, €3e?8?] X6T8cq@8 OCT 2004 -1 | MPROVED FI LTRATI ON EFFI Cl EN?Y ,dﬂ.’ELD OF THE
| NVENTI ON This application is based upon and clains the be e&i 02004. S.
Provi si onal Application No. 60/200, 343, filed April 28, 2000, the entire
content of which is hereby incorporated by reference in this application.
The present invention relates generally to a coating conposition for the
treatnent of filtration materials, and~correspondi ng processes. DETAILED
DESCRI PTI ON OF THE | NVENTI ON The invention relates to a coating conposition
for the-treatnment of cotton (or other cellulose fibers or synthetics useful
for filtration, in individual or sheet form, and the processes of _
“manuf acturing the coat jPROVBESELTRATION EFRICEN®@Yerial s. The invention
yields filter material§ wth chnem cal -nign tenperature resistance,

excel I ent non-1eaching, properties and increased filtration efficiency for

t he renoval of carbon, soot, silica, netal particles and other contam nants -
fromfuel, oil, lubricants in general, coolants or air, associated with
nmot or - vehi cl es, engi nes, hyﬁﬂ‘ﬂb‘?ﬁﬂi!ﬂmﬂwt omati c transm ssions or
rel ated applications. The iTver ' rly described with respect
to cotton fibers (including |Iong strand conpressed and unconpressed
cotton), bWhisidpplisaticn ischasedersdroant tlats tirebemesfitaf LL8. Prowidiscaleni nent | y
suited for use,with other cellulose fibers (e.g., wood or other paper

meki n@pbiRaioh)No. BOPEHE B8 Stile8 Abril 28C2EH0,Ahe FntiRPENRERESSARiIcAMI nBtetyur es o

incorporated by reference in this application.
The present invention relates generally to a coating composition for the

treatment of filtration materials, and corresponding processes.

DETAILED DESCRIPTION OF THE INVENTION

The invention reléteé'to a coating composition for the treatment of cotton (or
| other cellulose fibers or synthetics useful for filtration, in individual or sheet form), ahd
the processes of manufacturing the coating composition and coated materials. The'_
invention yields filter materials with chemical-high temperature resistance, excellent
" non-leaching properties and increased filtration efficiency for the removal of carboh,
soct, sifica, metal particles and other contaminants from fuel, oil, lubricants in general,
coolants-or air, associated with motor vehicles, engines, hydraulic equipment,
automatic transmissions or related applications.
The invention is particularly described with respect to cotton fibers (including
iong strand compressed and unéompressed cotton), but it is to be understood that the |
invention is aiso eminently suited for use with other celluiose fibers (e.g., wood or other

paper making fibers), synthetics (e.g., acrylics ar polyesters), and mixtures or




28 OCT 2004 -2 conbinations thereof. The coating conpositi &Bnangﬂﬂhppl i ed
to the fibers alone or to a nonwoven sheet or web nade fromthe fibers. The
treated fibers, and nonwoven sheets or the |ike nade therefrom are :
particularly suitable for use in an oil reclamation devices, for exanple,

| i ke those manufactured by Puradyn Eidter Technol ogies, Inc. of Boynton
Beach, Florida, and as shown in U S. patents 5,630,912, 4,943, 352,
4,289,583, 4,227,969, and 4,189, 351 (the disclosures of which are hereby

i ncorporated by reference herein). The invention is also suitaple for use
Wi t h eormhbihatioss thepeof, Skhe coating ¢ampaositipo may ke applisd @i thg flbers alonRRIdPng or
other fibers) as shown in U S. patents 5,591,330 and 5, 718, 258 (the

di scl P5RRBVER sHBbICH G mhrtesfrmi thedibees.at ed by reference herein). The
invention is suitable far use with primary and secondary full flow oil

filters - t ' F%gq S r hour of
oil flow tﬁﬁ%Hgﬁ%tgﬁLb%{?ﬂ%@ﬁ?ﬁﬁﬁ‘gﬁ" gﬁﬁét%?rn%;%gk% papgrgpézit]égﬁ’n%%‘-apaper type
materials); pripary.and secondary fuel. filJters - for I ose where
ppr coaiauary sl P BRan R cierariohideb e, fan eSRERETREREE (bt oh
cart be made of paper and non-paper type materials), tran m'_aés)i on filters
(whi cimacafactirediydRuratiypdiitar Tachneingies dee. af\Baynkat Bﬁ?@ﬂ'»s%?” AhESfi|ters
(whi ch can be nade of paper and non-paper filter materials), air filters

(whi céhaanirPe. Srargests HEFE0 124, 940/852a 14285, 583, o1, 227,068 aind ¥, 183036 bither
types of filters. In one enbodinment, the invention relates to a polyneric
coatl HecieelRAN i, bRl nbitby IedpaRaEd ty GRIEAGs hbffi). U1 imenties s a
filter Tnan oll Tiltratron“system which keeps the oil clean by renoving
soot, soli

S0 B8 e PN Ry L R peE 3818 B0 Son PRIRLE GidRgiptended
provt de ot L Ur! 51 LY, Sool 19300, sealls el L 55 e m 21 o

technol ogy of chem cal grafting 28 OCT 2004 -3 that involves the use of
nonongissiosprasnsf whieh are batatlyyiscorpgraied tyneferance hergin)end e invenken (s
ingredients. The resulting coating is used to treat cotton, other cellulose

- mat erélﬁtave ForUsRakitiF pAmaey hAd SeabAdagTail flaw dititerhsrfepéxampie, fasa des for
graftpolymeri zation, thereby formng a polyneric filmwhich is chemcally

bondeﬁggfeoééﬁﬁo%%é@ry 1l\;\ﬁnj!,(?ﬁézailIt:ﬁ?{j r e dilongew fh?cﬁué@etbrr'@’fﬂié?%hféﬁ &n be

conpij ereo excel Tent adhesi on, y inparting all the
desired praoperties ,to the fiber in ter j,ncre L dragion

of 11 CTEKEy0T PEPET BRY AONEPARG! e piateddih] fhark %gvsﬁ%éﬁﬂdé%@s?ﬁ”ﬁ&% for

rimary functions are lubricating and cooling equi nt part nd..engi nes.
% i re}za.mp@. thaset woere m@xim@e@gm gatans %ﬁfd%éhﬁ gif ﬂ&ﬁ%’ H%Hi} @‘esff’rﬁeétg hly

and efficiently. The cleaner the oil, the longer the equipnent and engines
Wil | {‘méh cihereemade ofrpaperand anampaper iy ofateridls), trapemigsiomiitersdwhicdt a
specific purpose and environnment, and to have optinmumviscosity and the

g‘ﬁft B4 BB IrhiGs Bt A0Sk bapeP typd brifls)nendlam fidrs (ehiehasache y al i ke,

ve one thing 1Tn common - they are susceptible to contam nation. Wite

serving jts int d pur [ ' Bl{=RleUs ggar bon,
oot : M 3. patel A PO REET dute? nharbiaY B At Ruficl e RicRf rfmper

i ncreasingly contam nated, oil |life decre s until it can no | onger

pr ot e3fd nepanss diteumatenale), akd %@q?{ﬁeﬁé’?ﬁgeréf t he equi pment or engi ne.
Wien contanmination is allowed to reach this level, the oil nust be changed
in order tn ohaenibogimeat, duinvestion selatesjiorkpasmegic. coAGNEOMPASHAN e nost
careful change of oil |eaves contam nants behind in the equi pnent or.

