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WO 2007/110848PCT/IB2007/051131 RAZOR BLADES AND RAZORS
TMRCHNICKES FIELD This invention relates to razor blades.  PCT/IB2007/051131
BACKGROUND in shaving, it is desirable to achieve a close shave,

while also providing good shaving comfort. Factors that affect shaving
performance include the frictional resistance between the blade edge and

the skin, the cutter force applied by the blade to the hair. It is common
for razor blades u%gfgsz{?gv' | ok LN‘ A‘Z r coating on
the blade edge, which can re uceﬁ'g% frg%namggtance etween the

blade edge and the skin 10and thereby reduce the cutter force of the
blade, greatly improving shavi?ig(agm%;'é]sg&ﬁlcgatings are described, for
example, in U.S. Patent No. 5,263,256 to Trankiem, the entire disclosure
of whidhiry imterpstaisdbiarefdrédee herein. The polymer coating also
helps the blade glide smoothly along the surface of the skin, potentially

managing the skin bulge as the ﬁ?.&kgﬁﬂlg long the user's skin.
15SUMMARY One method of improving the closeness of a shave is

to iniorezsenth ét endageblent ticheof adazosivladewvith Ashairp ddhgherebyhaving

: N . ' aut of the follicle. Th
o180 S0 e O LI B B DI T 8
bladagileg merdwsdenfribecntitt éaistamplicshiyiferblidedactitéwniorees. Cutter

forcg; ig %ﬁﬁﬁb&(%@h@%@d\é@%‘&%?%‘? Eﬂgﬁ%g\f@iﬁﬁmmﬁ‘}m%ﬁw@aﬁng on

forces of the blade by measuring the force required by each blade to cut

theghlslsgriehodish cHhECitfeifordeisralder Hrage bstasrr hmidadsyedge and the skin
and&}ﬁ?’éﬂyi Rgithe tﬁﬂ@ﬁtfﬁ%k@fﬁ)?}?@@(ﬂ@l@,@ﬂﬁd? ﬁﬂlblwr?ig?mzwq% é@lﬁﬁgﬁcﬂuch
ade is run thro the wool felf cutter 5 time e force of each cut |
o OB & TR BTBBPHS tosrced SN 1o (T GG e e
distoseare25Whiehe sitag@ohasdryltiitechizdesciond e padyedladssngansb@elps the
esigned for increased time of e ement with hair, for example.b
B R S B R e AR e o e
razgy repuided clrter theroes andliimprove comfort, for example using a polymer
coating such as those described in U.S. Patent No. 5,263,256. This
combination of WO 2007/110848P§m7/051131 2 different blades
having differing frictional resistanc§ ) instances, provides a shave
havifgdmprhwvedf dlopenéss tivhillbsasistainindgsenfostincrease the engagement time of

a razor blade with a hair, and thereby improve the ability of the razor blade to pull hair out of the
follicle. This can be accomplished by modifying the surface of the blade to provide a blade
having increased frictional resistance and increased cutter forces. Cutter force is measured by
the wool felt cutter test, which measures the cutter forces of the blade by measuring the force
required by each blade to cut through wool felt. The cutter force of each blade is determined by
measuring the force required by each blade to cut through wool felt. Each blade is run through
the wool felt cutter 5 times and the force of each cut is measured on a recorder. The lowest of 5
cuts is defined as the cutter force.

Where a razor has multiple blades, one or more blades can be designed for increased
time of engagement with hair, for example by having a higher frictional resistance, while other
blades can be designed to reduce cutter forces and improve comfort, for example using a

polymer coating such as those described in U.S. Patent No. 5,263,256. This combination of
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In general, in some aspects, the invention features a razor including a
Sdenprardblade unit that includes a guard, a cap, and at le =t TIBR007/051131
blades with parallel sharpened edges located 5between the guard and

cap. A first blade defining a blade edge is positioned nearer the guard and

a second blade defining a blade edge is positioned nearer the cap. In
one such aspect, the first blade has a ctiter force greater than the cutter

differce whdbersenand tibage. frictidipROINERGUCH 35PEGhsHR88GR0MAGhave
oS coated W(!lthla reater amount Qf&go%{]?er composition than the first
THIEEPOVIR A0 L%} iar ee%}?lﬂ’%l?' St %econd blades comprise a
polyimeergoatingsame tapepolythremeeatiingfeaites firatblactehigiless safety razor blade
{ubrici polyme ti second blade. Some
o o e A oge s ocated

bethridehroiay RadeaR cOtfdstoledeiefinise atdidaosdapss praisivrednyaret the guard
and@agtaRPLkL .21 BreRiandan e tes{orse L the sggond blade. For

example, the first blade may have a cutter force from about 0.1 Ibs. to

abollt 196 188" feetierNp U RAIBAP ABbUCHIE TS S8 Grehierhihgpfigidorce of the
secsad¢onddlade. The cutter force of the first blade may be between about

