WD 2013/ 010049PCT/ US2012/ 046577 1 RAZOR BLADES HAVI NG A LARGE Tl P RADI US

TECHNI CAL FI ELD This invention relates to razors and nore
parti cul awbyotiwip@2or bl ades with sharp and 5durabl e curCirng2@dges7havi ng a
| arge tip radii and a narrow profile. BACKGROUND A razor blade is

typically fornmed of a suitable substrate material such as stainless steel
and a cutting edge is forned with a wedge-shaped configuration with an
ultimate tip having a radius. Hard coatings such as di anond, anorphous

di anond, di anond-1i ke carbon-(DLC) 10 material, nitrides, carbides, oxides,
or ceram cs are often RAGARBLAIEY ONYINGrehgROE TEMRAIIBN resi st ance, and
shaving ability, maintaining needed strength while permtting thinner edges
with lower cutting forces to be used. Polytetrafl uoroethyl ene (PTEE) can be
used to provide friction reduction. Layers of niobiumor chrom um
containing materials can aid in inproving the binding between the
substrate, typically stainless strgeuni@Ad Hiparg car bon coati ngs, such as
DLC. 15 It is desirable to alter the shape of the razor blade to achieve a
razor bl ade witih I2Veniden Elitesi Wgrapes @ad nighe partigglafhéo spe dlapetewithshan g

safepy aﬂ@raﬁl@%tﬂﬁ% edBY ndvimdd B (iBadideak n84OG pAgRd ON it is possible to
provide a |ow cutting force bl'ade that is safer on the skin leading to a
nore confortable shave. Prior blades inproved shaving confort by reductions
intipradii and overall profile ®gASBERAONgECtIi ON, reducing the
tug-and-pul | associated with cutting through hair. These sharper edge

! . . S
however requi f&do8 bldP & pirpibelranedhol HEB AV B L PU Siibe At wi th
the bl adgn$KicBuih LG th RS- wifl 8 Ved@SshAp&IORREUENTEWRE af RO Ep hiMgnbh ade
bevel profile, strength and durability can be conprom sed. The present
i nvent i ofrditdr &85l soatines srdbredimond baremeiuglitnendeiimendige ¢agwndidCing 25
forgg, | 'ﬂﬁ[e‘@lﬁﬁ gﬂrﬁ@s‘f %zﬁ}rﬁfdg@,%‘lide&% GRS cscé}gfé)%ﬁ -ufséﬂ"f% i g?&%%reh%f{,eﬁﬁ-#o%n ,
provides a blade tip having a wider forward profile near the ade tip with
a |l arge tdsplanediand shaming ebriy. maaitrining ngededsirewtipwbild pamiiieg thinnonedghewbhade
tip. . lower .cgt%ﬁg If(?rF&eto bk leécﬁg’b#@etﬂaﬂmﬁ?&ﬂlf&%&b‘?%w t{ll’hgl:aus&f[or @\%B& ﬁgc?ion
profile provides©a [ow cutting force blade edge that has |ess propensity to
engage t helustiinn Taydrowi mepitiher sikbmitnocgitdinieg overials hen 80 edgpravitgtbebindingki ng,
cutting QL 3Gl ARL AL raSHFe Ay RlaAHKs LEYUG T ald Lltb B Lo M 20%H NP gases confort.

15 It is desirable to alter the shape of the razor blade to achieve a razor blade with a low
cutting force, while at the same time improving safety and comfort. By finding the ideal edge
design it is possible to provide a low cutting force blade that is safer on the skin leading to a more
comfortable shave.

Prior blades improved shaving comfort by reductions in tip radii and overall profile cross-

20 section, reducing the tug-and-pull associated with cutting through hair. These sharper edges
however required special implementation to avoid discomfort associated with the blade-skin
interactions. Also, as a consequence of thinning the blade bevel profile, strength and durability
can be compromised.

The present invention addresses the problems of balancing the desire for low cutting

25 force, increased safety, and increased comfort. The present invention provides a blade tip having
a wider forward profile near the blade tip with a large tip radius while maintaining a narrow
profile away from the blade tip.

