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1111123 PE i iriihi11h111(11(11111111111 COLORED RAZOR

WELRSHA83 166166* This invention relates to rREFUS2005/017718

bl ades and processes for manufacturi ng razorJeI—ades\
and more particularly to colored razo

Sades aretypicaily formd of a Sui table m;;;’iLL' i

slit to a desired w&mmﬁkﬁ%@@d to harden thetssicer

netal . Th?h@?fv@%ﬂ%l&?&%) Q'Eicl%rblégek LiZFDcBssB R manufacturing

tenperature furnace, where t metal ~nay be exposed
razor bladqsemnimmmsoagrcmﬁrbrtotcbhneclﬂz@@ﬁblﬁdﬁs up to 10

seconds, foII b ter. harde

cutting eB&er ge %P%éﬁgﬁﬁﬂ’tfg %é%smt?h]enéfﬁ? ?ﬁlbeeéﬂﬁ@“‘ﬂ

h al;

ol AR o A R AR P R0 a8
matad SThohs dergnggoperatvmuitili2€0a high @émpargrate funmace Mahéro tise metal

coati ngs may be Ra?glp_l ied to the cutting edge. For
méxaﬁﬁmsewﬂamp& Fhgsaten tingd 08 ng, to d Rseptsigsfollowed by
q‘gén@m d, dianond-Ilike carbon (DLC) naterial,

nitrides, carbides, oxides or ceramcs are often

appl I ed tAftbhkmrdmﬁﬁg, ngueiigeedpe id foemed b theettéaded Therutting edge

nprove strength, corrosian resistance and shavin
tyatﬁally hp 2 Wedgershassh condgunatign with angptinse 619 haing 2 radius less than

tgo%@tlab@hﬂ%tr .ﬁx{)%ahﬁbu‘f%o 2k lflod MRLOVI NG the bi nding

et ween trate, typicalTy stainless steel, and

t he hard Vedbusngmtings ey yd applat ko dreauainyyddene Fof E}Iaﬁﬁ.a)le hard
outer |layer can be used t g provi de friction reduction.

coatngs syGh3s diagiends HEerPhA i dirgrondalieg carhond D1k gnaterial
m@z@&’q;oéé?ﬁgeso% e &?Jmﬂl‘é@bx%qif&&%gg}? | A9nSt e %Qgge or the ultimate

Trctent nper a
tip oo diyproesirength, thﬂbsmmﬁ:sismnde amﬂshas]lng rmpititye dngtrlagers iof niobium
not tenpered.. |f the steel ls te d|t will |os
Of T OHEHIY RN FHSHRAIS AR Fid I IBIPRR WS%@‘@

sipsAaR! 1c9ﬁv $§t&ARSs QEé}dﬁndOcHé Béﬂ?i&o@ﬁ’xgv‘% A ﬁM%%ﬁx?fox%@t@lylene

processes of nmanuf acture are described in
(PefiniserNpger c&n B985e806 prd&id3RicEGBreddct83, 058, 25
‘5,032, 243: 5, 497, 55Q; 940, 975;. 5,6 144: EP.
0591334: At IR ﬁ@é%@e COahPEhDE 2R eﬁeﬁﬂé@y other post-

hé_trdgﬁﬁg g{ &Eﬁgwtﬁ'ﬁ adgfgﬁ?ﬁgﬁd Eﬁ@er@ﬁﬁﬁ%ﬂﬂy lJW ?e%ﬂe?ﬁure conditions

provi dés raz6 include a colored” coating,
so that thechacdzatd, Isbamamﬂdrmgefﬁlsamlt oemophiréd. elif et stéel oroetapered it will lose
he underlyi material. The term

| or of
i BeyRgrs8 gud H6Y HOCRErF PO A DHeF S al | col ors.
 ncl udi ng eblapks 3300 &g i GohOGRd 6Bk Akes of

provi des a desirabl e aestheti c effect, wthout
ndetfatwrd aadeseribed m U.S. Patents Nos. 5,295, 303 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
coating, i.€., a coating having a color different from the color of the underlying blade
material. The term "colored" as used herein, includes all colors, including black and
white. The colored coating provides a desirable aesthetic effect, without delereriously
affecting the performance or physical properties of the blade. The color of the razor

blades can be coior-coordinated with the color of the housing of a razor cartridge or the
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affecting the perfornmance or physical properties of
the bl ade. The col or of the razor blades can be

WEEFPY28%dr di nated with the col or of the housi recs05/017718

razor cartridge or the Il 1L I 11111 I1TOILIIIT IH ~~~~
~JJ~ *000002* WD 2005/ 120783 PCT/ US2005/ 017718 2

handl e or. other conponents of “& shaving system In
t he coating covers

0 referred i npl epent ati ons;
glﬁ%is?? gln?tL%II ‘-}%;Ilgqr}ggté ﬁ?? FRavBlgystesuripgeme resfhand imylembr@ations,

agsdoagtd sorf ' LEyi nuf acturing. The.
coatin g‘%@ﬁ egsglg%tg%@? ﬂzéx | Jf’;lé E)%celg g%@gh?ﬁ%ﬂ%%ﬂ%ﬁef etic effect
epdsippAyagmearaficairngarthecantiig p¢ 0aabRIe MM E:e M hihesion to
ﬂ}%j’é{f? at i vaila%lgl nexpensjvely. 5 In one aspect, the
Rei (<88 bg Prosdiged ppnsistently andisdativelyaineetensively.
shavi ng sy Loc! wdi ade forned o metallic
sheet mat e;ﬁ% g{e aéshgc_qh%\g/ %ﬂ@mﬂseﬁ%?%e%@aogwﬁ% ﬁ)ﬁ UgHe wet
shadting spatroy iecluding i blgledbeRRBEh B8R sh@eﬁ‘%ﬁﬁtéh’c?? 4 h¥he o
f the_ blade. Some inplenentations may include one or®
ngqd cytfae £dge aud AgolPEstpatng difpesed ohat Edsteopdrtiog of the blade.
covers sub nt i ] nti.r | ade. The coating .
i ncl udes %%ﬁé%n@% Jélﬁtltd@&osg? %?8353%%% OTREPLe qfjthe following
toaipnist rlibdeplogedicoating avdrsi stRMndatly @B YA BIdAC The coating includes
traﬁ,l ti on met al oxides including zirconium S
SR des rd eiometalligrigyriide, egnttadniwm oxidebandfr dth@Mransition
a1 5 : L The netallic sheet material =
bRt P Ehrp ST it e Sbyraimiiias, iron
sideeiudthereoht TiOmbAlic 3h 6 htferbe LoGHRLs E{aﬁﬂésgrgt%e%.%‘ﬂp
consi sting of gold, violet, green and bl ue. e = o

THGAEISHG Steadess stegl Cireepstiog his penlessiecte@Rorh thelgro0P Qoddisting of

: r bout .600 _t.0 2400 strons. The
ety bisk” 28 ROk 1 it S ahpres 0orad 0,000
Awgstrotseg., fiburdter 600w 2400 Avpsirbiig. t he bl ade material
prior to during the applying step and/or ion
bonbar dmen Co‘f’“bﬂ%“@b’éﬁ@qgﬁ’@éﬁlioaﬁl spaps o Fot exapmple) uhé mgthod may
fhABeraRh 4 ; : I | | so. feat ures net hods
of pr odu%% %t]%éo orbclea E%Aa%%}lyaﬁgébﬂéa% & "g@“ ymg step and/or ion
geiterdendnd ihy b entierid eribi toadr dur@PENd dpyigf sthhe |
bl ade. For_exanpl.e, jn_one aspect the invention
features a WeRViGHOR AP fGarrsmethods pf prodycing coliadecoatings that
de0d: | ; ial; jecting the cqated
o oty P e B4 BlchBiies 3 le " Fk Sty copespect
thendiention feavatee d nivtlautibthami et el apb i 4 :8dOdoalth@d8a blhe
OXirgaﬁ cgat l.ng. provi di ng the razor blade with a
TR G- Y PIEGHRS th coisd plade BweTipl tefadhar deningemmooebs, andHerming the
heRRhd [ Led. rel atively | arge sheet of
R R R I8 RN Y R e Broviting the rezor
bledpwifithct anierdd cémingexanpl e, the