1.2 bs an e%.q%g sa.STQCe lades m l%e coated with a polymer £ avol

compSaRion. &G SRSk oI oAb oA KU B A SR A AFICHEFE AIGISHEL 2 polymer
corFheselconddfastebindg be coated with a greater amount of polymer

composionthapdhedisibiade. e Ak dleds AN e 3Ra000 BiRde At

be coated with different polymer compositions, For example, the po ﬁmer
polyBipiestieh ok ngstdadetsirsg dubizsidve feasstheridione tramingen the second
bla@Qlymer composition coating the second blade. In some cases, the first

blade may be substantially free of polymer coating. The invention also

featt PERHRRIFGRR BEiBRHIY 4226 Phlaeks. of therolleingm fatuse ifbertigrblade

mafeigduasamathod incuding aisposingaaelyaer £0aiNaRN AT HIaES, than the

nd exposing the coated razor blade to plasma, laser, or electric current,
A e L T -
0. limsemidvvaﬂéd)fkka}t@estm@uﬁdsdﬂ& riaking razors hagiatide a sedetyond blade.
Th{]%%laglbila%g HQIIEII%?@]BE}?;&(? %g%g{vge%l%%gﬁtapg tslgr?cf tltév ]%sb la[%ee%lades may be

aving parallel sharpene es located between the guard and cap, a
cogpdttaderabfirn goanbhitiéon oy e. nepe b therqpadronandhaas @otyidirafl@roethylene.

Th@%&&%ﬂ&%ﬁ%@%%%ﬁ’ %%Ja?’é&ter amount of polymer composition than the first

blade. The first blade and the second blade may be coated with different polymer compositions.
For example, the polymer composition coating the first blade may be less Iubricious than the
polymer composition coating the second blade. In some cases, the first blade may be
substantially free of polymer coating.

The invention also features methods of treating a razor blade.

For example, the invention features a method including disposing a polymer coating on a
razor blade, and exposing the coated razor blade to plasma, laser, or electric current, thereby
modifying at least a portion of the polymer coating.

The invention also features methods of making razors that include a safety razor blade
unit comprising a guard, a cap, and at least two blades having parallel sharpened edges located

between the guard and cap, a first blade defining a blade edge nearer the guard and a second
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blade defining a blade edge nearer the cap. One such method includes
WeAMG tH84first or second blade to provide the second blade itHIB2AWA@F1131
cutter force than the first blade, The invention further features methods of
shaving. One such method includes (a) providing a safety razor blade unit
comprising a guard, a cap, and at least two blades with 5parallel

sharpened edges located between the guard and cap, a first blade

blaﬁiﬁeﬁéﬂﬂﬂmg blage: edge mearenhth@guand andh ansacensidirde wabing@first or
%CL e near Hle ca(P rg which the first blade has a cutter force
secon nd

grea ethaﬁrfhe CUHEPF57E8 QPSR DI BISHLL fa7ss thid S Br Blidse
is cated weithoa @:shtzerfamwnhelhadp@iﬁ/shevmgm@@smm thahdthenbirsdes (a)

prodl eﬁgam&f}a%pﬁﬁguggmm Pdﬂa &g% iad 1%9&8 Nh

other aspects the invention fea ures ra OI‘S |nclu e un| S
paralal shpegrsdedes 1004W%bﬁﬁ‘é%th¢1§é§dth@dr9%r% @résbkﬂdeddfmma blade edge

neapépbﬂéiglﬁﬁ%‘dea@é&dﬂg ImRLed rlosenaRstRlative Lo tﬁec%trﬁll 134 the first blade
a similar razor in which all of the blades have substantlal?g{éthe same

hasfﬁEHBﬁlaﬁoféglg‘E%E%th?PstBﬁfél‘iﬁétf&Fﬁ?ééf HeSPAOBADS A tersiprnd blade is

coaidWilR greater shavwndeHisieneyrralatpeit e SO ¢l EaBRIdNGIE aSIREntacting a

the umbe f ha 15cut %?r(%mlt stroke. The details of one or more
skm su fs t razor e unif
ments 0 Invention are Set forth in the accompanying drawings

andlmkctesepqatiartﬁmemn@m&ateawmand@amﬁAaguag b0 thetdnventiond herein.