The large tip radius in conjunction with a narrow blade profile provides a low cutting

force blade edge that has less propensity to engage the skin allowing the skin to glide over the

30 edge without nicking, cutting or scraping. Such a blade reduces irritation and increases comfort.



WO 2013/ 010049PCT/ US2012/ 046577 2 SUMVARY The present invention
provi des a razor bl ade conprising a substrate with a coating joined to the
substrat ewdebiynimgoa coated bl ade. The coat ed bl ade hasPaTaisteizngssetige

bei ng defined by a blade tip having a tip radius of from500 to 1500
angstromnms. The coated bl ade has a thickness of 5 between 0.3 and 0.5

m croneters neasured at a distance of @.25 micronmeters fromthe blade tip,
a thickness of between 0.4 and 0.65 microneters neasured at a distance of
0.5 micrometers fromthe blade tip, a thickness of between 0.61 and 0.71
m cronmeters neasured at a di stance SlUMMAR&frorret er fromthe bI ade tip, a

t hi ckness of JPh t ance .of 2

t
micrometers fo Onli)rﬁ'?nt 1Biven§on Probzldes a 1, zor IEIF.” X o?nr %sm%fa Sﬁ% rate \Y%thla él la%'ll(? “fdgl

10m cr omed e Subveas dednah c@at«sﬂ Ishden c&e@batéd)bmdafrhas racnm&tngresge‘ bediy ddfi@edbpade

3 16 m cPbAlERS fondn ruof PEMGEOOELTID 8% dhERaRR i ISR ™

tip, sandbawehi CKARESS aﬁcrbﬁét‘eﬁeﬁeaélur&ﬁatmﬁktaﬁw@@f MTHRHRES friRaABLKIRe &, a a
di stance of 16 microneters fromthe blade tip Preferably, the
subst r at d15kaess PP Pt 0d S RicEeetat @éﬁsuﬁé\ﬁt Adlisinea Phy-a dnigrasiery fgr 200

to 15100heCHEd 68 MRKnekOQf HEHREE 0I¥1 Cna@TET I hfr@fiedS iRl Mirae e PYisRRtd 6a1
m croscopi ¢ cross-section. Preferabl the blade tip has a tip radius of

y
f r om 700 Migomonirandhs bladestip. a thickneshef hegen Hep Orrg lel§ripicrogetean maghediay @

layer joiypgdcd 0 LNRISHASES Bkém tﬂ@%la@@ﬂﬁﬁ'a\ﬁ@ 4 A EcTR Yt ‘B&Wleéﬂ §86NhRPI YM
The coating may conprise a hard coating |ayer joined to the adhesive |ayer.

The 'har d nBgewearisnerabuEyEs aiyjanconprisaicameirpfrpndishlasttier i al  cont ai ni ng
car bon. Fr-gﬂ?a %palhé Ga P Y159 "Eﬁg 1,5 §i @esO VR 1 RRlen! ﬁﬁ@ %rr%l (é'hl]%eﬁictr&né%‘s d

hard coating |ayer e overcoat layer may conprise chr
| ubri ci ousaguistt anletenany! Haiappétens dromotht hkrdeviprand atthicknesy of bEtveceh diiibianilous

pol vt et r AT 45 SRE kot o Soro8 X Raqe AP MR RV RERR R g, COTRG
speci ficati onPnemmJll)u dessubttale is laanamengidr $taickedsastdey hpdignt ¢camtgjdoddnsianaf 200 to
di stinctl

0 Lo B RGO EE BN Db e BRI 3% PR BERRCT™ oo
fromthe foll preferglyd@rtiidptipons 4 ek exdids bf fromj700et 1200 angstrhmé.he acconpanyi ng
draw ngs. The coating may comprise an adhesive layer joined to the substrate. The adhesive layer
may comprise niobium.
The coating may comprise a hard coating layer joined to the adhesive layer. The hard
20 coating layer may comprise an amorphous material containing carbon.
The coating may comprise an overcoat layer joined to said hard coating layer. The
overcoat layer may comprise chromium.
A lubricious substance may be applied to the overcoat layer. The lubricious material may

comprise a polymer. The lubricious material may comprise polytetrafluoroethylene.