In some preferred fnethods: the coating is applied to a relatively large
sheet of metal, from which a great many blades can be manufactured. F or example, the
applying step may be performed on a sheet of blade material having a width
substantially greater than the width of the razor blade. In this case, the method may
further include, between the applying and subjecting steps, slitting the blade material to
form a plurality of strips. Some methods involve a substantially continuous coating and
heat-treating process. The method may also mclude controlling the hardening process

so that the composition of the oxide coating is changed by the hardening process.
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appl ying step may be perforned on a sheet of bl ade

material having a width substantially greater than
WOHEOS28T%R of the razor blade. In this case, thecT/us2005/01771s

met hod. may further include, between,the applying and

subj ecting steps, slitting the blade material to 30

forma plurality of strips. Sone nethods involve a

substanti %ﬁ)léx continuous coating and heat-treating
process. ARG PraY Nglusls ong O mrpse ebHerfellowing fedheres. The
R IBRE AR - L tion of t .
oxi gel “cgtg{)?{]g i ?%ﬁgﬁ%ﬁeggm f/l t en?ggﬁgéﬁsnugﬁﬁrr %’Elgggfl%rdenmg
PROBSY 18 OM8ENdACTY duSRA0[E Xhd edBtrolhingetepRhid)adsud®roviding a
'b%ﬁ#ude one. o Le of the follow ng features. The

COYRYE IY IM&I@BGD HeenivgRrogesstis Benformsd; Ared mrbidesing one or more

] - <) rocess i

R e O BB, e 8T Sec rom he
grovpl eouteisfaroud wirngena hydrbganb and WkidbnNcatBbie ohBde, carbon dioxide,
hardeni ng pr oceséi is performed, and introducing one or ’
DjRgen 9"@35 HOgen diRgide FrdeieYapenrandgnixtieehihetehi ng

process. o - d_from.t rou '
consi st/ g oA RAgER S F R EH AT gt s
teropeoatlittezone avhidnredina@ itibeoxid b d 4tng @Ad @%keshd tBinb&8888 zone which

dj . oxi de, water_vapor, and m xtures thereof. e

OKidizss Hierfg s dds diardering Meacepnissienigrmerding tarinel e rand the first
¢ I Sg zQne whi.ch reduces the .

‘ 5%; egéé{g%ozg)tn |E ﬁ%ac' gﬁak a s eg%én eeln(% &t gf‘m@ HIE SPEoRd tRPRigLurg gone is a
sepond; shestet fimeadalid thgne] bhen M BER G ePHORAFE chiSbe controlled

. erformfd tlfqg a tunnel oven, and the first tenperature
PedeRtlofthe dmpesataredn thefarst zonsaf thy amnelrden Hhespygampartial

I shorter e of the
DYETRE MDD ookt 3t e rREECn G B kShaf e Fornatai v
ainhideipemdéions yn hf firh eoheofiie ainikRoved. Byeohirsiihe ﬂféﬂﬁcg@én partial
the tunnel oven. The oxygen partial . pressure in the
PLESTR IR 6 AEF0BF ZPREOH A HEROLREH, Bisricpes demen afitheaide fim may
b AEAR : i 84 Li in th o -
b?i rstﬂz%%ée%%fxnc?{]ognltagﬁ%gr oveﬁ. é%/:s{:bglﬁéslr o%]ylsriel?}ugt ltnﬁlgartemzanon ot

thgiJafermagenidli al pressure in the second zone of the

tunnel ovrn t he &gg%red col or of the oxide film may _
be furt hef® {YRGRERRdS M ominesteraclutreshrgcaaitirgblade material

_ ) Lo . . bl ade i
t PIBGRStRYedo8S At £d ﬂﬁ%{f?ﬁg %#sb%‘ch?&e br%:%l(gm% g%l% lsIEtaeedSblad».

material. "1 n"some net ormng s
mgisaipjiatvi prgtivisehdyirgdebstattally die sad@ Jempth a8 thedafidtbilded

edge. The_form.ng step may al so include breaking the

slitted ng%IBjetl}?%th?P?élmrg?‘iﬁeé ApBYIESrEPaHBY [ige cutting edge to
ertdRE A8 kA oVperfoem kféﬂ&{f& hey Pk ade: . Jhe

et hod.f.urtl"fee RIS app ylﬁgdég' g%{ffcl%%{énatlcgs?ﬁ%eggomthe
group comstiag gé chomien kanamidgheatstialy, mgbiperdoafMneRaefials,

- .the cutting edge. The coating is selected fromthe
dl@%ﬁ‘igc%‘ﬁgg&%’%@do#kcﬁ%ﬁﬁsdﬁ nRIEGES neprbidese piides and

tng:n??n% @{@E@@ggﬂgﬁgﬁﬁ g%ﬁ%i%@mﬁ%?}ﬁ?%é%%%d e rg/?ctglgg Sition of the
0x0dd cesing amds to give a desired final color.

In a further aspect, the invention features a wet shaving system that
mcludes a razor including a blade formed of a metallic sheet marerial and having a
sharpened cutting edge, the blade having a colored coating 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 coating having a color that
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teloners. The method further includes selecting the

stoi chionetry conposition of the oxide coating so as
WPGYY #8753 desired final color. In a further asp@US2005/017718

the invention features a wet shaving systemthat

i ncludes a razor including a bl ade forned of a

metal lic sheet material and having a 30 sharpened

.CuLting.edge, the blade havjng a col ored coat|ng .
lso(?‘@ff&gg%o 3 golpegidhe anwffﬁ Ssireys Mk iahl YRk T coating is

fide may include any of the features discussed above.

e term"colored,"” as used herein, refers to a
coat i ng h&hengma' idreed coaingMAsABOShd2Dy BFers to a colored coating
PCTI US2005/ 017718 4_is different fromthe col or of
that Bag brep dealdreatassiorabancrds €PI%HIA% whi ch the coati ng

is applied,. 5L . ri : ] " . .
herein, r g‘filé’ rd§ Sogg&ci:@o?rgr%% éc%%bg'i%f’ﬁég)‘ﬁg %ﬂ%? Hh‘%ghg%g% set forth in
theatotmpeaigddteirgs Aad e debigdndeiiv. 00theb febhged@ididvantages
of one or mpre enbodi nents of the invention are set
of HierAvenion Wl be aRRFATIH MEPIHGC HeaRmIDHGE 2B dravyiegs, and from the
Cgﬁ&cri ption below. Oher features and advantages of
e invention will be apparent fromthe description
and draw R6, 1 atdpi viewm anld&FIGe Il Aiigre sidEew df 4 Suppotite® razor
view, and FIG 1A is a side viewof a supported razor
Cblade. FIG 2 is a perspective view of a shaving

razor i nclygdi - r 1. 3 i

flow di ag rPg?n}' g%o%ﬁ‘%{ égﬁé%ée#ﬁ&% Srh %%? ga%f)%lgléﬁdm?é the FIG. 1 razor
peuf acturi ng process according to one enbodi nent of

the invention, 15 FIG 4 is a tenperature profile for

a har deni A3CF disabiew diggram skowing siegs S Hamhblpde mpaacturing
pYéc%gg Qgcoﬁjﬁb%%l qunlezeﬂﬂo eﬁ?ggthel:iﬂ%nﬁg@ I's a diagr anmat i ¢
cross-sectional view of a sparger, taken along line A
.Ain FI G HG. Flisa teniperastue ppofile forl ehardénidghfarspar ger

shown in EFLG 5A 20 FIG.5Cis a front _view of an

exit gat e iSed 14 HRSTARENSE SiflstIIh Of ¥hexidigaamzang. FI G

5. Referripg 68 ; égiagra.n}mﬁf&dcrgftse[:m w\?\%la(g% sgagglr&e% atFlfeyl/l along

aQ

includes a stalnless™steel substrate,
lhas-A it FiG@khess of about 0.003 to 0.004 inch. The
stainl ess FIG. 5B is a side view of the sparger shown in FIG. 5A.

