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WO 2006/065624 PCT/US2005/044464 -1 COLORED RAZOR BLADES
This invention relates to razor blades and processes for manufacturing
razor blades, and more particularly to colored razor blades. Razor blades
¥6 yRieadbsformed of a suitable metallic sheet material SUG-BAS005/044464
stainless steel, which is slit to a desired width and heat-treated to harden
the metal. The hardening operation utilizes a high temperature furnace,
where the metal may be exposed to'tér'nperatures greater than 1100C for
up to 10 seconds, followedRy; GrERKIELAS! AgEdening, a cutting edge
is formed on the blade. The cutting edge 10 typically has a
wedge-shaped_.configuration th an ultimate tip havin dIUS less than
about 1000 an ror‘gs hec’n rel %%8 %@ EBKP rr%cms arious cPoa n
mayobelmmliadinmmparttmigrbdgeollémdexmnpledésard coatings such as
diamond, amorphous diamond, diamond-like carbon (DLC) material,
nitrides, carbidescexideas arcagpaalicsoatedien ﬁﬁiﬁlﬂedﬁ(ﬁameshuéﬂ agtedgeuch
or the u{tlmate 15 tip to i rov str%g}ahcog% n res nce angzn

RGO ES I FHEHAGERE Bt A aSoH S AT RO R g el
caheidriteriimp opeiatthetbindinbigetwaernthe Substear ety phcativtstainlidss
Sieghant hisbarsoetigs. Aol IeFe P RaYIRIe. I Rl ety laver
ca be use té)prow riction reduction. It is |mportant that these
coatimgigpe applied, and any other post-hardening 20 processing steps

be performed, under sufficiently low temperature conditions so that the
hardened, shatfienberdtemkis: nutieepesr edfoifimhé stee E@t@mﬂf@c@mﬁwiﬁdge
loge; '%1 gasdnes %rég %]e%ycg' ?J&%%Rﬁ%e& M&i&' ARNeEChan
raor biade cuttlné structures and processes o manu acture are
debwib@@qrangssmaterasahw ANP93088881238,568; 4,933,058; 25
5,032,243; 5,497,550; 5,940,975; 5,669,144; EP 0591334; and PCT
92/03330, whibhdres hexidipy ingorpepalied foythefargngedge. For example, hard

coatings such as diamond, amorphous diamond, diamond-like carbon (DLC) material,

nitrides, carbides, oxides or ceramics are often applied to the cutting edge or the ultimate
tip to improve strength, corrosion resistance and shaving ability. Interlayers of niobium
or-éhromium containing materials can aid in improving the binding between the substrate,
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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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 WO 2006/065624 PCTIUS2005/044464 -2 material, and

wetheegsssdmaking such blades. The term "colored” as use@deiR¥I0s/044464
includes all colors, including black and white. The colored layer provides a

desirable aesthetic effect, without deleteriously affecting the performance
or physical properties of the blade. 'T%é color of the razor blades can be

colaeoardinated with theicolephihro hausing efAraaorcadidaeinr the

handle or other components of a shaving system In_some preferred.
irimsledrret satons, e e e A s b TR T8 BHERETOMdes arriehle
leaﬁaaqa%'tr&f&t;g @ﬁﬁr@ea@aﬁaﬁkm@m@bl ' rifﬁmmmuﬁa" ewﬁb}gfsﬁﬂ@?&ﬁl&s of
ayers described hegein are durable, exhibif excellent esiop to the
bfﬁ?:l@ar%tg ﬁﬁ%‘ﬁa‘%g?f’ B%Z%%Tag?eﬁncégn@{s%ﬁ yrgalﬁ?it%r%%ha@g y ColoFor the
inypiepsivetyzdo datpidgeasphchathi iovethiondieptnres afrasbriigdpton In
use in a wet shavin tem,includin g f Lk t
K e R
dispasey tie atstbatit affottioh simli&boenthetinvantits axds fezmsdascribed
meibads ol PidusngicalorradadRiS of 8 (RX BRI tralt AN ASBECE AR duced

invention features a method that includes subjecting a blade 15 material
tERTHFRIONRG TreEEds MSKREEAMg the hardening process, oxidizing the
blade material to form an oxide layer on the blade material. The method
also includes lywenekiagtthe ilention Sretets aftegordadsitiizisg Btaycighaving

intiate, mariensitieiRnsimaiomabiehiadsmaiariab prehforsungee
hardened blade material into a razor blade, the oxide I%%O%}r%\gdlng the

r&ating et withaceloisblavst Aigpesep vt ledF hidipisias

deleteriously affect the final properties of the blade. Some methods may
include one off hednerantitheakol Bafings fewtheds of prodasier Aplgrseklavstsc ifer
afier austenization etibe.hlads Rateiah HeeQridkingiepsishcandudad