25 DESCRIPTION OF DRAWINGS
While the specification concludes with claims particularly pointing out and distinctly
claiming the subject matter that is regarded as the present invention, it is believed that the
invention will be more fully understood from the following description taken in conjunction with
the accompanying drawings.
30 FIG. 1 is a diagrammatic view illustrating a razor blade of the present invention.

FIG. 2 is a diagrammatic view of the razor blade of Fig. 1.



30FIG 1 is a diagrammatic viewillustrating a razor bl ade of the present
invention. FIG 2 is a diagrammatic view of the razor blade of Fig. 1. WO
2013/ 0100%ORCI/WWBRO12/ 046577 3 FIG 3 is a view ofPCa/uso@nmassrazor
blade illustrating the nmethod for determning the tip radius of the coated
bl ade. DETAI LED DESCRI PTI ON Referring nowto Figs. 1 and 2, there is shown
a razor blade 10 including substrate 185 with a coating 30 joined to the
substrate 11 resulting in a coated blade 13. The coating 30 nmay include one
or nore |ayers. The coating 30 shown includes adhesive |ayer 34, hard

coati ng | ayerFi8b6,3 iandviov ef a@aited sazer bi3: ilikteating list methed fot desrhipjigabd iy nade
of stainl lg(ﬁ%ee w;$gy&y other materials can be enpl oyed. Adhesive |ayer

34 is us&d" 1559 @ bondi ng of the hard coating |layer 36 to the

substrate 10 11. Exanpl es of suitable adhesive |ayer materials are niobium

titanium and chrom um cont ai njp bEdtrPIIENADNESI VE | ayer may have a
t hi ckness from 100 angstrons to gégﬁgngsgéons 6% particul ar adhesive |ayer

i s made of ni Bbewmemawi tndiigs. tlindRnerse fsrsbnwd 802zm déide dfisndlodi@Sbangs it oms.
PCT ? 2/ 03%% a cogt%gggéob %?neH goeth%fsu@stra eolg rg%mlt%% ? a c%gh(? Efage 1% a¥ﬁe ¢oa Fg%g() %Bat ing

| ayer or corrosion resrs ce'and 15
shavi ng amtidde oye mdomaayeime Tﬂmdeatﬂng Gmslﬁowrernclumscadbeswedayenaéhdnardropsmngl lhyeme

carbon-c tainin erigls (e g. . di n
ey dee TPy OB B s b b b ek BE B ob R GeeeR A o um
nitride, n&&nhhb@Mb&@h@bﬁﬂjde) carbides (e.g., SI|ICOﬂ carblde) oxi des
(e.g., alumna, zjrconi ot her era mat eria i.ncl udi nanqgl ayers or
nanoconpositegﬁﬂ}“ﬁﬁaé{la’ééa usrgiiq fac t?%@%”“@ﬁgﬂF&Pﬁ@ﬁgE%ﬁ?§¥ﬁ?%@mﬁﬁyﬁFKSIs
canipe dopedpmrifles20f Qti®le QUIREBOSyer SHAIAS atel HPSHET), tithdik@NbtMch®hliMer , or
chrom um by including these additives, for exanple in the target during

T

appl i cat icemalblyg Spaieadr i Hy. adhpeveriyer may hayan BIckeest ABr b aresTARY ﬁ%é@ﬂ

e. 9., hydiQgenat eq Il;ah@ulal?ra%ﬁ&mbiayerh@rIqacreoaﬁ hRGiuhAYSins8 ihkkhBGardd 150
di anond, anor phous di anond, or DLC. A particul ar enbodi nent includes DLC

| ess t ha#nSUonooatgenssyrgs. pPeF &/a13) descohes3ne Oéfh@‘@'t’lﬂ@rﬁé ap gdhgsigppyer.