FIG. 5C is a front view of an exit gate used with the oxidation zone
shown in FIG. 5.

Referring to FIG.S. 1 and 1A, razor blade 10 includes a stainless steel
substrate, which typically has a thickness of about 0.003 to 0.004 inch. The stainless
steel has been hardened 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 mcludes a very thin, e.g., 300 to 10,000 Angstrom, colored

coating. This coating is not visible in FIGS. 1 and 1A due to the scale of these figures.

The colored coating is preferably formed of an oxide that 1s selected and applied so as to
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steel has been hardened to its martensitic phase. The
bl ade 10 has a cutting edge 14 25 (sonetinmes referred

WQ 2003424782 "ul ti mat e edge" of the blade) that IPas/isers01771s
sharpened to a tip 16. Preferably, tip 16 has a
radius of less than 1,000 angstronms, preferably 200 to
400 angstrons, neasured by SEM Typically, tip 16 has

eReflietirTel S SR opEatad o0 bt Guperare

h - 6,98 4 bt - - change
BB A o B e D 0 g sor chanes o
othet dareage aralatariogptiofthi s coating is not visible in FIGS.

1 and 1A due .to t.ge scal.e of these figures. The .

col ored co&tatigordesipelids opidss elditpipmand sihes tramaition getals,
SR %gg((g)%lg?’o%?ls ’Eifgg?’ggﬁ”%gené&é‘\é%ﬂ%’g‘go@o 6r¥r§t§’oant ereures

of thasestradksbl ade, and to wi thstand the high tenperature

har deni ng_process and of her bl ade processi ng steps )

wi t hout aRaery ge@i%@szcglﬁg?IQH%%‘JS@ﬁméﬁWT@é@m}d& which
ar o , . i ude : . . )
HERHEL ) R 12 oL LGSR Re AR 8 e 14 dnctudes

haustreonlicy mhichl carries timee dlakescd),a guand)s20eind 4 edpt El2uEach blade 10 is
rF]Qiéigbi um iron, and m xtures of these oxi des.
wRKed ¢ A Sepropt By @nd she Hadeg 40 pnd dhair BePoERd! AYe mAgngounted, as

désRaPEd %Jﬂo’m W%.Clkhtcﬂt FNH %qﬁ% 833569'? %%h%cé%%??g%%@&irzm by reference.

repl adeabl e shaving carfri

Canntigrdblst alétomsludey dhliftercdnnedt mattsar @24 vhvatctbhagas 10,is
a 1%ilard 120 and a caP 122. Each blade 10 is 10 wel ded
PYgtadly sippmtsetat £90 28RY!4%he bl ades 10 and their supports

11 are no : , ' in. . R
1L o oS R R o e B S
colef ef tan heusingar haniditger 4 pdrtimngd thenldusthg or diandle, to create a pleasing

R PRl ] B e i
ad, 383/P L&Hiraefind HechRERedTRY Vgii%leﬁlg QB%@ZB?&G‘MOE%& ?ﬁ%’&ﬁhandle.

col or of the housing or han , Or a portion o

Thoaslongf the chatnl meay 4lsp be eatrdinatep Ivathsthatgof edastbmeric portions of the
di scii nctive aesthetic effect. For exanple, the color
CHfrI4a5et 8o MG HFImy be the same as, and/or contrasting

or conpl emepianYcalict hsdd g of r?%p(ee% Jof $dzob %r%ﬁqaﬁoers having

and/or handle. The color o coati ng may also
ong dwdion ditrecl ominbte bladds, af dalblestideteblades p Blddediiscanfbetused in razors

cartri e, e.q.., e guard. 20 Bl e 10 can be used in
15 ot 45 ol hades BF Piing dengh o e B A0eR R4 B
1-et§me%1e bhbESerREn Rk SttRLIRAGS o 19¥ordaKBL e- si ded bl ades.
| ade 10 can be uséd. in razors

A suitable process for applying the colored coating and fnanufacturing
the razor blade is shown diagrammatically in FIG. 3. As shown in FIG. 3, preferably,
the oxide layer is applied to the sheet material from which the blade is formed, prior to
the slitting of the sheet material to a desired width that is typically significantly wider
than the final blade width. Performing the coating step at this stage simplifies |
manufacturing, because a large surface area can be coated at once. The oxide coating is
applied to a sheet of soft blade steel, e.g., by physical vapor deposition (PVD}, plasma
enhanced chemical vapor deposition (PECVD), or other deposition technique, in a layer

of uniform thickness. The layer is typically about 400 to 10,000 Angstroms, for'example
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that do not have novabl e bl ades or pivoting heads. The
W(glart_ri dge may either be repl aceabl e or be permanently

£1%9¢AE® to a razor handle. A suitable pr oces PAMES2005/017718

appl yi ng the col ored coating and manufacturing 25 the

razor bl ade is shown di agrarrmagi cally in FIG As shown

in FIG preferably, the oxide layer is applied to the

h nma ial fromwhich the blade is forned, prior.
ofejf SORES §04 APRVEFTOT | e ISHABY TRk o BealecgioA (g aad pegiring

' that ¢ i LRk bhGant 4 ypomi g
e B B YD O o e Mg ap i Wbl in e
nehBgyendy inEkastitbsadiwmioh and wréan gesisteca o theaxdider @ating. The oxide
surface area can be coated at_once. The oxide coating,
cpEmegaAYAGiePasited PndoB R & thigradbgyipn-progertingtlast of a ngn-oxidized
S P R P B B g BT S AR g qroting
ldyecinay beiepplicd tatHeapest of ebft llddeotanl, tdg. chsnetssicalRagot @yREition

i ypi.cal about 400 to 10,000 Angstromns,- , ,
@\séPg:@%aﬁﬁm EX%E@EJ@W fgbﬁygepe@/a@ééeggpmms If desged, the coating

%@-ég@@ﬁeeb%@ LEQTE G (18 LRIng mj

nﬁlgat Eéptlj I or ?o gﬁ@%? rr éu?ltgggﬂ%g lo&%%%r??%é.sg&npoﬂag 3
The opie abating @h bakiepssitt O atrunded Gf tddbwitjndiginthding evaporation (a
substrate in this manner may increase the adhesion

Ptk eUECHRE & OP), PHeS ekrerd P Ydak Plagina vhiemesd ehemical vapor

T TN TR B——
geoveth, of Githo "Themprot¢ss paraureters to dt eyd wilintepd diptRdhe technique and

netal s. This adhesi on-pronoting |ayer may be applied
todingigeds g Areselestodso Bp SBraduse pn oxidg J%Yebgavmgy@fv‘ éegired

: [ t] (PVD), and can have thickness of
t%%?{\%ésen éérﬁég%ggésgngst ronms. |If desired, the coating

may be pr édfiepphd aditthy iscappligpg| thesheepmaterial io slithgtoatial and the

r ocessi S s sho in FLG. 3. The oxide coating
SEIER aHPUREEEE {085 O LA MR e U ERCoTRG QPG
pRUARAELAR] &@ps§ GudOasRYDid L ohR El:“}?e}fogﬁgﬁtif &rsh'f:@v( PVD),

arc sources (PVD), plasna énhance em ca apor
deposi t i orWlidEGYDgsiredndquenbe of preciandapiresstausdias 8sen compléted,

oJ.- gel pr.acessi.n and t her.nal rowh of filnms. The
i e dSea B aurted & e EHRE BhorPosQEBER Bt ol st
tHB6BRNAINE Fgk sthiARkd 6 URSpicadRAEGNFE Eg&ﬁ?ﬁ)iﬁ P ddrlng

produce an oxide | ayer having the desir ckness
paratsH tiech 1p cophictedas a tdrBiex vay, istshewo aaFIGhgt. | Bhiaepipesdure
th 'sh%et material is slit into strips, and the .
PERP Fathuythe Qe gy ol sty EATRRIng foe SRS TANGE BRLiDF mterial up to a
~ C ) ) ° - . d .
e e e e i B e
t¢rheeretesd foed psrodiehtme odurjpg eviielr detdnbgtist epte hasideeteel occurs.

conpl et ed,. : . - :
Afterrrﬁz)he material exits the oven, it 1s rapidily quenched, causing martenization of the

stainless steel.