will ¢/l rawm from the claims
S B,
clogfiegsraitiadiapictin et (e B a&f&ﬁn@qméwwﬁm@w fbtligiedes have

subkiagaidy 38-irfle BiSRAC EGRIGIERZRrSRAVIRGMUWLRIR PladeWhese ONBein

or more blades have relatlveé higher cutter forces than another blade
ProxileigEid THaHog£IBr9nRs TR UERILNS SeREMAROBABCEIBERs T PrRhenof hairs
cut@@@@&ﬁgtﬁﬁEIGs 7a and 7b depict modification of a portion of a blade

us FIG. 8 depicts an ato fqrce microscope (AFM

mad RIS BhiNs AT BEEAB0L o6 VEIEABFE8 EyRBis i the accompe-
nyivgdowsgrawihgeiddiceteilikddtementsr Bires and advantages of the invention will

be gp%gy%tlgglﬁ'%ﬁe de/s]é%;znp Q 7/3(1)1%1d]fawmgs and from the claims,

DESCRIPTION OF DRAWINGS

FIGs. la-c represent a schematic diagram depicting the cutting of a hair extended from a
hair follicle.

FIGs. 2, 3a-b, 4, and 5a-c depict razors having multiple blades where one or more blades
have relatively higher cutter forces than another blade positioned in the razor.

FIG. 6 depicts a schematic of a plasma formation process.

FIGs. 7a and 7b depict modification of a portion of a blade using plasma.

FIG. 8 depicts an atomic force microscope (AFM) image of a blade tip etched with
plasma.

Like reference symbols in the various drawings indicate like elements.
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4 DETAILED DESCRIPTION Pulling a hair prior to cutting it with a
POFPEAHMSUIt in a close shave of that hair. In the case of a B{UAtIBROGE051131
razor a first blade can be used to pull the hair away from the follicle and

cut the hair to a first length while a second blade, positioned behind the

first blade, can cut the 5hair to a second, shorter length. Referring to Fig.

1, a hair is pulled in both an upward and forward direction by a first blade.

While the hair is in this poIiom ILED DESEGIIPTEONSt blade to a first
length,..The hair will retreat. into the follicle relatively slowly, and thus while .

the b B s oo Hor VL TS e SeRbH Siddo by debher. o
thetpaschali mtmdtﬁémmzsh@rﬁiestlblmgma_w ponsel axatidnhtHeicuthaifeettias follicle and
cut?ﬁé%img aSHfg@%g&t%l%(Hqugoql@Mg@e, %gggﬁgd%}%ﬁle\{%l %pedf&%g}g&)eth can cut the

eel to the user's skin, Razors having Blades with Varied Frictiona

haiRiegistsnee, shorRidfaigthg ks freigng ta ki dr eankidyaulieduiadseth guaryad, and
for@ ARkt BAGINGRasRAL Aant 1R dheifirsthlade b NasNigRe el e first

forces than the second blade 16, and is positioned between the guard and
blagisdsp E5tdBbe TRRASIWHEATHETHYB S fRltisls, ralachidy slaedy1angipus while the
hail bepsitactdaedaaifrbefaie ihasecbacbladekbe Asathe tdirstaladeik4o a second,

sses the user's skin; it epga a hair, pulling it and therepy extending .
s e S e R R b R b Plovide
cloBefirectislhaimbath fetiaotéat fuly’ bskih.i_nto its origina_l posi_tion, the
secand hlogie 1o paseslievisloraiinlaue g har again; to @ shorter
length. Subsequent to cutting, the to the hair follicle
beloRefpiaing ialtd of theaswisatodee Q@édd@ém&fdﬂ@mm ﬂ@(tdﬁddﬁhéﬂades 14
andiBeresthedesmddiratipladenectersiohlagehaving Selatival/ 1BIGRENs positioned

cutter forces, which correspond to a higher frictional resistance than the .
betpiiefe e IELRS ScRe ettt I dbes keIt rtRerdsin wecBiidibiablade 14 will

cor@fenadaarhlede: ayegoelalively Hwer wytteferees: mhich couesaonkle it
a Iowe{lfrictiolnal resiséa ce that the blade referred to as the first blade.
1ng 1t an § BII%SOL?