engi Nghe tFoSIMEIof ebltes fib¥etri Sepitis aea fitbninearaoit Hitddion systemivhiah keefs pnent
and engines is the inproved/increased filtration efficiency of the filter

el ene . ! : 0t efriamtair3athei s used
e o Tl oD A o A ol s B et ™ mpor ¢ ant
benefits that, may result fromthe t e ' el ement
't hintanded visgaih SiAsirali eSS addRis Sorlauitlon el aliies B oo "t he
reduction of oil purchase and disposal costs, the safe. ex%‘%&ﬁiq %Ftﬁ%l
dr ai r provide magieum kbricgnwesling angrigalieguabiiagatiays maxiniz 8l @% "% he
renoval and/or reduction of solid contam nants, increased engi ne and

equi pERGineedH équismet. dWike toatihg ideveloperhusing de¢hnology of chemical graiting



w, and the overall inprovenent of engine efficiency. The iqéﬁgbive graft
formul ation for the treatnment of cotton fibers, other cell4l ET?mexs,
synt heti cs and conbi nati ons thereof provides: tenperature resistance,

chem cal resistance, non-|eaching properties, and increased filtration
efficiency when used as a filter eleggnt in a high efficiency purification
system for the renoval of carbon) soof, silica, netal particles and other
contam nants fromoil, fuel, lubricants or air. The present invention

i nvol ves the treatnment of cotton fibers, other cellul ose fibers,

synt htkt involves tbendsernftrnonemens rprepolyimens, catalyst] grafiffinitiatdrayistem @odpri si ng
chem cally grafting nononers/prepolyners, thereby resulting in a polyneric

fi1m gtheprigredientsd €Thd reduing obatiny isi bxeid toaldae tolen, |dtharsealfideer . synthetic

for conbination thereof. The treated material can not only be cotton, but

| B . ot
it or a2 e R o e e b el C ot yer

filmgrafted ontq, th otton fiber, other cellulose, fiber, synthetics or
con o msREaftG by ShiG 2 pobimert ALl ¥ pReticaly Bhngsd R Bhcy ™ o t ne
filtration system along with i'ncreased tenperature and chem cal

r esi seettarefibér athes cellulege fibess, mysthatics s combinationp éhermehivithiexgellgnif t ed
conposition will not |leach fromthe treated cotton or other nmaterial back

i nt o adisedion ttherthydmparinghbll theitesicet praperites to this fibgr mrtafrk nf irceedsed ogy,
as di scussed below, there is provided a type of chemcal grafting via free

radi cratid® efiRidrie), R Gxakhsie dintat: o tiltRGBARYsteR], MONoONMers/ prepol ymers to
the substrate matérial, so that the coating 28 OCT 2004 -5 conposition

will be pe ; e AL . Lhe .. Qt her | etic or
conbi nati O%H@B@sr%ré{ %bmg?'t‘@%&’?ﬁ@’f@”gﬁﬁ@ﬁé’ﬁﬁ"é?ﬂ@m@é’%ﬁopert I es
of the cotton, ,Iher cel Lyl ose, s Ert‘heti_c or conbi nati on. Mechani quf)f
Cheni 3 CQERLE; ﬁ_j iSAULB SRy Pf‘é\é 19 RBYIPMERE 2nd LNBINERJC APEHARISTRRGIRTY
explained with respect to cotton, but is equally applicable to other

cel |-uansh efficiandlyi dlhe, clegmehittei @i, the longer the equipieosand epgingestikfast. or
conbinations thereof. Cotton is the major textile fiber and an inportance

sour CEheére drelrhamyodiffeydritdindobbild, Waeh {8nSIatdabr &Rpetifibhovnsogapared | al .
Cellul ose is a natural carbohydrate high polynmer (polysaccharide) '

cons i.érf\}il‘?)gln%nt,aﬁ&’ﬁ ﬁj; Rﬂéﬁﬁﬁﬁ:dﬂxﬁ‘bfséo{s@' Fﬁ gg’nr?gtgéﬂl‘é@?@ gﬁb@@?@ddiﬁvééﬂ m | ong

nol ecul ar chal nhs that are' essenti al . H OH CH-CH :
H O Mthl_clpukglhrr% twcl.!_@llsaélré_' ex|_|.=.1é_{lyl_lal%_l'(F.":Ir:tll_i| hEMel_clmlg tﬁ]lf'}g_in cc::IEJ“rncr]n_IonH -ot_IlleCy 59? OH * X

suéceptible to contamination. While serving its intended purpose, oil is exposed to high

temperatures, carbon, sooft; silica, metal particles, water, fuel and glycol. As oil
becomes increasingly contaminated, cil life decreasés until it can no longer protect,
cooi and lubricate the moving parts of the equipment or engine. When contamination is
allowed to reach this level, the oil must be changed in order to rhinimize the equipment
or engine damage. However, even the most careful change of oil leaves contaminants
behind in the equipment or engine.

The most effective preventive maintenance development for equ-iprhen‘t and
engines is the improved/increased filtration efficiency of the filter element, and, hence,
the need to treat the substrate material that is used as a filter element in an oil filtration

system. Amang the most important benefits that may result from the treated filter



Cel lul ose Mol ecule (fig. 1) Chemical grafting of cellul ose A8 ﬂGTd rlbed
as a process consisting of activating the cellul ose nolecule, attac
nononers to the reactive sites foll owed by 28 OCT 2004 chain
propagati on, whereby pol yner branches are fornmed that are attached to the
mai n cellul ose nolecule. In the case-.af-a cellulose nolecule) the chem cal
grafting is carried out via the abstraction of a hydrogen atomfromthe
hydr oxyl group of the nolecule. The cellulose -nolecules have active labile

hydr og nat e.activ ted in the
presen é{‘meam ﬁﬁ’ﬂ&?’? ﬁY%?'in(gé%g_Df‘aﬁmw‘ﬁg* "{ﬁ"&?ﬁ&nﬁll I8 e TEJUELAR c o) s
(x"). The free radicals thus produced in the process initiate graft

pol yma@f cibpurehaserard disposal Qﬁst$,éaetsatﬁmexteap@nuqi@d|dma intarepisfthe removal

pol yneri zation of cellulose fibers are as follows: OH CH O 0 exZC-.

Cel | ul gigsroBlematicosatefHadikind Glytol, Ged tarhova apdlatredictionefisuliose CMRO - He +

G Radical formation 1. ( s
contaminants, increased engine and equlipment efficiency due to clean or cleaner cil,
© and the overall improvement of engine efficiency.

The inventive graft formulation for the treatment of cotton fibers, other cellulose
fibers, synthetics and combinations thereof provides: temperature resistance, chemical
resistance, non-leaching properties, and increased filtration efficiency when used as a
filter element in & high efficiency purification system for the removal of carbon, saot,
silica, metal particles and other contaminants from oil, fuel, lubricants or air. The
present invention involves the treatment of cotton fibers, other celluloss fibers,
synthetics, or combinations thereof with a coating formulation comprising chemically
grafting monomers/prepolymers, thereby resulting in a polymeric film strongly bonded
to the cotion fiber, other cellulose fiber, synthetic for combination thereof. The treated
material can not only be cotton, but also paper and synthetic paper, or a biend or

*. combination of these materiais.

The monomers and prepolymers are selected so that the polymeric film grafted
onto .the cotton fiber, other cellulose fiber, synthetics or combinations thereof resulls in
an increase in filtraiibn efficiency in the filtration system, along with increased |

- temperature and chemical resistance, and non-leaching properties, i.e., the chemically
grafted composition will not leach from the treated cotion or other materiai back into the
filtered oil, fuel, lubricant or air. Using grafting technology, as discussed below, there is
provided a type of chemical grafting via free radicals formation and subsequent

attachment of monomers/ prepolymers to the substrate material, so that the coating



s,

FamN

20 OCT 2004 -7 In the presence of vinyl nononers, the cell ué%eﬁ E‘adl cal
produced in the process initiates the graft polynerization: C

+ CHZ--CH i -' x vinyl nmononer Cellulose \CHzO- CHz-CH | X Cel | ul ose
CH2-0-CH-CH X Initiation - (CHz=CHn cellulose I )( CH20=(CHz- CH) n- CHz- CH
| I X X Propagation Where x is either ORor OGCOR (2) (3) And where Ris
allyl, phenyl or alkyl groups, said aq kyl group typically being of from1l
to 10 carbon atons.

composition will be permanently attached to the cotton, other cellulose, synthetic or
combination substrate without affecting the inherent structured properties of the cotton,

other cellulose, synthetic or combination.

- Mechanism of Chemical Grafting of Monomers/Prepolymers

The following mechanism is explained with respect to cotton, but is equally
applicable to other cellulose materials, syntheiic materials (acrylics or polyesters) or
combinations thereof, |

Cotton is the major textile fiber and an importance source of celiulose which
constitutes 88-96% of the fibrous material. Cellulose is a natural carbohydrate high
polymer (polysaccharide) consisting of anhydroglucose units joined by an oxygen

linkage to form lohg molecular chains that are essentially linear (Fig 1).