The processes described below may be added to existing blade steel
hardening processes. Advantageously, in many cases the colorization processes
described herein can be mtegrated into an existing hardening process with minimal
changes to the existing process. One existing blade steel hardening process utilizes a
high temperature furnace (greater than 1100°C) containing a flowing Forming Gas (a

mixture of hydrogen and nitrogen) ambient. Two parallel continuous stainless steel
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the bl ade material is subjected. to a hardening
grocess which results in martensitic 20
PIRAFEBhat i on of the stainless steel. A t ypi ®&IT/US2005/017718
tenperature profile for the hardening process, which
is conducted in a tunnel oven,,_is shown in FIG. 4.
This tenmperature profile within the oven involves

ol G o ARS8, BTSN AMCE 0f. L08R 8L BleriP o8 i

eH@h Nitad hi ?H @crﬁﬁ'ﬁiat[[ﬁﬁt@d‘ahﬁknt&i udeldits aubighipRrtat bt'éﬁﬂdcs%te@l strips.
tinme, during which austenization of the

d
-P&aa{h%eég@f ghedugh tsemgrature fernage s @ Wiier-eaaled jagieteskiubs (also
ek e B g HAPE SR 688 et s g oot

pﬁaﬁ:gg dhape staplQystagbldie saqﬁedugt@ﬁ@xﬂfetw Aer-& ARz sk €8k stainless
har deni ng processes. Advantageously; in many cases the

sigel Bedezatpsone prieseibsngh ageselr vatet chae@gnenchmldss. The quench

ol RS Behitgate Bt e R S TH g B obess. one
existing bhagde t5 Eﬁhcﬁwﬁ%ees@gthero%ﬁ%atﬁ%i "')éc%n?ed "ie., the

hi gh tenperature furnace (greater than il
celomtionmiftlee exifi¢ ovting isRwhaiasd agdor Changpil. xﬂutoelzmtﬁon may result in

%ﬁlﬁng in g{}gl ! rlogggorg)&(%gﬁes@ ?6‘@%%11 a al@f more brilliant

a ddog Ad/d? hrfafr8sult/in Al cAE eSdfthPSolF 6 thb b /hotth a8 ent color,
is high tenperature furnace at 36.6 nmim F

cfg JIemp uc@@mto Wibles ghldg; pr bleaperfaem rdgll{gtrmttné)mghu geersgellow,

ik 451 ST R TR e et draren fsaga & ge R sifuge index
off Afek@uBhs, it lﬁ%ﬁQ‘eSlﬂﬂé &loBd 4 Bkhripl ﬁﬁletclaﬁlpﬁﬁﬁgﬁ s@&&ﬂ1§ﬂetnc

muffle tube). This section is uSed to start
cepBPsen, 3ndiop thessysilinerirustuag af isoxidecsiatig. alilee &gréepef. change

: . h : I
ip 3sP U b o PS80 R E 8P LPrgs il EFBuat B
quench bl atsompbsitiu @i&cﬁystbﬂhﬂ@ KSudtietof @ecdafifc after
martensitic transformation of the steel. EUrlng t he

cRlpridalintn gaghitwe daesfinal sroraydithie commel Wil depend o sevierad cranables
F'OI' amﬂl %he 8 (55&(4 081. é%gltcﬁlggleﬁgygﬁthg% 5Ilr‘]’ lh%ﬁpgﬁanc € gases

chang resu

tm Iaam@emmn t@é ﬁlrhétv(‘dﬁhﬁg ihef}mfdcﬁmﬁfﬁﬁﬂo&d@e alnl%uﬁahe bnly
shade or nore brilliant apgearance and/ or resu
nitEp &N EHe Mepefugtace wall é@leﬁﬁﬂ"é angeandpibieibngray @ha c@inwrétl@mum

[ S y Vi, Ol 0l.d
oo%ﬂfe%oatm elfo rrgh{ élgg]o{)ialﬁg i Tt&?seceorllorycgmra?%eqx du%‘g %IC%UCUGD i the
ogF@Rontent bf me tigHnRen ox1db b@atﬁ)@ af &iZ ahd/ONmbREME lsSnfrbé@Ped to the
change in the refractive index_ of the coating, which
fumage, the redudiiondn the ey zencieatege of Metthanienwpigsicopng is much less,
aﬁ@ﬂmx?&ﬁﬂftéh?h&éeﬁg c%%sﬁ' 0, and/or the crystalline

FUCEUT & o e oxIde coaflﬁg The degree of change

in the apmah&arkbledMbbngex: edlofigftioatchd SR idllthieRMss 9hd
the color of the colorized film
composition of the oxide coating, the temperature profile of the hardening furnace, and

the speed at which the material travels through the furnace. If the thickness and/or
composition of the coating vary over the length of the material, it may be necessary io

adjust the process parameters of the hardening process in order to obtain a consistent

~end product. Because it is difficult to rapidly adjust the temperature and ambient

conditions in the large tunnel ovens that are typically used for hardening, it may be
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The conposition and crystalline structure of the
gogtln after colorization, and thus the final color
P8 ating, wi || depend on several vari ablRST/USH03/017718

“exanpl e, the conposition, or stoichionetry, of the

coating will depend on the gaﬁes 20 that are present
in the furnace during the hardeni ng procedure.

N e

bélbwwani"th® O)ﬁdatﬁﬁ Zat) Mhud, @h@wrﬁ)aﬁu&{ay Qar@k tiindLoWndhBlbe used
This col or change is due to a reduction in the oxygen

fordhe igh tamparstura stemel thehadetiag cpatariag and fo sightinnetiuge the oxide
t d d
oFRoB 5 B LA o Sl S o 55 ¥

: sli'ﬁ#‘elﬂ ok &ﬁﬁla\; Bousadot baditemd dibiibR A% viding £f §:3G54tRR Jofie in

hg O her variables that affect colorization are
which thapas C@tmnomh@k n@sbe mhﬂlveb'amm&y adjoriedfo ¢drepenxite or

N T
cé16f 018 Rt fddﬁdlﬁﬁ@neskfcah% ddlsedangss cﬁﬂ\‘?ﬂ B a ws H%g the set

COﬂpOSItIOﬂ of he coatlng vary over t he engt
Pmt ef thaflast zqneﬁaﬁth@émgiet@mpsmnyretfmna@ ammsnnpdsmoprand/@s ﬁow
ss in order to o

et f ot h ta
 PEE e G e P b 0% et 8onee afegish, paseg on the
ﬁ;ﬁ:@i&ﬁké/oﬁ@xb wsierlal 8 & SRREh ONigtRNT ARRLE ahenc‘ﬁ g% dd Ons

in the large tunnel ovens that are typically u
har deni ngOthar pregesizs MADb2@BEE tPoht8id c@lﬁf&b&ﬁ@ﬂﬁiﬂ@hﬁﬁg&xe

hor't hat
of B bR Pars SRR P uth o b BB O RGO ORized
tithhadt hOMe 4R %]r)l Inhese prb E‘@slsgso BYRA thORBhiend @hdfiohynnel

oven may be used for th gh tenperature step of the
(gparnpeition @n@ tﬁémmrat@w) a/rhtbmttbe éllghgthmpgraﬁze@l firpacetpadbox tlreOxidation

oatln ease .the uniformty of its
Z e A BB o Sled SR ERRBrE AR i 0T LY O
be used f(Ihe m&abh@ah@@myhlmwrs1oe£te&bgﬂvmnﬁ£bhl h
oxi di zation zone in which the gas conposition can be

tqnenesatpsedpipagg anddhyg fsg qugféw.tglocq;@qﬁjmah blofky, and replaces the

SN IR SR bR Rl SPRERBMLS s

pRifid £B} bé BBEDRE Y ‘Elih@ﬂ‘ﬁe. coatd anied susd Bﬁdél Bk e&@ygé ﬁd%{ the
adjusting the set point of the |ast zones of the high

hyrdemyag Sirnace apd eptge the Qvnéat@@rﬁmuat R d¢RaTaluoT ndar onbdlow 1160°C.

