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PCT/ US97/ 17894 METHOD OF TREATI NG RAZOR BLADE CUTTI NG
EDGES ' This invention relates to an inproved

pol yf | uor oc ¥M¥Wfi8685at ed razor - bl ade cutting edge and BEQTsUSsaw®o4 net hod
of manufacture. Specifically, this invention- relates to razor bl ade
cutting edges which have a thin pol yfluonacarbon coati ng. 5 The

coatings of the present invention exhibit good bl ade adhesi on. and a

significantly inpr G R.AZOR BLADE CUTTING EDGES nventi on
concerns a novel proce yfluor.o ar bon oated razor
This Blsnlibf PP oS Faprb i Bolbigrosneotsaned oo

bl ade cutting edges, par Sl
razor bl ade diddeicatingdges and].ﬁs novel method of manufactude: Ospdbﬁidaﬁ?,oﬂushheéiﬁﬁn

despite their shar ness ot Ve shaving a _dry beard
wi t hout exced¥pFR H4F2R Q %ﬁf%gr}?"ﬁaq’@ P&J%;rpmcaf bon gpating; c 4
mat t er neSeS%by:ohﬁngerqﬁlﬂ&ypm&ehhuivhﬂiﬁnaemﬂﬂﬂgbnﬂﬂdd@&HHQm%%ﬂt such as
wat er and/ or a S avth]‘hgwre or soap. The pain and irritation produced by
shavi ng Pé“?%‘ls ®are due to the excessive force required

to draw the cutt| Ng 15ThisqAeation céﬂ&nﬁlameiﬂg@ééghntﬂﬁuﬁﬁ‘?ﬂghﬁﬁﬁd beard

hairs, which force is transmtted nerves In I'n adj acent
the hair fol CROPRSotEGFAzaNblade eyiting,edges nestiquiarky,pobiietrafluoroethylene-costed i s wel |

known, the wﬂo}g;augrgumg% grd by excessive pulling of these hairs
may continue for a considerable period of tinme after the pulling has

ceased. BPade cobnronted raegrcblatiss.cdespitedtheip skavpness, tchmmme be lemplayedi ngs. 20
G anahan et 7 ed VR 1960

describes a %cosgtaggé b‘Fg%g:% couﬁ?’%\gnzsg'%sﬁsamlrnzé & Xlaﬁé W8 B ce required
to cut pirstieal nhadfer necismrycmaammw mthel_xem la heardsbﬁéxﬁnpﬁg@n such as

whioh r ema noeieh Audets Rl K950 on soans Tt ai Bebon, profofed o ahabingace et
Wi t h consi demdihl ncoatedrbladésadre due teths extd3sive ittd ﬂgﬁ:re&%mriwtthe?&mn@er manent
e NS S B0 S b 55y i, whih o i o

~ f1 uor ocar bontieates ibkiedssn adjadehi tehatr| fyliiRRk Yioat whkh w&%}&uél?sr@:wt ed

bl ades. The bldaldes ma]i be coated by EdZCI ng the blade edge in cfose
proximty & wel fnpyn, ‘?“f‘F?émFIm Py e¥resitie rullingeef thpsel Raitseat i ng
~the bl ade, (ﬂ')hy%BﬁﬁWerfGr 3Q0n51&|ra1ﬂ’éag eMddorairhd bWJrQEéiﬁthf?ﬁh ﬂdss&%eﬁ' Wadd 3)

di pping the bl ade into,a fluorocar di spersion or (4) by use of
el ect r ophor eS9aingsriyere; deyelepsd g %]‘@d@esﬁé@ﬂt@ﬂéﬂgsheat ed to sinter the

pol ytetrad| uor oet hyl engraiiad o BE, Ol PareRONS. 2,53 BETH Rsdkd May 2hSf¥e00N the use

describes a "coated" blade which provides a reduction in the force required to cut
beard hair. The coating material consists of an organosilicon-containing polymer
which is partially cured to a gel which remains adherent to the blade. Although
these coated blades met with considerable commercial success, the coatings were not

25 permanent and would wear off relatively quickly..
. Fischbein, U.S. Patent No. 3,071,856, issued January 8, 1963,
describes fluorocarbon-coated biades, particularly polytetrafluoroethylene-coated
blades. The blades may be coated by”(l) placing the blade edge iﬁ close proximity
to a supply of the fluorocarbon and subsequently heating the blade, (2) spraying

30  blade with a fluorocarbon dispersion, (3) dipping the blade into a fluorocarbon _
dispersion or (4) by use of electrophoresis. The resulting blade was later heated to

sinter the polytetrafluoroethylene onto the blade edge. Fischbein is silent on the use



- 2- of fluorocarbon sol utions. Fi schbein, U. S.
Patent No. 3,518,110, issued June 30, 1970, discl oses an i nproved
solid fluorocarbon teloner for use in coating safety razor blades. The

solid fl uo&g)c%?r@?t pol ymer has a nelting point between 319%?; 97217 32[err] C

and has a flowrate of fromO0.005 to 600 grans p Yhutes’ at
350C. The nol ecul ar weight is estinated to be between 25,000 and

500, 000. For best results, the svfird fl uorocarbon pol ymer is broken
down to 0.1 rticles. The ' di spersion is

el ectrost at |°gau%1§9gét%r'g§%lg€°ont 0 stainless steel Dbl ades.

Fish et al, U S. Pat eEisthkmn,BIﬁEI&te?xﬂBIp BS$8eTh, Afsued Jube 3019920, diliciisboses 10

an aqueous. poI tet u | en PTEE) dLs erS| on cont ai ni ng Triton
X- 100 H’E?V lffﬁ‘@ 0'\/5%10% F°§ use é‘b qayjag SHEYFprer Yadesy ddeon bl ade

edges. The aﬁﬂlitBﬂu&ocarbon pélyBaeKasiaQheltifg Bélﬁpﬁétﬁgerbyl 0°2Gangnad ahd fad 4 €ON
solvent in V brand PTFE di spersion (PTFE + Freon solvent

di stribufed oW ratpyebiam 0.093 to; (9t gams per ten nyipytesa6r350°Gi Thei sopr opy!|

al cohol andrﬁgp&ma@w@@ &fimh
Trankiem U.S. Patent Ng;li &atggg!g%ﬁjgg’bwmn%médz% ﬁ‘ir%g{l%guhs (Docket

No. 7951) d%@éé@oma@ﬁnmﬁbmwbrmmmm%ﬁw mejcronypartjdi¢su GFlecar bon
coating on ﬁxsp@&i‘aﬁ lpgﬁg&s&uwy agg@gnﬁméﬁts&g bl8esSt eps of subjecting a

fl uor ocarbon pol yner havin cular werg *l east about 1, 000, 000
to 20 ioni 2| ng radi aFisbet !loUrSed’latﬁst Nheléﬁ&ﬂ@g@smﬂ April 25, m,gdikc!dssasf rom

about 7Qf t ueomﬂ&?&haﬂmogﬁﬁ? d@?ﬁga &sx&b%o'aru;u%d' tedg{ii&grocarbon

pol ymer in an ueo ng 150 utting edge
with the di bmdsvmng ageot Whigh ingjedtivetatically spraged omgladbbdgdsedme&qﬂadds

rank;om UnisPerBp 3t Pesed B eSS BN Rl YrossebrondBIFBS  ( pocker

No. 4210) ddspémns(P'EFEr&tFrom’h suflveint)y dismguu&dpgllslf | DiPoat; aVileingtsint i ng on a

razor bladec t|n rlsess bj ectjng a fluarqcarhon pol yner

havi n &‘ g Aigo ‘ﬁ thep, 35’6 % BOPIORY 3 Por)r/n to
g P60, §°

I oni zi n@si rm&r.at | on to reduce the nol ecul ar vvei ght of the polyner,

form ng a di spersion qf i rradi ol in a valatile organic

liquid, -spraying the 'g'ia@tﬂ@?“spo% PG'F?"TQ 9?&%{3 %ue Newmbeg ddt 199 edge and

heati ng t he(Deévket Ng. mllﬁdiﬁﬁdsek@n%hﬂﬁ@fov%@%eﬂﬁhﬂf'fb‘ﬂﬁlﬁgﬁrﬂ?ﬁ‘ﬂuomcarbo;;he

pol yf | uorocar bon pr ef ergﬁgé I s, pol ytetrafl uoroethylene and irradiation

pref erabl y coating;og afapor, quingRdgs Formprisingthe steph of sHpiectinglzecul ar wei ght
of about 25£36dcarbon polymer having a molecular weight of at least about 1,000,000 to

20  ionizing radiation to reduce the average molecular weight to from about 700 to
about 700,000; dispersing the irradiated fluorocarbon polymer in an aqueous
solution; coating said razor blade cutting edge with the dispersion; and heating the
coating obtained to melt, partially melt or sinter the fluorocarbon polymer.

Trankiem, U.S. Patent Appin. 08/232,197, filed April 28, 1994
- 25 (Docket No. 4210) discloses a method of forming a polyfluorocarbon coating on a
razor blade cutting edge which comprises subjecting a fluorocarbon polymer having
a molecular weight of at least 1,000,000 in dry powder form to ionizing irradiation
to reduce the molecular weight-of the polymer, forming a dispersion of the
irradiated polymer in a volatile organic liquid, spraying the dispersion on to a razor

30  blade cutting edge and heating the coating obtained to sinter the polyfluorocarbon.

The polyfluorocarbon preferably is polytetrafluoroethylene and irradiation preferably

is effected to obtain a telomer having a molecular weight of about 25,000.



