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COLORED RAZOR BLADES This invention relates to razor
bl ades and processes for manufacturing razor bl ades,

wa@p@eeioes particularly to col ored razor bl adesPCREZZNNG/044464

bl ades are typically formed of a suitable netallic
sheet material such as stainless steel, which is slit
to a desired width and heat=1reated to harden the
netal . The hardeni ng operation utilizes a high
tenperat ure furnace COWRED RALZOREBNAREY be exposed to
tenperatures greater than HOOOC for up to 10 seconds,
fol | owed . ' @H j [Wale %%g@(-

is for md%ﬁsquiﬁée}ﬁ{ébgglgt. lg&?:{]@tﬁ ?%Hn g aoeﬁ%sgg?t%é 91 as e
rézobefiges, sha pede panicilgtly at codorediridor dinded. ti mate tip

having a radius | ess than about 1000 angstrons, e.g.,
about 200 - 30 ngst r oms ariQus coatings pay, b .
appl i ed t&‘%ﬂ%g%a?&%fﬁw&aﬁﬁé.of@sa Ogﬁﬁﬁ%ﬁj&, Igﬁﬂﬁlg%hee? material such
ag QBLdIRYSteslU GMidASs Sita0RRsireANRHR AT cBi-@EBE 0 harden the metal

i anond-11 ke carbon (DLC) material, nitrides,
Terhideng opefatios utitizes erhagh tesparature fursaceappericdbe metal hay be

CSBPY4Y LGRS SR A RS Rl i TR e B g P
Lo digbi um or chi Orium containing materials can aid in

npr o 'ng the binding between the substrate, typically
stainless steel, and the hard coati ngs.

A
pol yt et r afAfisrhardening] @ Aetinggdee)is sumeed onalyebladge nlhgecutting edge

us.e 0 provjide fri.ction reduction. . ..lt is nport
igtitve E e Uit angd CoeRRBHRR SR Shuizhiy By 4 ABlus tessthan
BBt rd‘@_@faﬁgﬁf&&, RIOCHE S 10 -Stoopmegheoher f or med, under
sufficiently |l owtenperature conditions so that the

har dened, sharpened steel is not tenpered. If the
steel is t\arjsels gatingsgay|be aprled tPéh%Q%tH%’e%@earﬁd’r ggrople, hard

not. per f.or m.pr r| LN e . .
SR B ot OB ] 990 e,
e A&bIdes, Hidsde seahisdrd titdd dppliPatetht suthag .edge or the ultimate
5, 295, 305; 5,232,568; 4,933,058; 5,032,243; 5,497, 550;

%, 94TPTS SHENBBCOISoNEFSiVEBe 384 shaying abdity. obteiyee, of niobium
om&fo%gr&lecontaining materials can aid in improving the binding between the substrate,

et

typically stainless steel, and the hard coatings. A polytetrafluoroethylene (PTFE) outer

layer can be used to provide friction reduction.

It is important that these coatings be applied, and any other post-hardening
processing steps be performed, under sufficiently low temperature conditions so that the
hardened, sharpened steel is not tempered. If the steel is tempered it will lose its hardness

and may not perform properly during use.

Examples of razor blade cutting edge structures and processes of
manufacture are described in U.S. Patents Nos. 5,295,305, 5,232,568, 4,933,058,
5,032,243, 5,497,550, 5,940,975, 5,669,144, EP 0591334; and PCT 92/03330, which are

hereby incorporated by reference.

The present invention provides razor blades that include a colored oxide

layer, i.e., an oxide layer having a color different from the color of the underlying blade
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hereby incorporated by reference. The present
i nvention provides razor bl ades that include a col ored

w@ziodeedeayer, i.e., an oxide |layer having a coPOF/US2005/044464

different fromthe color of the underlying

bl ademat eri al, and net hods of maki ng such bl ades. The
term"col ored" as used herei%; includes all colors,

i ncludi ng black and white. The colored | ayer proyvides

mateatiek pndiblethode of meking sedhftdades. libe trsp "calored’ @ iusedshgyein,

.affecting the rf ne s i o .

e R G R
A& Pt =FOQT Q’itﬁ@it%le‘t@rfohslz Rffe@Blgthe pérfdritnbsisphygicalfpréperties of
razor cartridge or the handl e or other conmponents of

tllwlhiaden Jheyotosof tharazasritadss ednebe eador-¢aordinetad stiihdhe ,colplhfgf the
ayer t iall h ' o] .

e b Bl LGS RS e S 1
sgﬁg g%l?ééfé&g(nﬁ&meﬁha@ioﬁ’s)} kiRela) )8 Srs d@sedntilpethb efdierblateurface,

i bit excell ent adhesion to the bl ade
enteineing ele, acathetic effech endosiogilifyeng roondicsurangt | Theayxétle layers described

T i DSHREDL ! oy 0908, AR e R e
okl th%ﬂgﬁ%@gméqghﬁwg&forned of a netallic sheet

mat er i ing a sharpened cutting edge, and a
col ored | ayer disposed on at |east a portion of the i
bl ade. Thén prsespestothe aveptionfoaiess rgededs foF use in a wet shaving

roduci.ng colored | ayers. FEqor . .
P i afes ShPEELouRLSr & el SrP e Bl P A8 R pencd
SR %ggé, RAd 8 cBlopsiElayBRdRPbSAIA dnoat dedhed P&t @f ffetdads ;
and, _U{lng ;he hardenlgg Frocess, 0ﬁ|d|zing t he bl ade
material to form.an _oxjde |aye bl ad i al
e oo et o S B Ao TEd B Tor
a _ . i L et
T e S BRIy b Bl RE L gy b
nidgdrieneshdtades prices) ald, dnty the haziening pewbess, bRidizing tHeblade
| ayer providing the razor blade with a co

¢ \ | oy ed .
n@ﬁnrfab@eforrpra@foéﬂeéweﬁem Hsddadggnastial g dihg P&ﬂil%{% qingluesc ¢
the,final.RKO i f | . .
T e
1 Binddtiod of tiebladetiteridf g foaudp ey Zaddned biade tnfuteril mctea razor
material . The oxidizing st eg i s conducted at a
biadeyshe axide tayer pratvising thomzen biadowith preloed s kicag Prafeped methods

do rrllc(:){ H(geet%ri(r)u% 35'1 S§#edL9 the final properties of the blade.