ed. to the dlza ion,. Zon
A opRopt e SRRy 6. DRRHARF 2he 1F s PR RERI R i i ove
thFRtilitabf 88 précedxistish ;ishﬁm@&lsd@itupn Zone and quenchi ng
area. Qther processes may be used to obtain colorized

coatlngs Gb@ﬁ@ﬂhﬁ@nzex¢ﬂ@Bb@Hbtagg@deamdugnwlﬁmeanadwdtoﬂm

t | t i chi
e S o e R HR Nt o % e %0 e s, i
of¥f QEBSEREnt Bidk BPargt g sRIBRNS koMl bbAN2.9 cm from the entrance of

the tube 202 and dimensioned to extend 5.1 ¢cm down the tube. In this case, the sparger

has a total of 16 inlet gas ports (not shown), and is designed so that gas injected through
the sparger (arrows, Fig. 5A) will uniformly impinge upon the stainless steel strips. Gas
1s introduced to the sparger through a pair of inlet tubes 201, 203. A gas baffle 204 may
be mcluded so that the two stainless steel strips of blade material are separated from

each other so that the gas composition on each side of the baffle may be mdependently
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15 (conposition and tenperature) within the high
\V%gappgétyre furnace and/or the Oxidation Zone are
'4¢¢¥E to control the color of the col ori zed@CT/US2005/017718
coating. The Oxidation Zone, when utilized, is |ocated
between the high tenperaturecsfurnace and the first
set of water-cool ed quench bl ocks, and repl aces the
c t 3 ar [
c]ftiea TRA BEEUDL oy hA WE Engifheft S PINE MBRAETHISA 1o
thimdisé, iteelpSafiatnat, Hor ecaipke begiaiod essrosh el enblagcteof the
strips_energe fromthe hardening furnace and enter

Oplation Zang M expaedonyn thedebm bt ety df desgrddghe gas affle may
iy i ; - .
L T T
thiah éud eSS contacls pessibie, iafigwiizatio-stiibs tdhve ps¢adedd Aihe same
Zone may be, for exanple, an Inconel tube attached to

tPRensEE e GEPRETRACE G fioeratesgrat Rempatratled Bsingieamiley greters
BB SO 08 TBLBEA A 0oE] . o BB

I e rger
pidc& ofRick) DIB Which @pfifansie 200 ant berdbyhetr 20&h @idpate 220 (Fig. 5C).
.di mensioned to extend 5.1 cmdown the tube. In this
Thesls mayrhs. Kpsrgaple, fddod-% gnavides Thisexihpele pjarsnisny Hack-flow
: )., is. ' L nj ect ed o
o B P 8 o PO DR SRRl dR s o
withidi thg ©xidation Zbge Shaidisbassd stae) jusitdfiepthe CriSatdéh e, the
i ntroduced to the sparger through a pair of inlet
staypisss stog) Plads gips areyRullagthrough asat efgyateeoqled qupsel bipgks 206.

- t t WO: ' I i.ps. of mat eri al
THO B BchOipiiat e TR AM R aB BB o 6
conposi t i The BRideAGHgS, €8 eRimplBe higfurt 6f 68)EeBnd nitrogen
i ndependent|y WO 2005/ 120783 PCT/ US2005/ 017718 9 ,
IESRETSS) €y 2T FRd BATRER DRPTRGA dR FPHERL thiocdpratipR Process, in

10, 9. i . ) C -

R P RS UM By B sk b Wof 1A Emptedfin O Rnace
entrance afl dftiee piOcegted dasoridrsboanalloex b dacbraigventrid3ion metal
tybe 10.2 cm | f desired, the gas baffle nay extend

o%ifs ﬁanf%_ée W}% m@#&@r(@m%gim%@ﬁhamez%@mqqﬁ@Ofﬁls

rRRRAGR sthifleSEREAN e iriRad. 4 AR ANR k88 50d Wl geat %ﬂiﬁ wePe
possible, allowmng two strips to be processed at the

calareed firioreo theshandedidpeproacse, it wonkieneriaiy bé depadal @singale
be controlled using_gas flow neters. The exjt of each .
SERGHE SRTIBRNE REPSERS ARICEIPTZERPTARES BErSHERIBIREATiAF the martensitic

. i e , LC i
B B s G Bf P S T ot B e
staitess std¢iatrdd, iot womyd trgnire extewxarpinperatird comirdl .add epecial material

w de. This exit gat e prevents any back-f|ow 10 of .
bapding n{ baprocessehdsRELLSARPHE BRI MECHA ighlyrdherent, protective
_ Lt e | e o
oIEEIASRBL S8 Sk B BT el i

nioxdlidatic pidpzieiee pf tHetharddnad sthekss stadladblsatie. strips are

pul | ed through a set of water-cool ed quench bl ocks
206. After the hardening process, the blade material is sharpened, to create the

cutting edge shown in FIG. 1, and the strip of blade material 1s broken into blades of the
deswred length. The biades may then be welded, e.g., using laser welding, to the support
11 (FIG. 2), if such a support is to be used.

In addition to the colored coating, the razor blade may include other

features, such as performance enhancing coatings and layers, which may be applied .
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The quench blocks initiate the martensitic
transformati on of the steel. The oxidation gas, for
WRRAKHRR™8 ni xture of oxygen and nitrogen. 15 PCT/US2005/017718
“introduced as dry air and nitrogen, nmay be used to
control the coloration process, in which case it is
added directly to the flow of gases fromthe high
tenperature furnace. .. All of the processes described
b5 R 0 AR ABE P& ns ti on metal | oxide film
to be spedioakkinfBahé tif thay 4Rl RhicasHih S b8t @ atings, as
hardeni ng process of a martensitic stainless steel”
distyssedh st tha dackegrdenbsestipy gbavieardsitablo tiproetang orictdielsfindiwnde, but
were .. 20 colori.zed.prior to the hardening process, it
a%%ﬂtduﬁf@ﬂé?’égf:fpﬁgg‘ﬁ%gr aded during the standard
har deni ng QpEQGE SR erldykr RacAhR r@lﬁﬂhi%igﬁleﬁﬁ cHedrfium containing
enpl oyed after the rmartensitic transformation, It
maoeriads. gfe pertighlay ingeriayeris dade dyioblven hanidgea gitkness of from about

BhEEFheete VT B PaRaTe s 81+ wbinGpistraer
material  iandh bog cok % ﬁ%%?ﬁﬁ%ﬁéu&ecga%érpg&téﬁ%%(?naterials (e.g.,

