WD 2004/ 078428 PCT/ US2004/ 006230 -1 RAZOR BLADE The invention relates to
razors an des. A razor blade is typically for g a suitable
Substrat e%n%?@(r}{ogl |2guch as stainless steel, and a cuttinﬁ T@’f%@*ﬂogﬁzf"ormd
wi th a wedge-shaped configuration with an 5 ultimate tip having a radius
| ess than about 1000 angstrons, e.g., apout 200 - 300 angstrons. Hard
coatings such as di anond, anorphous di anond, dianond-I|ike carbon (DLC),
nitrides, carbides, oxides or ceramgBoRELOpEeN used to inprove strength,
corrosion resistance and shaving ability, maintaining needed strength while
permitting thinner dHgawendigtre 0 razors andgataridakest o be used.
Pol yt et raf | uoroet hyl ene (PTFE). out e 0 layer can be used to provide
friction reducti on. ?‘rﬁéq&@‘%%@f‘:‘%’%’&T’Eﬁpgﬁs‘&‘mb&ﬁ‘{?ﬁﬁra@mﬁﬁﬂﬁ‘?@*ﬁat erials

Crai nl ess R R R O e b Somft P Yihan

bl ades cut thlriguqte’eﬁ;ghamgmmdessm ghoncHOSemgsifornsg rif asbiout 20 80alescri bed in
U.S. Patents Nos. 5,295, 305; 5,232,568; 4,933,058; 5 032, 243;. 5,497, 550;
5. 940, 975 angstsews.| Hard egatings §5b ps diemopd;Tamerphansshamend; diayomshliscaton whi ch

are herebygi L RORAL r . i t an_overl ayer of
chrom um cgﬁnﬂg)gnﬁisgé%’ g%#%ﬁ%gﬂgﬁgm%g (%’F}éﬁg%g@té]gnapgﬁgc ftﬁ%% FE outer

| ayer. Gengirdsioh resibt@nddwrdthinaig ﬁlﬁﬁtyﬁhﬁﬁtaﬁﬁﬁg’iﬁévﬂe@kﬁ&%tr]h%ﬁw MittAgCUt ting
edge defined by a sharpened tip and adjacent facets. The culting edge

i ncl udes athineet edggs wfithdowgncwtinghionceas dm baisedn P ol etzaflvairoqthylena(PAiRE) epteblL C)

I ncl ydi ng dopant. The dopgnt..nay b Iligcon, or a_nmetal such as chrom um
tit?]:h uny FrTEFR L 95 BV P £ g RR nEOeFHAers S ISR SR CHORIHG mmt er Bl
pref erabl y. Jpahii : D ﬁ;‘,g{lg e e y from1l
to 5 atom ((::d percg?\iﬁté og ta%eag(g%lp?gﬁt. ntﬁ%%g{cgﬁ‘gg)gl mnt@%@gﬁ%bﬁiﬁ?}s

chr om um agtdinlekestedl zand Hardidrbénicdanags, sith dsriol Od Examples af raxgr bhdPditfmpn t he
coating of carbon-containing materi intervening |layer (for

| w thouyt Y. .
exanpl e, atdBSEHHFUHSARE PrefFases meﬁlﬁ%ﬁﬁm@e g?ﬁﬁ%ﬁ?%ﬁt}s Patents t again is
chrom um and I . ! I an gl | tapeen the
cutting edg‘ég%?gs’tsﬁ%ﬂé%@f ?%3 3’(9? g’e%’g%%ﬁ-’ ?gér?? gﬁ?i ?fgghan’g'? é’r%gﬁ’l%ﬁgﬁf azor bl ade
al sojsmay i 0851894, FCT 92403830, hd PTAH 1d6¥h06, which are hereby incorporated by reference.

It 1s known that an overlayer of chromium can be used between the hard

carbon coating and the PTFE outer layer.

Generally, the invention features a razor blade including a cutting edge

defined by a sharpened tip and adjacent facets. The cutting edge includes a coating of a

20 carbon-containing material (for example, DLC) including a dopant. The dopant may be
silicon or a metal such as chrominm, titanium, molybdenum, niobmumn, or tungsten. The
carbon-contaming material preferably includes from 1 to 10 atomic percent, and more
preferably from 1 to 5 atomic percent, of the dopant.