Some methods may include one or more of the following features. The
oxidizing step occurs after austenization of the blade material. The oxidizing step is
conducted at a temperature of about 500 to 800°C. The hardening step includes reducing
the temperature of the blade material from over 1100°C during austenization to less than
about 800°C prior to the oxidizing step. Austenization of the blade material and the
ox{diziﬁg step are conducted in separate chambers the ambient conditions of which can be
iridependently controlled. The method further comprises controlling the ambient
conditions under which the oxidizing step is performed. For example, the controlling step
may include providing a chamber within which the oxidizing step is performed, and

introducing one or more gases to the chamber during the oxidizing step. The gases may
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the tenperature of the blade material from over HOOOC
during austeni zation to | ess than about 800C prior to

W0 b@eosdoe zi ng step. Austeni zation of the bl adeCT/US2005/044464
material and the oxidizing step are conducted in
separate chanbers the anblent condi tions of which can
be i ndependently controll ed:3 The method further
conpri ses controlling the anblent condi tions under
baseledicd fiemake atozm FENYIEIE AT OXPRIDE BIHRES OFO¥YSSR AR piErogen,

o B LR, L ) 8] S0 BBt 1

e AIR#6TcNEd PR tHR chARIbEr 18l afich dRtehieticiedtaey baksuffioigitly free of
the oxi di zing step. The gases maybe sel ected from.the

ogygmpoctbatsh@blad@m@ﬁerl@bayg tangiplist pidesfret whsay Gerpxigiog step

b?é%% ug?tl & téaglg .oxtdgryf&ed S \;{? Imt,eétg &ia tét.% [g? I g ea%ter(i)aﬁ A0 sufficiently

RS by itPsRf8E §ethat B ahifdrho6MiP eactitn, Metwéen the hydrogen,
austeni zati on occurs be sufficiently free of oxygen so

okyesn, arvkstiihksiestevhswidcalcan oca losecthe st&t:l gﬂn@ﬁsm gorftag avith the
when the oxidiz Sste sub tan
o s s Sl e BB AL Bhlter i i
a§§fér¥1&a‘tfoﬁ%tcb¥rs id sﬁlbétﬁnt%?%%e%@ okjgn S, fc%%ﬁan%QesIsrtﬁin gbout 500 ppm
uni form oxi di zing reaction, between the hydrogen,
ogygegeprefaddy sathah ¢8@ ppineelygeur f ace can occur once the
steel cones in contact with the oxygen as it enters

chanber 1 i AnPERogogt dnf SRRy EHRRIA L A phR T, tads patera

ent zat curs’i’s

td 2 DEut@Xy 885 The Formif® Bepinity atsaslscmdaaaﬁeaamgnhe@m@eddﬂme
oxygen, preferably less than 100 ppm oxyge In_sone
nmédrfabihéo petttions havireybstentialiyribe srmsdensi pp |Tﬁ§0rth1?é1

bl ade material to forma cutting edge. The form ng

step may Sk

ot or al (Ea L HAESRIERHL: bfyife » bRt AP auting edge to
chiemgé lihe@ﬁa‘hhg peréoandd efttae cilthieg peédeh Gthervmyitifigintah be selected, for
i ncl ude applying a coati ng}#ﬁo the cutting edge

extpplpcEOTR e SIQUN FORSISHBE 05 ﬁ%ns?nt@lﬁ@géﬂﬁtwﬁ%@ négwl

I £
coriﬁ%lﬂ%&%?%%@tﬁgl?%ﬂo%fd %ﬁﬁﬁoérf gtman{c:)g% thg%(ﬁ‘?gr%] ag%lﬁtéﬁﬁthﬁes carbides,

oRidedidantslemeai ni ng materials, di anond coati ngs,
di anond- 1 i ke coat i ngs (DLC), nitrides, carbides,

oxi des, and tel oner a th
i nventi on I&dtithee §Sp}cﬁé€e @N%‘{L;PH ga&'ﬁfgis Ce% F}éa(wneg system that

includes a razor including a blade formed of a metallic sheet material and having a

sharpened cutting edge, the blade having a colored layer disposed on at least a portion of
the blade. The blade may include any of the features discussed above.

The term "colored," as used herein, refers to a layer having a color that is

different from the color of the substrate material prior to oxidization.

The details of one or more embodiments of the invention are set forth in
the aécompanying drawings and the description below. Other features and advantages of

the invention will be apparent from the description and drawings, and from the claims.

FIG. 1 is a top view, and FIG. 1A is a side view of a supported razor blade.
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i ncludes a razor including a blade forned of a
netallic sheet material and having a sharpened cutting

wedwe/o63cke bl ade having a col ored | ayer di sposECI/US2085/044464

- least a portion of the blade. The bl ade may incl ude
any of the features di scussed above. The term
"colored," as used herein, r%fers to a |layer having a

color that is different fromthe color of the

subst r at eFigat2ds hgerspestore iy okd diayagiraspr W‘éi%‘:’etthﬁlFII@ 1 razor

of one or nore enbodi ments of the invention are set
bledsth in the acconpanyi ng drawi ngs and the description

bel ow. Ot her features and advantages of the invention

will be apmareipt flowodagiaen thesarg sirisam aaambr tradovimagefacturing

and fromthe clains. FIG 1l is a top view, and FIG 1A
plogess ascczrémg|t@@p@f:mh0@m§ab?ftthﬁmwg%%9p blade. FIG 2 is a