1

ca,oa iH OH cn,on i B OH

S G T,

W OH : CRjoH N O | CHioH
- ’x

Cellulose Moiecule (Fig. 1)
Chemical grafting of cellulose can be described as a process consisting of

activating the cellulose molecule, attaching monomers to the reactive sites followed by



The graft initiator ion starts the action and the whol e process behaves

li ke an autocatal ytic one. A very snall ampunt of graft i ng ﬁtgr

(10-100 ppm) is therefore sufficient to carry out the process %mgft

pol yneri zation. All of the foregoing reactions take place in the presence
of peroxi de which 28 OCT 2004 _$. cegneurrently regenerates the graft
initiator formng a free radical as Shown in the reaction bel ow. ROOH + ~I
-. Rp~+ OM + G+ (4) Peroxide Where Ris allyi, phenyl or alkyl group)
sai d al k rou pi,c |n of from1l to 10 carbon atons. The graft
o1 opa GHEVTLRTERRGRIPT, MIATERY POTBovanthgs B tasmechibacarenatiacRer Jathe main
conbi nation, which nmay occur in one of two ways - via step (5) or step (6):
Step CBjiulosewmoletides i nal product when termination is a result of a
conmbi nation of one of the free radicals wth one of the polynerized

substrate fMatheedssd ofd @@iuﬂ&e pivGulé TBeiherical g Pts%amwwma thesaused

by conbi nation of two polynerized substrat es radl ca The end product of

bot h LRgtrsEERTof Phyddteh Bhom¥rddiand Wbl SRR UARE nidiBEe MHTHE Aliuiddy
“molecules have active labile hydrogen atoms in the groups (-CH:OH) which can be
activated in the presence of a graft initiator ("G.1." or "GI") giving rise to free radicals
(*x"). The free radicals thus produced in the process initiate graft polymerization. The

series of reaction steps involved in graft polymerization of cellulose fibers are as

follows:
QH CH -
Q
O
n
CH0E)
l Cellulose
Cellulose

\

CHCH - G.1. cel{ulose |
CH,O - H" +GlI A1)

Cellulose substrate Radical formation



desired properties inparted to it 28 OCT 2004
| X CH-CH +R0O~ 1 X - aCeI[utose\\ CFi xO (
f

Cel I ul -
CHz- cni) @onsmmezwm(m CH)n,
CH -
X

Cel l ul ose Cel ulase C zO0-(CH CN)" CHZCt + CHz- (CNrCH M- OCti2 1 1
i xxxerIIquse-CHzO(CHZCH) .2, Ceflul gse OC/H2 (s) 28
OCT 2004 - .7.

in the presence of vinyl monomers, the cellulose radical produced in the process

initiates the graft polymerization:

Cellulose

CH,0 + CHg=CH
| — Cellulose

vinyl Jr':(mmc:rmar CH-O-CH-CH ()
| X
Initiation
Cellulose
CHO-CH~-CH - (CHz-'-CH)'n cellulose
;} )l( B CH20-(CHz-CH)n-CHx-CH 3)
X ox

Propagation

Where x is either - OR or
0O
I
C~0R
And where R is allyl, phenyl or aikyl groups, said alkyl group typically being of from 1 to
10 carbon atoms.
The graft initiator ion starts the action and the whale process behaves like an
autocatalytic one. A very small amount of graft initiator ion (10-100 ppm) is therefore

sufficient to carry out the process of graft polymerization,

All of the foregoing reactions take place in the presence of peroxide which



-l-o Thé graft initiator may consist of the netal ions syst , +'
Ag+, Coy or Cup. The peroxi de should be chosen fromthe \/\é‘fg]rﬁgﬁlzﬁge

catal ysts such as hydrogen peroxi dem urea peroxide, anmmoni um persulfate,
pot assi um persul fate and/ or sodi um net abi sulfite. The nononers and

prepol yners have side functional groups X, which may react between

t hensel ves and wi th additional prepol rs included into the formulation,
formng a graft cross-1linked organic coating. The functional groups of the
nononers and prepol yners shoul d consi st of hydroxyl groups, carboxyl

gr oupsonewmentiaregencrtos iHeytatnitialsn AMBICARBe rddiEaB Sl gl 1 0 of (he
functional groups of the reactive conponents are so adjusted that no free
gr oupsegrten Wdibwaf ter the reaction is over. The physical and cheni cal
properties of the prepolyners and nononers included in the fornul ati on have
been sel ected so that; when grafted onto the cotton fabric, they inpart

hi gh tenperature resistance, chem cal resistance, non-|eaching properties,
and iﬂ r gse filtration efficiency for removal of carbon, soot, silica,
et al éﬁ itAs—uRE BE+ @6nt ami nants from {4r exanple, oil in an oil
filtration system The chem cal grafting of this invention includes
prepoPg¢raxide nononers and/ or copol ymers. A greater understanding of this
invention will be achieved by careful consideration of the follow ng
non-limting Exanples. Exanple 1 Formnulation Ingredients Parts By Wi ght
Freetex 695 - pol yacryl am de pol yner - 1. 28 OCT 2p04 -11 Hot water

5
(800 oL - bact eri,acid -0. 1Dei oni,zed wat er
(DI VAw.e g%/bl:ﬁ% %wg%ﬁglné) %@%ﬁﬂga’é% H@%WP'B?:&Q‘EW O?STOE“ 309 Wueous
sol ut iarO'FE ﬁ%S 2403) 40. Ol sopr opyl al cohol (1 PA)37.5Mnoner HEMA - 2-hydroxy
et hyIC Be ?‘ﬁat el 0. 5Amoni um persul fate (10% sol uti on) 1. 0Sodi um
nmet abi sul fite (10% sol ution)l1. OHydrogen peroxide (0.1% sol ution)0.01Si | ver
nitrate (0The @bpiepagajion showhdn stere(R)iabgve myaebe entrinaetdayusettdin t he
stated anmobunts and in the stated order as follows. First, the presel ected
anourgombinBtient which May scovertin Wnkhofmwbhaaal — LRy todd to thirty
m nut es under anbi ent lJ(r:ondi tions. Then, thetl%estté@g’e?r;é}égg@?(m t hout any
excess met hanol gtal +HOL: eL". J ti.fied above
(80C) in a cont%ﬁeﬁjﬁﬁgmﬁﬁstggenfiﬁ%ﬁégbgﬁwgq Féﬁ‘ﬁ?’h[gﬁ@ggﬁ&fé}sol ved. The
resul ting sol utj 18,4l | d cool ,or. ahout tep mnytes) tg room
t enper at ure. Neéﬁﬁbibﬁg&tgﬂgﬁ? Pg@led]ge? fé%?%'ﬁr‘f‘"%o‘?%ﬂg@g QSLP{/'I‘?“?@Sadded to
the solution. This resulting Freetex m xture is then prem xed with the
dei oni zed wat erSUbAPRtafadigalS.ot her ingredients are then added to the mixture
in the stated amounts and in the stated order under anbient conditions and
whi | e agit ati nfStepdehshaws the pragiuct whisngemihdtieistaiused Hyncambingtion of Af t er
all of the ingredients are well m xed (approximately five to ten m nutes),

the resulting flaomdighefired sulindyds Fadicaiseati ng the cotton fibers. 28 COCT
2Q04 -12 The pot life of the resulting formulation is about five to six

hour She P prddifet of both the steps (5) and (6) is the grafted cellulose fiber with all the

desired properties imparted to it.



cotton fibers should be treated with the resulting fornulat'gnggﬁigwmto
five to six hours fromits creation. If the fornulation bedg s to gel, it
shoul d not be used. The resulting formulation was applied to comrercially
avai |l abl e 100! | ong strand unbl eached, conpressed cotton) i.e., the
formul ati on was applied to cotton By’ di pping or immersing the cotton in the
formul ati on, squeezing the cotton to renove excess formulation (e.g.,

i e cotton by inserting it into a ringer having two rotating
?gband curing the graft coated cotton at about 250 degrees F (about