-3- ' U.S. Patent No. 5,328,946 to Tuminello et al.

di scl oses perfluorinated cycl oal kane sol vents for dissolving high
mel ting polynmers containing tetra- f1uoroet hyl ene. These solvents are
sai d to di swobsmsessich pol yners nore rapidly, and/ or BEFEUSAIAEBI&t abl e,

t han previously known sol vents. Also disclosed is a process 5 for

di ssolution of the polyners and their r.egsulting solutions. The sol utions
are useful for making polyner filns, coatings and for encapsul ating
obj ect s. U.S. PatentLNtS 5, 1231%46tto M‘@mi@,ll@&ﬂpbﬂﬁsclogemﬂmﬁmted

di scl oses a process ssoIV|n &S cont ai ni ng
tetrafl uor oe‘%ﬁ&f’gﬁﬁ (ﬂvfnés fof d‘ ess gle{ﬁng pop%)e% e&g‘f an au ogenous :
pressure, usﬂmgoahj'lem emd@ahagmmmdaﬂab\&asbwe knhtﬁtpo@rm@iﬂcﬂmab&ny, not

sol vents resul from:t rocess he re SO u s are sa| dto
be LS oARdforiat moro bk i PEsbRsty KISwh Savent. i ditlaspd

pol ymers.s  for dissolution of the polymérsSandiatie liiisuNQg séluﬁ&& 6% sdsml::h@&fbs Cer tain
solvents for tetrafl uoro- et hyl ene yners,_ .including

per f | uor odecweful forymaking pelymst ﬁ?ﬂ%é’&%’}gﬁ a“gfm enc%?é‘l’]f“l‘%?‘ﬂa‘ftﬁet hyl decal i n,
per f | uor onet hyl cycl ohecmnﬁataﬂchcpeﬁwm%be% et wdlscmgemtfmk&y%zohexane)

Al of these solvents are believed have critical enper at ures

bel ow 340[ er dijolvieg Highapsltingpalymens cgmama @Wmﬁw@m units at pressures

B. Chu, et | it Bes R0 e bgenat¥@'solvéfts th 702-703
(1987) : ?%wf‘lﬁ'a@ apfobh SE"*’ YV 54 Flogenati solvents that are offtn

831-837 (0198&)t s017en tmecfrcymﬂ&:processp he rmlupmsownns are'cstud tadbc p. 243-260
20 (1990)] Sgﬁﬁ%lj@g#f?l? ARASHA QI'M%T %JHP ﬁ?y%&gm wei ght of pol ytetra-

fl uor oet hyl ene ( her er soreti I SO The sol vents used
in these st udi edJ.BePateqaNd.|4,360:388t dismbosssoceetamrsolvehis dorrtetrafludro-

pol y(chl orotr fI uo h d K. Gardner,
Macr onol . 4’ (ﬁ%}) p%b'ff’%%“d('ﬁ%gg?mmd“dl? el ﬂeuvc\’/r%{%g}’ %llg%ccus’s both the
practi cal anpbrﬂh@ﬁdnﬁieﬂgkiecﬂhpp&&hoﬂfmeﬁmmldheme Rdd-perflaéro(1,3s reported by
them P ssol.wve erfl ugrokerosenes

perfl uorrf ‘gﬂ‘e Y ‘?cg}’??‘al}?)h l\ﬂgf ¢ S‘H‘Z‘?ﬂﬁ ﬂS?’F‘?ﬁi’Fﬁg‘) ﬁ’fvﬁhc %DI ecul ar wei ght
al kanes. temp&&ﬁyeglﬁwmmmm&’]i&ﬁe%é hotrselvests $SPTRE.i n per f | uor odecal i n,
oct af | uor onapht hal ene or. decafl uorobenz

enon
U.S. Patent No. 3,461 %ﬂwswpﬂga.smmrmpesﬁ%fawﬁ ¥eh3y- 30
2, 2,5, 5-t et rgkioa(#031 (158197 MRERIHo).; o027 39724001 (3988)VRRCroM¥.TRbL. lzz? p(83-
u

145[err]C rreltlng poi nt PTFE. There is no nmention of. dissofl ution of

hi gher nel t i $)-87@939); J. Appl. Polym Sci., Appl. Bglym- Syt Yolof el B3#P 08 coat i ngs
on razorapl 3996y igkicR8e BdRSasiefent of the molecular weight of polytetra-

fluoroethylene (hereinafter sometimes PTFE) in solution. The solvents used in these
studies were perfluorotetracosane and oligomers of poly(chlorotrifluoroethylene).
P. Smith and K. Gardner, Macromol., Vol. 18, p. 1222-1228 (1985)
review and discuss both the practical and theoretical aspects of dissolving PTFE;
25  Asreported by them, PTFE has been dissolved only in ﬁerﬂuorokerosenes and
perfluorinated oils, in other words, perfluorinated higher molecular weight alkanes.
They report that PTFE will not dissolve in perfluorodecalin, octafluoronaphthalene
or decafluorobenzophenone. |
U.S. Patent No. 3,461,129 reports in Example A that 4-ethoxy-
30  2,2,5,5-tetrakis(trifluormethyl)-3-oxazoline dissolves low-melting (83°- 145°C
melting point) PTFE. There is no mention of dissolution of higher melting PTFE.
Polytetrafluoroethylene coatings on razor blade cutting edges are



-4 - clearly known in the art. Furthernore, it appears that various
sol vents systens have been proposed in the literature for

pol yt etraf | uoroet hyl ene. However, the art fails to appreci ate the

i nportance of a thin PTFE coating; especially during the jnitial,  first
shave. FurVR#BH®™2 the art is silent on selective renmovafCHPSI1T84

pol ytetrafl uoroethylene 5 fromrazor blade cutting edges.

It is an object of the present inventioh-to provide a razor bl ade

cutting edge wi.ith a thip, wel dher ed_coati ng which provides significantly
i mproved i nicledY kpowR i the g, cgé'“'g‘FF’é‘EF’s“Wﬁm Hparens %“feﬁtstsbféte‘ﬁﬁ' Ye art .

This ibBE Fr6pemRAtN e 1Rethturd) fbor fpBlyedratlusdsthgleRS Howelerl HRAVEHs {d I St
shave and often. .10 translates to_ inproved subsequent shaves.

It is also appresipeche Brporpcenfcatbin PTHE epatingnespecipliioduring the initids fitst ade
whi ch causegpfenWarurtbmdoe, thd'Rk B ERnEH M ckive fMEVaT of eefﬁﬁm?&eggﬁ%}ﬁs&

Furthernore, it is an object of the present invention to provi

met hod f&r MHiosutaEPhpladeheiiting edgedved bl ades. The process utilizes novel
processing 15 steps.p; . it eemgl. jects will
beconme evident from t.Lels %P?Jg‘\:/\t/ior{gﬂ.le present invEifSito i@ t‘ﬁ%%(‘%’pgirag‘gent

i nventi on r ehtting sdgeowith 2chinbivell edleantd ¢oatjing sidich pwbividds significantixhi bit an

i mprovenent .| oSt " vention razor bl ade cutting
edges exhi bf#grg&?%}ﬁlé%lﬁg{t‘?ggﬁégeﬁ%‘l’vg'lgpcﬂ%r%gw?%rthéaepgmﬁgzo Bl ades

produced 20impmsenemiimguttiog fdree pramstatest to pndmpseyed fibdt lshdvesandifleh cant |y | ower
initial ,gutting forces which .correlates with a nore confortable
shave. Ilﬁprb'\%%atﬁﬁ {Rdg?r%{’(‘?g&‘?ff?]‘be Shayess ~ present invention involve
treating conventional itrigzgles abbbidet ofithé piegent dgRhtidiatei pigviad a razor bladdher ent
pol yf |l uorocar,bon coaBJWn% wi,th, a solvent. to rtially, renove sone of the

coating. Pr BHS icks; fmaravrd qomprt [ijeRroxed closeness.

per f 1 uorocycl oal kanesFurtermorB£it fid 406Kt OFthd FreseptRRLIDS t8HRlovld JOMer s
t hereof havin critical tenperature or oi ling point above the
€

np b ng A
di ssol ut i onMeEIdPRPIRRCIRG thegg,imprpyedchlagss.o dhe BEATesstiliges novel progessipgnt . The
present 15nvegpd. on al so relates ta the method of producing these razor

bl ade cutting edges. _ _ .. DESCRI PTI ON OF THE
DRAW NGS 30 These and othpgyobjects will become piident fromiheifalighdng. of t he

present process for tfgRabkdt inventidnéReshtd 236 bldld Litdn S whi
Fig. 2 is a photom crograph, lr?ga?]i]fni cateison ab%ut 900X,£g‘%%ar‘;’hmh

exhibit an improvement in the "first shave" cut. Conventional razor blade cutting
edges exhibit surprisingly high initial cutﬁng forces. Razor blades produced

20  according to the present process exhibit significantly lbwer initial cutting forces
which correlates with a more comfortable shave. Imptoved blades according to the
present invention involve treating conventional razor blade cutting edges having an
adheren_t polyfluorocarbon coating with a solvent to partially remove some of the
coating. Preferred solvents include perfluoroalkanes, perfluorocycloalkanes,

- 25  perfluoroaromatic compounds and oligomers thereof having a critical temperature or
boiling point above the dissolution temperature for the polyfluorocarbon in the
solvent. The present invention also relates to the method of producing these razor
blade cutting edges. | '

DESCRIPTION OF THE DRAWINGS
30 : Fig. 1 is a schematic flow diagram of the present process for treating
razor blade cutting edges.