perspective view of a shaving razor including the FIG

1 razor Dbk Qns%'t &ahSe Broflleoter §hagkeany Faudeng St eps

in a razor bl ade Rufacturlng process accordlng to

one enbodi nent of the invention. FIG IS a

t enper atuﬂﬁpﬁ’léfaldl%grﬂ@maﬁc ﬁéwewqu@nfoef%@nzeiee 5is

a di agrammati c Si de vi ew of an oxidi zation zone. FIG

SAis a di &ﬁﬂ?a% hal%i&WoP4 sparger, taken alon

sparger, ItF?(gen alo Ilne ,CA%ﬁﬁig Eéb%@e . IG@E IS a s
lisd deA wi BIg.of t he sparger shown in FIG 5A. FIG 5Cis

a front view of an exit gate used with the oxidation

h Ref d | A
fgggrsb?ﬁeéﬂ#: Sr?cﬁl%‘élgwe()f aﬁp }&Ov%ngglﬁc} %s? pat e,

whi ch typically has a thickness of about 0.003 to

0. 004 i nclFIG TH®isH bt vees offireelit grsudedaniththe dsidedon gone shown
its martensitic phase. The blade 10 has a cutting edge

B Sonetimes referred to as the "ultimate edge" of

the bl ade) that has been sharpened to a tip 16.

Pref erabl yyefd; QOGFﬂaﬂe R af P USz @ bIARS® ihilades b Bafless steel
angstrons, preferably 200 to 400 angstrons, measured

stystrSteViwhichpy@edllyyhas altlpc]ﬂlﬁ:sm@fsabautrﬁ 603 1a=0.Q04 jick Fhe stainless steel
h;sal():eeetnshaﬁenec{] to its martensitic phase. The blade 10 has a cutting edge 14
(sometimes referred to as the "ultimate edge” of the blade) that has been sharpened to a tip
16. Preferably, tip 16 has a radius of less than 1,000 angstroms, preferably 200 to 400
angstroms, measured by SEM. Typically, tip 16 has a profile with side facets at an
included angle of between 15 and 30 degrees, e.g., about 19 degrees, measured at 40

microns from the tip.

, Blade 10 includes a very thin, e.g., 300 to 2000 Angstrom, colored layer.
This layer is not visible in FIGS. 1 and 1A due to the scale of these figures. The colored
Jayer is an oxide that is formed on the blade steel, as will be discussed below, so as to
provide a desired color to the finished blade, and to withstand other blade processing

etéps without a deleterious color change or other damage or deterioration.

Referring to FIG. 2, blade 10 can be used in shaving razor 110, which
includes a handle 112 and a replaceable shaving cartridge 114. Cartridge 114 includes
housing 116, which carries three blades 10, a guard 120 and a cap 122. Bach blade 10 is
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i ncl uded angl e of between 15 and 30 degrees, e.g.,

about 19 degrees, neasured at 40 mcrons fromthe tip.
wBk@de6b@4 i ncl udes a very thin, e.g., 300 to ZPODUS2005/044464

Angstrom colored layer. This layer is not visible in

FIGS. 1 and | A due to the scale of these figures. The

colored layer is an oxide ttat is forned on the bl ade

steel, as will be discussed below, so as to provide a
wettsisidrte d seioot 1k, @nd Hee flades 4 A end Breacrspperiul k e wavabbapeunted, as

dgs:gp gd glﬂgﬂg é]o % Olgag?rﬁ é\?og é?r‘}§§§9 Whlge tlselgl?orggljaleeder{elraﬂ %y reference.
cRelfEs ifllgal&)omgllu@es %o inRk@fABect Oneeitier D24 U &lichhoskiay il ng is

razo 10, which includes a handle 112 and a
pmml]gmbted abrawiangs €28t ri dge 114. Cartridge 114
i ncl udes hou5|ng 116, which carries three bl ades 10, a

guard 120 \3McRssEABd2 the B oPtiBARad b PR deBinkiBd Fith the

support 1 I T “supports

cBloe o %Bhéing‘r@ﬂliﬁrﬂtb oRS peieisa oif kechouging oy hirmild)tScreate a pleasing
Pat ent No. 918, 369, which is incorpoyat e&nﬂer ein p

ane flistiegtive aes@ien’qcmff@gfe Fon axagiplse therrola, déféheawl ‘Ffdaﬁh%“’cv'the same

on whi ch Jhousi n
a%ta% C%‘I%F?g Mg, gr c%gpl rﬁ gvv é&%ﬁ 8@1@9 fe t‘ﬁlca: Ig usth ?ﬁcﬁﬁr handle.
T*% %gl%r gPhe RRideQsyed 'rr[h@taﬁsa chbniiﬂh@edk@itﬂ thaobf élmoxlnemspm@ons of
handl e, or a ‘portion of the housing or handle, to

tmi@mﬁdgaegidésgn@dand di stinctive aesthetic effect.
For exanple, the color of the oxide |layer may be the

same as, ﬁffﬂ{ 9o rﬂeﬁl@é& in%ég ;ty;ﬁ:g %F Tcﬁ‘ reXaIbeer}aztd?@ having

col or(s) u5|ng a The col or of
ohBawdXdrdiret ay ﬁforﬂbl&id@l, SDdchMa;mddkﬁblmdﬁse dBladctlo otahét uséd in razors
el ast omeri c portions of the cartri

oot B O s ok W 3HE porficle maviiithey e
retacrae OPbE phfERETL AR GG a bl 07 oS OF ML

in razors that do not have novabl e bl ades or pivotin
heads. The\ sudtablei ptgeessrioy ftmrmm@ﬂleb‘elqre(b pxidelaptreandrmaze %acturmg

ermanently attached to a n su
BELEIGILLY Pt Rt Lo B LA chaiL e A et abl e i
Cl U
%ngﬁp%h%ngtt}lg gﬁpg %{er r?%f?%\t@(is el %fxé}ezotﬁﬁﬁ hgedg{m% fsu‘%sequent processing.
Gtheepreihardehing steps, such as scoring, may be performed, if desired.