NGER RN 0 BIgUAES B0 CESHOEE G BB P sl o AReinpit tRbligle. and cutting
thequard) afoapleagdt.nRitiple thiddeshithreesdedriutiy fhreiblades resgaativeldifon, the

I ' e afirst hlade .14 hayi igher cutter forces than a second
B L TR
cutgapichedatr Fitjlackagh amitiBbhaihietbcihdeloro theasitfaeerbibhddsinthe first

b|aO_'Ss%&ﬁ&%tﬂ?%%ﬂ%%ht%&%ﬂ}é@%@&mi“ffg?tﬁ!i{%@’i R&krs to a blade
position) (Fl%li 3a), or it can be 30positioned after the principal position,
K

hayieerelatecthiptebiaqaies e srsenehithaparprasition (Esgeniytimel tistance than the

blablade-gan Ravarrnydeditgedeutierdeice tnicallyosdthin R &16rd 18 PEUBE having
range. WO 2007/110848PCT/1B2007/051131
relativ orces, whic

y lower cutter correspond to a lower frictional resistance that the blade
referred to as the first blade.

Referring to Figures 3a-b, 4, and Sa-c, other razors can include a guard, a cap, and
multiple blades (three, four, or five blades respectively). In each instance a first blade 14 having
higher cutter forces than a second blade 16 is positioned between a guard 10 and the second
blade 16. As depicted in Figures 3a and 3b, where the razor has three blades, the first blade 14
can be the blade closest to the guard (i.e., in the principal position) (Fig. 3a), or it can be
positioned after the principal position, where the third blade 18 is in the principal position (Fig.

3b). The third blade can have any desired cutter force, typically within a 0.8 to 1.5 pound range.
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5 Although Figs. 3a and 3b both depict razors where the first and

e afd/blagi8s 14 and 16 are positioned adjacent each other, RstiigB2007/051131
instances are envisioned where the first and second blade 14 and 16 are

not positioned adjacent to each other. For example, in some instances

(not shown) the first blade 14 is positioned nearest the guard 10 with the
third blade 18 positioned Sbetween the first and second blade 14 and 16.

In gm&mignmgpwu@ﬂiMﬁmr&ﬁmﬂlml&@m fgednceptakie ewdask 14 and 16
that. the st blade 14 is ggsmglned closer to the guard than the second

e aEoTE /3%13&85 it efﬁ&%%?ﬁﬁemﬁa%eﬁowﬂ@&&ﬁﬁfgw& second

bladepittad ]rém@rﬂwmmdﬁdﬂesnlmw&mmghermmweaﬁm&emmdm/v@stames (not

sh%?ﬁ%%@spgi\ﬁ@eglL?W% § ltlggF a?éSt-lc_ \© ﬁ%:ll'agéjl%dv% tglgcpgfag ositioned
lades

forces 14 are pOSItIO to alternate wit avmg ower CU
betipper shediTHadiaes! hiadnd4hachi§hdn (&qnemfm@mcw@mqgoﬁﬁmmlﬁple blades

is &lQse1othe: auaid (ke riRevaincinal pesitionandin E@%@‘é‘lﬁ%‘&@@xe second

from the guard. The blades having lower cutter forces 16 are positioned in
blagtel8econd and fourth positions from the guard. Figs. 5a-5c all depict

razoss, @@memlgawlﬂgsfﬂm)blﬁeleﬁcum&rf@ﬁemaa@srs FiBe Pesiiian alagbr having
e rst d bIade 14 and 16 | rle . ba, the first blade
e AR

iSTh eW btrlncgl”p 885? onr Caeﬁ&f%ﬁé ol foroes. The
blagesitiom Hrghmrthetgmdemﬁhegmm@sm anhunkes ﬂqmehadﬂhtiemahhl@esvm cutter
f g t eb es will e cutter.forces less.t
of p%u%osﬁgedgb%a%llr? tf¥§¢r?a ge 0 %n t%)%?l1 fﬁé%ersi(? 4 alfegp q%t 836$ cfloseSt %atﬂe guard (i.e.,
theeheipiphd psitiemanthindwe Hiifeppeit oiden thignotinthe lplmdnn paving lower cutter

foréQPRSIER YHLHRAIEARIS IBANERRBRHPASIRR SO the gHard 10. The

second blade 16 is positioned directly behind the first blade, in the third
posititsh: Dikes RISk P52 GReNgBRIcKINES Brdlades, 30 hsnel Rporwighe position

of e Hepitts adezobhaving twe fisst blades IRAGIVASAED %@@ﬂﬁfs %@ehe principal
hlade_ 18.in the position nearest the ¢