angstrons. DL o | e i S,
00 s, DS PAg IE A e ARGk, PRon 8RR e

DepaSi t i erev{nRVEiliter adesai by madpli©m dingn @ivor-pho nenceaytiallingrepdep-gpntainag
g’;g‘sf’:ﬂt Fflﬁge%ét ?(L §£ Bfr?%n%%?! éﬁgﬁg%%f&lﬁ%ﬁd §5pPh) AR PUbodR GRABO I diYE the

nitride, chromium nitride, zirconium nitride, or titanium nitride), carbides (e.g., silicon carbide),

oxides (e.g., alumina, zirconia), other ceramic materials (including nanolayers or

nanocomposites), metals or metal alloys. The carbon containing materials can be doped with

20 other elements, such as tungsten, titanium, silver, or chromium by including these additives, for

example in the target during application by sputtering. The materials can also incorporate

hydrogen, e.g., hydrogenated DLC. Preferably hard coating layer 36 is made of diamond,

amorphous diamond, or DLC. A particular embodiment includes DLC less than 5,000

angstroms, preferably from 300 angstroms to 3,000 angstroms. DLC layers and methods of

25 deposition are described in U.S. Pat. No. 5,232,568. As described in the "Handbook of Physical

Vapor Deposition (PVD) Processing, "DLC is an amorphous carbon material that exhibits many

of the desirable properties of diamond but does not have the crystalline structure of diamond.”

Overcoat layer 38 may be used to facilitate bonding of a lubricious material to the hard

coating Overcoat layer 38 is preferably made of chromium containing material, e.g., chromium

30 or chromium alloys or chromium compounds that are compatible with polytetrafluoroethylene,

e.g., CrPt. A particular overcoat layer is chromium 100-200 angstroms thick. Overcoat layer

may have a thickness of from 50 angstroms to 500 angstroms, preferably from 100 angstroms to



Overcoat |ayer 38 nmay be used to facilitate bonding of a |ubricious
material to the hard coating Overcoat |ayer 38 is preferably made of
chrom umwonos/mbiag material, e.g., chrom um 30 or chrorCumsad12oyE7Dr
chrom um conmpounds that are conpatible with polytetrafl uoroethyl ene, e.g.,
CrPt. A particular overcoat layer is chrom um 100-200 angstrons thick.
Overcoat |ayer may have a thickness of 4rom 50 angstrons to 500 angstrons,
preferably from 100 angstrons to WD 2013/ 010049PCT/ US2012/ 046577 4 300
angstrons. O her materials nay be used for overcoat layer 38 to facilitate
adhesi on 304 apmnbms.ul(aherl mineiids owus headsed ifad evercoat layer 3btd Gicitese ndticsion aif 40

may be use 19 1BEQV. i de ched friction. The thickness of the |ubricious
I‘lClOU.S mater
mat eri al P |s or course |gnored for purposes of calculating the dinmensions

of the 5 coat Eﬁbrhloadmaie&lal I(Dlmalyuiaruseal ﬁu@ronﬁlbeedlﬁbd M):tmy e teicheby aethe

conposition or a rmd nmer copposition. r .conposit

o hor yi IOBFGusEEAS 40 St e i RO hen el Dol Y A Oty Bethy! ene
somet i mesodi@f Bladed3t OrasluBridi@lsOmBkrial AP aAY ibeW ablymer y(trﬁféd’sﬁfohuﬁrepﬁfohbﬂe&ne
material is Krytox LW?2120 avail able from DuPont. This material is a

nonf | ammBBIYRCLFaMResiEINe dliy PUBRPT SARPESHifD BB s P Pe YSRorp¢n- pa‘?t?"étla'él% t hat

yield st ?Qllyﬁoﬁlrgca%oip@ plydi&flubbeth Pled SdmhetiiRe r@f@rr@eﬂtoaﬁwwél%@h Sme;sa@thdﬁ[hr of
about 20% solids by weight and can be applied b{ di ppi rayi ng,