When the desired sequence of pre-hardening steps has been completed, the
blade material is subjected to a hardening process, which includes austenitization of the
stainless steel. A typical temperature profile for the hardening process, which is
conducted in a tunnel oven, is shown in FIG. 4. The material is quickly ramped up to a
high temperature, e.g., approximately 1160°C, maintained at this temperature for a period
of time, during which austenization of the stainless steel occurs, and then allowed to cool.
A Forming Gas (e.g., including hydrogen and nitrogen) flows through the high
temperature zone of the oven during austenization. The composition and flow rate of the
Forming Gas are controlled so that no oxidation occurs, and any native oxide is reduced.
Preferably, the Forming Gas includes hydrogen, to prevent oxidation and reduce any
native oxide, and nitrogen, as an inert gas used to dilute the over-all hydrogen

concentration. For example, in some implementations the Forming Gas may include from
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into strips, and the strips are perforated for ease of
handl i ng during subsequent processing. O her

w@e@eheoekeni ng steps, such as scoring, may be PCT/US2005/044464

performed, if desired. Wen the desired sequence of

pre-hardeni ng steps has been conpl eted, the bl ade

material is subjected to a'ﬁ%rdening process, which

i ncludes austenitization of the stainless steel. A .
a‘ﬁ?ﬁ .sgacp 1p@ ﬁ(phycb@gqneansrfr@m rleout §to PR HEPEEH m@ gy Bg delévered at a

ich i tunnel oven, is shown in FIG

ﬂﬁwl$ﬁ§f§§ FE?%3%3| Iy ranped up to a high

tenperature e g., approximately 1160C, nai ntai ned at

t hi s t enpafiat auseenization, thestripsipass thriongh aldgxldaigmmn@hn which the

SR e LS 3e RUd Cns
fr??efﬂﬁg ﬂ&f&eﬁlﬂg‘ ﬁﬂhcjtcre%%‘é rih e bki¥oniAAhouaR Gﬁ@a’cﬂin@ﬂ?as (e.g., mc%udmg

érature~zone o e oven during austenization.
of@REAPRiiiti@tucedith the Gutrmiap asfat 4 Hesired poinh ¢n Baoxatagon zone (a point

T e s e PRSP B
O
BB L 1 ML IS ks LS

zéiteamauididatibh chiydiigen g dpdeati @t dxygen Foio) evilhbpiscusset in detail
some i npl enentations the Formng Gas may _inclu

belpwneftritthamatesal rods SherRxidigion Za?ﬁzl 11 6%1%1%‘% w?nfge@ Jesiipe ina

nitro nd
mggslas(n%] r%ng? a@?ﬁl oPfe %@%ﬂelérlsgauglt g%lueggl]t‘ntho&ar&g dgfe}efrlﬁﬂﬂ affect
tRagortdfpd@ideRy@Xi dati on zone, in which the col or ed

oxi de layer is grown on the surface of the blade

teel. The_F
Turnace. | 06 PHOESKRTPh GHRER B SRROIR SO plde stec
hége&n% p%&ggslég n %’@ﬁ@nﬁ}mél%ﬁéﬂ%% Qe edistity hildRessOFB} Bhmple,

esi’re olnt 1 n the“oxidation zone (a point
ofd exiftingtblidestel harﬂmﬂ@mcessamhmd aghighetepweaturedurnace (greater

{ipnIdB0C) CPMIAITRE& DR RRF S5EIE GA et PRGSO G ptaigiee stec

TIh It
UL PO RPN i 130 i
ekt ar His ngh @tpoAfthu@rtrdakiBerTad evel & awstdritizetthe stajnlads m¢1|snms
zone, it is rapidly quenched, resulting

Nogt therssttiof vt ST e reie dhroaie it R airoledgehsicddybe (aso
r%ﬁ&g{} %gthg gzéger c%leg %llu%ee {dbgy Sﬁ}fs Achi6k s JsBE 1S RhR rchepd‘oohng

process of the stainless steel blade strips. Just after the water-cooled zone, the stainless

steel blade strips are pulled through a set of water-cooled quench blocks. The quench
blocks initiate the martensitic transformation of the steel. This existing process may be
modified to form a colored oxide layer by replacing the water-cooled muffle tube,
between the high temperature furnace and the quench blocks, with the oxidization zone
referred to above. It is also preferred that the temperature profile of the furnace be
modified so that the strips exit the furnace at a temperature less than 800°C, more

preferably about 400 to 750°C, e.g., about 600-700°C.

A suitable oxidization zone is shown diagramatically in FIG. 5. The

oxidation zone may be, for example, an Inconel tube attached to the tubing used in the
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The processes descri bed herein may be added to

exi sting bl ade steel hardening processes, often with
wormsoede2L£hanges to the existing process. For BXEHDP1005/044464

one existing bl ade steel hardening process utilizes a

hi gh tenperature furnace (greater t han HOOOC)

containing a flowi ng Form ng Gas. Two parall el

conti nuous stainless steel blade strips are pul | ed
highterpiratubs Birnsic b thehsedeatg tiae f Relvadng 1 Flbp Sempngicpbodiment a