In one embodiment, the dopant is chromium and the razor blade further

25 includes a coating of PTFE on the coating of carbon-containing material without any
intervening layer (for example, a chromium overlayer).

In another embodiment, the dopant again is chromium and the razor blade
does not include an interlayer between the cutting edge and the coating of
carbon-containing material. The razor blade also may include a coating of PTEE and,

30 optionally, an overlayer between the coating of carbon-containing material and the

coating of PTFE.



30 optionally, an overlayer between the coating of carbon-containing
material and the coating of PTFE. WO 2004/ 078428 PCT/ US2004/ 006230 -2 The
Cinventi onYI22Y 8B ures razors including razor bl ades h®@TES200¥06:30at i ng of
carbon-contai ning material including a dopant. In sonme enbodi nents, the
dopant ‘provides the razor blade with iqyiproved thernal stability and wear
resi stance. The invention also features nmaking razor blades including a 5

bon- cont ai ni ' d iy di.nent .,
i nde o ommde by ot Aok RS AR Allana et e Bl e, 2, LS 00 ng
a dopant dqafigg of edvbon-caltaiaitipumterid) uidnﬁinsg;é Hbpht e R me eriBRlimBists Ghe PTFE t hen
a

is added directly to the coating of rbon-contai ning material by '
cont act i néppaneprosides thg ragor bladgovithcioproyed theynmh stebilityl andi wearaesisiapseous -

di spersion of PTFE.;,10. (X her features and advantages of .the invention wll
be apparent fromt hjéhe?ﬁ_ "5 Saftﬁégfﬁsi"ﬂﬁk_?ﬂ&faﬁ?‘ ?F%ém_ &2and fromthe - ¢
cl aisms.  FdaGhonlcdnfaifiny atdraincRatly acz’d'@ané('ﬁ"&ngfenﬁoﬁﬁén't Ora200Radok a@p Of an

enbodi ment of .-a" r-azor bl ade; FIG I's a perspective View of a razor
i ncl udi n@yé@iﬂgiagg;oaﬁing at o catbbadentasung matbridllitzluding a dapartr(prefabblgect i onal

view of a.cutfin dge portjion of an alternate . enhodi ment of a razor Dbl ade.
Ref er r i ngChrempmto %}e “r“é‘g‘lﬂ e‘iﬂead%CQ%mg € &&@ﬁ%ﬁ@g&% direcsly to Hheqoatingef 14,
hard carb - 1.6 ::ﬁﬁgia? I . ' Vv -5 nmade of
stainles s&ggdgg%&ﬁ?%%%ug 0 %?6%%%%grt%%§%m§g%%E%%S%%ty“e%Eﬂ r%%dgh%lavg&an
ultimte eciatigpersish 6OPEFR.I p 20 radius of less than 1,000 angstrons,
preferably 200 to 300 angstrons, and has a profile wth side facets 20 at

an l(pncl uded angl e dPtheefepbwes amt advantagesdd greciaventionavill betapparanioiom theg

degr ees, asur at .40 mcrons fromthe tip,.lnterlayer 14 is used to
facili tattgﬁﬁm;ﬁgﬁ‘m@m Hg]é‘??é?‘ﬁmfﬁtﬁ@ﬂ_ OP}J\';'&CI&PBST he substrate. Exanples of
sui tabl e interl ayerpatgs h dbrtRAEseBHGR WeWwHTE GitidedddperiiPéfdnng 25
materials. A particular interlayer is made of niobiumgreater than 100

angst r onsembrdtipend béa adgloy bladss t han 500 angstrons thick. PCT 92/03330

describes use of a HG’ 3'1? ?pell‘sgécetlrvle %‘Ye%vr of a razor including the Fig. 1 razor blade; and