.avai | abhe oven. The treated cotton was then used as a filter material.
Exanpl e Fornul ation Lngredients, Parts Bv Wietht PKF (30%in

MVEK/ cel |Gié@a&6Ha€M)at-e,Cl-?z-Gy-l 3R pol yket one K-1717B (30%in cel | osol ve
-acetate) 7.5 Cynel}] 303 5.0 MEK 35.0 Cell osolve Acetate 35.0 butyl Carbitol
10. 0 BYK 300 0. 04xCycat 404 0.05 Siiwet L77 025 Shane A-1100 .016 28 OCT
2004 -13 PS 072-KG (D net hysi |l oxane, Ethyl Oxide ~ 1.7

C'elu*se
CHz-O-(CHz-CI':}n-CHz-CHOR - )
| | :
X X

Cellulose _ Cellulose

CH20-(CHzCH)p-CH2-CH + CH - CHy~ (CHz-CH)T ~OCH,
I ! '
X - X X X

C\ailuiose Cellulgse
'CHZO'(CHrC;")wz_
| X

OCH2 (6)




Propyl ene Oxi de copol yner) Silver perchlorate (0.1%in IVEI% BOQGI m@%ng t he
above ingredients and anounts (based on grans), the primary resin (PKFE)
was di ssol ved in 30% MEK/ ceAosol ue acetate 1:1, and was placed with

pol yket one prepol yner (pol yketone K-1717B 30% in cell osolve acetate) in a
container. To this conbination, the albdve identified nononers, prepolyners,
catalyst, graft initiator and other ingredients were added to the

cont ai ner. TheTh@gr@dnRRtcT MBF @neSEsH thd nidd 1RGSRl B TORMahisdsc#nd in the
order indicated above. Under “anbient conditions, the contents were stirred

to a unif 6F fusol The peroxitheshpeldude rlhagen dromultee weter walibih efakypls| Suel as o
COMMer &1 bl o pLAR el 004 208 SLT ARG SBRNAG. SOMRLASS R SGiL O,

i.e., the I"on wds appiie g ori r'sing the

cotton i natdier fauinm! @tiabidulfis€) UHRZindgohBe at $repoll@efsEiiaé tidx 688 Honal
formul ation, and curing the cotton at about 250 degrees F for about thirty

(30) i nuEsPs RX.aWaichngay deach hebyesnatbppselves prh vathogdditiongh Prenalgied cot t on

oi ast o U Bisas e e FRm G0 S G EIRSE et TR BHLAL BOMRETORE 52, o
10. 0 38. OfuifstiOnal @BuRCH 2BO 4neriveAPSnd -Fefdlyrers OshAR@: Sbumsist CofOhydiromydi um

ersul fate 14%in water (adjust pHtop 8.0-8.5) 1.0 Silver Nitrate (0.1 %in
aZO) 0.1 Q:Oélgs,(;ﬂg{,h%y Otlég_, fjecz%lflﬁ'?fﬁ@ r@rtgary angino groups. The molecular ratlc() °

of the functional groups of the reactive components are so adjusted that no free groups
are left after the reaction is over. The physical and chemical properties of the
prepolymers and monomers included in the formulation have been selected so that,
when grafted onto the cotton fabric, they impart high temperature resistance, chemical
resistance, non-leaching properties, and increased filtration efficiency for removal of
carbon, soot, silica, metal particles and other contaminants from, for example, oil in
an oil filtration system.

The chemical grafting of this invention includes prepolymers, monomers
and/or copolymers.

A greater understanding of this invention will be achieved by careful

consideration of the following non-limiting Examples.

Example 1

Formulation

Ingredients Parts By Weight

Freetex 695 — polyacrylamide polymer -1.5




Li ke the process of the foregoing exanple, a precal cul ated %ﬁﬁﬁir
aqueous acrylic resin binder was placed in a container. 3 E

prepol yners, catalyst, graft initiator system and ot her |ngred| ents of the
above formul ati on were added to the container. The ingredients were used in
the concentration ratios and in the afder indicated above. Under anbient
conditions, the contents were stirred to a uniformsolution. The resulting
f or mul atiﬁlﬂtﬁ@ér depyused to treat cottoggin the sane nner as descri bed
above, inclu g curing at 250 degrees F ?or thirty (30) minutes. The
treated c@hﬁ@mmmmﬁmthehFuB@ﬂdaﬁmﬂdaiIteﬁlhaterial. Exa l e 4 Formul ation

I ngr edi enb 2403 oner (50% aqueous sol ution) g’ DI WHEMA (97%

sol ution) ﬂ?‘%z& &P&@Srsulfate Parts By Weight 30.0°%28.0 23.0 7.0 1.0

2 6 0C3 29&&02%1 1%%&%@9%kﬂgh5ﬁ%@ﬁ%§ﬂhﬁﬁ de 1.0 Freetex 695 (wet with

met hanol ) - t water grees C) -98.s dissolve Freetex and hot
water wth aglwadBdnﬁWﬁaﬁu@n@ﬁohﬂmm@ﬂM@Séﬂ@B)Troysan Pé0.9phase AF-1 -0.1

Li ke the roceils thrlEtg oregm ng exanpl e, a precal cul %Sd gquantity of
nonomner, dﬂ cryl am do- 2- Met hyl Propane Su nic Acid Sodi um

Sal t 5096ﬁﬂﬂ@ﬁﬁ?Hﬁ@b&LLQW%ﬂh&@ﬁﬁﬂh%&ﬁﬂmbﬂmé cont ai ner. jjhke ot her
i ngredients of the above foormil ati on were then added to the container. The

i ngr edi enBsumpemenpseselipie (10% sobwiosht ration rati os and Wére added in the

or der |nd ted ) nt conditions, the contents were stirred
to a un|f ugHPebﬁgﬂﬁuﬂﬁgﬁf 3§QF5ng formul ati on was tﬁ@n used to treat
cotton i nH?/bﬁ) 5@@0@@@@&?@@1&% ri bed above, including.oguring at 2s0
degrees F for thi r'zal L{W m nutes. The treated cotton was then used as a
filter mabdverantrate (f.iheolsiorhoi ng exanpl es, a specifielObuantity of cotton
fiber (s-10 pounds or nore, as is desired) was inmmersed in the fornulation

under anbient conditions and within six to eight hours of preparing the

formul ation. Tiike Carkgaing iwmgediBgn weedryedinf the mdidie amoums a’nd)rm tlssteleded to
remove excess formulation, and then subjected to curin 250 d rees F
for 30- 40°%FhiR @QOW?@IS&J?%HI@&@W%MP%M PECtRAT e HE th Tas a

and of m | S0 (& gty ralel Mo arfli copl S o pleeRt ?fﬁ%t‘é%%tb?ﬂt& or'
ot her cel (wiklasit ampéaessaigethanol) is added to the preheated “Hot water” identified above
(80°C) in a container with continuous agitation until it is dissolved. The resulting
solution is allowed to cool (for about ten minutes) to room temperature. Next, the
bacteriacide (Troysan polyphase AF-1) is added to the solution. This resulting Freetex
mixture is then premixed with the deionized water. All of the other ingredients are
then added to the mixture in the stated amounts and in the stated order under ambient
conditions and while agitating the mixture (e.g., using mild agitation in a mixer).

After all of the ingredients are well mixed (approximately five to ten minutes), the

resulting formulation is ready for treating the cotton fibers.