120 ft/m e [
obef R B 7B B0 TR R AL 2 and
digsertd t0dxtdnlds. htaiokenme fbk UletHidiga’8 e kgarger has a total of 16

wat er - cool ed jacketed tube (also referred to as the

inbziteas pono(net shayi) andtis designed ip shas gas jningtadsbipygh thegparger

start th f t
@frpdie Tl vk pegrR T deoh 55 JhTioB: 288 sjlS “0ablsHifoduced
té@h@ mg&%éﬁth%lfgﬁla krastenlsd tib@20ar 20Ukl gad b 00 ag b8 éicluded so
ter-cooled quench blocks. The quench bl ocks

than iltei tastoestaitlessrstael sinigs of Dlade matstid anasaperatest fremeach etdpr so that

h
oSS SRR TTEES T ) B .
Efzb@ rﬁagr%g?ég@id’\ﬁ%ﬁﬂeﬁez 1ol 9, be MRRFRINUTL SAUTAAGE cRBGhe gas

e guen W th the oxidization zone referred
biﬁﬂe afyy for ekampls, @) pref feom & anhrance dfethe exidatica zone and extend

fil f th h
AR the Wee i Pria of AP ased: thesdn Aty 204 B2 i oBgs e irbPgteneth
oPRld g%c?a@ibx z {h808efeqs > Bixin oiggazs RRRUtorR ket (RRQIC01 And 203,
suitable oxidization zone Is shown diagramatically in
affidkang For mbepeoddnt aditood ta dreetwrm;deb ef tiedrafftecaitiph ¢he tahe (210 and

| nconel tube attached to the tubi d th
2mmvéheaga§ Setein deuensr sp Rt Al dah Ry Goral © Rardi igving two

r
stl & D] qceéggd gtntﬁ? @%gﬂmﬁngac ﬁaﬁnrz ﬁﬁ%ﬁc gﬁg ?15?%1%9 Ghay be
cbﬂtb(ﬁlea(iﬁmg@ds tlhwenstrondile enit ekdaeh dhdmlbier oxfiticbovmidatioe zone may be
tube. In this case, the sparger has

eiwipeed wib a forgesandiipo RieRsRAY SIOARES “@I@éiq%t@% lééﬂ;%l%? g thereby act
\%\?ﬁ? F)Iilp ga%g ‘25@1(1%5 ﬁn‘%}g Prifcge ﬁﬂﬁ‘ 86 $AMEIVD (I? A 1 {0l @2 céi@ude This exit

nge ‘upon estal S steel
gﬁﬁerﬁr@s‘%nt bbék—ﬂ@\t/ rod dﬂtbﬁbﬁt ammtdr&lesmaiagren zbiy adgisosencourages

pai'r of et tubes 201 , 203. A gas bhaffle %

bethol i ofdhe graes WitkinEhooNHRAERS A6 dBFussed r%frwedflst after the
mat f

R e S I SR L

qLARARERAS RLE Y TR BEdeh bRRks hiRite the martensitic transformation of the steel.

The desired color is generally obtained by controlling the thickness and
con’iposition of the oxide layer. The thickness and composition of the colored oxide layer
will depend on several variables. For example, the thickness of the oxide layer will
depend on the temperature of the stainless steel strip when the Oxidation Gasis
introduced, and by the hydrogen-to-oxygen ratio of the mixture of Forming Gas and
Oxidation Gas in the oxidation zone. The composition, or stoichiometry, of the oxide
layer will depend on these same factors, and also on the morphology and surface
composition of the strips. Generally, lower temperatures and flow rates will produce gold

colors, and higher temperatures and flow rates will produce violet to blue colors. In
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baffl e 204 may define two chanbers 210, 212, as shown
in Fig.5A. In this case, the gas baffle may, for
wez@iés24 begin 0.3 cmfromthe entrance of theCT/US2005/044464
oxi dation zone and extend down the tube 10.2 cm If
desired, the gas baffle 204 may extend al ong the
‘entire length of the oxidatifon zone so that there is
no mxing of gas flows frominlet tubes 201 and 203
saht owlergerftaions nitie pedrogen tocameerotatipds e abapt Kilybto 9f0:1. Fora

t he baff within th ube, (210, an . g
elgarger Pedfimentyiibon By b A O s bl LT migpoimt of
tlﬁ?lsdig@,!aﬁ'aeﬁhét_fbvﬂe@? blueQofhéd B&dd Rilble: ShtaiBed SRdraating B relative

same time, using the sane furnace. Gas flow rates ma

atneuntorftoxpgdnedilliendhip ngsult if lighy bhes andslightblicestean oforaahile

chanber  of the oxidatjion zone nmay, be [ d wi.th
CRqTaERG (BREF S SprouDEet Opear ek B i AR R i ey coors
219 and thereby act as an exit gate 220 (Fig. 5C). The

slit maybghe spsedex amdhahe MatkribiordveR through dee oxidbt®nexnnt and the
gate prevents any back-flow of anmbient_ air into the
lengfhoeitthopxideing zeng vl slso aliess Gplageaidne tTudablgispeady mgy be, for

t he .gases W t hi he jdation zone. As di scussed
e’émg,mjﬁlfsrﬁn%ef?fglrstttoh‘lé)o%})?g%ati on zone, the stainless

steel blade strips are pulled through a set of

wat er - coolliesbraeieased) itnachesne2€BaryThadipsethe prdviescciasameters of the
initiate the nmartensitic transfornation. of the steel.
hmﬁémagw@@owt@m IFeCeE M1y OBIAR P SRRPESP CBR PRUE e

t he i C . . it . i .
LS00 ROl e b ey Kpin e

tethpdratdensibl R Aevenahe kadémiy RenacEpandéordrypheset dfdieating

t hi ckness of the oxide |layer will depend on the .
cleaepisrintheraxidption pang Lirispsiagsths tenaperaturg %ftﬁzﬁé‘i‘ilpt% & enters the
Oidation G IS i Cr
oL TR e I A Pr RO RUCAYE o opangons, e

1 stk dfierformeRasihg nioktecoawdntiohaldurnaogsg the Threperature of the strip as
_conposition, or stoichionetry, of the oxide | a){ler will
itchmprn therxidation dorsenn Headiusied onlyriwhen it ssHmgw the process. Since

B

iPhAPAEAnAQ) whielPlsPeheraB kel it@ BehpéBAREbAVAHagSnindhd $teipmaterial
rates will produce violet to blue colors. Insone

andrpd Bmetvnatheorade edler. Hikeresaw femperatuye egitingef the fast Fqngppf the
about 100: 1 to 500: 1. For.a given type

et thacs o e gony Srmsaion st gt B 4 Blfeied prsed on

afﬂoﬁg Rtk £Rfork Nhe dE@RERoloARh&Sd, RBAPES catepdsitiiny endgleed edthe steel
oxi de will be obtained. Increasing the relative

strip.