15 FIG. 3 is a vertical sectional view of a cutting edge portion of an alternate
embodiment of a razor blade.
Referring to FIG. 1, razor blade 10 mcludes substrate 12, interlayer 14,
hard carbon layer 16, and outer layer 18. Substrate 12 typically is made of stainless steel
(though other substrates can be employed) and has an ultimate edge sharpened to a tip
20 radius of less than 1,000 angstroms, preferably 200 to 300 angstroms, and has a proﬁﬁe
( with side facets 20 at an included angle of between 15 and 30 degrees, preferably about
\ 19 degrees, measured at 40 microns from the tip.
Interlayer 14 is used to facilitate bonding of the hard coating layer to the
substrate. Examples of suitable interlayer material are niobium and chrominm-containing
25 materials. A particular interlayer is made of niobium greater than 100 angstroms and
preferably less than 500 angstroms thick. PCT 92/03330 describes use of a niobium
mterlayer.
Hard carbon layer 16 provides improved strength, corrosion resistance and
shaving ability and can be made from carbon-containing materials such as diamond,
30 amphorous diamond, and DLC that have been doped with chromium. The carbon-

containing material is doped with chromium by including chromium in the target during



Hard carbon | ayer 16 provides inproved strength, corrosion resistance and
shaving ability and can be nade from carbon-containing materials such as

~di armond, X 2MYRBHHUs di anond, and DLC that have been doPEHUSROPHOWRION um
The carbon- containing material is doped with chrom um by including chrom um
in the target during WO 2004/078428 PCE US2004/006230 -3 application of the
carbon | ayer during sputtering. The chrom um may be chrom um netal or, for

exanpl e, C ' : HosyW 09T H e Rl terial
pr ef er abl %%Pﬁ%*@égg%cr OMI%?% gl?'om %’pggg%ﬁ%%ﬁ?gnm um&gd-r rmlggtale
pref er abl yorf fod Bxariple, dnaildy ofthmndurpencestCi®t. Thé Garboalcomatinpansatenil chrom um

The carbon-containing 5 material can_al so incorporate hydrogfen for exanple,
hydr ogenatrseferably msziugeérffqra Qtlgho Wnatemicreneent chramium.cand 10088 Pre frampLC

~doped wit t Lum The, laver. preferably is |ess than
200 angets SE i Rﬁé’?}?} e AR SRR TR R0t SR ore ¢ hi k.
DLC soat i NfsiedsldaiBlbd @@srpirate ROAOEEA, fONEatiph, d9&oEihesE DOCY. S. Pat .
5,232,568, whicth is hereﬁ?ﬁcgr g?%t ed by 10 ?%f@’grence. The gener al
procedure descri bed A patticglar B@bofgmeztﬂf,%ﬁﬁsd carbom biyéd ie LG depeskwith 2gr aphi t e

target doped with 2 atomc pgrcent chromumwas used .in place_of a pure

O i t & Bogeerop AR e P lecabl s tagh 2oL o thckh 3 anm .

by using | i Ao IsBS - . elntdﬁP e;quao ressure of
about 2 m%@#%%ﬂaﬂgelﬁﬁ%ed In t Se u@éhr@gg%%%%g%ﬁ%sgl ca 4 aporpreposi tion
(PVD) Pr oclepssitigns ardli€sciibedan U1.5. Batp 5282568, oeliiblofs hepdbginatpdrhet byxhi bi ts many
of the desirable properties byt does_nqot __have the crystalline structure of

di afBnd. eekeEnce. aVhe sangral prraedws deserihedin V. dat. o § ig ajogefied iptiptaand i s

sonmeti mes r Lr t t r : PTE igl is Krytox LW
1200, v gt S et Forld ol A QRR porlha fioRlted v bty P2 B < el ey
lubri cant grijshite 243 g610 "EeSchorfiunB dGPdd IDBEC ldyed & Hepblivd, Fickxainpld, By diigger si ons.
It is furnished as an a&ueous di spersi on of about 20% solids by weight and

can be apppiieimgusgiPadiassdabgutng00 gelts andupriessyre efrabosbmitner daf t er be
ir-dried l, t d, T | ' f bl th . t
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Prou ded R e e D L P8 coat 1 ng
t hi ckness hawathercopsialline sipciowe df diamond.
Outer layer 18 provides reduced friction and includes PTFE and is
sometimes referred to as a telomer. A preferred PTFE material s Krytox LW 1200,
available from DuPont. This material is a nonflammable and stable dry lubricant that