at a temperature of about 500 to 800C. The hardening step includes

reRRRIIAGOth BRI REQFED e Bl thetRiarpB RTYTED PTG @t e
apsiSIZRIRALAARSEdOBPer on the blade material. The method also includes

quenching the blade material, after the oxidizing step, to initiate martensitic
transformation of the blade material, and forming the hardened blade material mto a razor
blade, the oxide layer providing the razor blade with a colored surface. Preferred methods
do not deleteriously affect 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 temperatﬁre 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
oxidizing step are conducted in separate chambers the ambient conditions of which can be
independently 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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25 about 800C prior to the oxidizing step. Austenization of the blade
material and the oxidizing step are conducted in separate chambers the
ambient conditions of which can be independently controlled. The method
fuotb@s oessparises controlling the ambient conditions under winiglsi8/044464
oxidizing step is performed. For example, the controlling step may include
providing a chamber within which the pxidizing step is performed, and 30
introducing one or more gases to the chamber during the oxidizing step.

;ngﬁéeémaytwg@@%&m ; %P&}g&ﬁ&@@&ff@&%@go@dma@}egm
rom the grqup consisting.of oxyge ixtures of oxygen.and nitrogen,. . .
TSR oo A LS BEo S TS R S e R i
thefeallitpsfgeattdtyhereianise thatthk ahampeiomovhichteustBriadiidree of
occurs be sufficiently free of. oxygen so.that the bl rial is.
sﬁﬂ’éee{lngtloa%ﬁ%%g@%gmw réa% the os§(| %&allf ggggé}ff%%%%%gyégi%%nsﬁﬁ?ally
pwwﬂr&,"wmaﬁmhdﬁm@@&w m%@@eﬂ&l Heesbiadifietateripl hasleulidigatbn
g 5LERRS Apdhakadionm xidiving Jeacion.Rae e e igaRtLen,

oxygen, and stainless steel surface can occur once the steel comes in
coRteRn WithstHBleEsEgd N fe ARSI BAG IR, EPRRCS Apsomiaet with the

g/ eniatians e shamberdnevnich rausigiizationoas eny Stismber in which
substantially free of oxygen, i.e., contains less than about 50 1
R ALt RGBT TR 200 por
feriag stefrittiucrshahageppngothediade material to form a cutting

edge. The forming step may also include breaking the slitted blade

material into pRfiRRSHANGAG, SHbEARtaIlE B SaBesIRRGINASIKBD 6148 Gaterial

blade. The method may further include applyin oating tq the cuti
08B FUERRER S 1 AR e R R B R B e e
coatthigl intypoeisatdaiats fobsexaaliplthefsane theztireuthe onsishiade of

chromium containing materials, niobium containing materials, diamond

coatings, diamareahiks) cRatiNes DL dNHFdAs eadidastoaxidagingige to
telomers, In a further aspect, tr%e invention eatiraes a wet sha iné:] ¥tst§rp
A died for

15572855 theRIgEes e B RS i A d 0TS e ECS
maienid, dnchiByrgua consisting of chromium containing materials, niobium

containing materials, diamond coatings, diamond-like coatings (DLC), nitrides, carbides,

oxides, and telomers.

In a further aspect, the invention features a wet shaving 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 accompanying 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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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
waving/assador that is different from the color of the substrarcmesesialod4464
prior to oxidization. 25 The details of one or more embodiments of the
invention are set forth in the accompganying drawings and the description
below. Other features and advantages of the invention will be apparent

from the descyiptionsastafRWIRG Sicwnerionastng elairiaclkd@g thisFGO razor
view, and FIG. |A is a side view of a supported razor blade. WO
H96/065624 PCTIUS2005/044464 -4 FIG. 2 is a perspective view of a

shaving razor including the FIG. 1 razor, blade. FIG. 3 is a flow di%%ram
showing step&lif- 3 ka2 JPB dingrTa Shescra iy Jocasy Hads 5 5Hes
empbodiment i thednvantiofnt: i e imaigeperature profile for a

hardening furnace. FIG. 5 is a diagrammatic side view of an oxidization

zone. FIG. SAie,adigiapmals SRsesse ARl g @hacsparger, taken

along line A-A'in FIG. 5. FIG. 5B is a side view of the sparger shown in

FIG.5A. 10 F is a front view of an exit gate used.with the oxidation
zone shown in (&I%].‘S@ ‘%?é’t‘ernng%t%sﬂ%;".‘? %t%%g IA, ralzor blade 10

includes a stainless steel  substrate, which %{J@I{X hasfa thicker}e ggalon
about 0.003 &0t it AlRSHE L SO SEHOMA Y BEH hiFdERe o ita O s

mastensiticppaase. The blade 10 has a cutting edge 14 is (sometimes
referred to as the "ultimate edge" of the blade) that has been sharpened to

atip 16. Prefeggbhp fin tRibasw sadivspaidassthand G05angstroms,
preferably 200 to 400 angstroms, measured by SEM. Typically, tip 16 has

a profile with %gdg fregts @5&%@?&{%@@%&@ plReheeR dB@RBBLOre shown

degrees, e.g., about 19 degrees, measured at 40
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 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
layer 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