All of the processes described above allow a decorative oxide film to be
grown on blade steel during the hardening process, after austenization and prior to the
martensitic transformation. If, instead, the blade steel were colorized prior to the
hardening process, the color would generally be degraded during the standard hardening
process. If a thermal oxide coloration process were employed after the martensitic
transformation, it would generally destroy the martensitic properties of the stainless steel
strip. The processes described above generally provide highly adherent, protective

oxides, while allowing excellent color control and without detrimentally impacting the
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anmount of oxygen will tend to result in |ight blue and
i ght blue-green colors, while decreasing the relative

w@ewanesedf oxygen will tend to result in viol ePCHO005/044464

then gold colors. The speed at which the nmateria

travel s through the oxidation zone and the | ength of

t he oxidation zone will alsd-affect colorization.

Sui tabl e speeds may be, for exanple, in the range of
meglltxgicagopertienof the heideeedssaielsss steel plage HEPhecessary to

adj ust the process paraneters of the hardening and/ or

oxi dati on {.0; j ; ' the

product . 0e PR RpHtEd MM Ma@id ol 16 vaie
c@xhgaddeahowaneFTGy], hed tentripbdf Haddypatadjlusbriokgn e blades of the

temperature of the |ast zon | n the, hardeni
desires dength. éﬁh?/h%adewl%@nd@éﬂgéein E& %ﬁlgz?ssw#g“% fp thggupport

1@{1%]?33522&@8@%9@%?#?8%&HQe ' he tenperature of the

he "oxi dati on zone w || increase
the oxide thickness produced in the oxidation zone.
Wien t he prakitim oshperldusd dayr,ubé regonblede maninshide otfr features,

séq%éag %;&%’Q@a:ng% e@gggixelé g#%%gs 31{5(} g?eré,zx%fé}hlf gp%}?wl?lg hp}?lnefdg:tretc’ween the
S?@E}é&ﬂ@%%gﬂ%él&ﬁ&@&ﬁ&ess' Since the gas conposition of

I ZI ng s'to the oxidation zone can be quickly
adj usted, it is this paraneter which is generally used
to conpenEat exafnple, vhe titampp he coaied WEh P PHIRET €R3EES Ahd

fine- h [ lor. o] : .
ciperdi bt Blshe Pl SFnaoft SRS hE PRl hud bucar

nbEneas! the TMRFibEi on of the Oxidizing Gas are
sel ect ed based on, anong other factors, the desired

color, the size, shape, conposjtion, . and eed. of the .
st eel st r Spitablg micslayenipat gg% i f%ﬁ@“%ﬁ%con aming
allo decor.ati i ' .
BB PRGOS DA L8RS gp el 8o o

18084 80U Zkiroms aRATRI/@3330 dedchibeymetofasiidbivam interlayer.
transformation. If, instead, the bl ade steel were

colorized priqgr tq the hardenin rocess, the.color .

PR AR N W G e
dBgisan RERCESRond &y BLENGiFBEs @€, Bor&Phigid, hidBium nitride or

process re enployed after the martensitic ) )
titeinduas hitvide capbides (e pwsilicbngergda)l byideester,@jumine, zirconia) and
o?l?eg' tcgrgrsnlict rlrlgteﬁglg.pecr;r{)c?nsco%{ahtlﬁge hg’rtd%og’clir?gséscar? Lg gloped with other
elements, such as tungsten, titanium or chromium by including these additives, for
example, in the target during application by sputtering. The hard coating materials can
also incorporate hydrogen, e.g., hydrogenated DLC. DLC layers and methods of

deposition are described in U.S. Patent No. 5,232,568.

Suitable overcoat layers include chromium containing materials, €.g.,
chromium or chromium alloys that are compatible with polytetrafluoroethylene, e.g.,
CrPt. A particular overcoat layer is chromium having a thickness of about 100-500

angstroms.

Suitable outer layers include polytetrafluoroethylene, sometimes referred

to as a telomer. A particular polytetrafluoroethylene material is Krytox LW 1200
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strip. The processes described above generally provide

hi ghl y adherent, protective oxides, while allow ng
wesz@eléspt col or control and without detrinentBdT/yS2005/044464

i mpacting thenetal lLurgic properties of the hardened

stainl ess steel blade strips. After the hardening

process, the blade naterial?s sharpened, to create

the cutting edge shown in FIG 1, and the strip of
ailatde froat BrPert. Thisipaserda is meenflomambls a6 sable dradpbricant that

| engt h. The Dbl ad t . '
et B RS b o
TRUBES Aot o0 kbt bayg s o g
alizh theregfar boriradiicd oe medirroited. dbadayayis pasfarably K0go 5,000

whi ch be a | ed ween the sha i Y L
a5 PP 54 A6 MBS R RIS R e
aQ5e8 re A 618/t &ﬁﬁn% acldleSCitnspevillninigrevdfikgstauattsults.

sectron above. Suitablfe tip coating materials include
UtS1tPasemes Nod. 5,263,256 chnd 6,985 9 whichwiahgeretSunearppested by reference,

interl ayer materials include . niobi d '
RSSO GRAat B G D VR et Hhokeys ynp el lgaer aver

of ni obi um having a thickness of from about 100 to 500

angst r ons FoP&anHE, Gip33Lordesdr tifyeay skdeh niohiim hitertayer, a DLC
interlayer. Suitable hard coating materials include

hm*_drcb@tﬁlgg:l@mraa phnegiiura peecaatdayes. agd 2 Kavirdal 128haplyisgatuoro-
i anond or C), nitrides (e.g., boron nitride,
eﬁ’?’%ﬁ‘? B‘I‘HCEF‘?%@)Sf'or titani uSn nigt ride), carbides (e.g.,
silicon carbide), oxides (e.g., alumna, zirconia) and
ot her cer am golfoatigy é:ahple Cantbotedeobe dlusiraigvetrdchot limiting in
coatings can be doped with other elenents, such as
effeqtgst en, titani um or chromium by including these

additives, for exanple, in the target during

application by sputteringgpxA®ifiad coating materials
can al so incorporate hydrogen, e.g., hydrogenated DLC.
DLC [ ayers and net hods of deposition are described.in
US. Pat eRtrmcof a5iamessisewl blay matsrial vevre heaidroated 8 pdigh

SRS O BB SBL S IO e i
ROl R RE Rk vy & @quighed with an oxidation zone of the type shown in
FIG. 5. The temperature profile of the high temperature furnace, as well as the gas

ambient of the high temperature furnace, was controlled. The temperature in the high

temperature furnace was set at 1160°C.