The raz r also in
POYH AN A SS H%Hfjﬁrsfgllﬁdle e B pREF RS e the atah d bt § € b?or also
inciréatdrrtieard thengbbtulterl fo e afdhe. s@gpndiylaiesd blganeral] thescuitier forces
fth f|r ) deis b twee utOlan 10Ibs (e.g., at least
lesgaolgkou 0.2 QAS an%laa c%mos BPoLt 1. 0,0.9,0.8,0.7 and 0.6
Ibs. )I@geébeiem@m Qh@mﬁlme @eﬁ:mrblawelﬁﬁéfeﬁawy |adtee 1fr st toda dethapracipal

pom%egﬁyﬁe{egfarﬁqrp{h@*aew gdgﬁoﬂfﬁﬁﬁﬂ&g@ﬁéwofiﬁé%@&lﬁlﬁ{%di%qs

a blade having higher cutter forces can be accomplished in a variety of

PoshgRestiAcSE RS A cEs, Hadudsthspiitbnoriite hifitstisiade haviagr also

incraaglifigghpoheey, @@@mg FrasexRmpiea &Ia,@obm%q@%lﬁ%w Gﬁa@eﬁiﬂeﬂd two second
coaiagﬁat is mOdIerd r exa@é{ole usm plasma etching

blaggs S CHsades] %?fg efr}ét?Bﬁ 6%%@??\{‘?%&&%8%8& blade to

plasmaome instances, the first blade has a cutter force at least about 0.1 Ibs greater than the
cutter force of the second blade. In general, the cutter force of the first blade is between about
0.1 and 1.0 Ibs. (e.g., at least about 0.2, 0.3, 0.4, or 0.5 Ibs. and at most about 1.0, 0.9, 0.8, 0.7
and 0.6 1bs.) greater than that of the second blade. Preferably, the first blade has a higher cutter
force of about 0.2 1bs, relative to the second blade.

Providing a blade having higher cutter forces can be accomplished in a variety of ways.

In some instances, it is desirable to provide a first blade having a modified polymer coating. For
example, the blade may include a Teflon coating that is modified, for example using plasma

etching, to incrementally increase its surface friction. Exposure of the coated blade to plasma
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WO 2007/110848PCT/IB2007/051131 6 under suitable conditions can

M3 EdtPEhemical and physical changes to occur on the pohiTi@B2007/051131

coating. The changes can affect a variety of properties of the coating,

including but not limited to roughness, wettability, cross-linking, and

molecular weight, each of which can affect the cutter force of the blade,

Suitable methods of modifying the polyrfer coating are described in
unddrSifid¥lel BBBRoIR Cadiled dMach 2220l Ganshentitech RazorBlae@santk polymer
codn@zons; the complete disclosure of which is her. t@é incar orat?ddhergin by _—
reterence. - S1h some Instances, A PIage tan be useH fifati§ uding but ndt limite
to B rantialistiled of pobyriiekiogating ptetavelvew @ ghiadecvithebi @dnyan affect the
cthQ%R%ro@%'Qﬂ&@%@&%@ﬂl@tﬂd&%?%Hgak?ig%ﬁ{ggﬁ?%me?%mgt%t' grgrcies ribed in

example, it rggé/ pull the hair too aggressively. 10Polymer Coating a B ade

ti

U-ebhods387 dadiifity fdYerbiade2Bap eadmns issiRrrordtiadse nacaRaaaowire ippmplete

disthesal andree Wisslaseticiopsxampigein b Sc&atent No. 5,263,256 to
Trankiem. A pol%éluorﬁ?éboncg(ated blade e%%;) can be prepared by any
procBSSREOWK e BrRIE e A MBI dssiiuE aiY &6 BERDRRS Shrfng.