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

Referring to FIG. 2, blade 10 can be used in shaving razor 1 10, 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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microns from the tip. 20 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 layer is an oxide that is formed on
the hlagestael, as will be discussed below, so as to provide@radgsiiais464
color to the finished blade, and to withstand other blade processing steps
without a deleterious color change or §>§her damage or deterioration. 25
Referring to FIG. 2, blade 10 can be used in shaving razor 110, which

i%&k&’e%%@a@éﬁ#!ﬁ H2.a00hav6Rl3q6ahlemmhaviRgsariidee hdwuEansigel, as
114 includes

‘ nousing 116, which carries three hlades 10, uar%,lz
-fereionb 122 PELSNISHAEE B foAE ST SR PGSR AT o
-Twelded o a1sypRRICS In ek thenblademBa and dheihisbijppasisg| 1l Gie
maovably mounted, as descri%ed, e.g., in U. S. Patent No. 5,918,369,
\/\H’f?’(?ﬁ%@i%&?ﬁéﬁftgﬁ%%r} % reference. Cartridge 114 also includes an
interconnect member 124 on which housing 116 is pivotally mounted at
two arms 12845 ﬂ?ﬂ?%%%%%@éﬁ%ﬁ%{ofﬁg%m%ﬂﬁ@’ B%%fé“rg]’ﬁﬁtﬁimt the
cogusdipatachwithihe 1ealos of thedmuisirfghembasisherrdadiptianeafeth@leasing
housing .or handle, to create a pleasing and distipctive .gesthetic effect.
LRI TR Gt b SR gt 6 Seae TG IR [Bahe same
castrastingoateamplernentimenritnythitic Slonspuftiéthobeimaaatior handle.
handle.. The color of.the oxide layer A i itk p
o R Hon o 1 e B B o b
ugeccamtodgerctgpdee@iragors, for example razors having one, two or three
or more blades, or double-sided blades. Blade 10 can be used in razors
that do not haBadedvatie Helaskioothirdlipey hbmdsrsT fre camidezoehaving
either be re&lge%eabrh%r%rbl?a% ggeg)@wgéi%r%%/i&ga d 1RAAZOLNARN e 8 azors

one 0 or
sOR&0IE process for forming the ¢ oxide layer and manufacturing

thtbatadwondbleave inoshowbladespapivaitamdmn Fhe catidesmass st SFblade
3&%@4&&&% ipi Stinsnang thesking areperaated for ease of handling
u

ng subsequent processing.

A suitable process for forming the colored oxide layer and manufacturing
the razor blade is shown diagrammatically in FIG. 3. First, a sheet of blade steel is slit
into strips, and the strips are perforated for ease of handling during subsequent processing.

Other pre-hardening 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, €.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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Other pre-hardening steps, such as scoring, may be performed, if desired,
When the desired sequence of pre-hardening steps has been completed,
the 20 blade material is subjected to a hardening process, which includes

asieniizaten of the stainless steel. A typical temperature prefil s teis4
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 1160C, maintained at this temperature for a period of time,

%Uﬂgsw@écm@%iﬁ%%@&anafﬁbﬁ stRiness steehaessts, aadihen aloveed at a

to cool. 25 A Forming Gas (e.g., including hydrogen and nitrogen) flows
tHPSUETERETB PR 2R ¥EPone of the oven during austenization. The
composition and flow rate of the Forming Gas are controlled so that no.
oxidation occuxBeravtemgationivibecsitns rescdinewsh ap rafidaioR Zq9Ae n Which the

RGN GASIHEUIES Y HOGE SR sVaRtmatien and Feause 68Yflows

native oxide, and nitrogen, as an inert gas used to dilute the over-all
Hieirogehadeemsdamcrion e CXaHNEoN sOMEHNBIeMERtAfEndfiatine
FaypingiSGiasJnaydns de fiam (s 200666 24ilt Gk 5R0REAN 44464 point
-6 about 50 t0,100 % hydrogen and from t 0 to 5Q% nitro .an

o B QR IR AT T A B 55 UhiH Rt
anstetiizagionesth eTotripy passanbeyghvidedin datifmmz ofidrimiw Hibh dislation
colored pxide layer is.qrowp. on 4 . ;
KB B SIS E R B S8 e o g