‘generally provide hig herent, protective
doxiahes amuotphbes dhiowd ngDEL aditreles (gl boronaritride) nielsidm nitride or

w thout .detripentally j.npact]j the npetallurgic .
t‘ﬁ?"é‘ﬁ% PETEY: ?ﬁfr&gﬁ% ?1’1 ar %ﬁ%ﬁg t"gr%m &S &% B plupyte girconia) and
oblier ICQI_%II]IAanl%ﬁﬁlE hechgsdestfgin %%é%émgéﬁ&nbéea&%%eg Svéth other

material 1s sharpened, to create t cutting-e

ekhewnts, suthfak Gingitenaticniheorsturominof bpinabldingeheseiadbitivss, for

broken, i nto bl ades of .the _desired IeJljgth. The bl ades

eXHPPIEHE MDD SR FHERS arpligation 1y spytterags r Thphad sgatinggmatggals can
I ' i

aly RS onratgglgighqu(aﬁ &3 g%droéé‘rﬂaor 22]‘@' m@ga%rs and it ] of

used. tifon t9 t'he ¢to coating’ the razo
depestteonray desecibedim 0iShBatentfat Y23%56&uch as performance

enhanci n oat.i n and | ayers, ich may be applied WO
000! 5 202 SR DU BT pdite Somh HRA I RaeTAL, C2.,

cRRARSNY REr ARG M8 St 8BHpatifl Witk 3R tErafhldfod: edléﬁé( g,

be coated with one  or nore coatings, 'as di SCUSSE

Grie Bzektgnioodersedtlayen safovsiunthavingtd thidkinpssadaboutgl 00-500
materials include, but are not limted to, the
PN ng: 5 Suitable interlayer materials include

ni obi um anghighe %lmek" 'Ev@f%riﬁ@lh& ﬁlﬂ?eﬁ‘&ﬂ@d’ri}&h lend) sometimes referred

particular interlayer is nmade of niobiumhaving a
to h$ g kalewer. of\ HartomlapoitetrafloOraethyd®® reaters:t! isoetoPCW 1200

RaleD o ML R il o BB B BB brican: thr
c%ﬁ’i&@ﬂfé%ﬁzﬂﬁ%r%‘dl&h@thﬂ@ﬁ H'S@Lbl%ecﬁﬁ)e%ions. 9i RTRAGhe REPLPRRYS s

i anmond or ), nitrides (e.g., boron nitride,
drspetsiommiBi0Ve salids by weight and cami herappli¢d byldipping aspvayahes or brushing,

a§§ F%me%')ahgﬁ%”aﬁéﬁgd S8t A8 Eraderis SeBTLN2100 10 5,000
angstroms thick, e.g., 1,500 to 4,000 angstroms. Provided that a continuous coating is
achieved, reduced telomer coating thickness can provide improved first shave resulis.
U.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.

For example, the razor blade tip may include a niobium interlayer, a DLC

hard coating layer, a chromium overcoat layer, and a Krytox LW1200
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ot her ceramc materials. Carbon containing hard

coatings can be doped with other elenents, such as
W?ﬁ?ﬂié‘tz%ﬁ? titani umor chronium by including tRegaIS2005/017718

additives, for exanple, in the target during

application by sputtering. The hard coating naterials

can also incor porate hydr ogen, e.g., hydrogenated

a thods of 15 dep05|t| on are
SR eﬁﬁﬁeﬁé‘l{é&%{’% #°No. 5,232, 568. Suitable

over coat Ra¥esifovwiRe bxehIsre mtblﬁae‘aqatbammsﬁgmréaén%rﬂo@hxﬁmmo n
e.g. chrom um or chrom um all oys that are conpatib

efipqth pol yt etraf | uor oet hyl ene, e. g , COPt. A
particul ar overcoat |ay i s _chr um having a

t hi ckness of about 100- g%ﬁamﬂf? gtr nms. 20 Suitable
outer layers inchdigel @&bﬂi&ié@fuhb'%f&ﬁ&&)é{ gpe.
sonetimes referred to as a telonmer. A particular

pol yt et r aflh therfolowipt enamples, dizaaipldssl 4, \stmplet WY 4 2@hless steel

st mefin G robRRes (s Sondrar B Wep i Toaed
btk ﬁérﬁﬁué Rhack Withthasdehi] RS pPies dbwhh FIG, 4. The exit

urni shed as an aqueous sp rsion of 20% sol 1 ds by

ofigiedigh tenperane benagepiiseuipped o angOxigpicayZ o, (Egamples 1-3
FT e A
aRB@at 60AB highitekperiiuge furdac®Oad SorftrH0E @Q%t\n‘e%@so introduced to

Provi ded that a continuous coating is achieved

theedxidasibnt £9nsrie theciomat $tapgs ofithe Imlaﬂsed:mtlpg pmcdﬁ (Elxpmpk:ed 3
first, shave resul U S. Pate 3.

obbh g ES SPEE BE g By e BT Bty | 0o eHeghe last
ogﬁl_%%m%nta@gﬁ@bﬂy@&p\eﬁhﬁe) %afsQ&t yeapct 0 reduce the

t hi ckness of an applied telonmerr 30 | ayer. For

~exanpl e, the razor bl ade #xpmply1lincl ude a ni obi um

interl ayer, hard coati ng | a chrom um

over coat | ayer Dh‘glﬁfag?%@lﬁ@?e?&ﬁ% RB25805/ 120783

PCT/ US200S/ 0b#Y A8 in-OxddatioR lovie @igealitblsioethtane out er

coat |layer. The followi ng exanples are I ntended to be
i 11 ust r at i ehineeperioent, the gh]germmrat@n‘effemace Exiatapledshd -

RS g C e ABr e P, ecSyBER G A it grgfatife fomace
Wik @bﬁﬂ@&ﬁtr@&&ﬁdw 961&@@ nug)it”ﬂlﬁd @ﬂatammﬁlgssastéﬁgheémﬁkhm
X1

coating of titaniumo were heat treated in a high

pekadibrouehites fumase 63 b mHmiraC1@6rf/min)t énpetzelled mixture of nitrogen
(Pﬁter/lmngsan%hd?'y air ((5] toFiﬁ mﬂmm-f Waseﬁ(troduced to each side of the Oxidation

Zone. The amount of air introduced to the Oxidation Zone established the final color of
the colorized coating. The initial color of the samples was blue-gray. With no air flow
to the Oxidation Zone, the final color was violet. As the air flow rate was increased to
25 ml/min, the color became a deep blue. At air flow rates greater than 200 m/min, the
color was a light blue. Use of the Oxidation Zone allowed for a rapidly responding
coloration process, allowing for on-line color control. In this process, it is believed that
the initial titanium oxide film was both densified and reduced, decreasing the apparent
film index of refraction within the high temperature furnace. As the hot film was pulled
through the Oxidation Zone, the increased oxygen ambient re-oxidized the film,

mcreasing the apparent film index of refraction and thereby colorizing the film.
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of the hi gh tenperature furnace was equi pped with an
ation Zone (Exanples 1-3 10 only). The tenperature

W%F‘H‘F IPE8Hf the high tenperature furnace, as WECH/U$3005/017718

the gas anbient of the high tenperature furnace, was
controlled. Gases were also iptroduced to the

Oxi dation Zone in the final steps of the colorized
coating process (Exanple SE.dam le(inl y). The tenperature
in the high tenperature fur Hate fwas set at 1160C, and
the last of themhiowGaz oankih(Tdepeeatie epRRYI at ure) was
set at 1060C. 15 Exarrpl e 1 Nitrogen in H| h
Tenper at ur e Py Afide OxpyaiiopZong pJsey far4iq gutnel Used

for Col or ILn this_experinent
t enper at u;lgo 3@?1?5%{3 CTRRT ﬁ“a C%c? O{“ﬁ‘gledta%ﬁﬂ"i?eélf gfgowm" Forming
Gas 07 3% ey&lbgen) 25% xﬁtr@aczé FI@ ra 8w eetsetbdtiietn 1 Irelitkrs @in and 18.9

tenperature furnace 20 was flow ng nitrogen (18.9
hteirs/@ms/mcnytrollﬂﬁémﬁt@m efgnigpgém lelgsr/rgtné end dnem (Gmi:t Y5 ral/min)

}I}Hpﬁj.l dthE:Cg.%}?%g? P%tg Q&%B{ﬁ%@ oqne ?F Sglgﬁn ? ar élgioguced to the

Oxiida8bh Pohd es'%ﬂﬂ]slﬁd'dythé\ﬁﬁal(c@ldr%f@l?e&:dl@ﬁd@ﬂ%ba%ﬁs In th]S process it is
i ntroduced to each side of the Oxidati on Zone.

belirved thabtheamnah titemwapxets o wisedearifieh trediree oamsl slwhtly nitrated.