28 OCT 2004 -,s synthetic material or conbination thereof) gn Iﬁrqt[hmg%
formul ation imedi ately after production of the chem cal grafting

formul ation. in the foregoing exanples, the trade naned products have the
foll ow ng generic descriptions and functions: Cynel 303 Resin -

hexamet hoxymet hyl mel ami ne, crosslinkl2g agent for phenoxy resin and

pol yket one, thereby giving strength to the fiber. Silane A-1100 -

gama- am nopropyl tri et hoxysi | ane, adhesi on pronmoter. t3YK 300-wetting

agent. Sil . . i t | ' g, t he
Theol ogy of ekl inBeSHting omiiaoR% ARG ve 15 shdlin T MR, |
catalyst for lowt erature reactions,, PS072-KG - hydrophilic silicone,

ol ps aotion ToeEn RO BE RATES Wit 5o speating Teduaianar b 8V sfcidms Vo Bos1
- aqueous acrylic resin binder (acrylic copolyner), acts as a binder

Hel astfioen We-ca@ation. Ibthedormuialiop deginmtogelaitishouldmot be wised. wei ght si | i cone,
It is an acrylic copolyner that acts as a binder, Ecco-Res U78 - aliphatic
pol yur et harmhe @eliting fothuldion wiBSappiieeftb confrhéiciailp availdiiie€0% longnpar t

softness #o the fibér. APG 9kn -fluoro chemical, acts as a lubricant so as
to I neheAdcutisachel e Gthptddsed! dotton, i.e., the formulation was applied to cotton by

dipping or immersing the cotton in the formulation, squeezing the cotton to remove

excess formulation (.g., squeezing the cotton by inserting it into a ringer having two

rotating rollers), and curing the graft coated cotton at about 250 degrees F {about 121

degrees C) for about thirty (30) minutes in a standard commercially available oven.

The treated cotton was then used as a filter material,

Example 2
Formuiation

Ingredients Parts By Weight
PKFE (30% in MEK/cellosolve acetate, 1:1) 30.0
Polyketone K-1717B (30% in cellosolve acetate) 7.5
Cyrnel 303 5.0
MEK 35.0
Cellosolve Acetate _ 35.0
Buty! Carbitol - 10.0
BYK 300 0.04
Cycat 4040 | 0.05
Silwet L77 | 025

Silane A-1100 | 016



Freetex 695 - nel ami ne prepoiynmer) a pol yacryl am de, havindg § @g
nol ecul ar wei ght of about sixteen mllion, a bulk density of about 5-770
kg/ M-, a 5.5 7.5 pH of 0.2% solution at 25C, and which acts as a hi nder as
wel | as absorber of solid 28 OCT 2004 -17 particles fromthe oil. AWPS
2403 nononer - 2- acryl am do- 2- net hyl pr %agesul fonic acid sodiumsalt (50%
aqueous sol ution), having a nol ecul ar"*iei ght of 229. It has the follow ng
formula. It is a nononer which inparts theology control in ternms of
hydrolytic and thermal stability. QEHCH3 Qiz= CGi-C~t-CCH2 eSO~3N~ ~.

HEMVA P%mm@(@imdmsﬂmgﬁ@,oﬁ BOgidea nononeri.c Aet hacryl ate ester. . It

hasthefollovmngforrmla ~3 | =C- COOCHZ- CHZ- 4H Sodi um net abi sul fite, 97%
- sodi um net abi B;{\ﬁb s disodiumdisul fite and di sodi um
pyrosul fite. ngya ca éqidﬁa rﬁl um persul fate, 98% - ammni um
~peroxgdi sul fa al s ammoni um per oxydi_s I fat e, Is a catal yst.

Tr oysgﬂ %&%’Bh@@ ,@ql}( g| stration No. 53841 S a broad spectrum -

Using the above ingredients and amounts (based on grams), the primary resin
(PKFE) was dissolved in 30% MEK/cellosoive acetate 1:1, and was placed with
pbiyketone prepolymer (polyketone K—171 7B 30% in cellosalve acetate) in a container.
To this combination, the above identified monomers, prepolymers, catalyst, graft
initiator and other ingredients were added to the container. The ingredients were used
in the concentration ratios and in the order indicated above. Under ambient conditions,
the contents were stirred to a uniform solution. The resulting formulation was then
applied to-commercially available 100% long strand unbleached, compressed cotton,
i.e., the formulation was applied to cotton by dipping or immersing the cotton in the
formulation, sqaeezing the cotton to remove excess formulation, and curing the cotton

- at about 250 degrees F for about thirty (30) minutes in a standard commercially

available oven. The treated cotton was then used as a filter material.

Example 3

Formulation
Ingredients | Parts By Waight
Helastic WO-8081 7 | 52.0 |
Helastic WO-8079 | 10.0
DIW ‘ 380

Ecco-Res u-78 _ 15.0



liquid, non-netallic fungicide, bacteriacide; its active i 3& ﬁﬁ]ézgﬁ,@ S
3-i0do-2-propynyl butyl carbamate. Troysan pol yphase i s manufactured under
U S. Patent 3,923,870 and 4, 276, 211 ({4he disclosures of which are hereby

i ncorporated by reference herein). PKFE - phenoxy resin, having a high

nol ecul ar wei ght and | ow residual volatiles. It has the follow ng fornula.
28 OCTZO(M’S.Y%)fL Cli, HHHI I I I O~ COC—C—CI 11601 CH HOHHnN (n
=38 to >§&) Cptton - 100% | ong strand unbl eached, ngp%ssed cotton.
Utilizing hcé t hods descri bed above of chem caIIy grafting nononers and
prepol ynemsneniget pedsulfaed NBY it Rhilek (LRt pELERI0E.5) synthetics (e.g.)
acrylics or polyesters), or conbinations of the foregm ng by a free

radi cal s Sdveritgke (Wh%mgz%w ng i ncreased filtrationQdfficiency, high

t enper atu %% ?‘%mr}FE} stance, and nonl eachi ng pr qpertl es are
pr'oduced: Iroer 'ma n conpressed form or Ioose form and used in
t hose forms as a filtrafion nmedia (such as disclosed for the | oose cotton
fibers in U S _Patent 6,591,330, the disclosure of whjch is hereby

i ncorporat ed byikethe peasees ¢ofdhefosgeoing ey %.aﬂw@lcf\wed@@lﬂm%’&f@éae%%t 0 a
nonwoven to
nonwoven %&119%&?3&%5%&12&&&e?g&{t%ﬂé%'&gﬂéﬁ ter or’ﬁge?’ n o ’Og%ﬂaonvmven.
Nonwoven ghefeinitizer systemmd)thmyngrbrhmtbef tisedoasfoamblatibn steromided dd toe f or

exanple, in ojl, fuel bricant, c nt or air filters, particularly for
vehi cul ar Cﬂ%tém%uTheaF%e‘ﬁ‘?}FS eEe Jig “h?‘?fr SRACPRUA R, ‘&‘Hﬁﬁt‘m a‘Htti? ﬁli

transm ssigngyes J&e%nd\éfﬂt%kxﬂfe?t Sbtit G2 e 96nt£ﬂi? e sﬁ’fre& b¢ ol ikRrmThe

invention also re ates to II'trati on medi a produced by practice of the
met hod as sdietion.i Bedrealdtng fortrhwationl| wasaheonsadeldi teeat ootjami 18 they samo mpregsed or

ol vort o 3 ReiRted het ORiiphe HHEE Gt 2bRdepse fotonating et ilidtef T bose!
cotton, okReledceltdbtvasStich WRRT & o Mlerdisaic or pol yester fibers, or the
|i ke; or such fibers forned i nto nonwoven

Example 4

Formulation
Ingredients Parts By Weight
AMPS 2403 Monomer (50% aqueous solution) 30.0
IPA 25.0
DIW 23.0
HEMA (97% solution) 7.0

10% ammonium persulfate 1.0



28 OCT 2004 -,9 webs utilizing conventional techniques. T% iﬁétr ation
nmedi a so produced nay be used in any of the systens or de @ ZBescri bed
in the aforenentioned patents. The invention also relates to the systens or
products of the aforenentioned patents which utilize the filtration nedia
according to the present invention. The percentage of polyners, nononers,
graft initiator systens and catal ysts depend upon the particular fibers
treat ed, ' r @it cunst ances under which the fiwbers will be used

f or fiItrg |°§§$%@Fﬂa$lglr1&nt{he fibers will be in duri ngi' iltration, and

ot her varFrblce$95 Foet witlanptlanocor one patti cul ar coating system a

formul ation may be utilized cqopprising about 30-50% by wei ght (e.g., about
38% aqueous aBPYWREr (8degrass fhder, about?®® 11 % (e.g., about 7% high

nol ecul ar wei g Id ' suspensi on, abgyt 20-40% (e. g.,
about 28% dei %%?@%%F&gqagtaw?gﬂ;v%%@ﬁg \%%gg pure wat e?‘t1 about 5-16% (e.g.,
about i i % beouddowhsudhdas an al i phatic pol yurethane), and about $-11 %