Anloxidafiont asteriy cxifelthipg dsriigr rms. il toanidy dermbetdrtilige in a
Gasiataidesiiad-Raikinihe axigRloa£0N6 AR datyvdich e BiiBsatfect

have reached a temperature suitable for oxidation), and drives the
JkrierienqsigessidetiisToxygen may be provided in the form of dry air. The
oxidation zone and oxidation conditions (e.g., hydrogen to oxygen ratio)

will be discusdd imagessss dbieshhensiemvderridadbicesaigingd ion
Zl?ﬂ@eﬂ“? saRidbeadgnchied. rasmtingdha ﬂ@ﬁ(&%&%ﬁﬁé?ﬂ?&ﬁ%ﬂﬁﬁi%aﬁfple,
n ec

the stainless steel. ?uench_ing does not deleteriously a e co

lor of
RECGREPBDIiophe SFBLENYE BTBESS AUEPBFRY A BE HAAES St
biage $teet) containing a flowing Forming Gas. Two parallel continuous stainless steel

blade strips are pulled through this high temperature furnace at 36.6 m/min (120 ft/min)
each. This high temperature treatment is used to austenitize the stainless steel strips.
Near the exit of the high temperature furnace is a water-cooled jacketed tube (also
referred to as the water-cooled muffle tube). This section is used to start the cooling
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



10

15

20

25

30

hardening processes, often with minimal changes to the existing process.
For example, 15 one existing blade steel hardening process utilizes a

high temperature furnace (greater than 1100C) containing a flowing
homuegdsas. Two parallel continuous stainless steel bladepstrips:as044464
pulled through this high temperature furnace at 36.6 m/min (120 ft/min)
each. This high temperature treatmeny is used to austenitize the stainless
steel strips. Near the exit of the high temperature furnace is a

walssanlediackeied bie(alse 20 raierrrditang ibFiakimasletibodiient a

tube). This section is used tart the coolj rocess of the, stainl

SEBR RS STE 0t BT AL B e e S e R gy end
bladensitiieg arepedies! throdghmtsetubt whtehic onlediguspagertiiack sotaihg 16
uench blocks initiate the martensitig tr armati f '

el Dosta ile Perarelpls LSl en ol e i
réptacingFipeSwatei-coifiealyroffiege bporhheriniesn sieel HighstcAmpér atipeuced

%Qﬁlg g?t i xtlaﬁ‘cglléﬁ Q%p l9gke Withsthe oxidizalion 2enr Jefese@dsheiuded so

f
above. also preferred that the temperature profile of the furnace be

isdithech e theinlepesiopl B Rithladuredbe™s TERARTAARE €ASE Rl so that
%Q%M%ﬁ{ﬁﬁf&m&&@m&@&m%ﬁ&n@@éﬂ&&ﬂQ&ﬁ&%ﬁ The

suitable oxidization zone is shown diagramatically in FIG. 5. The 30

oSG PR B8 Tl e TR OB B e B G the e
twaing sg ddnshenléOb2E10 6/6 GEERNPET ¢ht BR00 51U dGdathiglaone and extend
temperature furnace of the .h ningine. errin El ik
B e et e Bk S e e ot At Bt fenr
eoftheogiditte zuivs@ 0Rtdhet e dime nsicwecef Rreftearsdiom st whfHeand 203,
'#igw g@(&? 48 enﬁ%ﬁt%%ﬁﬁg)ﬁm ﬁv@gﬁiegfo%%émﬁhgmrﬁ%@% (210 and

t

shown), and is designed so that gas injected through the sparger 5 |
(@I IEigassRIsRAT i ARSERTY SsPipt gaal sehliee coatrlisesiBlespligying two
%%pﬁ@ﬁ@;ﬁ%é‘éée&%hﬁ sRacIRdNIanehaspais afinlel tohe 830t @08ay oe
gas baffle 204 maybe included so tha%{_the two St inlefts% st%eda%trlipzsogé be
bfeaRgledanine s IepIraies f@ﬁ S G, GHHef PR GRS S MPBSfisH
oBeippBdSHith afthebaidewaajets fdepbntientlchdaficll2elit Ph2 abdifiereby act
204 ma tde{

Sal SRS MRERDHR 8%, 048 A% SRONAID T2 I B0, exit
the gas to-baffle a§, or example, begin 0.3 cmfrom the entrance of the
oxitatizentnanphecleflew @f ambient air into the oxidation zone and also encourages

better mixing of the gases within the oxidation zone. As discussed above, just after the

oxidation zone, the stainless steel blade strips are pulled through a set of water-cooled

quench blocks 206. The quench blocks initiate the martensitic transformation of the steel.