Fig. 2 is a photomicrograph, magnification about 900X, of an



- 5- untreated, PTFE-coated razor blade cutting edge.

Fig. 3 is a photom crograph, magnification about 900X, of the PTFE-
coated bl ade edge of Fig. 2 after the present solvent treatnent.

Fig. 4 is WQMa8&i cr ograph, magnification of about 900X, POT/USOTIEIS 5
bl ade cutting edge as in Fig. 3 after 500 passes through wool felt. The
beads of liquid are silicone oil -&nd denpnstrate that the metal
surface still retains an adequate PTFE coat.

Fig. 5 is a'mgateds PH frcoated @zorciade Qttimesdee razor bl ade to cut through
wool felt vs. the nunies -pisd bikdhitRRRphh afnbﬁ abRRlo0bR! b frpigcoONt r ol

set and a 10 set accordlng to the present 1nventi on.
Al l per cent ®getedhiaferedee of Fige2 aiftehthg presenti olvantctreatmentwei ght basi s

unl ess ot herw se i ndi el p the term
"razor blade cutting gpg%e&s an%l}omdn mm%agh magnt ﬁ““?ﬁ%é&g‘g.gﬁﬁk’a Pia® f38kt s of
t he bl adé. A;ipdei @uting edgeagin Figs 3taftat SQmpassastﬂmoagtbhzadefeIkS Thedsaliglope coat ed

in the mannet scri.bed h i ng. coat of the

Lype 1 mot Y Beiote 1 268 Senprtee e REmEPL SulBe B Efitoe o abebate b ades
accordi.ng PTFE teatt he present invention |ncI ude all types known in the
art. For exanple, staipless t bl ades _are co | y- used. Many
other commercial razof i Rlaiat %tiF ‘E,‘F"EuEu"é"medS for atazag blade oyt throwghm

interlayer besoen vb.nbe GlndBdr dfliReions thrépd (ROWPEERI 314 Sortidd Ret24hd a Of
interlayer is sputfered onto the bl ade edge surface prior to polyner

coat i ng.10  set agegrdingiokhe reserdnysutions nmterial can be coated with a Di anond
Li ke Carbon (DLC) All F&gédtz{&s @ ABSS BésLRbbdl Herdih 2re d2Pd Wight¥Basis 5, 142, 785
e

and 5, 232,568, incorpora herein by reference, prior to polyner

coati ng. unless otherwise indicatedy/ar j ous net hods have been proposed in the past
for coating razor 25 AdlR66 r‘éh‘i‘ﬁx&?&m@%?b L ButRRd ¥ddeb Q4 s. See, for
exanple, U S. Patent c , 256 tom?'r anaﬁ’ él nc%‘?%(%?gt ed herein

by ref er encecuttixigl pait @ﬂé's@t&ﬁ'ttheabde Applmanmwmeyﬂpt theventide blade ade whi ch
has a relsati ﬂgg esult in
di spr opgrt | O%gi[ elfet éHnafé& ihithe ![ngﬁnc?? gérciélg&dgérrlelﬁ% e li’lmrlsefl vel ]H%%c’gta&}tﬁ

Sur pri si ngl ytypans m‘behem:é @cobecmhtiahm thv:/lpeesera itveatien. V\hadn hlaiesaatoedingo with
a sintered I [ S subs nt tre th a

sui tabl e Fl8t1¥J %ﬁ\%ﬁ?ﬁ%{ftﬁg i?“é@u ?ﬁ B ¢ 01 aﬁ ﬂ°¥e§a’? 3"’4}3
excel | ent fistesl babdesvare commonlyhsedic Mmy Dthee %ommercml razor blades also include

a chromium/platinum interlayer between the steel blade and the polymer. This type
20  of interlayer is sputtered onto the blade edge surface prior to polymer coating.
Furthermore, the blade material can be ;&oated with a Diamond Like Carbon (DLC)
coating as described in U.S. Patent Nos. 5,142,785 and 5,232,568, incorporated
herein by reference, prior to po]ymcf coéting.
Various methods have been proposed in the past for coating razor
. 25 blade cutting edges with polyfluorocarbons.  See, for example, U.S. Patent
No. 5,263,256 to Trankiem, incorporated herein by reference. All of these methods
invariably produced a biade which has a relatively thick initial coating of polymer.
This can result in disproportionately high cutting force during the first shavc. '
Surprisingly, we have discovered: that when a blade which is coated
30  with a sintered polyfluorocarbon dispersion is subsequently treated with a suitable
~ solvent, the resulting blade edge has a surfuce with excellent first shave
characteristics.



-6 - The present process starts with a

pol yfl uor ocar bon-coat ed bl ade edge. Next, the blade is
solvent-treated to renove nost of the pol yfluorocarbon but | eavi ng a
honbgeneous thin coating. Wthout being bound to theory, it is likely

that the pM®fB685r ocess results in a pol yfl uorocarbon codCr§ THEH
approaches the 5 nol ecul ar | evel of thickness. Optionally, the
solvent-treated blade is finally - -$ubj ected to a post-treatnment step

to renmove any excess solvent. Each of these phases of the present
invention is further a§§ PFSSEE Profeposiatts with a polyfluorocarbon-coated blade edge.

Pol yf | uor oc ay@nné BRlie T Pivtuedarsd RAeVE HoBlof e bOGARSESEBN but |
i nvention can be prepared by any process known in"the art. Preferably, the

bl ade 10 edepvingsa berapgapeqysithincoging, f Mipwicheingobouai sp thestyoit. is Tikely
di sper-si on- [ ; ' e
di spersi ng mﬁggﬁgﬂﬁgﬁﬁtgiﬁg%ﬁaﬁlﬁ%ﬁ&gﬁ g%%uggg%%ﬁ&g%{h%s {lﬂge bl ade
edge. Thése moleadardevel of thigknessr cOftionaliys theisodvant-treated blade isfmatlpl | ows:

A. Pol yfluo sgggétgc? to P‘gﬁ&%%%)%@b %t?% éo Femove any excess ﬂl\'fA‘e%EO %‘h&%‘ nlf-lo the present

r
I nvention, a dispersi rom uoro ff'SI ymer. The
preferred flphasesofithEopreseat invention(is fther déseribedbelovect er i al ) are those

whi ch contain a chai n,of carbop ato i.ncl udi ng a prepopder ance of
-CFlerr]-CF[err]- gr ogﬁé’?ugﬁﬁﬂg%c?fg%@%&sﬁgfs g"@f’?’gﬂgﬂﬁ SRR ene,

i ncl_udibng Cdﬁf}ﬂnﬁﬁ?b? be ﬁ'eparédllbfn afig pfd%es?sﬂcln\ofvhhn&xdﬁ'ﬁﬂOPrchWﬁrthé Blﬁ.de e.g. up
to 5% by, wei ght , o xaf.| uoro- 20 ro. .ene, These .pol yners have

t er mi nall0r 585% ‘saWaYeﬁé”‘ghﬂgdéfﬂ“?rﬂ’éarE‘g} @‘g?f%‘%?fa Fle d‘sPerS’g’Wﬁ‘%latt,‘ﬁl Yade vary in
nature, depeqdgé ROhexfBedtdd 10Ririve OEOING dispBRihg i@l Bid 0 imér tABKI Ng - the

olyner. Anong i he comon term nal roups of such pol yners are,
P Y_ COH, P@?y,ﬂu-o ep ofito the blade edge. Tl?ese processing sPeps gre furtherdeggrideder r] O

-Ci—l[err]C]—I, asElietss ] 25 and the like. Wile the precise nolecular weights
and distribution .of nolecular wei ghts of the preferred polyners are
not known wi#-hEelflugrosarbon DispesioBe| j eved t hat t hey have nol ecul ar

25, 000 1’3 200,000, Thérerumg B8R brest BRI, RURbELST W/ peb8R fome 02t bon
pol ymers, prilvgrasatbon pelymert Uhe praferves fhedrocaghes polsmeers (iew stagting material)
maki g up ¢ AL mod it (SRER 4ah 6P e BUFPHIRTY hidfolBpal o, RO Y TS
preferred st+-6FiChg groupss ush as polyuiers oft tezafluoroethyldnecincleding Iceptﬂyx@éﬁ'FE) .
such as those vﬁth a minor proportion, e.g. up to 5% by weight of hexatluoro-
20 proplylene. These polymers have terminal groupé at the ends of the carbon chains
which may vary in nature, depending, as is well known, upon the method of making
the polymer. Among the common terminal groups of such polymers are,
-H, -COOH, -Cl, -CCl,
-CFCICF,CI, -CH,0H, -CH,
- 25 and the like. While the precise molecular weights and distribution of molecular
weights of the preferred polymers are not known with certainty, it is believed that
they have molecular weights of from about 700 to about 3,000,000 preferably from
about 25,000 to 200,000. There may be used mixtures of two or more fluorocarbon
polymers, provided the mixtures have melt and melt flow rate characteristics as
30 specified above, even though the individual polymers making up the mixture do not
possess these characteristics. The most preferred starting material is polytetra-

fluoroethylene (PTFE).