TSR e el Bl e bAoA K e
tHROfIA wasf«,%%i?e High {chpefindatiinabe. Z80he Hob Eich 'W’é@lpuH&i t‘Bfough

was Vi ol et. the air flowrate was increased to
thel Omidation Z@ecﬁieomcrme@mmn@a@@nbmemdmd thierfilfd, ¢ owreasma the

rates grea n.200 m/m.n he . col

oyt {BGE of Ferie ] BRosare el S oepifsss
rés%§ﬂé¥%'e§‘sgand %9109 R/ﬁ‘idbﬂﬁy 6L §6en figth kAW, ke %ubédl%latlve to
col or contr ol procéss, it is believed that
thehigspamsIVERSss e ma@mmsqueﬂ iduringils esperimetd ssdribed rBxample
reduced, decreasing the apparent 30 filmindex of
refraction within the high tenperature furnace. As the

hot filmwas pulled thropghinigkes Oxi dation Zone, the

i ncreased oxygen anbi ent re-oxidized the film

i ncr easi ngFarmengappseand ATIpR¢mHin High T eperagire Jvrmags and

t hereby col onggg @%P % 2 7 %
PCT/ US200S/ 0 X h%ony.\%s (9 ?'/é'cggré ’croli n High

Tenper at ung thsiEpattient, Meypréédss biraétcdaiveRnhd oate Aisihdse
for Color Control The high tenperature furnace

despaibad Aeayeder Emmw t’écﬁen’fltb% o FeBAsRgded taibe Fpamang Gas flow

5% e re,set het
1§ UEE B8 Tne AR AEE Wnicli, WA e GO b FeEEd o
bB‘ﬂW@eﬁWG"/@indWSP/E @g@e t6thl gastfRfw Withih t@@ﬂhgﬂ ktrpdritufOfubice. The

225 m / mn)
process color variability, for a given film thickness and range of air flow rates 1o the

Oxidation Zone, was significantly reduced relative to the processes utilizing only
Forming Gas or only Nitrogen in the High Temperature Furnace.
Example 4
Forming Gas and/or Nitrogen in High Temperature Furnace;
Dry Air in High Temperature Furnace Used for Color Conirol,

Oxidation Zone not used for Color Control

In this experiment, the high temperature furnace contained an ambient of

flowing Forming Gas (75% hydrogen, 25% nitrogen), nitrogen, and dry air. Each of the
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vvas introduced to each side of the Oxidation Zone.
mount of air introduced to the Oxidation Zone
W%§?0§BFQ7§’ned the final color of the colorized F§31iS3§05/017718
In this process, it is believed that the initial
titani umoxide filmwas densj{jed, reduced, and
slightly nitrated. 10 These changes decreased the

TERRREED] RS Gl AR A8 1AL d
lifeth/ Mg e-ith Ale folf flogt ratd bfMMoMatngdGhd ﬁlds hiﬂrfdglé@ Bein Metween 4.7
Oxi dati on _Zone, the increased oxygen anbient

lijegs/ip; A AP ltmes/miny Rryiaidlosniatesgranind betpssa leand 25/mijmin. No
a# BF ﬁfﬁf)%ren %?% %@S%tg'tg E]éeggglﬁlg@%% %ét'éeg gvén% étew%m o{hlsogxptepunent a

wte-icablet hdcketeﬁ eduffe ib¥ € MThé hhBuAtHIGKNAEEdudkate tHEFHRREd of the
relative to 15 the responsiveness and variability

high $appasaturp furnage ptt@blte‘hqeﬂethp vepk codersdfithe e@lormemnpg eln this

e For nd Nitr
R R S N
chirollc@by on@ﬁﬂﬁﬂcﬂdhe %Qtdaﬂoﬂ b RicBAPBFHVIE Fdrce WRIPHE GEHS
par anet er s were the sane as those described above for

toEpsiRinE fornaes CEpE Prasass APVed ferh Vst sadde @t color hentrol, relative to

-

E)Ee(t)r CSniggGas flow to decrease the overall hydrogen
con The Form ng Gas flow was reduced to between

25% and 7B kenibbBinieaistdre Gahirf thebeodet dTitRe fdn@m@am For
tenperature furnace. The gpr ocess col or vari abi

exa@aple vifiilo diris gFnenaltirefenied sonprsecangautsttuaing, fhlabtheroatdes
the 2 i dat i Zone S S i fic ntI reduc
ok B R oA BB R T R R e

p@xht Rrhy mbhﬁfﬁ@tﬁﬁﬁb prockierick ehhAG8HES. aMUr@ochH r1ﬁ§61%° processes the

' Exarr&:l Form n Gas and/or Nitrogen in H g
p S

& vm}tilﬁaé@p(s) Eipmnrl’lg A TrDgee qTétﬁ?ér @ths:r process steps
: z
R T I LA T

ptrdorpesmat ur e furnace cont ai ned an anbl ent of flow ng
Form ng Gas (75ro hydrogen, 25%nitrogen), nitrogen,
and dry air. Each of the WD 2005/ 120783

PCT/ US2005/ 017718 13 flow rates of the Form ng Gas
and nitrogen varied between O liters/mn and 18.9
liters/mn; with the total flow rate of Form ng Gas
plus nitrogen being between 4.7 Iliters/mn and
18.9liters/mn. Dry air flow rates varied between 0O
and 225 m/mn. No air or nitrogen was added to the
Oxi dation Zone, which was, in this experinent, a
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5 wat er-cool ed Jacketed nmuffle tube. The anount of air
introduced to the front end of the high tenperature LLOYD WISE
furnace established the final color of the colorized

coating. In this process, the oxidation state, and

hence the apparent filmindex oftl4refraction, was

controlled by controlling the oxidation-reduction

driving force within the hi g LAdmge&r at ure furnace.

Thi s > 1al-l owed for wi.der range of col or

%ont r"g Fﬁgfg aF fOISE i a yst %@h‘tﬁ Pstem. gompyipiag:

enbodi biedd formee of\b bfainless R e b GRREMAerihNGaf 1AL QW .
Lai e For, exampl e whils it i?glféé‘%l:el”’?lgﬂ%lnﬁ%e?r%ﬁeé‘a?C““mg
R

8F Wagkein i gt Besiden @) hested 1o hbigh xémigeramentb) agsthized
e 4 REmMd Qs i § L n rforation, the coating .
may be appl T e d&gat ‘%g%{/gthg%il% rq}?eﬁ%mglgr?&ﬁ P LpRfFRiNES lowered prior
ippycleden;@nidor t o hardeni ng. Moreover, in sone

process! sﬁtlhe 15 perforating and/ or wel ding step(s)

showd §N°T 69%‘“%{})59%6 PR &t least aporen qfitbe blede stheprsn said colored
comyndie fewekickrdrh odRiiREdnd £QL 1A SEQIiNG.
operation may be perlf‘br rreé pnrclﬁo %Sla%élra F%‘}da‘fvﬁ%fﬁm said coating
COPEVES S Betallicloxid audies a metallic @aitribé.ade for use in a

wet shaving system conprising: a blade fornmed of a

stainl ess steel sheet material and having a sharpened

2cuThé rgor Idgeofiginel nwisabid ARt SilidboriRs i te

0 a hi.ah tenperature, b) a'uster%i zed 5 Sg gdgugﬁpgﬁl%%ng/or
Oé}}fg transiHoRAiera oides lnch-_i‘\id%‘.’rthrmllﬁgraﬁlmglugasilicbﬁ, tungsten,
tArRATRET ﬁfobéhﬁn.'iﬁi’f{%%iﬁye?l’ther%&f oxi dation; and a col ored

coati ng di sposed on a east a portion of the bl ade
wherein said colored coating is formed from oxidi zi ng

.angd quenching the nmaterial and wherein said coating
°c gﬂfﬁﬁ ‘iaégrgbqé&‘r@f{%?lm £ Obki leeraiaciuisk coatinghasl 4 ¢ador selected from the
2RUOREIAE oflEbIE.vidiBe fpohalihgde of claiml, wherein

sai d oxi de conprises fitanium oxide, and/or other
transition netal oxides including zirconium alum num
sidicon, .tungsten, tagntalum niobium iron, or

o DR SRR prere3Mediaim. sthoreompesdieoasinednaprinickzss of
fidm $¢eloel 000D £bsGOalsi Ng has a col or selected fromthe
group consisting of gold, violet, green and blue. 4.