The desired color is generally obtained by controlling the thickness and
composition 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 Gas is
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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down the tube 10.2 cm If desired, the gas baffle 204 may extend along the
entire length of the oxidation zone so that there is no mixing of gas flows
from inlet tubes 201 and 203, allowing for independent control to the two
sidesehtbeaffle within the tube (210 and 212). The gas Spargsniss/044464
designed so that dual gas flow control is possible, allowing two is strips to
be processed at the same time, using,the same furnace. Gas flow rates
may be controlled using gas flow meters. The exit of each chamber of the

QXidRYAMZADGF0ME B8 SRR WA ARBaARshiwRig0es @b steel. Fora
218 which define a slit 219 and thereby act as an exit (%Eate%%%g %I;L .5C »”
THERIVRRAY Welaaratsianpith Ba s R A WIYBC RO R YA SPEPSHTS®
any bagk; law.ohamhient Witcistb themiddatitdnzoberirnt Mswanapiiragksive
20 better mixing of. the gases withiy; oxidafi e. As discussed.
BV LD RRED T RO o A et et e CiE e
pddtechihrothghelntset ahwaterfospted wiilismd biookb iR 0Bt hadghemepld colors.
blocks initiate the martensitic transformation of the steel. The desired color
is generally ohtginge:-bytcontiptiagibeiihickndsthangh conopabitionzohthad the

oxide layer. The thickness composition of.the calored oxide layer 25
v&ﬁ?@gﬁgmf 8%%&?&5??/%@%36%)%@%?% GO 'egfﬁk%i%é %e(g? ;[Jliﬁag %?d e
|ayampid] deberagerotie terperature of the stainless steel strip when the
Oxidation Gas is introduced, and by the hydrogen-to-oxygen ratio of the

mixture of FormirgnGasand nyxidatiossGastinaddiesoticpiieasz pammEhes of the

composition, or stojchiometry, af the oxide layer will. depend on thes
B O B R R T PR g o The
thenpigipseSehbe athjp lsvitemtemibe atidsion ot oy Ate it pdbiuadiugtig the

| d higher t : -
IR e oy e eiade
irvipharnisinatio psidetiohyene gbirrasae e rieraner 8 FrhtALBEP PO nigTs the

500kt 1505 She MR In YRS AR OIRAR MRl prithdbeiR Y egiIHeh @8)EEWhen
ratio around the midpoint of this range, an aesthetic deep blue colcﬁrtggﬁgip s
I

OSBRI RAASHE BEFAITT RRIASTHEPIEARIVE T ESURE STRRGRRCR

tox keseil iReligitbiste ane dighichlyjesgieaityorlais fiwhitetaglec thasiogetae Since

A I RO RO A A A
is this parameter which is generally used to compensate for variations in the strip material
and to fine-tune the oxide color. The exact temperature setting of the last zones of the
hardening furnace and the exact composition of the Oxidizing Gas are selected based on,
among other factors, the desired color, the size, shape, composition, and speed of the steel

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
hardéning 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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The speed at which the material travels through the oxidation zone and

the length of the oxidation zone will also affect colorization. Suitable
speeds may be, for example, in the range of 15 to 40 m/min. In some

s SRsibdniay be necessary to adjust the process parametelgcqfibsodfia4s4
hardening and/or oxidation process in order to obtain a consistent end
product. The temperature of the stri_pga}s it enters the oxidation zone may
be controlled by adjusting the temperature of the last zones in the
hardening fuspases aedionydba s eiheating.elamgants in the oxidation
zone. Increasing the temperature of the strip as it enters the oxidation
zone will incregse the,oxide.thickness ' idati

When 15 the%‘ari?)eéégg lllsar ;‘%%%ﬁfg%guséitr%ﬁ%g%é%\{%ﬁﬁona %{J?rgrlligggs&j,e?ﬁ%the
tentirer adgestofwhensiiig. ds aitddhestsinind Prittamaisriad irdtdirpiadjiades gt the