-7 - A preferred pol yfluorocarbon is produced froma
fl uorocar bon pol ymer starting material having a nol ecul ar wei ght of

at least 1.000,000 in dry powder form which is subjected to ionizing
i rradi ati onva gsnseduce t he average nol ecul ar wei ght JCHRIUEBPYner to
from about 700 to about 700,000, preferably to 5 from about 700 to about
51,000 and nost preferably to about 50.8Q0. This process I s descri bed
in US. Patent No. 5, 263,256 incorporated herein by reference. The

radi ati on dose is prefiepifarmedipoyflupmcaboB s produted fvm & dluomearbong radi ati on

s pref er abl [ r efrr I .

pol yfl uoroc a?r°§'(51rl1eri%ﬂpd‘)r{%g’g{rp§%l %/a%}/n% ngippgﬁjﬁcg{“ggtf ‘%fuag(r?%éf E?Pgﬁgo g’h%fy

i rradi ati on posvder fdrey, sdhich ie Shljedteidtot ioniaing diradistionab aedarce 1 avelapei Nng an

aver age nol ECLi| ar wei.ght gé&atput 5, 000 00 to about 7. qus g{)ef erred
commerci al FBPSTHA YGRS AR P abqul 700 to about 700,000, piFfErab1800 br and
pol ]yt et rgf I lmfrﬁ/gti%gmoe% am?ggmomﬁ@b st ?&?ﬁ}[blwto about smf | nn‘histlaﬁfblegs)st
Pouder 15 1 deseibed in U, Vetspcly 1, 405008 iborpormiecphivein Swaeieecssr ity o ¢ he

present i nvepdihidh dose is pfeRably H3mf 2P §b Miad Bndoie iMizing PREadhYer OCar bon,
preferably fromO0.7 to ?L 2% (w.), dispersed in a dispersant nedi a.

The pol yner Reefarably by gammesayg fram 8 Gol

_ _ : esopesy The polyfliiorasanbon is prefesablyii rect | y
into an agi tRhadriisfietiche 3Rd itd¥Riol QUPRERANS Eereclifr o taigy & teIBbRF ted into

the fl ow st edam a statrc mxer dpmstggamls referred.
For t he 18ur fasimgai dverage melachlar seight pEakoyt 2H0@%h i s sprayed onto the

cutting edges, the polyfl DPQ.P ) bm cron
particle Si ze. B?)IE gér%ée&d poly Tré%?@%%ﬁbﬁ&g@g?ﬁdﬂlﬁﬁ@tg@gl S
normal | y avaviP i2§10eandSMB1@9zhramt polytetraflupadednyilene poWwderstmhansfactmell by may be
ground to it I red fin _ ] ing mediumis
typically seﬁugg)sgd&‘ﬁ? i ‘%gfégrr%%ﬁrﬁ %%éqosﬂdnﬁp%?oozgan&?ﬁ%ﬁ%car bons (e.g.

Freon brand fluoeseti)diedowdernat er, vol atil e organi ¢ conpounds (e.qg.

I sopropyl. al cohol ), and. supercriti,cal .COerr],, Water is nost preferred.
When anxigqueous di spe?’Q}yﬁﬁgﬁ?ﬁﬁfﬁ%ﬂsgﬂﬂg%?wmtfitﬁcbprgﬁ%’ﬁfm’icgg@ften
necessary, edppfisalion 0OLH 5%e(|m.alpbigﬁ?erosdrbﬁx, ipﬁefér&bl@&iorﬁ@gwfoai 2%, these
wetting agents. .. e selecte om the various surface actjve

mat er | a1 6 WiPLh iR o P ABPESHE estp. THSROlRe 0 b6 Sroerd ke e How

di spersi on. shesh or@likéd GirerP Mitd ahlugltatél® redbri¢air andéied hofiRdgbfized. Whe®f di al kyl
sul f osucci nates, _soaps of higher fatty_-acids, fatty am nes, sorbitan nono-

and di - est eriBiegird indp the Boy aucam @ watis MixsbAGHSTEIR ¥ BEEBERer deri vati ves,
al kal i gt al For the purpose of forming the dispersion which is sprayed onto the

cutting edges, the polyfluorocarbon should have a very small submicron particle
size. Powdered polyfluorocarbon starting material is normally available as a coarser
material than this, and it may be ground to its desired fineness. _
' Dispersing medium is typically selected from the group consisting of
- 25  fluorocarbons (e.g. Freon brand from DuPont), water, volatile organic compounds
(e.g. isopropy] alcohol), and supercritical CO,. Water is most preferred.

When an iquebus .dispersing medium is used, a wetting agent is often
necessary, especially when the particle size is large. Generally; these wetting agents
may be selected from the various surface active materials which are available for

30  use in aqueous, polymeric dispersion. Such wetting agents include alkali metal salts
of dialkyl sulfosuccinates, soaps of higher fatty acids, fatty aminés, sorbitan mono-

and di-esters of fatty acids and their polyoxyalkyleneether derivatives, alkali metal



- 8- salts of al kylaryl sul fonates, polyal kyl eneether glycols, and the

nono- and di-fatty acid esters of said glycols. The preferred wetting
agents for use in the present i nvention are the non-ionics and nore
parti cul ar I‘¥ t he al kyl phenyl pol yal kyl eneet her al cohol s such as Triton
X100 and TrWP881%€8%4 sol d by Union Carbide, Ipegal 5 CEEHYPET4 by

Rhone- Poul enc, and Tergitol 12P12 sold by Uni on Carbide Conpany.
Especial |y useful results have been obta$'ﬂed with the Tergitol 12P 12,

\3{(1: 82 S dodgqﬁ%tpgéek@%?ﬁqthgl e ther erog hoI comglal ni ng %&ﬁe%gep@y e

varied. Usuahéil esters of said@ydti t1 r@ﬂ:ﬁ@& vdeﬁmlg ghts ?ora.ﬁp%p% ;ﬁ'&‘éﬁﬂ to at
| east about 1% by . wei gll‘ﬁt of t he fl uorocar bon preferably at

0
| east about BYFBRONRE deg nosriopige aqu meFeopastigasly the %Pwlyalkﬁem@ber red
enbodi ment s, afcbﬁome&cwggnﬁa@moo sndrfﬂen'mmwwuﬁﬁawade Ipegal ° bet peen

about 3% to about 50% by wei | ower
wet ting a@enﬂooél(hgﬂ@lbx iRhang- OUIFIEH Md:litranblyll’g’ébdolridymlmgn Warkédeo bt ai ned

usi ng ly?’?{ Jhd r?%%‘yﬁma‘ﬁe(yﬁeeﬂi%bt with the, Tergitol 15k, 1 oni ¢

surfactants are en c rac eri iR terms o
(hydr ophi | e Mlphphldbécb@hatyhm)ymtherﬁﬂcohsl optainiag d2 ledilylent loaidgl at es, t he

HLB c
HLB = E/5 20 dips. Ie"if% %%esﬂ*,(ﬂ}n?gf we&i'f‘g 387t sPPloyed may hexariste Usile in the
mol ecul e. the wetting agent is used ir-anauits eduhlyto @ Meastvabioti 1% yoweighivdéftthe a
Hydr ophi | e- Li,pophi | e Bal ance o, om abaut out 18,
prefer ab:lé fbﬁ?ﬁgﬁﬁhgﬂ p@@’.ngr’ BGf%f'B'E}ﬁtallj Y’gst(?b"“t %% é‘ U t%l?el ﬁ‘i@ﬂcai" I he
Er ei e g hi nvepéElyﬁhEr.l EOpreferded rehf&ﬁdmﬁhﬁpﬂh&&#dﬁﬁhgltﬁgeﬂhsulﬁémfﬁiﬁoun%ﬁgré%ﬁ 52
ir mer ncycl o 0 nQ og 0 :
i ncor por at edb‘ﬁ@’F °g'§/g$/ eﬂg’gw‘;@q) YW"‘@ °§\B}§I m%w%rlle‘f?ls of
The di spersi G8ttiNBlaghs HRMR! deSichtle) PdrBcilatlyl bavd zesime weke Gbtiinédl udinp! e
manner to give as uniforma coating as possible, as for exanple, by dipping

or 30 spraypﬁyee%@ﬂﬂ P%ai AU @oespecial |y preferred for coating the
cutting eslges, in whi GRon-jonic surfactants are often characterized in terms of their HLB

(hydrophile-lipophile balance) number. For simple alcohol ethoxylates, the HLB

number may be calculated from

HLB = E/5
20
where E is the weight percentage of ethylene oxide in the molecule.
Essentially, any wetting agent with a Hydrophile-Lipophile Balance
number of from about 12.4 to about 18, preferably from about 13.5 to about 18.0,
can be utilized in the present invention. For a further discussion of HLB numbers,
25  see Kirk-Othmer, Encyclopedia of Chemical Technology, Vol. 22, pp. 360-362,
incorporated herein by reference.
B. Apply the dispersion .
The dispersion may be applied to the cutting edge in any suitable
manner to give as uniform a coating as possible, as for example, by dipping or
30  spraying; nebulization is especially preferred for coating the cutting edges, in which
case, an electrostatic field may be employed in conjunction with the nebulizer in

order to increase the efficiency of deposition. For further discussion of this



case, an electrostatic field may be enployed in conjunction with the

nebulizer in order to increase the efficiency of deposition. For
further discussion of this