20 consists of small particles that yield stable dispersions. It is furnished as an aqueous

( dispersion of about 20% solids by weight and can be applied by dipping, spraying, or
brushing, and can thereafter be air-dried or melt coated. The layer is preferably less than
5,000 angstroms and could typically be 1,500 angstroms to 4,000 angstroms, and can be
as thin as 100 angstroms, provided that a continuous coating is maintained. Provided that

25 a continuous coating is achieved, reduced telomer coating thickness can provide improved
first shave results. 1J.S. Patents Nos. 5,263,256 and 5,985,459, which are hereby
incorporated by reference, describe techniques which can be used to reduce the thickness
of an applied telomer layer.

The polytetrafluoroethylene layer adheres well to the chromium-doped

30 DLC layer even though the polytetrafluoroethylene was applied directly to the

chromium-doped DLC layer as an aqueous dispersion. It is believed that the chromium



first shave results. U S. Patents Nos. 5,263,256 and 5, 985, 459, which are
hereby i ol d by reference, describe techniques which can be used to
~reduce tH883Hﬁ§ﬂ%%§s of an applied tel omer |ayer. The PCT/US2004/006230

pol ytetrafl uoroet hyl ene | ayer adheres well to the chrom um doped 30 DLC

| ayer even though the pol ytetrafl uoroeshyl ene was applied directly to the
chrom um doped DLC | ayer as an aqueous dispersion. It is believed that the

chrom um \a@ﬁ@gﬂysw%a&h&aﬂw%@g@@o -4 dopant aids in the adhesion
bet ween the | ayers. Razor bl ade 10 is nmade general lé according to the
e

processes descri bed Ragor blade Hhiswende genereliicangorsingiot the progeagesidesdried in
enbodi nen

i ncl ud 00 hi .ni obi [ [ 14, .3 700
angst rorrstﬂf"’;ﬁ%gﬁgﬁﬁg%ﬁqe M2 anez‘& FB(E)%%}I%,IQ% %g‘le’gwl%}&ﬁqd%%f@ @%&PP’S ﬁl?s‘g? hi ck
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preferably has*a tip r‘aéli us of "about 200- 400 angstrons, “neasure
bef of e addhgstronmihiek Krgipsl W 8200Refteetrafhgproahyieds oter diaddhyed 08.cBadb@0used in

shavi ng razar.~11Q, which, includes handle 112 and repl aceabl e shavjng
cart ri dge Picforably-Ras # f1p gadiusiof 3baut 2R 400 epeshions: ﬁgasﬂégmﬁﬂ%b%famdé@gt hree

bl ades 10,011&9?35,%"1’1820 and cap 122. Bl ades 10 are novably nounted, as
described, €. @ In U S. Patent No. 5,918,369, which is incorporated by

reference. Cartri dgRefeldng@toesFIG. 2¢ blade $0 cal b esed e shavingraesr 14 whithwhi ch
housing 116 is pivotally nmounted at two arns 128. Interconnect nenber 124

i ncl udes anchuicehamiie 113rndireplacaablishadrtartridgaddd: Eartridgn dhdlinshiiee .

Al ternativyel de.10 can pe djn 15 er ,raz I ng. one, two,
thr,@, orYlﬂjt’J%{‘ig f@ﬁ’%ﬁh@&fﬁﬂﬁf&gﬁfﬁ%%%ﬁf lzfgoan&cgagé?. gﬁécs P6rs that do
not! have mpvahl tndinRACS SscitedOt kNG DOAFa1RIE 518, 368! WhicHECinborpBiatdae”

repl aceabi e or” permanently attachéd to a razor handle.” Referring to FIG 3,

an al t er nay referenez dCarbyidgd d 12 2lso nodludds snterebeectitnernber 124hen dhichrhoosing ayer, 16,

overcoat |l ayer .24, and outer |ayer 18. The substrate, rd_carbon 20 | ayer,
and out er lﬂéyﬂwﬁe‘%mawﬁé S a7, A5 J e IHSTCORRSCRGTODSY befomelydet s Brsed 2y | ayer