The razor blade of any preceding claim wherein said

5%@&%&%&&@’[& Ry P29 blahil %png’rcl)s?né ° 10,000

applying an oxide coating to a blade material which comprises stainless steel;

subjecting the coated blade material to a hardening process wherein said
hardening process occurs within a chamber under controlled under ambient conditions
Wwhere one or more gases is introduced into the chamber such that the composition of the
oxide coating is changed by the hardening process; and

forming the hardened coated blade material into a razor blade, the oxide co.ating

providing the razor blade with a colored coating,
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20 5. A nethod of manufacturing a razor bl ade
conprising applying an oxide coating to a bl ade

materi al which conprises stainless steel; subjecting LLOYD WISE

the coated blade naterial to a hardeni ng process
wherein said hardening processldbecurs within a
chanber under controll ed under anbient conditions 25

Swhéhemsthoderf cirine, gasesn ie dasts oduslested Rom #iBe&H ATBOEen, and

that the conposjtion of the oxide coating is
Oﬁéﬁngéar%% “%%Sxﬁisr%ﬂéh‘?rh Oﬁ%c@érgsera%dmumg@ 1ppide, water
vapogtenedixd@at e@rdrade material into a razor bl ade, the
oxi de coating providing the razor blade with a
colored coating. 30 LLOYD WSE -15 6. The nethod of

| @ r.ekn & es are selected fr nitrogen,,
Ty aPopR oW L ho TR 5B RS e Rrete a Pl maierhl prior to or
duriog itleapphyiihg sxgen oxi de, nitrogen di oxi de, water

vapour, or mxtures thereof. 5 7. The nmethod of claim

5 or 6, further conprising heating the blade materi al

81 TR mefho@'of aBMbhdGf &Qf?nsgﬂog{ y#ﬁ%%é%%@&l%ag}&r}e hgxeﬁf)%ar%ent of the

of any one of tlains 5t r

e priopfo ertrbiringlthelgppipingisiepl prior to or during
the applying step. 10 9. The nethod of any one of
clains 5 to 8, further conprising, between the
9apPhe/inethod afidnp bk §CE1hT b iR, Lad -
material to fo>rs.m_a pl u?%l ﬂoigo’g?rﬂ?trrc F%?Hglfg’h&fﬁ'g%n@fa ABRIYing
2pf suhisctgeteps. Yitingriedlade natenidieo &irm 4 plardliny of ngpst ep
conprises 15 breaking the slitted blade material into
portions having substantially the sane length as the

IpazorThbngedieod dflany Uhe ofelatad 56 93QHerERn ForfkliAd SBp Borhfrises
in the hardening process results 1 n°

b10 .whﬁr§ ni ) .
rekingths slitiedrblade mpferipl intepartienshaaing spbstadtialiFbe sandieeoth as
tef radéppigee of claims 5 to 11, wherein the hardening
process conprises passing the blade material through

a tunnel having a first tenperature zone which

educes the oxide coating and a second tenperature
1; one c[%ﬁ i“bﬂalh‘%&?floﬂinf SNE 104 éﬂllrg@ atte h§y. wherein the hardening process results

in martenization of the blade material.

12, The method of any one of claims 5 to 11, wherein the hardening process
comprises passing the blade material through a tunnel having a first temperature zone
which reduces the oxide coating and a second temperature zone which oxidizes the

coating.

13. The method of claim 12 wherein the hardening process is performed in a tunnel
oven, and the first temperature zone is a first zone of the tunnel oven and the second
temperature zone is a second, shorter zone of the tunnel oven in which the temperature

can be controlled independently of the temperature in the first zone of the tunnel oven.

14. The method of claim 13 wherein the second zone is not heated.
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25 13. The nethod of claim 12 wherein the hardening

process is perfornmed in a tunnel oven, and the first
tenperature zone is a first zone of the tunnel oven LLOYD WISE
and the second tenperature zone is a second, shorter

zone of the tunnel oven in whiechét-he tenperature can

?p cqﬂégglled i ndependently of the tenperature in the

S-rst ethodl of blairh UBREN 4 OXRFein a P}@% %

%ng‘éh p g 1 GI%SE econd

%:Rl’nai ﬂhls wherein the second zone iS not
SR! thefgnnes ovemheangegogHolbed kdapendestinpf the awtbéame conditions in the

firsyaee o &etthahel RLESSUre in the second zone of the

tunnel oven can be controll ed i ndependently of the

anbi ent conditions in the first zone of the tunne

Rven. he nethod. of a ny one of clains 12 to 15
furt hgr% %%%%Pg?‘ﬁg"%eo tC?acB‘FlISiIErdo t Adurthgreapprising controlling the

aneumcbof edudtvatth@Ceis ih thetier SdreShd 490 he amount
of re-gxidation that occurs in the seﬁgﬁggfgﬁ%°¥§3“mthﬁ

WGBS Ih g saendrzone toplfpingf desired onlodef the dxidd. wet shavi ng
system conprising: 10 a razor including a bl ade
formed of a nmetallic sheet material conprising

19t ai M wesshay gl systeai, domp@hghavi ng a sharpened cutting
edge wherei ai d material_ has been a) heated to a

hi gh &8P é?"gt@‘f‘% 2 hlgdefompeheLametaliresheat mhaterialngngasing

st ethitde s&idithbor HADGEG' 1 Ng gas its tenperature
| ower ed eprSi or _toor oXi Eaatslthgﬁ ’eﬁgiéﬂégﬁ%gcig%\gé?rﬁ@ Sgpd material has
been erhicatedsarihigh Winppused, Wmuatenizeashde AFhin@ba®fank Ml sl
_ rein said colored coating 15 is fornmed from
lllﬁh ﬁe M}Elmo S % t % ;

oxI d zi ng  angquenCRFAGEE 1Pavated Bripklo axiditiphethe blads Adng a
colvaéd @ting I¥PHicdh A 1ML A ki ' r.a metalli :
,oxynitrid%.. 8. The shaJﬁ%§h§9§?2%5%%ﬂ5$§FﬁPf$%WW§F@fHwﬂng
15 KrRed omeox dirng andsjuenchimg thenoateidie and angan 0t Be4ting

b it tal . oxides including. zirconi um
bl i el A MR BB S Gdae o um i obi um

iron, or mxtures thereof. 19. The shavi ng system of
1glai?l? or. 18, wherein said coating has a color

(-hey | e 1§ having wysgan af Cl_@i%ll"éwh;gme eaid ggidblcump_riga tﬁ@guﬁhﬁ(ide,
aB BV biRSr 1 : 18, . or . er.ei n sai

coat i ng tﬁ%fghgﬁlrﬁl&g%)ggéﬁ lﬁ‘gl}ldlfnﬂﬂﬁc%‘b‘ﬁmt \é\ﬂfﬁr}l@‘% silicon, tungsten,
tantayemy wiebium, iron, or mixtures thereof. '

19. The shaving system of claim 17 or 18, wherein said coating has a color selected

from gold, violet, green or blue.

20.  The shaving system of claim 17, 18, or 19 wherein said coating has a thickness

of from 300 to 10,000 Angstroms.