br ushi ng POléWHaf&‘é)ﬁothé@édlﬁt@%al eKafax Wi O@Waﬂﬁb etfreay mertﬁmldi; 6us
mat eri al pbsaR{ehes ak yStalb‘f‘eS %1r)1 haRicntOBQ: %Bﬁk%ttsr QBspk A 95111@1@9 tﬁeRU%gldt ¥t9|!>1€a| ly
be 1,500 angstrons to 4, 000 "angstrons thick, and can be as thin as

angdge r ondispgasions. dé b ﬁlﬁa&he@ awmquwwhsp@tsm qfqb@uj, 2Nt wolids hrewreighy and qae@et hat
a continy i (o thickn can
or ovi de. Ee S aa e, Py FAELeHERE dgelih REG GRG AL R nane
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The coat & ade |nc des a arpene avi n
tip 12 withinhacetmtidg 1sand1n126nddhal)rodldeértbm | lcmnnnbdnad@)atmg) 1s12ch1d3b®,d1&dmaep 12

f b| h f f 500 20 00 1
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Fig. 3 tB®ssuw, maitihuse haebj/ahmfpnrmedibﬂa;eféreﬂcs,tde@hfrﬁa\ﬂ/ltd?c@n@udslvﬂﬁactﬁﬂn b siecittb ng

t he coate bltﬁd JkCI%1 in haIf1 %/\h |ne 60 bi sects coated blade 13 a first
poi nt 65 754G fHickngss QL anRplied frlomey 31y§r drawn perpendicular to line 60 at a

di stance of 1% @5@@3%{[4&@3fmicqlmep@mﬂg&&apéﬂma@eﬁdd%g@ﬁavmgSee&a@e @p)az ezdhbl ade
13 two additional gomts 66 a 67 are drawn. i s then

const r uctasaisi gl Hont &vesse I bkl U S. PHOCHRd P FEIEolE i s of BoRg0: D

radigpis f ey 1 awadRsidh@dBladd ip 12 prefeR8yeRdsi @ aRIsTLIt BonT708 10 I2@NgheduworhdIe
coated bl ade 13 has a thickness 21 of between 0.3 and 0.5 microneters

measur ed Rateripediost tadie 32k @F radiup s defegnigadbre st dragingaHme |90 higecting ghejepateghe
coated bhade 33 has WndPiigk @@ﬁée&’écdated%}d\@@@a fstpofiids & G &rQPGHSHNS

nmeasured at a distance 30 22 of 0.5 mcroneters fromthe blade tip 12, The
coated bbh#elrasn peendicular edine$s apgdistantseti i@ AnDUrGLs fne Poiny §5. et 61 s

measur edbﬁ&ct@ cgzitﬁ L}g@ 1340 q?d %@e%{,\g&‘ﬁ&%é &’%‘ﬂ%@ c%lx%’e A 'cﬂcl%zﬁz Hhefoat ed

bl ade 13 has a't ess en 0 9 m croneters neasured
at a5 di stamgected from points 65, 66 and 67. The radius of circle 62 is the tip radius for coated blade

13.

Referring again to Figs. 1 and 2, the coated blade 13 has a thickness 21 of between 0.3
and 0.5 micrometers measured at a distance 20 of 0.25 micrometers from the blade tip 12. The
coated blade 13 has a thickness 23 of between 0.4 and 0.65 micrometers measured at a distance

30 22 of 0.5 micrometers from the blade tip 12, The coated blade 13 has a thickness 25 of between
0.61 and 0.71 micrometers measured at a distance 24 of 1 micrometer from the blade tip 12. The

coated blade 13 has a thickness 27 of between 0.96 and 1.16 micrometers measured at a distance