To obtain deep blue (minimum reflectivity between 640 nm and 660 nm),
the last heated zone of the austenization (high temperature) furnace was lowered to a
temperature of 740°C. The entry heated zone temperature, usually set near 1000°C, was
increased to 1145°C, to maintain the desired length of higher temperatures within the
furnace to obtain the correct amount of austenization. The oxidation zone was attached
directly to the exit of the high temperature furnace (including high temperature gasket
material). The water-cooled quench blocks (water temperature maintained at 32°C) were
nearly touching the exit of the oxidation zone. The Forming Gas flow rate into the

entrance of the high temperature furnace was set at 18.9 L/min (40 scth). The Oxidation
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CrPt. A particular overcoat layer is chrom um having a
t hi ckness of about 100-500 angstrons. Suitable outer

wo 2open06s6encl ude pol yt et rafl uoroet hyl ene, sonet PEEES2005/044464

referred to as a telomer. A particular

pol ytetrafl uoroethyl ene material is Krytox LW

1200avai | abl e from DuPont. -this material is a

nonf | anmabl e and st abl e dr¥ | ubricant that consi sts c(J
Gasreab inprardnced rear thh@ntryieedd the Qisidetion sonerasiagpigture of aig (0.45

furg (Ped a%a@'boﬁﬁ%@ﬁvg %5“ LSl Ole‘?ade%‘? ]SaSS\%rEMg through

Y AISRED S %@‘ﬁ/rﬁﬁr(ﬁ@ ﬁyrﬁﬁﬁ? t €he Qﬁﬂéwrrat‘ér\ﬂlﬁdaltﬁér ﬂ@b&sed or

coat ed. ayer is preferably 100 to 5,000 angstromns
dédreaskd t@! djal;in"1th desited oki®¥0®langst rons. Provided that a
continuous coating is achieved, reduced tel oner

coating thickness ¢ £th
fesul ts. E é)lf){]a'gé{leﬁfe e cgfélr gaidéfgﬁz@é%in érét%g @thtﬁé’ ?as zone of the
hiMitelip@hird ey wad @Qé@b&ﬁtl@\deﬂe& Taé eirélnaeratedemzrlscbmodlﬁed to
techni ques which can be used to_ reduce the th| kness

fioé tuene bappihi desinedicotnsiand djesgolormifomniml e clpfe opipsms ranged

bl a d
fr@ghgp%mg%g@'\ﬁ loxgc i eﬁqaatl}% %@erfgfggx{é} ?iglﬂg%efate %d eﬁﬁf he
é-rt@fégtgl PRI Bl TR HioE: OBk %]ﬁ euldpriogodd, tb pMEIgoldl' h@ deep blue

 owm ng exanple is intende obelllustratlve and
(vioket)] tqﬂolm g hglnt e, ear lowmxawmperagires gl as flow &te (Jl.ee/90°C, air

st eel were h
ﬂP@’rﬁS@r%ﬁ EFFIBH) (ﬁé&@offslvheéef) 3mﬁ% g}hlgh érQe ertg §°ad air flow
rchEso T | €70P0 W Aidty Bl 63454 /min] MBIRX! xt/e@fobtehﬁ:dn gh
éfature furnace was equi pped with an oxidation
zone of the type shown in FIG 5 . The tenperature
profile of the high tenperature furnace, as well as
the gas anbient of the high tenperature furnace, was
controlled. The tenperature in the high tenperature
furnace was set at 1160Q0C. To obtain deep bl ue
(mnimumreflectivity between 640 nm and 660 nn), the
| ast heated zone of the austenization (high
tenperature) furnace was |lowered to a
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tenperature of 740C. The entry heated zone
tenperature, usually set near 10000C, was increased to

W@ 2006@56240 mai ntain the desired | ength of hi ghrCT/US2005/044464

tenperatures within the furnace to obtain the correct
anount of austenization. The oxidation zone was
attached directly to the exil2-of the high tenperature
furnace (including high tenperature gasket naterial).
The wat er - cool ed quench bCdekesl Mt er tenperature

mai nt ai ned at 32C) were nearly touching the exit of

t he oxi dat,i ] : into the
lentr ance. 6t TEREORS pRAREetahd, RoFpRA LMHRIME | 1 2o
18. 9 L/ m gukjé@ingcftiade nidreridDto datidemitinprovass; i nt r oduced
near the entry end of the oxidatjon zone as a mxture
of air (0dnengtheihaydening HipGesD Geklizme i§e Plade myaterig)fo form an

st.al nl ess st.eel Dbl ade strips were running through the
OF’&F:‘?A’S%O%fheéﬁ?‘%Iﬂ?t?rg‘?in (120 ft/min). The air flow rate
was ei t helqubihiRasenlag mifehpagadhé oxiditing stép) 'to irtigate
desired oxide color. To obtain a different color

neelensitic tagsfometion tpbardentbe biadetppteriahedzone of the

hi gh tenperat.ure f.urnac ral.