Hoavpalyfilidnde arbiosu disperdipne 1&kxample seotip olydtuoiocarhgpsiéoasddan comfort,

P110Q, MP120 P1600, and LW] 200 brand polytetrafluoroethylene

ng%ﬁ’l[ %es r%/lénr%afglé 1u¥éed& 135 8ﬁ%%t?ss;vepbolyﬂuorocarbon dispersions
gen&caiimancloalénfradilades to 5% (wt) polyfluorocarbon, preferably from
_0'7 Mé‘m%%f% Q‘f"&aﬂiﬁg ?5%&%5@0% Q&%%? @ﬂﬂ@@i@ﬁﬁ%&'&%ﬁlﬁ% rn%%\r/]nqg the art and
introduced into a flow stream or mixed directly into an agitated reservoir

areghiRelpied HoimdteRicdd. LoV ihjeciedpihid Glie Tiwkitreatpel dlatitocarbon-

codiRix8ldewdIs taaeisopnstally 4#56stoddie disRarsingemedim %ﬂ?g@!%e blade edge
includes one or more of a fluorocarbon (e.g. Freon brand from DuPont),

can e ated Sistir ROt HHRI W3R BB dHE 8 1§ isopropy! alcohol), and/or
su pémriﬂglals Ggﬁlﬁmmfpemm@}am&%mdme' , mm,qu@@ﬁd@ﬂ W 1200 brand
any suitat anner or ex e, ipping or spraying the
P Ol&%@r&%ﬁ %hmg: & %\@S ésénd%m?{nﬁle?ég e)éﬂ*iez%hon is used, an
elechidstti fielt anditperempl gyed it comjudetiomviitbsteske butizes iflluorocarbon,
e icje sition. .The ing is generall
B aplcaton o5 e T R Pl
intiadprsd HEAHON HIRAEGT sl sperindninaniazi@t disser this @8hdien homogenized.
whéluajeaathen antadhesblagde edaecAlicrrativabydhe Rladecan he.goated

usin% chemical vapor deposition, laser, or sputtering depaosition.
he dispersing medium generally includes one or more of a fluorocarbon (e.g. Freon

brand from DuPont), water, a volatile organic compound (e.g. isopropyl alcohol), and/or
supercritical COx.

The dispersion can be applied to the cutting edge in any suitable manner, as for example,
by dipping or spraying the dispersion onto the blade edge. Where nebulization is used, an
electrostatic field can be employed in conjunction with the nebulizer in order to increase the
efficiency of deposition. The coating is generally heated upon application to provide improved
adhesion.

The coated blade is then heated to drive off the dispersing media and sinter the
polyfluorocarbon onto the blade edge. Alternatively, the blade can be coated using chemical

vapor deposition, laser, or sputtering deposition.
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WO 2007/110848PCT/1B2007/05 131 7 Modifying the Blade Coating Low
P8/ 1R8N and hard to wet materials, such as Teflon, carPb@&/1B2007/051131
modified, for example, using plasmas to incrementally increase surface
friction, Examples of plasmas include, for example radiofrequency (RE)
plasma or direct current (DC) plasma. Exposure of 5the coated blade to
plasma under suitable conditions can cduse both chemical and physical

chaw@mﬁammm@@alygner coating. The changes can affect a

rougroe Rt RS, HREHIe PTGt SAAROPimHERe. o

exgpplqfiecithescuitan fowes oftilie hladesesnrREcflasina deposiiionsysienns

t t Qe d for carryin
1nc(;llﬁ(% ’[E(glmodl |cat|08r?1Cl g{r%%@@@ \?\;\3 F %i?e%goggpn%iﬂ%en%%%%kal fed in }[%‘F&ure of
theggeaigthidpdo midiatioaamgrisiviipsterdiioan catséa@@eémw@lp@dwah@d physical
chaﬁpg@ml@l@céb{ﬁ%%é?dﬂ%{&é@%%ﬁ@g%ﬁﬂg%z c?% ;%Ltles (e.g.,

steel, and includes a powered electro e 34 and a ground electrode
PO%@%H%%W@I@ %Eﬁ?ﬁmﬁﬁt@%ﬁ% oyeherss: é\ré%ﬁiaatey F4qes-linking, and

mapsefrrablysoartigh iednith Gﬁnﬁﬂé‘dmﬁbt@xﬁffﬁﬁﬁc@@%ﬁt% gadk538 such that
the ga mtroduced into the cha ber thr tubes.in the
pow%rzlé ST B el |0C}1q§ at S éﬁa r‘\‘ﬂ&fffg%l n E 1G. 6 can be
empkaf@kd@!yﬁﬂwwmdrehea@iﬁumpnwﬂe a%ewﬂd)habéyc%qmﬂflgw}mfsgalsmed in
thepa?{ H@l‘&%&ﬂ/&(t gga}lggﬁén %%e n a(fg)or%lg gn¥ t]ﬁ)é/eg h%eé hea etyyt%fesfn 30

should be spaced su concentratlon gas |nject
incihges ApWrLEBaR R VElaiva) wiRRdarnathel rugnlséechra b prdidgsof phwered electrode