WO 2013/ 010049PCT/ US2012/ 046577 5 26 of 2 mcroneters fromthe blade tip
12. The coated bl ade 13 has a thickness 29 of between 1.56 and 1.91

m cronmet ewe 2nsz8004¢ed at a di stance 28 of 4 microneters Pcomskiie/obdsate tip
12. Preferably, the coated blade 13 maintains a narrow profile
further fromthe blade tip 12. The coated bl ade 13 preferably, has a

t hi ckness 31 of between 2.66 and 3.16 icroneters 5 neasured at a di stance
30 of 8 mcroneters fromthe blade tip 12. The coated bl ade 13 preferably
has a thickness 33 of between 4.06 and 5.06 mcroneters neasured at a

di st ance 282f 3fmit®nwiccs ipore tley Idader igm 2. W€hdodcaad Hadp 122has a thicknesSSH¥ dfthicokmesses

provi de fra rk for 1nproved shavin The t hi cknesse rovi de ,a bal ance
Detween SaBATLTPEHUTRTSAN oW ELRp Fors e D iR RS R R0 oG
smal | er 10 t hPekness els sualell bivalv € 3 Inmiiins b heddgt probids Rirthéryfrdre algh Wiglet p 12.

ultimate edge failure if the strength is too Jow. A blade havin reater
i cknecdBS St bt I 3LPHEgRbr Tt ErE Poracon Bl 60 28 e Padat og
and pul | nRagrdde h da&ack 3 SRAtcitetdrofroh g HIgRIipAQr TAE cSRAMIRG .13 preferablne
substrate 11 material which may facilitate produci ng an appropriate

I
shar pened®ed gRKness 3 ngf PEREPR (4614 nPeJuComElers IPEHCS AlIA Sstapsy & P ﬁél y

distri bu%&oﬁ%gifmbhegmge%m simlar 15 overall carbon weight percent. A
fine carbide substrate provides for a harder and nore brittle

af t er - har deni hf $igkagspestrsevidap drpgypikder prmproyadichayndf The thigkaerses PreYiddager

edge. AnpeXAUPLEyQh SUERuehBHBRE TR BudiRS 8@l kiarfhel@r hWepRid h&vn%% ahalgss
steel with a finer average carbide size wwth a carbide density of 200, 300,

400 'ear biligaeyey willdove lpwar grengbmosrttle fegding v Wopate 8w, fadgo d thattishngbds 0P nore
per 100 a 1 r aptical om COpPL G,
Eross-sent on 1B RATELRAR: ARAELELAINGH: DKiRRA L fitk IREIARAER, & npreasca

pr ocessesgded pril babingmaseh disedndor forafeysendedgpavergt s. A particul ar

enbodi ment in i obi dhesj.ve .l.aye oat i r 36,
chrom um over @lé%gu%?%@%ﬁ %gte Hgapﬁv l%r%yo@“hweégf‘é‘%’%%%g %@?@?ﬁ“ﬁ %«5&%@4 %%g

| ubri ci oissa meatrtenditdd stdi@lessChiead nvitnsoaller cead finaly elistBiBit¢ds callepes ibtiedith Gingilar

m ni_mum of 0 angstrons an maxi num of 500 angstrons. |t is deppsited by
Sputtert Ryl rHETE v eeREReseht 3 Bl Gl oRRER T sty g AT OPEIES Gl
nor e negafiérardehiap satZD@iey,aintl ©hatdesdhp hagisp o€ aahinadrpsitongerndid.i Aaraxaaplgaifi.
Razor bl ade 10 §ref erably has a t.i.%) radi us e;ﬂf' 00.to 1500 arhg trons.

The bl ad& i P PAHURAGHY 1 4 CBTCPT ST THBIET 4 & 1B TR Y TIRISHIT G 157 B Bes an
i pr ovene#sbide dekdltpade2®Na0R 16 Sarbigaf Rk YOO @jaske Silletsid@rs¢ @G0T 800, TH® damidk

bl ade 10 addresses the probl ens of balancing the desire for |ow cutting
force, i REMekerlWariry micipgetry@s desatnddioptital Mi¢ascaPig GRSt +519D has a

large tip radiblgr Whdk €0 iR QinBdlR aB&Edi VP RS ho&esdiy@desdrivemil i MAde
tip. The large tip radius provides an edge that has | ower pro ensMg to
i3

engage t FECTERGEA Paleniswi‘h Bartiprdarsiarpdingsng Inc ey iobiupeadiggee Wyehoull Bxilng,
FAC LA Sng AP0y LIRILRNR, B B B g
lubricious material 40. Chromium overcoat layer 38 is deposited to a minimum of 100 angstroms
and a maximum of 500 angstroms. It is deposited by sputtering using a DC bias (more negative
25 than -50 volts and preferably more negative than -200 volts) and pressure of about 2 millitorr
argon. Razor blade 10 preferably has a tip radius of 500 to 1500 angstroms.