OflY; .‘é’c{‘sﬁgﬁstﬁ%tﬂﬂae% BHRF SR sIRiN e NeRascORNAaHIeH @E Higport
OX|ér|2|ng as to the oxidation zone can be quickly adjusted, it is this
phtaFiEte) wWisteth i& yeReFalyUXSH 8 compensate for variations in the strip
material and to fine-tune the oxide color. The exact temperature setting of
the last zonedwhdtienthahdepigdilayractherrrenbladedert Byipduatber Srtures,

the £ %%%%grgﬁé @ﬁﬁaﬁ%lﬁé:{%gtﬁﬁgﬁjﬁ%eﬂm&%gfﬁé {H&1 thveen the

desired color, the size, shape, composition, and speed of the steel strip.
Adhopenagretasidineiseiibed above allow a decorative oxide film to be
grown on blade steel during the hardening process, after austenization
and prior to tHepr23amatte Hsitio manbforpatafbritif ofste aereHe Biagke Steel
were colorizedprior 10 e hardeming Pragest Hhecales waridgensialbut are
be éegra ed during the standard hardening process. If a thermal oxide
cotb st probedelwEiBsemployed after the martensitic transformation, it
would generally destroy the martensitic properties of the stainless steel
strip. The proSesdsbls duedeitsetiazttrinte indnds aligbproAebchigRlaERBIERES
protective d while allowi WitBRUbout
dﬁ%r%é‘%‘ta‘ﬁ% %r%fc?ﬁ r%%%%%?fé&%?@%@%%%4 -9
rriefnFBfcpreRmre PEINY AR feirser besinmed spiahhmAuSSS.

Suitable hard coating materials include carbon-containing materials (e.g.,

diamond, amorphous diamond or DLC), nitrides (e.g., boron nitride, niobium nitride or
titanium nitride), carbides (e.g., silicon carbide), oxides (e.g., alumina, zirconia) and
other ceramic materials. Carbon containing hard coatings can be doped 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, e.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 polytetraflucroethylene, sometimes referred

to as a telomer. A particular polytetrafluoroethylene material is Krytox LW 1200
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After the hardening process, the blade material is sharpened, to create the
cutting edge shown in FIG. |, and the strip of blade material is broken into
blades of the desired length. The blades may then be welded, e.g., using

weehveldng, to the support 5 11 (FIG. 2), if such a supporpéstgsh ik
In addition to the colored layer, the razor blade may include other

features, such as performance enhané:ing coatings and layers, which may
be applied between the sharpening"énd welding steps. For example, the

tBi%.,C %e%&?ﬂﬁ%%ﬁ(&“ﬁﬂ?ﬁﬁéﬁﬁ%%ﬂ%a% I liseusssaipAnat that

ground section above. Suitable tip coating materials include, but are

nehiviedsrallmerisienthatyiddistabie aFraes niaiRETShed At aemgisin
a&%&@fmh et %Q?ﬁﬁiﬂ?@vé@ﬁfiﬁﬂé'&aﬁb@@ﬁ%g@&?ﬁﬁ%%phg&;:&yﬁgdgtbf'ushing,
niopium naving a tnicknNess ot 1rom apqQu (0) n I
e e e S o S O
majetigis iRaidescarsonwoontainingsmateridtsoféded tidiemvontinenorphivgss
diamond or DLC), nitrides (e.q,, boron nijtri njohi eq )
T S AL TR EEpAT R0, U BT U v sl
ZitchrHiatpatn tloothietadel Sinindrh 2E&T4RS, Ehidbonednehinig maratebaitdgence,
gﬁgsctr)ﬁ)edt%%%}ql WAL, SIBLE SIRMENIS, S AR UARRIRE, SEARIMFPIRA telomer layer.

romium cluding these additives, for 20 example, in the target

during application by sputtering. The hard i [ A ARe 2 DLC
incorporate haygd) rroegxgir?f%.’é?’,eﬁ@%%ngﬁgt%epdr%iﬁag{%%a%éﬁrlsﬁgnd rr%g%ih’c?ds

ohadbpesitiplayareadisenbedretddt Rarsrnia Keyxsol5E5260 peiprrafluoro-

OVf r%%@%@%fggip&%@e chromium containing materials, e.g., chromium or
romium alloys that are compatible with polytetrafluoroethylene, e.g., 25

CrPt. A partic!{gr ercoat layer is chromi m g\ﬂng %&pé ’fﬁﬁﬁﬁ{l@iﬁ wt
100-500 ang rgrﬁéogﬂlﬁaebe llftésrlfg)%@rggm%%ofeupg ytetra uoroethylgne,
seffeetimes referred to as a telomer. A particular polytetrafluoroethylene
material is Krytox LW 1200 WO 2006/065624 PCT/US2005/044464