34%%&%a@&%um%ﬂef&%@wf@gor@ﬁﬁyﬁnﬁlectrode gap spacing,

temperature, and other process parameters, as will be recognized by

thosE MBS (HECSiT9C 34 YRR FEte e PtFEaaP 3/ srakaclisty ioraFagas source

38 tp@nablensantrabat Ihﬁ‘cﬂi@x‘dé@ﬁxﬁa&ﬂ@&uﬁ'ﬁéh% powesashalacodlenintedhcd
trO(Egber The pawered electrod so connect%fd electrically to a radio

e TR & S ABET RO PRV CSP ﬁ’ilé?té(iﬂta%’i Patver B aPod fapead tubes
pra¥&predecimgid ptasaidlofthegegegas tinrthe Champesn: cleclihéeg rﬂdfftﬁ‘émgly, the

Sh&l/%f:’ E{QQF t\%?eéss}ggtﬂﬁ%%tgg ? tm:%%h)c{tt Q c%roun 46 0 é p?‘(;/%%g érgected out of the

chamber system Prefera e groun ede eC'[I’O(%ion
shaygfdeadis fd@@Mféiﬁdﬁ@i’lﬁ@l’@ sﬁb@ﬂ?&t@@l’ othepstingtirde Tiegiodsdedent upon the

spRietFRA AN ILS RYRPLY, Q{%@Qhﬁ%‘?@?&@é’eﬂ I%r%ters as will be

cooling system |nclud|ng e g. a c olant loop 50 connected to cooling
recegnE By B ékt‘é‘ﬁ?p’é’rgtﬁf‘ét ontroller 52, enabling a user to set and

maintain.a deske-eIReWde preferably provided to enable control of the flow of gas

through the powered electrode into the chamber. The powered electrode is also connected
electrically to a radio frequency (RF) power source 44, or other suitable power source, for
producing a plasma of the feed gas in the chamber.

The grounded electrode 36 is connected electrically to a ground 46 of the vacuum
chamber system. Preferably, the grounded electrode 36 provides a surface 48 for supporting a
substrate or other structure. The grounded electrode and its support surface are preferably
cooled by way of a cooling system including, e.g., a coolant loop 50 connected to cooling coils
51 and a temperature controller 52, enabling a user to set and maintain a desired electrode

temperature by way of, e.g., water cooling.
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temperature by way of, e.g., water cooling. WO 2007/T1
VOAWPEWB4%32007/0511318 A pump 54 is provided for BGadBatiigs1131
the chamber to a desired pressure; the pressure of the chamber is
monitored by way of, e.g., a pressure gauge 56. Also preferably provided
is an analysis port 76 for enabling a user to monitor progress of the
process. Suitable gasses to provide plﬁsma include, for example, oxygen,
argonpwitroyen, ppod d& dvar sty oftfligarecarhabs: Marndngdhergeeraftgagressure of
the asma power, the gas pressure and the try of the blades can

the c rE{y (% zt% (? X ab

eél%teoelegncy Kind of mvafication t “bladé %)grO y?haer CBI%VIded 15 an

ana&@@m@h@jonqsqb@sglblesm tprmmi@bjadgstsawﬁ nigeprexege of different
frictiopab RIORGENES H&viHNeLIQs ‘ﬁ@ﬁ?d? lRsma, {Qd ioSglf'g 20090 19, gen, and a

bombardmeént plasma, e.g., RE or DC piasma, can ctively remo

var w;%ﬂwaﬁ?ék%%pMab&t%élﬁﬁsﬁm@BFa&@ ma@amw st arpiade f§1d the
geo‘ﬁ%ﬁ?@ﬂ%@‘b@a@éﬂ)@ﬁ?ﬁf@& lagleyr & Peitignohieriads, ©ahdi8ade or polymer

exposed to a plasma (e.g,, argon, oxygen, or a mixture thereqf) that will
Coaaﬂ%sréaﬁ%%yawa§%obﬂa?lfow BEIMAF PR ganear I derdema!