The blade tip radius and facet profile of the present invention provides an improvement in
blade sharpness, safety, and shaving comfort. The razor blade 10 addresses the problems of
balancing the desire for low cutting force, increased safety, and increased comfort. The blade tip

30 has a large tip radius while maintaining a narrow profile away from the blade tip. The large tip
radius provides an edge that has lower propensity to engage the skin allowing the skin to glide

over the edge without nicking, cutting, or scraping while the narrow blade profile provides a low

cutting force blade edge. Such a blade reduces irritation and increases comfort.



WO 2013/ 010049PCT/ US2012/ 046577 6 The di nensions and val ues di scl osed
herein are not to be understood as being strictly limted to the exact
nuner i calwoabisagoo4eci t ed. | nstead, unless ot herw se speecfiusdyi2eash’ such
dimension is intended to nean both the recited value and a functionally
equi val ent range surroundi ng that val ue. For exanple, a dinension disclosed
as "40 nmmt' is intended to nean 5"about 640 mft Al'l docunents cited in
the Detail ed Description of the Invention are, in relevant part,

i ncorporated herein by reference; the citation of any docunent is not to be
construed as @me éi![hﬁlﬁ'ﬁlisozmdt\l’mates idisclosedphdrain aar hotwbttie urnelsqs@odi a$ beinpetrprigsent

i nventio ext ent f|n| ion o m.in this
docunrent TRERT 19 dEs S Pl f5GR Qffie BFH shirk s “oaduC 6Fn fehn =
docunent dinneebpas aﬁteﬁﬂebytorﬁézelr BolE ehe tri@tetr®alicngnhdos foedibmdllyl a@uivassi gagd t o
that termin this docune oyern., Jicul ar enbodi ments
of "t he. pPUEBANINE St e pE e St dederedn HeBRr | baened gtea e
obvi pus tgpoubisamskilled in the art that various other changes and

nodi fications can be made wi t hout de artln(Eg fromthe spirit and scope of
the inventi on®lqocyeniseifdriarthy defaied gediption 869&1“?"?11“9%“%;5‘%%%”@& R4 s

al I suchebauges @hén r%dﬂefe'r&@& 1 @B SichiiAt ofazﬁr@r WhRbR &Rt 3¢ 8P’ oRirubdia$ an
invention. WO 2013/010049PCT/ US2012/ 046577 7 CLAI M5 What is clained is:

admission that it is prior art with respect to the present invention. To the extent that any meaning

or definition of a term in this document conflicts with any meaning or definition of the same term

10 in a document incorporated by reference, the meaning or definition assigned to that term in this

document shall govern.

While particular embodiments of the present invention have been illustrated and

described, it would be obvious to those skilled in the art that various other changes and

modifications can be made without departing from the spirit and scope of the invention. It is

15 therefore intended to cover in the appended claims all such changes and modifications that are

within the scope of this invention.



1. A razor blade characterized by: a substrate with a coating joined to
said substrate defining a coated bl ade, said coated 5 bl ade conprising a
cutting esgeotsaiimgodefi ned by a blade tip having a tip ragiusgoiaf4dsrom 500
to 1500 angstrons, said coated bl ade having a thickness of between 0.3 and
0.5 mcronmeters neasured at a distance of 0.25 mcroneters fromthe bl ade
tip, a thickness of between 0.4 and 0.65 nmicroneters neasured at a distance
of 0.5 mcroneters fromthe blade tip, a thickness of between 0.61 and 0.71
m cronmeters neasured at a distance of 1 mcroneter fromthe blade tip, a 10
t hi ckness of between 0.96 and 1.16 nCtAdviBt ers neasured at a distance of 2
m croneters fromthe blade tip, and a thickness of between 1.56 and 1.91

m cronmet g d. at a distance of 4 mcroneters fromthe bl ade tip.