21,12 LSRG S B3RP U0 e ST RIDHO SRR <0 DY,
edges and  efter fa2eis Haviap ®nboted, figeqfor e thinatiret dlades, idoubkaidvdidadesaining whil e
still razors that do not have movable blades or pivoting heads where the cartridge is either
replaceable or permanently attached to a razor handle.
Referring to FIG. 3, an alternative razor blade 22 includes substrate 12,
hard carbon layer, 16, overcoat layer 24, and outer layer 18. The substrate, hard carbon
20 layer, and outer layer generally are the same as in razor blade 10.
Overcoat layer 24 is discussed in U.S.S.N. 09/515,421, which is hereby
incorporated by reference. The overcoat layer reduces the tip rounding of the hard coated
.édge and can facilitate bonding of the outer layer to the bard coating while still
maintaining the benefits of both. Overcoat layer 24 is preferably made of chromium
25 containing material, e.g., chromium or chromium alloys, e.g. CrPt, that are compatible
with polytetrafluoroethylene. A particular overcoat layer is chromium about 100-200
angstroms thick. Blade 10 hag a cutting edge that has less rounding with repeated shaves
than it would have without the overcoat layer. Chromium overcoat layer 24 is deposited
to a minimum of 100 angstroms and a maximum of 500 angstroms. It is deposited by

30 sputiering using a DC bias (more negative than -50 volts and preferably more negative

than -200 volts) and pressure of about 2 millitorr argon. The increased negative bias is



mai ntai ning the benefits of both. Overcoat |layer 24 is preferably nade of
chronmium 25 containing material, e.g., chromumor chronmiumalloys, e.g.
CrPt, t hatwgrzgmf%’ﬁﬁ%lti ble with polytetrafl uoroethyl ene. PATHARA04/0Q6230
overcoat |ayer is chrom um about 100-200 angstronms thick. Blade 10 has a
cutting edge that has |ess roundi ng wit4 repeated shaves than it would have
w t hout the overcoat |ayer. Chrom um overcoat |ayer 24 is deposited to a

L ¢ . | ”! ted b
30" spur't or PoASVeBELE T ittt AO bordla BORSLERE Buces), id e BRIRUGEE, T
nmor e negat bvercodt layer wRoD isvisdliesdd tergomordsproved residtande t3 tipirblndigg whidy gon. The

i ncreased negative bias is W 2004/ 078428 PCT/ US2004/ 006230 -5 believed to
pronot e a EBEARASERd shaypg perfarmansp Blade 1prsfarahiy bppa §p radivy of abauk 308-

chrom um i } - 1.0 ' 0 i stance to
1 oundi AR RS, BiGkbs ST aRE! ApEfioh SR RIBE ol PR nek S
pref 5 abl yadtise gutérlgygr@di us of about 200- 400 angstrons, neasured by SEM

after applicatton of overcoat |ayer 24 and before 5 adding guter |ayer20.

Hard carbon | ayer 16taxdaghpn leyardgewhishisdapedovith ehroméime radbercptassvbsiratat e 12
even though,the har arban l,ayer is deposi.ted directly.on the.,substrate,

W thout _ant2 picapriEndhe b e dyer HAbGE derehi Cin RbSEH CRERBh R urm
dopant ai dgdrlaydrht 18 BERSeQ Bhat PR RS Bﬁm@@%ﬁ%@bgaﬁ@mmwa&gﬁo&ut ting
edge. 10 O her”enbodi ments are within the clains. FOr exanple, the razor

bl ade opt baiwaéd the hayl darteinuidyer mad theamtting adgeer | ayer 14 nor an overcoat |ayer