9 elwexdsrneasat i ¢ sprayi ng technlque see U. S. Pat enPCNAISIBI78M3, 873 of
Fi sh, issued January 30, 1973, incorporated herein by reference.
Preheat of the dispersion my . be.desirable to facilitate spraying,

t he extent of preheating depending on the nature - of the dispersion.
Preheat i ng adlectrostati¢ sygteying technitpeyper Hil rPateaprohtztﬁ 873 cbﬂiEis}bCikshémg 5

poi nt of dis ersa a m desi Sinter the
pol yfl uor oc 3h’t E&Shglcmpéffgeéishemn by Fetelchcs. Preheat of Fbr? dSRFISIAMAY ¢ he

bl ades carr yiendesirdlile € RoHitit€ shrayihy, TBe et of Préifeatdil depending B kNe madkdki N
edges nust beéﬂ at ed at n el evatgﬂ L erature to form an, adherent

coating on t¥fdne dispersigne Q%‘e%FH’éq % Piages 9% tepperatirs pRarasshing taelbeiling he
period ofs 1%mﬂt'd1“ih§§iéfshﬁt9mé/&iﬁ fly b8 veeRtitabie. i S continued may vary widely,
fromas little as several. seconds to as long as several hours,

dependi ng uffen Simter theipe parbermento the bladasr i cul ar pol yner used, the
nature of the cutti ng 1f én't"’éh I‘MCQIL eis
brought up to the desire F{arrpereaturec #%ﬂgéygn%@?gﬁﬁ’gﬁz%fwgg%k%gnd t he
nat ure of t Hbeinrwitiogledges myst i hedted ateantglevated| temprraturecko tbltmlaaaghemmred t hat
t he bl ades eﬁﬁtﬁ@ ! BRRP r S elium
argon mtroé;ce%ﬁm%{ng.ﬂ{,} or méd@egﬁ]d?oan atmhﬁhe%péa}sg él% %c?ﬁg%&as ﬂch as
hydr ogerl0 ortimerdwiing whieh ﬂm‘haungusgamasuedcnayvarywndely,VMnmsliﬁleasheat| ng nust
be sufficient t i ndi vid art cl.es_of pol. to, at

| east, sintél ver%rsgf%‘}rgg ﬁ’t“ﬁ ReA q%‘&" g?peﬂ B lilas g’]eé'%?%wtyo‘)fp@?mt t he

pol ymer - parﬁunla&g:bgmbrmsédpt}fe mnhetoﬁmeuﬂﬂning ezigél,tthélmntﬁtyfwitlifmﬁchtihe pr oper
t hi ckness a Q_caus 2 econe fi y._adher ent to bl ade edge
material . %qa‘}em%muggt up to °d7ﬂ§ ﬁ%’ﬁ?‘f'ﬁt@r < tHEPTBRTS ?FB‘?VE ’ﬁ’i‘fl ted to
cause the palatireef te aiﬂbﬂih@re in whicH fhe biidle 4 Béhted. THes profired Sha @8 Blhddan can
result in a sipntered, partially nelted or nmel ted coating. A partially

mel t ed o‘rs { e heaied i aneimesphererRf tpert gastish s helim. jareon RifggeD, efc., or ke
coating to sear@ﬁdsphefé M&fcnfg%sl@hﬁﬂ& KRk eh N 1A WiiRtuYes dTQLcHRARs, GptiAl | ed 25

di scussi ons of nelt, part i al nd sinter, see MG aw Hi I [ Encycl opedi a

of SciveRe® Ahe heatiag MSbB*g/suf%‘Fnt tp permi Hmadtmd&al pagiilengfpalmey) |
I ncor por at eqg hﬁrléds{‘ sinter. Pri¥¥rabf] ﬁ{eeﬁhﬁﬁn must be sufficient to permit th-gg:% C}Ji'ﬁ'ét Ing

COI’]dItIOI’]S I. . maxwmmte erature en
obvi ousl y migtsmedaa?aw Iy sontiguonsofilmn gmstpmner thicknessamdde icauserit of t he

20  to become firmly adherent to the blade edge matcrial.

‘The heating of the coating is intended to cause the polymer to adhere
to the blade. The heating operation can result in a sintered, partially melted or
melted coating. A partially melted or totally melted coating is preferred as it allows
the coating to spread and cover the blade mbre thoroughly. For more detailed

- 25  discussions of melt, partial melt and sinter, see McGraw-Hill Encyclopedia of
Science and Technology, Vol. 12, Sth Edition, pg. 437 (1992), incorporated herein
by reference.

The heating conditions, i.e., maximum temperature, length o_f time,
etc., obviously must be adjusted so as to avoid substantial decomposition of the

30  polymer and/or excessive tempering of the metal of the cutting edge. Preferably the
temperature should not exceed 750°F. A typical processing temperature for
MP1100 brand polytetrafluoroethylene, manufactured by Dupont, is about 650°F.



30 pol ymer and/ or excessive tenpering of the netal of the cutting edge.
Preferably the tenperature should not exceed 750[err]F. A typical
processi ng tenperature for MP 100 brand pol ytetrafl uoroethyl ene,
manuf act ured by Dupont, is about 650[err]F.
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The primary feature of the present invention involves treating

pol yfl uorocarbon bl ades, |ike those desibed above, with a solvent to

essentially "thin" the polyf] uor og.ar bont coating. The resulting bl ade
possesses a uniformy thin 5 cé&t‘—’ﬁ%—%ﬁgﬁ&v the cutting surface.

Sol vents are sel ect ed Thapeithapfechfife 6f0tht Piiséy iPRABGEINROVes treating

(1) Pol yfluorocarbon-sol venc Mel ti n?%poi nt . depr essi on

is used to iaemxpwagbepdv&éeﬁﬂwmeﬁcﬂbed aboi | Wifth SYUFHIQ estrrpaY ti ng

depr essi ons righy, 6@k R RoRlcaboR 85Hing d The résufiRb Padd Posdesies b WARDImIPHin220

D fferential Scanning Calorimeter (DSC), at a heating rate of

10[ er r] CAni reoptingnalong Berruttingsurfede i ng point is the mni num peak of the

mel ting endot heigBivellatd Aol Ra&atndlle Hiting patmaRR! OXI ML ELY 5 1D
of PTFE/ sol vent in ernmetic alum num or stainless steel pans or gl ass
ampul es. Liqui ds whi clfl)ePhlvifiuorogarbon-solveR®¥F nel ti ng poi nt depression are
considered to be sol vg 1. 10: _RQI J5 . Si t abl i shes
the | ower range of di ﬁ%ﬁn&@oﬁt r?%genlr;lgfsﬂ"%%@o ,ﬁénufy%%?@_ Filyrtict (2)

Sol vent nustméiingpointyiand madlting dipsssions inGolventsprer measnred in a Seiko

The sol vent .shoul d I qukd at. & he .di l.utio ratuce. |n
ot her wlPds Topnezt ESh Bifironfor Scaaige RARpels? (PSCER a Nl mllet o; ng
t enper at ur € 10°C/min anditfoge®| The ehehingPoinved e/ niihitmuah peakl oftthe meltingper at ure. O
course, this gap be . ni pyl ated by . changi ng.the prpcessi r.essures;
however , amﬁ“é erﬁ’reé@lﬂ“@g&a fon sty y#éf“&?‘f’ .agelhhgt‘?g"gggﬁé)s@ge'gﬂﬁcessi ng
at hi gher pnpghsticcalubhiRnSel staflessiel pdid\t@ ghiss ampules; I Liquids whic@aitit wr e
above the processing tepperature. . Ef’B) ekpw polarity
Pol ar ol ec /& BmeRing pREt dFprossingary somidstsd ye be Solyetdr dhn retiBieoantzs
present 1isnVeRpleSiion MpiHiskesRe Wwel ran@¥Vo BissokRivh BR8] Y, no pol ar
functionality wor k best. The nost preferred nol ecul es are non-pol ar
aliphatic, cyclic, or 2) SOlve_ pust e @ liguids at agdisselutipn femperatureyer | | ow
mol ecul ar wei ght (LMNI'hefsJCJ}%Ht'sH@dl@BEi'ali uid at tEABRSHHIA TORMKMIR. SInOf
hexaf | uor opr opyl ene epoxi de al so work t'o sone degree.

other words, the solvent must have a boiling point above the processing temperature

and a melting point below the dissolution temperature. Of course, this can be
20 manipulated by changing the processing pressurés; however, ambient pressures are
preferred. In the event of processing at higher pressure, the solvent must have a
critical temperature above the processing temperature. |
(3) Low polarity ' _
Polar molecules are generally not good solvents according to the
25  present invention. Molecules with low or, most preferably, no polar functionality
work best. The most preferred molecules are non-polar aliphatic, cyclic, or
aromatic perﬂuorocarbonsj howéver, low molecular weight (LMW), flourine-end-
capped homopolymers of hexafluoropropylene epoxide also work to some degree.
The pfocess of solvent treating the polyfluorocarbon coated blade
30 edge is carried out at the temperature required to dissolve the polymer, i.e. within
the dissolution temperature range as defined above. Generally speaking, lower

melting polymers will require lower temperatures, while higher melting polymers



The process of solvent treating the polyfluorocarbon coated bl ade 30 edge
is carried out at the tenperature required to dissolve the polyner, i.e.