ai 11 ow mepa e 1 QRET R rh TG R MBS e FiR ever
pARRIRE e blaRGitNecdoldisutmid orm ty. The col ors

obt al

ed ranged from beginning with | ower tenperature

and/or lower air flow rate and increasing the
2t enper at urldhe apethest ofglaimy |, gyheredn the oxgi?q,l%g,\;gce? S Wucted at a

ol d t o-gol d [ d, to deep blue (violet),
t‘tg[BpeB%tBEe, Ofifgorfliag%litq‘g?ﬁggo%' | ower tenperatures and air
flow rates (Tset=700C, air flowat 0.30 L/mn), "gold
icol ors" wefte mdthad ofsdaimFoor hivglieeein therhpedeningr sep malides ¢
S BT Aot B Bl e o1
t@%}é&foﬁ&ééwmlﬂ?et EERGioR bRdEt&RMEbASI Ng: subj ecting a

e materia o0 a hardening process; during the

har deni ng process, oxidizing the blade material .to ]
% orm an oxkilgen¢thgeef daint havhisrein aushepizaripn pnd W‘H@ step are
the bl ade materjal, afier 1he oxi.gi 7] ; -

cortctel B SpapeEorprest e bR A A deEln bindependently
HBLedggraterial; and formng the hardened bl ade

material into a razor blade, the oxide |ayer

5. The method of claim 1, wherein the blade material comprises stainless
steel.
6. The method of claim 1, further comprising controlling the ambient

conditions under which the oxidizing step is performed.

7. The method of claim 6, wherein the controlling step includes providing a
chamber within which the oxidizing step is performed, and introducing one or more gases

to the chamber during the oxidizing step.

8. The method of claim 7, wherein the gases introduced to the chamber

include a mixture of hydrogen with an oxidizing gas.

0. The method of claim 8, wherein the oxidizing gas is selected from the
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provi ding the razor blade with a col ored surface. 2.

The nmethod of claim 1, wherein the oxidizing step is
weondocised at a tenperature of from about 400 POI/BAMOLN44464

3 . The nethod of claim1 or 2, wherein the hardening

step includes austenizing the blade materi al, and

reduci ng the tenperature of l2he bl ade materi aI to Iess

t han about 8000C at the concl usion of austenization.

groupreensigingonf csyee, Aitipssn oWFeriirpeEdPEHs PEPIG AN W@tftfr‘(épor

oxi di zing step are conducted in separate chanbers, the

1ghbient c d%ﬁ *ed with an inert

cont roll egﬂg?&ét%&ma dwgfe&??%l:@%}d %&g?ﬁﬁt heWt o

chhrRelgasmat eri al conprises stainless steel. 6. The

method of claim11, further conprising controlling the

anbi ent cqnditi.on nder. h the oxidjzi

Wertor rred%“? eflﬁ%ds?ﬁ(‘tlan%lc}omfu e%lc?nm%ng(]ﬁ gg’?ee; ng? ﬁg(ﬂuétﬁlg the

o\%&ﬁ%ﬂg)%ds icBHct@Ron RFtakiRe fnPE@M O b BPecaficdbidindthevokitie yer.
he oxidizing step is performed, and introducing

one or nore gases to the chanber durjng the oxidizin

Brep. 8. The koot GHImdl AR HEE e GRkRAne 88 GRTSTON b adjusted

B RRE R P BB A Lo o g g g .

tﬁe cHM’r%ﬁWHer%hl@e exitiEingisitg ogassi s sel ected fromt hegr oup
consi sting of oxygen, n|trogen oxide nitrogen

di oxi de, ozone, d water. v he net.hqd of

18t ai m 8, mw@%” REClam; 19 ’gf“bﬁ’& i G o the
caH%E aLRL ﬁﬁo 11. The nethod of claim 10, further
conmprisin otlng or adjusting the oxidizing gas

oncentratlon to tar& and control a specific color
leif t he oxilhe Ineib@d of dlgim 47 ferthes cRegrising @Ttigidpeing one or more gases

i.n the, o S, gonp osition is adjusted by
ﬁﬁ‘“ﬁ)ﬁ% %‘ 108 R 5§<| dizing gas, in a
steady streantof the inert carrier gas, to
15. The method of claim 14, wherein the gas introduced to the chamber

comprises hydrogen.

16. The method of claim 15, wherein the gas in the chamber is substantially
free of oxygen.
17. The method of claim 3, further comprising controlling the conditions

during austenization so that the blade material is substantially oxide-free when the

oxidizing step begins.

18. The method of claim 1, wherein the forming step includes sharpening the

blade material to form a cutting edge.

19. . The method of claim 1, wherein the forming step comprises breaking the

slitted blade material into portions having substantially the same length as the razor blade.

20. The method of claim 1, further comprising applying a coating to the

cutting edge to enhance the shaving performance of the cutting edge.

21. The method of claim 20, wherein the coating is selected from the group



t he chanber where the oxidizing step occurs. 13. The

met hod of claim 12, wherein the oxidizing gas is dry
w@reocmerd24 he earner gas is dry nitrogen. 14. TPeT/Dsiohdei4464

of claim4, further conprising introducing one or nore

gases into the chanber in which austenization occurs.

15. The method of claim 14, lfvherein the gas introduced

to the chanber conprises hydrogen. 16. The net hod of
casting v6chromaine FentainmEgRECI, RIpbIUEhseRaiRmE gnaterials, diamond

bstaptially f f 17 '
o348 AR SRR IS FRB lasha

during austeni zation so that the blade material is
substantially oxi de-free when the oxidizing step
begins. 18. The nethod of claim 1, wherein the formng
step includes sharpening the blade material to forma
cutting edge. 19. The nmethod of claim1l, wherein the
form ng step conprises breaking the slitted bl ade
material into portions having substantially the sane

| ength as the razor blade. 20. The nethod of claiml,
further conprising applying a coating to the cutting
edge to enhance the shaving performance of the cutting
edge. 2 1. The nethod of claim 20, wherein the coating
is selected fromthe groupconsisting of chrom um
containing materials, niobiumcontaining materials,

di anond coatings, dianond-like coatings (DLC),
nitrides, carbides, oxides, and teloners.