(e.qg., about 7 each .of a softener to ippart softness to the fibers (e.g.,
a silicone sof%@?‘)?dms?g%rf cant to TOZErease the flow rate of the oil
(e.g., a fluoro chemcal), and small anmounts (less than 1 % of each) of a

catalyst and a graft initiator (such as urea peroxide and silver nitrate).
Preferably, thbikeHthes padpsssofdhes dotdgaingi exangplbasi precalpulhted @raatisr oéd pH

f ab 7. S ., Ab 8. 25 [ ' fer. . tcal l
{emper at ubBnren NS, Tl F I > bl e SIS g T

adver sel ysat 56t aduk6ud sdi@tich) PRhNPlabéEat £donthRBO MeSothét hbedlicargs 8¢ 0.1 to
50% may be used in the conposifion. In another exanple of a coating system

a fornul aghaya femmulpéon wetei theraddedye theiaegtaitsouthe iageedicntinvarc gsed/ Ingge ght

(e.g., about Q. 089 of a | yvacr,yl am de. pr i | SSOl 1.0k wat er
(bet ween SEo[s] L,)Onvxﬁaﬁ R° & @%%%gra’ldé%(?c%%d %%PS Iﬁ%?%%%gbéa‘%oﬂ'ﬁ%b-aﬁ’é’&q‘ ?e. g.,
about 28%ordétions] ihzedntedisSidrt lsededto DUhIEsM Seutied. Theatsilting fo2@u@Gdn 2004 - 20

about 20-40% (e.g., about 32% nono 2-acryl am do-2- net hyl propane sul fonic
aci d sal t WabieRgsebiesreab rettangh thesisia mamel gesiessriped abaysincidmE WBNgent such

as i sopropy I )1@0( . 9 %%E r ch as

2- hydroxy&ejtﬁhosz#e%?n%?ﬁago?eﬁg[&e(?oa O%ugt@s[ g?% tl'?ﬁtgﬁtcgﬁ)ﬁ ‘éﬁg asgtgt%E %%%J of a
cat al yst smrhiahs ammoni um persul fate (10% sol ution), about |ess than 2%
(e.g., about 0,8% .of a catal yst such_as sodium netabjsulfife 0%

sol uti on), abo&tﬁ%é’%@g«elﬁaﬁx _16%.39‘3}’?0155%&?51’61?30 flogtibgr &{;ié\wéft S&ich as
hydr ogen pgroxk q'@déé%*eﬂlf@v%Q'iMIﬂe% in DL AR oh §S8el DABIeRTbdrRithns aRQOUL
0.008% of a graft 1nitiator such as silver nitrate (0.1% solution). Curing
i s preferwghin giypo erght ows ofl ptepapeg dteuioenvihtibet Mecwttaboss th@Oreb868®] but | ow
enough so.as not. to adversg{lézr\é z%ffect the fi Pers&(g@i n ¥eat eg, Ig this

di scl osur 8% PC;IEMGSIRE 30HGeEed 10 S HaP i [ ERe ta iy SR AIPISEBrC anount s
are appr oxir{it£.258MetBak 8t 50-20Bhihees. "BRASSNdtidntiver S 9RA réRNAE bar e
specifically provided. For exanple, an anount of deionized water between

about 2040%li asct didies ckemapsdpr HE- BOYing2ek o fuelndlubricanss, eoolanty powed r anges
ithin th . . Th | t f 1 t d i
e i el o el BB o RS 11,

what is pmaseally considered to be the nost practical and preferred

enbodi nent, it is to be understood that the invention is not to be limted
to the disclosed enbodi nent, but on the contrary, is intended to cover
various nodifications and equival ent arrangenents included within the
spirit and scope of the appended clainmns. V 28 OCT 2004 -21 WHAT IS
CLAIMED |I'S: 1. A coating conposition for the chemcal grafting of an oil,
fuel, cool ant




or air filter material, the conposition conprises: about 3gﬁ5§?éqrb
i I

of an aqueous acrylic resin, about 3-11% by weight of a h

wei ght

Kar

wei ght silicone in an agueous suspension, about 20-40% by wei ght of
dei oni zed, distilled or otherw se pure water, about 5-16 % by weight of a
bi nder, about |less than 1 % by wei gh @Of a catal yst, and about less than 1%

by weight of a graft initiator. 2. T

conposition according to claim1,
wherein the aqueous acrylic resin is an acrylic copolymer. 3. The

conposi tion according to claim1, wherein the binder is an aliphatic
pol yusynthetie materialios combjinatian therasy wittitng formutdtiinimimediatiigafiet he cat al yst

Is at | east one sel ected from hydrogen peroxi dem urea peroxide,

per subfafultion of RscHEThRES Ghal

anmoni um

rmatdighm net abi sul fite and m xtures

t her eof . 28 OCT 2004 -2% 5.®The conposition according to claim1, wherein

cont a1 ni ngl"PE oG sRmbRRC e as fateh BohuciF bde fhe iiovig bonrc

conposition accorginﬁ,to claim1l, wherein the catalyst is urea peroxide. 7.

The cOFEBHPM3ANY

Cymel 303 Resin - hexamethoxymethyl melamine, crosslinking agent for
phenoxy resin and polyketone, thereby giving strength to the fiber.
Silane A-1100 - gamma-aminopropyliriethoxysilane, adhesion promoter.

BYK 300 - wetting agent.

Mg to claim1, wherein the graft initiator is

Silwet L77 - surfactant and wetting agent, helps to maintain the rheoclogy of the
formulation.
Cycat 4040 — paratoluene sulfonic acid, catalyst for low temperature reactions.
PS8072-KG - hydrophilic silicone, helps to increase the hydrophilic properties of
 the fiber.
Helastic WO-8061 - aqueous acrylic resin binder (acrylic copolymer); acts as a
binder
Helastic WO-8079 - aqueous suspensfon of & high molecular weight silicone, it
is an acrylic copolymer that acts as a binder,
Ecco-Res U-78 — aliphatic polyursthane, acts as binder.
APS V-soft — silicone softener to impart softness to the fiber.
APG gkn - fluoro chemical, acts as a lubricant so as to increase the flow of the
oil,
Freetex 895 - melamine prepolymer, a polyacrylamide, having a high mean

molecular weight of about sixteen million, a bulk density of about 675-770 kg/M?, a 5.5-

7.5 pH of 0.2% solution at 25°C, and which acts as a hinder as well as absorber of solid



silver nitrate. 8. A coating conposition for the chem cal grg@f 2&@
oil, fuel, coolant or air filter material, the conposition conpr e 0 bout
20- 40% by wei ght of a nonomer, about 20-40 % by wei ght of isopropyl

al cohol, 0 about 20-40 % by wei ght of deionized, distilled or otherw se
pure water, .about 4-15 % by wei ght ofi{hAn ester, about |ess than 4% by

wei ght of a catalyst, and about less than 1 % by weight of a graft
initiator. 9 The conposition according to claim8, which further conprises
about Ies by wei ght of a prepol yner. 28 OCT 2004~ -23 10. The °
corrposx‘?qrfI to claim9, wherein the prepolyner is a
polyacrylan1de poI ner 11. The conposition accordlng to cIaJ%“f re|n
t he nonomerAMBS24L8 yipaames —L- REBIMisioodr-ametbliprepanesuipric asid 3AAIWRISAIL 500,
aqueous solution. 12. The conposition according to claim8, wherein the
est er (5e%PaguenssEsclution)} having haticleealasweigidt of BR9. dbhps tha iodiowmoformu!ag to
claim8, mhereln the ester is 2 hydroxyethyl nethacrylate. 14. The

COMPOS} fsi DfMoMBR{Yr Wich éﬂt@rﬂao%gwmtﬁﬁmtémscaw«éimn andthdmmst one
sel ecte romthe group consi sting of hydrogen peroxi de, urea peroxide,

anmmoni ﬁ&rsul fate, potassium persulfate, sodium netabisulfite and
m xt ur )
g
Ctz = CH-C-N-C-CHxS0Na

-

HEMA - 2-hydroxyethyl methacrylate, a monomeric rethacrylate ester. it has

the following formula.
CH3
CH,=C-COQOCH,—CH,—-0H

Sodium metabisulfite, 97% - sodium metabisulfite, also known as disedium
- .disulfite and disodium pyrosulfite. It is'a catalyst. |

Ammonium persulféte, 98% - ammonium peroxedisulfate, also known as '
ammonium peroxydisulfate. it is a catalyst.