EXAMPLE

Strips of a stainless steel blade material were heat treated in a high
temperature furnace using the hardening temperature profile shown in FIG. 4. The exit of
the high temperature furnace was equipped with an oxidation zone of the type shown n
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 scfh). The Oxidation
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-10 available from DuPont. This material is a nonflammable and stable dry
lubricant that consists of small particles that yield stable dispersions. It is
furnished as an aqueous dispersion of 20% solids by weight and can be
PR/ gaipping, spraying, or brushing, and can thereaftesdaguabisdiirehcs
or melt coated. The layer is preferably 100 to 5,000 5 angstroms thick,

e.g., 1,500 to 4,000 angstroms. Proviged that a continuous coating is
achieved, reduced telomer coating thiclk'ness can provide improved first

Swwmduééa%(gag&ﬁegwam%%ﬁﬁm 5038 24D WRICHT 560,45

hereby incorporated by referénce, describe techniques which can be

ubésind anshiteasic RHidkmaa) JrehspRSterbRnse s Yo BaRR [ FHeh

razoRade 4B daayinslude & pighiumdniedayanta WisGitld harchadating
layer, a chromium overcoat layer, anq a Krytox LW1200 polytetrafluoro-
e

eehiqefitlsnt thg,des PEKR 1§ example is intended to be
illustrative and not Iimitirﬁ in effect. EXAMPLE 15 Strips of a stainless
steel blade makehiaiereiffersntrenits TRcH Mgl (PR THhmlgiizone of the

usipg e BardeningieraeraliseRiabiecsimdni Kowkaheaeuliomdtisied to
high temperature furnace was equipped with an oxi atior11 zoqf% a?geg're a%cgg
sﬁ%ﬁ‘ﬂﬁ bP‘i’@S@S?W@QéH%%%?%% f)é%ﬁl ﬂ%t)ﬁig femperatite furnace,
ag-wmelbagithiagash ambiaapttierbighi/terigvenatinrdofu matcadvimseasing the
controlled. The temperature in,the hi temper f C
BB B0 B (L PNy B P M Teb e
66@alim) tothiudast ipbateuez dive loftid canstativestion pirdleteimpelbagrd0°C, air
fUnace yvas ﬂ?&%{e@c}ﬁ @of&@%@@%ﬁ%ﬁggf@g‘ hTé}fcxet@%éﬁﬁﬁit@sdaﬁ@% flow

temperature, usually set near 1000C, was increased to 1145C, to
nratetd . Osiradlaenatie-6f RigrBh (P rXfIF Y RARth the 25 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 32C) were
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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 scfh). The Oxidation WO 2006/065624 PCT/US2005/044464 -11 Gas
was introduced near the entry end of the oxidation zone as a mixture of air
(0.45 L/min) and nitrogen (2.0 L/min). Tyvo stainless steel blade strips
were running through the furnace at 36.6 m/min (120 ft/min). The air flow
rate was either increased or decreasgd tor&dial-in" the desired oxide
color. 5 To obtain a different color selection, the temperature of the last
zone of the high temperature furnace was raised and lowered. The air

flow raje was iy madifinduiondinedasa kathdiagiasied color and the

color uniformity, The colors obtained ranged from, beginning with lower

tempefhture SHAITBRR AR IRHTETS heiaHg the' Ritsdrateria! to a high
RAYeLAIFSIRWIENS L sitRwss (HabiarkhidReaddids piskegoddnipriiaapthiue

10 (violet), to blue, to light blue. For lower temperatures and air flow rates
YaUraHel SEPSHdw at 0.30 Umin), “"gold colors" were obtained. For higher

temperaturesignd aifsileyingakad bladenid@iGal aip tovmiat KighbddipdRdture upon
"blues” were obtained. MCSLLP -12 CLAIMS 1. A method of
manufSEHARNE Q@ ABPHiSde comprising: a. subjecting a continuously

moving, stainfgss staettladmmaiariabde akiginl diemperating hadisairg
process wherein said hardening process comprising the sequential steps
o1 2 r ARG G4 S RBREAHS 1 o RP G IO PAHS e (roveh
entrangehicha flamnziag; ik Aestenizing said blade material by maintaining
said blade 10652ateri}al at said high temperature fgr ?Heriod of Iime in said

1d bla

furnace through wh 8var1|%grmﬁ cRpetRLs of sa e material prior to oxidation
and prior to exiting said furnace through which said forming gas is flowing;

4) immediately oxidizing the blade material to form a uniform oxide
layer on the blade material;
b. quenching the blade material, after the oxidizing step, to initiate
martensitic transformation to harden the blade material; and
C. forming the hardened blade material into a razor blade, the oxide layer

providing the razor blade with a colored surface.

2. The method of claim 1 wherein the oxidizing step is conducted at a temperature
of from about 400 to 800° C.

3. The method of claim 1 or 2 wherein the step of lowering the temperature
includes reducing the temperature of the blade material to less than about 800° C at the

conclusion of austenization.