24. |In addition, titaniu ni obi um tungsten, ybdenum _or siljcon nay be
usedl9 n place of, oréaﬁr e‘g‘bﬂﬂlﬂeﬁﬁ aﬁ')WE%‘Pg}Fﬁ clasms, dor sxamplg the razer blade har d

carbon mat eri al ' r har d
car bon Iaygétg@ﬂlyllg@@g%af:gﬁlﬁéﬁﬁ%a uggﬁ% |(P}f6§'§a éﬁg ?alfj%&r?\t]?lta;gﬁg{o&dopant and
one or norgiahidyehivbinay tinpstendmolybderiion antilicdih@abeé dsexbin phite bfiy@is may

include the sane or different carbon-containing material. For exanple, a
hard car bosddtinmtaichfomjumnagathe dapant i the derdecaybon mptegal. quant ity of dopant. For

le, the i f f th d include 1 20 atoni
bor cont " dopant | and WRER G dh 1285 MR mREPERE. Y B R bl St Dt the
flﬁte e{jsog g;} I B&S 19¥er ERLPIRAL 2 GRERAR uBMRY of AspantlamiDof & mdf 18J<Aingy ReRAent of

no dopant. The hard carbon layers may include the same or different carbon-contaming

material.

For ex@le, a hard carbon-containing layer may include a variable
quantity of dopant. For example, the inner surface of the hard carbon layer may include 1

20 atomic percent dopant, and that quantity may increase among a gradient, with the outer
( surface of the hard carbon layer including 5 or 10 atomic percent of the dopant.

In addition, a hard carbon-contaming layer may inchade two or more
dopants selected, for example, from those mentioned previously.

Other embodiments are within the claims.



In addition, a hard carbon-containing |layer may include two or nore dopants
sel ected, for exanple, fromthose nentioned previously. O her enbodi nents
are within the clains. -6- CLAIMS 1. A nethod of making a razor bl ade,
conprising depositing a coating of a dianond |i ke carbon doped with a netal
directly on to a substrate having a cutting edge defined by a sharpened tip
and adj acent facets by sputtering a tar'(fe't conprising graphite doped wth
the netal, and coating pol ytetrafl uoroethylene on to the coating of

di anond-1i ke carbon doped with a netal. 2. The nethod of claim1, wherein
the netal is chromum 3. The nethod of claim1, wherein the coating of

di anond-1i ke carbon is doped with fiGliAIMS atom c percent to 10 atomc
percent of the metal. 4. The nethod of claim1, wherein the coating of

di anond-1i ke carbon is doped with from1l atomi c percent to 5 atom c percent

f th t al A6 1 ol ratall
s coat qa di PADEPRCITRARAG oozt flall: coMRERy MondsiRg 3 ofitnd cripafand- )12
met al . Bke Camomeddped with almetai direstyeoretona shbstratelhavinga catting edgaidefires] a tip

L7 1BY b o S SeiE o B i oo S roB RGO
chr oni A8 etdl. o' cc3fihd ponAePauoriBhiEre oo fertelling dP g ke 07
angst r ooarbon doped withi@Gnetagjst rons. 8. The nethod of claim 7, wherein the
i armond21 | ke 1B&IERHOU M CIatD b MHSTPGOSNStehiS CHIBRUMor cI ai m 1. wher 2i n t ho.
ggg% gg_aﬂ kgircg?@gﬂbg % cmbpﬁew_éﬁ%ﬁ’idoﬁtiné lof diEhond-fes' ehrbion i8 toped withhe
from 0.1 atomic percent to 10 atomic percent of the metal. .
4. The method of claim 1, wherein the coating of diamond-like carbon is doped with
from 1 atomic percent to 5 atomic percent of the metal.
5. .The method of claim 1, wherein the polytetraflucroethylene is coated directly on
to the coating of diamond-like carbon daped with the metal.
6 The method of claim 1, wherein the resulting razor blade has a tip radius of about
200 angstroms to about 400 angstroms.
7. The method of claim 1, wherein (a) the metal is chromium and the coating of
diamond-like carbon is doped with from 0.1 atomic percent to 10 atomic percent of the
chromium, and (b) the resulting razor blade has a tip radius of about 200 angstroms to
about 400 angstroms.
8. The method of claim 7, wherein the coating of diamond-like carbon doped with
the chromium consists only of the diamond-like carbon and the chromium.
g. The method of claim 1, wherein the coating of diamond-like carban doped with
the metal consists only of the diamond-like carbon and the metal.