Troysan polyphase AF-1, EPA Registration No. 5383-18, is a broad spectrum,
fiquid, non-metallic fungicide, bacteriacide; its active ingredient is 3-iode-2-propynyi
butyl carbamate. Troysan polyphase is manufacturéd under U.S. Patent 3,923,870
and 4,276,211 (the disclosures of which are hereby incorporated by referance herein).

PKFE - phenoxy résin, having a high molecular weight and low (esidual'

voiatiles. |t has the following formula.



thereof. 15. The conposition according to claim9, which férm conpri ses
about less than 0.5% by wei ght of a bacteriacide. 16. The Tl?ﬂ@p
according to claim15, wherein the 28 OCT 2004 -24 bacteriacide I's a
carbamate. 17. An oil, fuel, coolant or air filter conprising a filter
material and a conposition which chedi&ally grafts to the filter naterial,
wher ei n tL-he filter material is at |east one sehected fromthe group

consi stihg of cotton, @ﬁ er-based matyerigl sy synthetic materials and

conbi natjons t |a =ein th coﬁpogtion conprises: about 20-40%

by wei ght of 0-40% lby wei %ht of isopropyl alcohol, about
20- 40 %y Qet § . 2 ” st G ~ed © rwi se pure water, about
4- 15% by} wei gh | ess thart 4% by wei ght of a catal yst,

ETght of pp gpgf g imitiator. 18. A process for
“maki ng ah oil, fuel, coolant or air filter comprising the steps o a. mnaking
a conposition by m xing about 20-40% by wei ght l!)f(ﬂd%gﬁﬁﬂz"’é&) distilled or

ot herwi se pure water, about 20-40% by wei ght of a nononer, about 20-40 % by
wei ght of -i sopropyl ..al cohol, about 4-15% by wei ght of "an ester, about [less

than 4% bycaﬁbﬂbt1Gd%@orggfggéhe'@newee,aéawféssee@eﬁaﬁout less than 1% by

wei ght of a graft Initi

and abouf |ess THan 1C/HF

Utitizing the méthods described above of chemically grafting monomers and
prepolymers to cotton, other cellulose ma’.t_en’als, synthetics (e.g., acrylics or
polyesters), or combinations c_)f—the foregoing by a free radicals formation, fibers having
increased filtration efficiency, high temperature and chemical resistance, and non-

: ieaching properties are produced. The fibers may be in compressed form or loose
form, and used in those forms as a filtration media (such as disclosed for the loose |
‘cotton fibers in U.S. Patent 5,591,330, the disclosure of which is hereby incorporated
by reference herein), or the fibers may be produced into a nonwoven web or shest

- form, with grafting taking place either prior to nonwoven formation, or, where
apprOpriate, after formation of the nonwoven. Nonwoven sheets so produced may then
be used as a filtration media, for example, in oil, fuel, lubricant, coolant or air filters,
particularly for vehicular use, but also for use with hydfaulic equipment, automatic
transmissions, engines, whether stationary or mobile, or the fike.

The invention also relates to the fiitration media produced by practice of the
method as described above, the filtration media comprising: compressed or
uncompressed cotton, other cellulose fibers, synthetics (e.g., acrylic or polyester
fibers), or combinations of thé foregoing; substantially loose cotton, other cellulose

fibers, or acrylic or polyester fibers, or the like; or such fibers formed into nonwaoven



to chemcally graft to a filter substrate, b. chem cally&ﬂa@@]‘ g{he
conposition to the filter substrate. 28 OCT 2004 -25 19. The @ ess

according to claim 18 which further conprises the addition of about |ess
than 0.5% by wei ght of. a prepol yner before mxing in the nononer. 20. The
process according to claim 19, whereil®the prepolyner is a polyacryl anide
polymer m xed with water at tenperature between about 60-100 degrees C. 21.
The process according to claim19, wherein the polyacrylam de polyner is

T X C il BB oo IR KA cRe MRA ARG Incbfle S0 BrdIRReA o 78 U] ) ©

m xed wth a bdteriacide, priof to mxing w
compr oy S GRS oh Gevicgh Bh Hisetlied M hartoriarione ppisie: SHSLo e
filter substrate im”Mmersing the filter substrate in the conposition. 23.
* The pinyeBlgn é@%&f 1ag tq thecsysiame of prarducts af heaferemeniioned paterts wihjch
utilize the filtration media according to the present invention.

The percentage of polymers, monomers, graft initiator systems and catalysts
depend upon the particular fibers treated, the particular circumstances under which the
fibers will be used for filtration, what form the fibers will be in during filtration, and other
variables. For example, for one partibu!ar coating system, a formulation may be utilized
comprising about 30-50% by weight (e.g., about 38%) aqueous acrylic resin binder,
about 3-11% (e.g., about 7%) high molecular weight silicone in an aqueous
suspension, about 20-40% (e.g., about 28%) deicnized, distilled or otherwise pure
water, about 5-16% (e.g., about 11%) binder (such as an aliphatic polyurethane), and
about 3-11% (e.g., about 7%) each of a softener to impart softﬁess io the fibers (8.g., &
silicone softener), and lubricant to increase the flow rate of the oil (e.g., a ﬂuorb |

. chemical),' and smafl amounts (less than 1% of each) of a catalyst and a graft initiator
{(such as urea peroxide and silver nitrate). Preferably; the pH is adjusted so that it is
basic, with a preferred pH range of about 7.5-9, e.g., ébout 8.25. Curing is preferred,
typically at a temperature of between about 100-130°C, but low enough so as not to
adversely affect the fibers being treated.

Monomers in the range of 0.1 to 50% may be.used in the cdmposiﬁcn.

In another example of a coating system, a formulation may be utilized
comprisirig about less than 1% by weight (e.g., about 0.08%) of a polyacrylamide

- prepolymer dissolved in hot water (between 60-100°C) with a bacteriacide added

thereto, about 20-40% (e.g., about 28%) deionized, distifled or otherwise pure water,



step further conprises: squeezing the filter substrate £d m:fog XCess

conposition. 24. The process according to claim 18, wherein the chemcally
grafting step conprises: chemically ggafting the conposition to the filter
substrate by imersing the filter substrate in the conposition, and curing
the filter substrate at about 200-300 degrees F. 25. A coating conposition
for the chismit@at4036 &6.54 nhowf324%) wphg 2fagsilamidodt-mathybprogene sulfoney adiét eri al |

t he conposi.tj conpri ses.. abou han, 1% wei. ght o .pol ryl am de
br epol yesilt 585 0SB a6y erbat 407 Gargnpdlbolrait ol 8 PR o
pure wat egicoRd10Wbowrt0448% iy gWeivdlit 89f) MdRemér astky Isach Ge- Zhi@bky letiptopane

sul fonic acid salt, 50% aqueous sol ution, about 20-40% by wei ght of an

al cohol - bastcstite.cabout botn 274 698bgbansiOgite) of a aﬁtﬁlﬁﬁkﬁ\'\éﬁ/ ap §MEIOMEBoUt | ess
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grafting eddiam @btabishifed (1089@bREIbn), about less than 2% (e.g., about 0.008%) of a
catalyst such as hydrogen peroxide (0.1% solution), and about less than 2% (e.g.,
about 0.008%) of a graft initiator such as silver nitrate (0.1% solution). Curing is
preferred, typically at a temperature of between about 100-130°C, but low enough so
as not to adversely affect the fibers being treated.

In this disclosure, it is to be understood that all ranges and formulation
amounts are approximate, and that all smaller ranges within a broad range are
specifically provided. For example, an amount of deionized water between about 20-
40% includes 21-36%, 30-39%, 25-28%, and all other narrower ranges within the
broad range. The same holds true for all other ranges used in this disclosure.