4. The method of claim 3 wherein the austenizing step and the oxidizing step are
conducted in separate chambers, the ambient conditions of which can be independently

controlled.
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3) lowering the temperature of said blade material prior to oxidation and

prior to exiting said furnace through which said forming gas is flowing; 4)

immediately oxidizing the blade material to form a uniform oxide 15 layer MCSLLP
on the blade material; b. quenching the blade material, after the oxidizing

step, to initiate martensitic transformatign_to harden the blade material;

and c. forming the hardened blade material into a razor blade, the oxide

layer prpyiding e eaanBladritBApeia §H{F§H§rg2tﬂe2aﬁﬂféﬁf‘€&*ifi8ﬁions

of claim 1 wherein the oxidizing step is conducted at a temperature o
fainabsrustoiBBoee 58 tha dhe birdamerteraahisisebssantia sipraqe-Stespwhen
aflowearing.the jempgtature 25 includes reducing the temperature of the
blade material to less than about 800 C at the conclusion of

austenization. 4. The method of claim 3 wherein the austenizing step and

the oxigizing.sieR srelsandystedinsapasaie charmhars (eaambigbnditions
conditions of which can be independently 30 controlled. MCSLLP 13

sndenavHiehrba ofidizing stiireFtBMSitsing controlling the ambient
conditions during the austenizing step so that the blade material is

substantially oxide-free when _the oxidizing step begins. 5 6. The method
&f claim he RO S gHRIRGESHRB nh?gﬂm%ralrhmmgﬁa&?&%@rawé@?g a

ViR PG e RIRGISIRY dsiRemermeg i pdre methad olwelaineifadirRr6ifinore
the controlling step includes providing a chamber within which the

gaerin e eletse dorne theamddiioasieng one or more 10 gases to the
chamber during the oxidizing step. 8. The method of claim 7 wherein the

as introduced to the chamber comprises
g. he method of claim 7 Wherelrr? Fghe gas introduced to the chamber comprises

hydrogen.

9. The method of claim 7 wherein the gases introduced to the chamber include a

mixture of hydrogen with an oxidizing gas.

10. The method of claim 9 wherein the oxidizing gas is selected from the group

consisting of oxygen, nitrogen oxide, nitrogen dioxide, ozone, and water vapor.

11.  The method of claim 9 wherein the oxidizing gas is mixed with an inert carrier
gas.
12. The method of claim 11 further comprising selecting or adjusting the oxidizing

gas concentration to target and control a specific color of the oxide layer.

13. The method of claim 12 wherein the oxidizing gas composition is adjusted by
varying the flow rate of the oxidizing gas, in a steady stream of the inert carrier gas, to

the chamber where the oxidizing step occurs.

14.  The method of claim 13 wherein the oxidizing gas is dry air and the carrier gas

is dry nitrogen.
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hydrogen. 15 9. The method of claim 7 wherein the gases introduced to

the chamber include a mixture of hydrogen with an oxidizing gas. 10. The MCSLLP
method of claim 9 wherein the oxidizing gas is selected from the group
consisting of oxygen, nitrogen oxide, nitrogen dioxide, ozone, and water
vapor. 20 11. The method of claim 9 wigrein the oxidizing gas is mixed

with an inert carrier gas. 12. The method of claim 11 further comprising
selecting or adjusting the oxidizing 25 gas concentration to target and

control a specific color of the oxide layer. 13. The method of claim 12
Whereihmetkion v g'gis Eohesdnids Sanaaeripchulsisbamerisgthaiblade
RhE.OxdiFR0.03%:i} dBleady stream of the inert carrier gas, to the
chamber where the oxidizing step occurs. 30 14. The method of claim 13
wherein the oxidizing gas is dry air and the carrier gas is dry nitrogen.

MCSLIRe éidRl dhadnethoehahelaismbyiareipshenomengisten ineluaesg

sharpening the blade material to form a cutting edge. 5 16. The method of

WasoreshriRdhe ShAp G mGTERIBIRTS AldBa R utting edge to
enhance the shaving performance of the cutting edge. 17. The method of
claim 16 wherein the coating is selected from the group consisting of

Ehromills Bistarthifs istefardsirpitin coattarintg eitd o dhassng 10
ERRINGS: siamenduike saatings it i iHiossne a0AEAEN S XS A8 tiamond
telomers, 18. The method of claim 1 wherein the forming step comprises

Prian irm i nrantings (HEh L fes s BRidrS U Winand it mers:

portions having substantially the same length as the razor blade.

18.  The method of claim 1 wherein the forming step comprises breaking the blade

material, which has been previously slitted into portions having substantially the same

length as the razor blade.