Wi t hin t he di ssolution tenperature range as defi ned above. Generally
speaki ng, |'WQF/1860S  nelting polyners will require |ower PERHEATMes,

whi | e hi gher nmelting polyners such as PTFE will require

hi gher tenperatures. Useful tenperaturedlare illustrated in the
Exanpl es, and Qne s above the boiling point at atmospheric pressure
of the sol vefHel aéc?sliﬁ%wﬂg?eﬂw&ww tompeatures; [sefih tomepegnivres erecillustratddoi | i ng
of the in &heBi@Rples, T4 4pE 9&&&%&3%&%@ rb@flfﬁ&gmmt'ﬁ{ atdls ﬁ%?ic p?gs\ét?r the
critical tenperature or 5 the boil poi nt the sorven the
critical tenpbthgtsgiventoso theba @tﬁswweqsdsm Ihe needed tozvoidebailineg ¢fethper ature of

di ssol uti on. | be found in
standard ref %%ér%eg% 5}8 ﬁfqu&ijﬁéglg%r e r}i)ét b9 Q?(ﬁ}ég}ﬂé n%\%nlw PeFRYE o
skilled ih tthe bg)plmg point of the solvent, so the cntxc'ﬁhtenmei‘aﬁ&ﬂbf thecsop@htymiast yeust be

stable at th e r 0 i ncrease the rate of
di ssol ution %o%ﬁfeie &%pgﬁae@gafgﬁgﬁ? f bﬁ:’?ﬂfg' é’ﬁ’é’ Ahd o mﬂﬁoc%‘fﬂ‘?é‘P‘ti? S8t or s

i nfl uence t hbe faund szstaddad méfemnm andl hayhbgessuiedt tr hedtods keowh' t8GBose

area betvveen Lﬁﬁ) ig\oth%/g&r and sol vent gives faster rates, and (2) higher

pol yrer q wei ght and hi gher pol yner concentrations give

sl ower rat es of mesaweutarmwpolﬁha thisi®e 5QH! dt Ak Profess kehfRbdthleon Wil |
vary wt &artlc 5858'%60 (5 g“nd saol vent chosen, as well as with

t he ot he @ﬁi? tiop of the polyrasr-alengathe blade jedges ol vent

treat ment ap’[’ﬁarotlhdi' ﬁd@&s Eﬁﬁﬁﬁéee&e rate of dissolution: (1) hxgher inferfabial e 0! vents
are perfluoroal kanes per fl uor ocycl oal kanes, rfluoro- aromatic

conpounds an¥®® ?"Q’Gﬁ%ﬂ? Robpss spd ﬁahwt;gevemfemrdyewad I@rlslgher polym€?TFE) wor k
in some casegmolefSlat'Weight &ldSigher e,%ry&rley%&%x&mﬁ E ﬁwwe?fraet b 20

sat ur at ed cycl [ c conpounds, Wwhi ch 'may contain or un Used ri ngs. In
addi tion, dissolytieg. ﬂ&efmmmde@r d;smlummwﬂlevmwtbehs pbwulaup@iglmbx/

perfl Uorﬂ‘ﬁl Kitd s%Winp&[ogéﬂJgg Well as w1 tﬁl: IérﬂeF%o% 8‘48&@5&6899& Oal Kyl

group is neant a saturaté branche I near oni char As used
herei n " per f¢xamplss|of gheespdveyt U@mmemsapacarahlﬂ;dmmmup whi ch is

pranehed or 11 near andl oRoUNf b IR Al 50001 n 8 e e

ring struct Lpeeﬂucan-damingﬁc compounds amd clidonieesmhereaf. UMany perflaofopolydthes be t he
preferred so gs for ow n of. PTFE at_the | owest

It
t enper at ur es Pan pr ekslsnuroé%e ¢ Sg ‘EO P&F’reé% psepPras¥ipalkangs refer to

20  saturated cyclic compounds, whlch may contain fused or unfused rings. In addition,
the perfluorinated cycloalkane may be substituted by perfluoroalkyl and perfluoro-

alkylene groups. By perfluoroalkyl group is meant a saturated branched or linear
carbon chain. As used herein "perfluoroalkylene group" is-an alkylene group which
is branched or linear and is bound to two different carbon atoms in carbdcyclic

25 rings. |

Saturated perfluorocarbons with aliphatic ring structures and high

critical temperatures were found to be the preferred solvents for allowing solubility
of PTFE at the lowest temperatures and pressures. Most preferred perfluorinated
solvents may be obtained from PCR, Inc., of Gainesville, FL. Dodecafluoro-

30  cyclohexane (C4F),), octafluoronaphthalene (C,,F;), and perfluorotetracosane
(n-C, Fs,) were obtained from the Aldrich Chemical Co. Perfluorotetra-
decahydrophenanthrene (C,,F,,) may be obtained from BNFI. Fluorochemicals Ltd.,



solvents may be obtained fromPCR, Inc., of Gainesville, FL. Dodecafl uoro-
30 cycl ohexane (CJerr]F[err]), octafluoronaphthalene (Cferr]F[err]), and
per fl uorot etracosane (n-Cferr]F[err]) were obtained fromthe Aldrich

Chemi cal S&v? Eﬁfsfs orotetra- decahydr ophenant hrene (deliidod/Flssd '1) May

be obtain rom BNFL Fl uorochem cal s Ltd.
- 12 - Preston Lancashire, Engl ang; "under the tradename Flutec PP11
commonl y call ed per fl uor oper hydrd Renant hrene. A nixture of isoners

O et 4o OBlon et RSB MBS HALGS FELEHEI Ly AE

Rhone- Poul enperﬂowob&ﬂydr&ﬂ)enamhxhng hAmixhire gf isbhgrsmfr;iedludsoper-by product in .

mgrremnufact of El.u p}?h errt}lFlLerr %%g}rg&}ﬁ[oﬁg %E%#F[er;]a

gross mixt urﬁomfISC D1v1s1¢1€6ﬁRhUhé£Bb&reb@ﬂ5. GIBISC)g ed bightboflaty Sligotietidr e i s

shown i n t he exanpl es =0 d red antly. The
appr oxi mat e PP ‘Pé‘i‘l@@a’b‘ffa‘iﬂl"@ °g§|l?ﬁ?ﬁ1§ﬁpsé SPp (A ’1%85 MSTerr] C. Wen
di ssol vi ng I\/E’A@QQnd MPHAS Qis® bbird@ Frokl PAPortT Afhe Yhtfer B AgRsd Rrixt@@AFS, opti mum

condi tions occur between 300-340 err]C after 10-200 seconds.

As used her eParfluprassbens winse gencralized stoppire is showm ip theexamples ithat ed
conpounds coptay Bhd'g, ﬁr@@ommﬂf% a‘B’pr%&d:bbili‘ﬂ %Fge\w j r;F &5 These

conpounds are sometines ca per fluoroal kyl et PFA uor o-

pol yal kyl et h%&o-@ﬂfﬁAéyhelPﬁléﬁoéﬂ@&)WlOQ(P)éV[BlﬁOPm!rVXqu é’!aﬂby _
sat ur at egy an &r}? otpﬁ%hf”‘l,&ﬁnﬁ% Xcéu%eﬁ}e@ﬂgﬁé-%(}]‘?@égﬂ& 10‘5@})9% gnd fluorine;

hydrogen s n eterred PFPE :
sol vents are Kryt ox[ erA§ ued dectid, ng(fhmmppbdt}msl @FPE) rchmqm&rdlnbnnaieﬂ by DuPont

Vot edi son UE Ao gAY B AR CHR U e SRR By Thee, ™°

nol ecul ar - vveccgﬁpqunﬂé arersomeﬁmembaﬂaqbpeﬂubmikphﬂmn&mmfoﬁpexﬂxfokmr opr opyl ene
20 d f o r ctur.e:.
F- ( Ge:p&)él[ e?r%m gptﬁfr @Ek’gsﬁb] gff‘[%%g&}' e p% yn%r cHam is completely saturated and

CF3 1S  contains only the elements carbon, oxygen, andl\ﬂﬂfrﬁleﬂhy‘drdélnﬁﬁ not2!5-esent

The pol yner chain is npl et el t and c

el ements carbon, oxyggﬁ‘ © TPy PF %%ﬁ%ll#'ﬁ °ﬁo§raﬁ$|@s/‘8ﬂ’t’atedd‘\ﬂsa wei ght
basi s, manufactured by DuPont Specialty Chemxcals and Fomblm brand fluorinated oils

made by Montedison UK Ltd. Krytox fluorinated oils are a series of low-
molecular-weight, fluorine-end-capped homopolymers of hexafluoropropylene
20 epoxide with the following chemical structure:
F-(CF-CF,-0),-CF,CF,

CF;
where n = 10-60.
25 ' The polymer chain is completely saturated and contains only the

elements carbon, oxygen, and fluorine; hydrogen is not present. On a weight basis,
a typical Krytox oil contains 21..6% carbon, 9.4% oxygen, and 69.0% fluorine.-
The Chemical Abstracts Index name for Krytox fluorinated oils is
oxirane trifluoro (trifluoromethyl) homopolymer, and the CAS Registry Number is
30 60164-51-4.
Post Treatment

After the blade edges have been solvent-treated as discussed above,



a typical Krytox oil contains 21.6% carbon, 9.4% oxygen, and 69. 0%
fluorine. The Chem cal Abstracts Index nanme for Krytox
fluorinated oils is oxirane trifluoro (trifluoronethyl) honopol ymner,
and the CAIVEE#MUIPFy Nunber is 30 60164-51- 4. PCT/US97/17894

Post Treat nment After the bl ade edges have been
solvent-treated as di scussed above, - .13.-

- 13 - t he bl ades may be cl eaned to renove any excess solvent. This
can be done e blades maji bptieaned e rishovgeany @xeess sulvent Thisivas bk dohebyf or t he

sol vent. Pref | uti0n.shoul d asi.ly. separabl e
fromthe sol \5@@%%8 bg%%zf\ﬁ?fg%o g&a\%%? ul?%’rf%f Hg Sofvet. bgrSF rIX’ th%gég"? bed in

t he previ ous selation shmuld be easily separable from the §dlwheambbe/a tiub &olob@dfes thier € washed
at a tenperature near..the hoilin . point of the wash solution of