While the invention has been described in connection with what is presently
considered to be the most practical and preferred embodiment, it is to be understood
that the invention is not to be limited to the disclosed embodiment, but on the
contrary, is intended to cover various modifications and equivalent arrangements

included within the spirit and scope of the appended claims.




or air filter material, the conposition conprises: about 2&£CThaggéL % by
wei ght of a pol yacryl am de prepol yner, about 20-40% by wei ght dei oni zed,
distilled or otherwi se pure water, abliit 20-40% by wei ght nono

2-acryl am do- 2-met hyl propane sulfonic acid salt, 50% aqueous sol ution,
about 20-40% by wei ght isopropyl alcohol, about 4-15% by wei ght 2-hydroxy
ethyl methacrylate, about |ess than 6% by weight of a catalyst, wherein the
catal yst is at Wﬁﬁ%‘l&%ﬁﬁﬁ‘ﬂ' fgd fromthe group consisting of amoni um
persul fate, sodium netabisulfite, hydrogen peroxide, and m xtures thereof,
and about |ess than 2% by weight silver nitrate. 27. An oil, fuel, cool ant

or air filter conprisi filter ri to Wmchl aII rafted a
pol yner or copi1 ynmeft C\ﬂﬁ‘é& EPYPRSH “cnﬁéﬁ? @FW%%W%O ﬁg':léi ol ymer
results fapgﬁgngrﬁjgt@ﬁélnﬁ@tcoglfpoﬁhg@%ﬁ@g esCOMPOSi tion to the filter

material, and wherein the chem cal conhposition conprises: about 20-40% by

wei ght of a moalMeR)- SQboly weightdl Bhdgyeavsiaghiic ofsinl cohol 28 OCT 2004 -28

about 20-40 % zed, . di t| |l ed .0 her wi se pure water,

about 4- 15% b;%%ﬁ)%fbyawe@f 8? elngh Mhlecular Welgﬁt siliconie 1 an Fzjiqueous
suspension,

about 20-40% by weight of deionized, distilled or otherwise pure water,
about 5-16 % by weight of a binder,

about less than 1% by weight of a catalyst, and

about less than 1% by weight of a graft initiator.

2, The composition according to claim 1, wherein the aqueous acrylic

resin is an acrylic copolymer.

3. The composition according to claim 1, wherein the binder is an
aliphatic polyurethane.
4. The composition according to claim 1, wherein the catalyst is at least

one selected from hydrogen peroxidem, urea peroxide, ammonium persulfate,

potassium persulfate, sodium metabisulfite and mixtures thereof.




about |ess than 6% by wei ght of a catal yst, and about Ies&ﬁtﬁﬁ'ﬁm by
wei ght of a graft initiator. 28. An oil, fuel, coolant or air fi %r
according to claim 27, wherein the fiR2er material is at |east one sel ected
fromthe group consisting of a cellul ose-based material, a synthetic
material, and conbinations thereof. 29. An oil, fuel, coolant or air filter
according to claim28, wherein the cellul ose-based material is a cotton
material. 30. An oi f 0 : Wb il Ler r i 1 i,m 28,
wherein the ceig\l ul o?nggggamﬁrg‘?Led?élgéﬁhﬁééégfmﬁ%&é&&%t e?ﬁaﬁw%&&x&%tl , fuel,
cool ant oifleaal onefselcex frun afetilign ty@temsaiontA8ng BHEF e, tApd, €yt Bet'iandmat eri al
is at least. one selected fromthe group consisting of an acrylic, polyester
and conmbi HHKUEHERr eof . 32. A nethod of filtering oil, fuel, coolant or
air conprising: passing the oil, fuel or air to be filtered through a
filter conprising a filter material to which is chemcally grafted a

pol ymer or cop®l yneThewoarnmisifion 280rQEE R004inm 29 winecio Hbeicatlysy 15 pedt ed

pol ymer or cop | ymer results fromthe treatnment of a chem cal conposition
to the fi PP %aterial, and wherein the chemical conposition conprises:
about 20-40% by wei ght of a nononer, about 20-40% by wei ght of isopropyl

al cohol, about 20-40% by wei ght of deionized, distilled or otherw se pure
wat er, about 4715% ﬂ“@ev@irrgmsiti@fl agpordiigeto, claim 1, wherein the graft initiator is

silver niirate.

8. A coating compoéition for the chemical grafting of an oil, fuel, coolant
or air filter material, the composition comprises:

about 20-40% by weight of a monomer,

about 20-40 % by weight of isopropyl alcohol,

about 20-40 % by weight of deiofﬁzed, distilled or otherwise pure water,

about 4-15 % by weight of an ester,

about less than 4% by weight of a catalyst, and

about less than 1% by weight of a graft initiator.

9. The composition according to claim 8, which further comprises about

less than 0.5% by weight of a prepolymer.
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composition Wthh chemlcally grafts to the filter material,

wherein the filter material is at least one selected from the group consisting of
cotton, paper-based materials, synthetic materials and combinations thereof, and

wherein the composition comprises:

about 20-40% by weight of a monomer,

about 20-40% by weight of isopropy! alcohol,

about 20-40 % by weight of deionized, distilled or otherwise pure water,

about 4-15% by weight of an ester,

about less than 4% by weight of a catalyst, and

about less than 1% by weight of a graft initiator.

18. A process for making an oil, fuel, coolant or air filter comprising the
steps of:
a. making a composition by mixing about 20-40% by weight of
deionized, distilled or otherwise pure water,
. about 20-40% by weight of a monomer,
about 20-40 % by weight of isopropyl alcohol,
about 4-15% by weight of an ester,
about less than 4% by weight of a peroxide-based catalyst, and
about less than 1% by weight of a graft initiator,
to chemically graft to a filter subsirate,

b. chemically grafting the composition to the filter substrate.
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24.  The process according to claim 18, wherein the chemically grafting
step comprises:

chemically grafting the composition to the filter substrate by immersing the
filter substrate in the composition, and curing the filter substrate at about 200-300

degrees F.

25. A coating composition for the chemical grafting of an oil, fuel, coolant
or air filter material, the composition comprises:

about less than 1% by weight of a polyacrylamide prepolymer,

about 20-40% by weight of deionized, distilled or otherwise pure water,

about 20-40% by weight of mono 2-acrylamido-2-methyl propane sulfonic
acid salt, 50% aqueous solution,

about 20-40% by weight of an alcohol-based solvent, about 4-15% by weight
of a monomer ester, |

about less than 6% by weight of a catalyst, and
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about less than 1% by we1ght of a polyacrylamide prepolymer,

about 20-40% by weight deionized, distilled or otherwise pure water,

about 20-40% by weight mono 2-acrylamido-2-methyl propane sulfonic acid
salt, 50% aqueous solution,

about 20-40% by weight isopropyl alcohol,

about 4-15% by weight 2-hydroxy ethyl methacrylate,

about less than 6% by weight of a catalyst, wherein the catalyst is at least one
selected from the group consisting of ammonium persulfate, sodium metabisulfite,
hydrogen peroxide, and mixtures thereof, and

about less than 2% by weight silver nitrate.

27.  Anoil, fuel, coolant or air filter comprising a filter material to which is
chemically grafted a polymer or copolymer, whereby the chemically grafted polymer
or copolymer results from the treatment of a chemical composition to the filter
material, and wherein the chemical composition comprises:

about 20-40% by weight of a monomer,

about 20-40 % by weight of alcohol,
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filter material is at least one selected from the group consisting of a cellulose-based
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material, a synthetic material, and combinations thereof.

29.  An oil, fuel, coolant or air filter according to claim 28, wherein the

cellulose-based material is a cotton material.

30.  An oil, fuel, coolant or air filter according to claim 28, wherein the

cellulose-based material is a paper material.

31.  An oil, fuel, coolant or air filter according to claim 28, wherein the
synthetic material is at least one selected from the group consisting of an acrylic,

polyester and combinations thereof.

32. A method of filtering oil, fuel, coolant or air comprising: passing the
oil, fuel or air to be filtered through a filter comprising a filter material to which 1s

chemically grafted a polymer or copolymer, whereby
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about 20-40% by weight of a monomer,
about 20-40% by weight of isopropyl alcohol,
about 20-40% by weight of deionized, distilled or otherwise pure water,
about 4-15% by weight of an ester,
about less than 6% by weight of a catalyst, and

about less than 2% by weight of a graft initiator.