2. The r39%¥g§#§5%§%f claim1l1l, wherein the substrate is a martensitic
stainl ess steel having 15a carbide density of 200 to 1000 carbi des per 100
squar e m cr onmbt dnagzogbladietharagicriead Hyy optical m croscopic cross-section

3. The razor f.claiml, - o 1 ' ' of
o 30010 1000 SaBorELPLRde MRS Bid WeyPhatenip Rageauble Sains
wher i n Shild covaisingg ovmr édge beiag defaiivd iy \aeblideytgr hgvoigrred tadivs af dosuii¥ttp at e.
5. The r I of. cl ai ei n sai ive r i

i obi urm 1200 b Juid® b YR FD RGBSR D S an O
conpr i seseasulnalr d achisiinca@f 0pemicjomiened from thablldadp.esibkdnésayébetween 0.4 and

7. The r r blade of claim 6 wherei aid hard coating, l.ayer conprises a
car bon 30CoAPSIOARES MetuRaz ¥ dNGEeS 5) 4P o BEABHE ORI FRgG B 7 (RRess TF> g
The razobethkadesdindd.ai mMidombier @icasisal d aclaincagl Cafioinsesfran teviesdzaly al ayer
] 0l r1]0e dt (t)hlcsk%les% 0 %E:tcxix/e%r? %t9|6 Ql%d ll?l%er{li'crometers measured at a distance of 2 micrometers from

the blade tip, and a thickness of between 1.56 and 1.91 micrometers measured at a distance of 4

micrometers from the blade tip.

2. 'The razor blade of claim 1, wherein the substrate is a martensitic stainless steel having
15 a carbide density of 200 to 1000 carbides per 100 square micrometers as determined by optical

microscopic cross-section.

3. The razor blade of claim 1, wherein the blade tip has a tip radius of from 700 to 1200
angstroms.
20
4. The razor blade of claim 1 wherein said coating comprises an adhesive layer joined to

said substrate.

5. The razor blade of claim 4 wherein said adhesive layer comprises niobium.
25
6. The razor blade of claim 4, wherein said coating comprises a hard coating layer joined

to said adhesive layer.

7. The razor blade of claim 6 wherein said hard coating layer comprises a carbon

30 containing material.



9. The razor blade of claim8 wherein said overcoat |ayer conprises

chrom um 10. The razor blade of claim8 wherein a |ubricious

mat eri al We 2pmimed9t o sai d over coat 11. The razorcChltsde20f65¢t ai m 10
wherein said | ubricious nmaterial conprises a polyner. 12. The razor
bl ade of claim 10 wherein said [ubricious material conprises

pol yt etraf | uor oet hyl ene. 13. Thé& razor bl ade of claim1 wherein said
coat ed bl ade has a thickness of between 2.66 15 and 3. 16 mcroneters
measured at a distance of 8 mcroneters fromthe blade tip, and a thickness
of between 4. 86Thncz&.Glenil clhomdtvadresimesaburngok aimm@misel 8t @¢aseatdiyet (ined to

m cr omet glig QM k5,8 ade tip. 20 25

9. The razor blade of claim 8 wherein said overcoat layer comprises chromium.

10. The razor blade of claim 8 wherein a lubricious material is joined to said overcoat

layer.

11. The razor blade of claim 10 wherein said lubricious material comprises a polymer.

10
12. The razor blade of claim 10 wherein said lubricious material comprises

polytetrafluoroethylene.
13. The razor blade of claim 1 wherein said coated blade has a thickness of between 2.66

15 and 3.16 micrometers measured at a distance of 8 micrometers from the blade tip, and a thickness

of between 4.06 and 5.06 micrometers measured at a distance of 16 micrometers from the blade

tip.

20
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