Fl uori nert FE‘-’Uh/%mbqepﬁ‘Hg’egé? ﬁefdf"d&(s??ﬁg%t yl hydr of uran) sol vent,

manuf act used by 3M or Pleferdily thabihdds dre ashed af a4erbpdratare near the boiling

decaf | uor opentanegg{ae%f .ed Anot her

P ,
preferred poSfMfP Cstg “égn PE%W%E%EQH&WW’@F‘%’Q &edytlo  PTFE from

the sol vent . njidoSurRRivehi, dnafab@rdl ByosMidd HFCRUS 8rafd 1117£2,3Q)4/SBls and may
al so afford the reuse of the PTFE. This separation can be acconpli shed by

di stil | at i ondefafiBasepepiansomanyfesiyred Ry DOwBont ¢ The fol | owi ng
i fi I i1 o dh ion. Th
speci fic exanples i u%&ﬁgﬁ%kﬂﬂe@%ggﬁaﬂe# ﬂg% g{c‘),?ﬁ,gg afg{m% ﬁgsgél/lggg i on e

quality of the first shave tained wth bla eac

f ol | owi nd0 ex BAFPEdsom she-splyent.; Thisisepnsatioprallows fortthe reyssmof thy solyesti anddnayy any
subsequent 4 g eppaer | | L {1 sive shaves
in the case ofso_lgflg es o?@s@q)f each g??%%“%ﬁ@tgﬁpé’%é‘%éu to or |ess
t han t he decdistilatiaonorcamyimethod knawneindhs art.of conventional fluorocarbon

pol ymer - coat ed bl ad’?ﬁe i%%'&%?gcép'é&ﬁg e%ntl p}]gsuililugtrg?e e %gt%pé of the %ﬁﬁ;:_\égm

treatnment step. 20
Materials  invention. The quality of fhk fivstishavetobbaihedSwitVblad¥s\ofzack bfitheo ( 2- n- but yl
) | ut ec

11017160 K504 EL SRS 5 B R it gy s
(d err] F[ er r ¥{aGpparnd] the decrbgsh @ qhality ovith]shdcessivie shivs n thecall 4f bladék of-
each particular example is equal to or less than the decrease in quality in the case of
conventional fluorocarbon polymer-coated blades manufactured without the present
solvent treatment step.
20 EXAMPLES
- Materials
Fluorinert FC-75. Mainly perfluoro (2-n-butyl hydrofuran). CgF,,0.
3M Company. .
' Flutec PP11 oligomers. Perfluoroperhydrophenanthrene oligomers.
25  (CyFy(CiFy), C,F,; where n = 0,1, and 2.
Flutec PP11 oligomer (n=0, 1,2)
- MP1600, brand. Polytetrafluoroethylene. -(C,F,),-, DuPont Company.
1% in isopropanol.
Blade Preparation _
30 A batch of blades was spray coated and sintered as follows: A
fixture containing a magazine of the blades is set on a conveyer belt. ‘The blade

fixture is sprayed with a PTFE/isopropano! dispersion at 1% (w/w). The magazine



Flutec PP11 oligomer (n=0 1, 2) MP1600, brand.

Pol ytetrafl uoroethylene. -(Cerr]F[err])[err]-, DuPont Conpany. 1%in
i sopr opanol . Bl ade Preparation 30 A batch of bI ades
was spray coated and sintered as follows: A fixture ¢ ai n|n

magazi ne ofVQ M8M%des is set on a conveyer belt. The bl ad’é:% n78y xture

Is sprayed wth a PTFE/ i sopropanol dispersion at 1% (ww). The nagazi ne

- 14- fixture passes through an eJddr where the PTFE is sintered to
t he bl ade cdg The batch of SI ntered bl ades were

di vi ded i nt ofiK{is passrsflrough gn gven where the PTHE issinsersd to flechladsiadge; cur r ent

conmerci al bl ades whi Cihebaidh 6¥0dinteied BY-A6s ﬁ@bé divided m%Piv)beQrbuﬁsr egggent and
(2) a group representing the present invention which underg sol vent

treatnent. control giupdppresepting pHstRNt CRIRMETGEAl ahéescvalﬁhm@ npk md@m@y

Fl utec PP11 t ottom
flask with a%goésh?'ltﬁ? %’/tg{entl ?{rdg(gzg g?&gwﬁpﬁa%rggi é%y{@%&éﬁgﬁﬁm‘: egndarge)b st acked
in one end osfolventineetmentd devi ce and are di pped into Flutec oligoner at
310[err]Cfo§ GentOrreatiieiH Fal Aol PrEé ,Teégt cl eaning of the Flutec

ol i goner, TTNes in a Soxhl et extractor,

cont ai ni ng FI uori nert ¥@e7 PPhksligendérds pﬁ*&{m&cdm 500 ml twd;nedklmgnd:orce
~Determinatiog trat.e t shave

i mprovenent 819 &gk with ap ositive mtrogven mate{;’t ! ngd ?%&e@ear%ﬁa‘éﬁgh bl ade
i s deternineih dme endafiar hangheld defice areld 4rS dlppeuu itito €Hndawhgambr b :H@ethor zut

t hr ough wool. felt C Jun.thr f cutter
500"t medd an . (Egr BasreaeR, oleRting Of HEhiee algimes. e biagerre oo ol ot
of cutter fos Gitnedfin @Bolhietiéxtiastof, Wonkkininy Flubtifict BC-7Ahestdd td e08eESN fr omthe
pl ot guxe 6, izor .bl ade edges whi ch have been treated according to
the present - tting Foj Ibit lower cutting forces at and near the
first cut. First shavq@%¢ﬁp§@mw%pﬁegmghsﬁw¢eﬁegdmact ual shave
tests conparjng bl ades produce according to the present invention

with commer cinypntigng thecutting f°’°°@|§§?@c‘?‘é¢q isdetegmined by measuringdbg fcsni t h FI ut ec

A i goneris requxred%yeach bladetoléﬂfj@ﬁ'o G WSSl TR, ER Made iBhrén BlSEgnGRAT I Ng 1S
seen in the treate bl a (see Fltg 3) as conpared to an untreated
eac

edge that i sweelskh«yttes 109 tpqqsp_and the force of each cut is measured on a recorder. A
plot of cutter force of each cut is found in anure 6. As can be seen from the plot

Figure 6, razor blade edges which have been treated according to the present
invention exhibit lower cutting forces at and near the first cut. First shave
20 improvements have been observed in actual shave tests comparing blades produced
according to the present invention with commercial blades.
Characteristics of Blades Treated with Flutec Oligomer
Under microscopy, no visible PTFE coating is seen in the (reated
blade, (see Fig. 3) as compared to an untreated edge that is covered with PTFE
25  crystallites (see Fig.- 2). Nevertheless, all treated blades have good PTFE adhesion,
as confirmed by the low cutting force value obtained after 500 cuts (L500) and the
fact that blades sprayed in silicone oil after 500 cuttings generate uniform beading
of the oil on the blade edge (see Fig. 5). [Note: Silicone oil spreads on uncoated
- blade edges and does not bead.] It'is further confirmed by the fact that the first cut
30 (L1) values of these treated blades are low, reinforcing that solvent treatment
effectively removes a PTFE film down to a thin layer (possibly to chemically
bonded layer).



25 crystallites (see Fig. 2). Nevertheless, all treated bl ades have good
PTFE adhesi on, as confi ll utting force val ue obtained
after 500 cuts (L500) and the”“l““"‘"f“l]ﬁll M“bl ades sprayed in silicone
oi | after 5H®%UEPPngs generatt ihni fror th béadt ng of t BETAISY7/13894t he

bl ade edge (see Fig. 5). [Note: Silicone oil spreads on uncoated

bl ade edges and does not bead.] It is faurgsher confirned by the fact 'that

the first cut 30 (L1) values of these treated blades are | ow, reinforcing
t hat sol vent treatnent ef fecti &albA I MBves a PTFE filmdown to a thin

|_ a{gr ] (possifQly to cheml gahby of fomhf@ﬂ&?ﬂu&rgé/a%c}ﬁ ¢qpting pn a razor blade

A nethod of fBitingegeacqopnsing tbe steps bHn coating on a razor bl ade

cutting edge conprising,the.ste f. . . .. a) coating a
razor blade cutting edgag c\?\n&fn% A ?rg%%q'es‘fugﬂf’%?dge vth a 6‘6"?’?'?’&18£ ocarbon in a
di sper si n§ mpdlyflaprocarbon in a dispersing medium; (b) heating the coating
sufficiently to adhere e pol yfluoyocarpon to sai d bl ade edge; and
(c) treating the said Sqt)gﬁ%tp ® CORtng sutticisnty t9 adhsre,the polyflugrocanbon to sai d

coating. 10sai@blade edge; and A net hod of form ng a pol yfl uorocarbon coating

on a razor bl ade cuttin edge according to claim1, Werein the
critical tenperature of° B5piRgfYe sad blade edge withm solyewrt to partially rerowsbsrice t he
di ssol ution testipgr ature for said pol yfluorocarbon in said sol vent

and V\/neri(j)n #he bl ade treatnent step (c) occurs at a process tenperature
bel ow t h&? bofi i ng poi nf Bsthed of forming acpalvfiuorenatbonicoating aroa vazot bladel above

the 15 di gaghe'td r T ' avadl bon_i.n sai.
Sotvent, . onah cAR BRI AR | YhoiH fheohitdl UBDARHNEbIHERA ot ng
on a razor bpEspid solvent ixghove the dissghution demptiratyretfor stidipolyfuorobwebai in said d -

sol vent i's S@liah s bhemi e b WRatment sef R3Skl 1% SlocBSftior 08l kanes.

