greater than 0.5

m crons ranémgfﬂ:sﬁﬂm prbeided by neasured
by Bi axi al Shag%”zéﬁﬂﬁ% RP- CC004. 4 p20 Theyartl cle of
Claim 18 wherein the w .S at Wi per has a
particle counth Gﬁs%ﬂgﬂ\ﬁ@nﬁr‘gﬁﬁp?ﬂgﬂg m#g‘?rolr?gs of 30 million

Figure 1



-19< particles per square neter or |ess as .neasured by Biaxial Shake

Test | EST- RP- CC004. 2. 21.:: The article of Claim17 wherein
the fabric w per has an unl aundered particle count of particles
greater than 5 mcrons of less than 25 mllion/nferr], as :5 measured by .
Bi axi al Shake Test | EST-RP- CC004. 2. : 22. The article of Caim1l7
wherein the fabric wiper is heatset at a tenperature of from

225-265[err] F.
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