per f | uor ocycl oal kanes, ~ per f I uor oar omat | ounds S PSP Sorer s
t her eof . 20 belaqw the boiling poiat emerftivel tempemture ofjthe sphvkntfand@bowsaghbon coating on

ol yi 1 uoFooaEouvton Eblbil £5 384 BB ERHebt in il Mihg o ol coul ar wei ght
of from aboud. 700 to A methadixfiforniing@Gobfhorocarbon cbating on a razor blads et hod of
formng a poélxe(iﬁélgc{ggca%{:obr 'ng 2 a{nrxl , X er%ihr se}axzdo srol\?celngjl 1dseselected from the group
consisting of perfluoroalkanes, perfluorocycloalkanes, perfluoroaromatic compounds
and oligomers thereof. '
20 4. A mcthod of forming a polyfluorocarbon coating on a razor blade
cutting edge according to claim 3, wherein said polyfluorocarbon is
polytetrafluoroethylene having a molecular weight of from about 700 to
about 3,000,000.
5. . A method of forming a polyfluorocarbon'coating on a razor blade
25  cutting edge according to claim 4, wherein said polytetrafluoroethylene has a
molecular weight of from about 25,000 to about 3,000,000.
6. A method of fomﬁng a polyfluorocarbon coating on a razor blade
cutting edge according to claim 6, wherein said solvent is selected from the group
consisting of:
30 dodecafluorocyclohexane (C/F,,),
octafluoronaphthalene (C,.F;),
perfluorotetracosane (0-CyiFs)



25 cutting edge according to claim4, wherein said
pol ytetraf | uor oet hyl ene has a Hmmaml“ﬂl H’II of from about 25, 000
to about 3, 000, 000. 6. i fllf orming a

pol yfl uoro n ating on a razor bl alle cutfing e ing to
cl aim 6, vmc‘gbgglh“ié%i d solvent is selected fromthe group %’eébg}c%?\égfsti ng
of : 30 dodecaf | uorocycl ohexane (Cerr]Fferr]),
oct af | uoronapht hal ene (C[err]F[err]), -16- .

erfluorotetracosane (pn-Glerr]FLerr _
b 16 - per%om%@é?@ﬂ@%%’lhméﬁygﬁbphenant hr ene
(Cerr]F[err]), isomers of perfluoropeihydidbérzy@hphthalene (C,,F,,),

per f |1 uor oper hydr obenzy| napht hal ene err]F[err]),

hi gh-boi | i ng ol i goner i l&‘gg 0 ’Péc??f@?méffct‘[%@]" 7 Hie manuiagpure of

per f | uor ot et r adecahy dr pahesrertradeateydtdphesantbidne (ClF,,), 5

perfl uor ogol yet hers, and conbr nati ons thereof.

7. A et hodPBfIuergPelysthers, pol yf | uor ocar bon coating on a razor

bl ade cutting edgf ambidtioRdthb@o! @l M 6, wherein said sol vent

conpri ses perfl uoroper- hydr ophenant hr ene ol i gonmer havi ng t he general
formul a: 10 7. A method of forming a polyfluorocarbon coating on a razor blade

Cerr]Flerr] o [ r . L . | ) )
where. nco, | 1 518° BRI it ISP by sompries pesygroper
pol yf | uor ocahpdsaphesanthrege gligomerhaving itheagraerebformplat t i ng edge according to

claim?7, jfurther conprising a post-treatnment step (d) to renove
excess solvent. 9. A nmet hod of form ng a pol yfl uorocarbon
coating on a razor bl ade cOLE A Fellg®, gcording to claim8, wherein

post-treatnment step (d) conprise - I ppi ng the bl ade edge in a wash
solution at or near the boiling ‘%%?rﬁp %fld?'%gﬁ'wash 20 sol ution. 10.
A nmet hod of form ng a pol yfl uorocarbon coating on a razor

8. A method of forming a polyfluorocarbon coating on a razor blade
15  cutting edge according to claim 7, further comprising a post-treatment step (d) to
remove excess solvent. ' '
S. A method of forming a polyfluorocarbon coating on a razor blade
cutting edge according to claim 8, wherein post-treatment step (d) comprises
dipping the blade edge in a wash solution at or near the boiling point of the wash
20  solution. '
10. A method of forming a polyfluorocarbon coating on a razor
blade cutting edge according to claim 9, wherein said wash solution is comprised of
perfluoro (2-n-butyl hydrofuran). ' .
11. An improved razor blade cutting ecige of the type wherein the razor
25  blade cutting edge has an adherent coating of polytetrafluoroethylene, the
improvement comprises:
treating said blade edge with a solvent to partially remove said
coating. ' .
12. An improved razor blade cutting edge according to claim 11, wherein
30  the critical temperature or boiling point of said solvent is above the dissolution
temperature for said polyfluorocarbon in said solvent and wherein the blade

- treatment step (c) occurs at a process temperature below the boiling point or critical



i nproved razor blade cutting e wherein the razor 25 bl ade
cutting edgwoisagséesn adherent coating i |50 et r af | uor oet hyCensy/iziva

I mprovenment conpri ses: treat| ng said bl ade edge with a
solvent to partially renove said . - Ccpating. 12. An

i nproved razor blade cutting edge according to claim1l, wherein 30 the
critical tensemprratuee of thp solvéntgndebome thé dsmluhcmdemeraturesfmtsade t he

di ssol ution RS sai d pol yfluorocarbon in said sol vent and
wherein the lﬂoa?’é]uo;o £ re ?S& ‘%mstep (c) occurs at a process tenperature
bel ow t he b0|1l3| ng poi n'rAmmpumieﬂwmk blade cutting edge according to

- 17 - erat ure the sol nd above the, di ssg)l ution

Q
t enperat ure %)arlms el safd BAYSPE .35 CSE’Q FM, thegroup gonsishing A 13.
An i nprovéd Ipasfiwordallesies, peifluortgyctotgiands; gRffiliofshréfatic compouﬁdsadnﬂ‘ 12, wherein
sai d sol vent s sel gﬁt ed. fromthe group consisting of
per f | uor oal k& 5%"’ SerFFUor ocycl oal kanes, perfl uoroar omatl c conpounds and

ol i goners t hageof . An ilproved razor bladeéﬁtnhgflé %B/ﬁ!éo&i fgQp Dl ade cutting edge
according to laim 13 wherein said | uorocarbon is

pol ytetraf | u&h&'@tlﬁy%’ﬁ’@"h H‘@}Y%“"mafb"%|Pebfﬁﬂtféﬂu%@f=f§ﬂpnq)ha\‘ﬁng)m about 700

Lo about 3, OG&AR: weght of From about 700 AateliP3 BYEGed, 2701 bl ade cutting edge
accordin to claim 14, wherein sal d pol yt'etrafl uoroethyl ene has a

mol ecul atOweilght of fr Amimpeayed rezopblade cutting edgesdroording, to @108, wherein  16.
An i nproved "sﬁ&%}ﬂéﬁ%@ﬁ dﬁg&gleﬂs SO0 oRRHRE %&9{ BPerJn%oTéz‘% oo™ € "

said solvent 1s sélecte e group consi-s

dodecaf | uor o@heut SRORM6. ([ err] Flerr]), |
oct af | uor onagpt hal ene A?[ééfﬁifa{ezﬁ Hafle cutting edge according to claim 15, wherein

perfluorotetracosane
per f | uor ot et sadsclabytds @&Flbﬂﬂhfrbmnhﬂgro@ﬁ[censﬁtﬁgejff 1),

i sonmers gperfluorope{l ngﬁ,%s é?ﬁﬁ"ﬁ“ L@%ﬁge(qerr]F[err]) 20

hi gh- b0|I|ng ol i goneri ¢ Dby- pro nuf act ure of

per f | uor ot et r adecahydr ogédftuoeoraplitbalene( @, ), ] Flerr]),

perfluorotetracosane (n-C,,Fs,),
perfluorotetradecahydrophenanthrene (C,,F,,),
isomers of perfluoroperhydrobenzylnaphthalene (C,,Fs,),

bl ade cutting edge accordlng tn. sai d wash solution is
conpri sed of perfl uoro mgg @4 ”KM’ furan). 11. An

20 high-boiling oligomeric by-product in the manufacture of
perﬂuorotetradecahydrophehanﬂuene (CiiFa0)s
perfluoropolyethers,
and combinations .thereof.
17. An improved razor blade cutting edge according to
25  claim 16, wherein said solvent comprises perfluoroperhydrophenanthrene oligomer

having the general formula:

CuFs(CiiF), Cua Fiy
where n=0, 1 and 2.
30
18. - An improved razor blade cutting edge according to claim 17, further

comprising a post-treatment step (d) to remove excess solvent.



per fl uoropol yet hers, i nations thereof.

17. An i nproved razor E mm M wg according to 25 claim
16, wherein said solvent conpris dr ophenant hr ene- ol i goner

havi ng the general fornula:

Cerr]F[err V??ef’!ﬁ‘?f] F[err])[err] Cerr] Flerr] PCT/USITIAT8I4

where n=0, 1 and 2. 30 An inproved razor blade cutting
edge accordl ng to cI aim 17, further - -18-conprising a post-treatnent step
(d) to renobve _excess solven -

- 18 - 18. ‘mRWVF‘?'rfﬂZBVélader%g e decordifg g edge according to

ol ai m 18, whefghnspaRbrekd RAl#BRheR 18D (oM &ipfifg BPPhdledgltn il ade edge

in a solution at or_near the boiling polnt of the wash sol ution.
20. waslh soluinmoaten near/ibe bmhaa@omapfthngvawgéumor ding to claim 19,

m;g;'ﬂrgn) 98! d vwash AQlikhicdBd kol QIR bt Qige RECokdit® i clafli 19 PWherbin

5  said wash solution is comprised of perfluoro (2-n-butyl hydrofuran).