propéthe flasmadefgreeenctivity of the elements) can be varied dependmg on

the desired_ result of th posure ot asma. For e I here the
polygnfer IS Belng Hﬂ):% %}“ B nyélcaﬁ y rrnngrié&f%} Sm%(ﬁ)%ﬁ)grégdpmﬁl)g r%so 2 can
sel@tgely and oxygenisy émaaityg@tedemedlpe}@thalﬂamo Ariztudtanglfy, where a blade is

coa?JcQRﬂé%){»%e fhed RERRET dPg ;%){S%fcc‘i{@tﬁ% *L%J%%t%!&ﬁh?eﬂ%‘l\rﬁ%ﬁg (e.g.,

will be r suitable gases include neon and nitrogen
AU s RINEEE; PefetnGU® Bfely haintly BhpsEr iyt 8w apfipeinads Batigolymer. In

gerRiehech with RlasmaBthSalgatively elchingignly arodiame) the Qm%&pdependmg

can_be accomplished in a 20variety of ways. For example, using a mask

on 85 H5°¢60aF F HAFIHR TRPRS b B8 AR L6 Eistifec (SEdNkigoayr &t being
etcidacinghadas Bﬁydﬁlfj?hﬁesibﬁﬁﬁﬁhﬂi thie falasinar GSnwith @cgg&meyahéhﬁty preferred

fav osure of a onl ortl fthe lade, for example the ti
(e %he%@gf%é e Iz—lréo bg %en es s eecrtltvg SRR g}ee %?’%8‘ tLe ctching
ratgpwitide. obthe blacbld gdsstantes wherend cdatednblade is exposed to
plaga, e Riasma ca,gichaway e, &5%“5%% ‘éQ%S§4° & poly n%%ris etched

providing portions of the blade (e7g., the blade tip) that'are substantial

with gl ghpfymelcebstingiaiagealve l@ﬁl’ﬁﬁ@rﬂéﬁmﬁlééﬁaﬁ%d@ ét?@ﬁY@Pﬂll)ﬁfeﬁd ina
val tigryafthedhickness, qfszhg Pebies 19 thinos shangeMeerur e dfithes not
e,

olymer coatin é For example, the polymer coated blade can be exposed

mOfomé%ﬁa Fi8d & bR G iR ad dheosimm i R iea §s té&’ﬁﬁfémmetfy that

faveibietpandREEeass mﬁtmﬂ@frtf@r@@aeomh exlalag&, tR0:h gesrarRlbRde 88 (See Fig.
sical modlflcatlon ofac e can lished by exposing

T A AT A RS R HE ARGl Shott 10 e

(e.gln hetwees abegtacantddbmdautesppsefaraplysalaotitc hnimiates) echeway the
entgg‘%ﬁ%f{rt%ég SERE @l¥£&%?&9c§t@§ H&rgioa}ﬁdof the blade (e.g., the blade tip) that are
substantially free of polymer coating. Alternatively, the plasma can instead etch only a portion
of the thickness of the polymer to thin or change the texture of the polymer coating. For
example, the polymer coated blade can be exposed to plasma under conditions to provide a
coating having a rough texture, which can increase the cutter forces of the blade.

In general, a physical modification of a coated blade can be accomplished by exposing
the coated blade to plasma for between 5 seconds and about 10 minutes (e.g., between about 1

and 8 minutes, preferably about 5 minutes). The pressure is generally between about 1 and
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WO 2007/110818PCT/1B2007/051131 9 about 100 mtorr (e.g., between
avoaearowaed about 75 mtorr, preferably between about 20 anelcabmadet®s1131
mtorr). In general, the plasma is supplied at an energy between about 1

and about 100 Watts (e.g., between about 5 and about 80 Watts, between
about 10 and about 50 Watts, or about 20 Watts). 5An example of a blade

tip etched with plasma is depicted in Fig 8. The blade was coated with

abddP1 3600 oY RebandaxpreddaRlasma of 9R%eAHAABI0BIRN R about 20 and

mlntétes at 2QW and anE)ressure between 20 and 40 mtorr. Upon exposure,

B GBI of S BRI %ﬁ%f%ﬁ%l%%%é%ﬁgﬁbbﬁfwa%l and about 100

Waertion, dkthechl ablessthstastiiallyg & of pelyaer geating. Mtilein S0metts, or about
|%t[%r}ces a coated blade can be exposed to plasma to remove, thin, or
10roughen the polymer coating, in other instances the coated blade can

be espesethpts plashadtotichushishiljtrpdifyaliredeplytebindGatifg TReblade was
coﬁé@mmh%f@ 56%/9%?'5@@ @(H&Q& Egﬁgsﬁheog% ;Q 15 %o(é tl’f’gr ?:%Lqremtes at 20W

the polymer coa can be exposed to a plasmat at WI uce't

aHWr@ﬁwﬁ ‘Fﬁ%"ﬁ SRR ol BRarAphewycralioeify thef degpelyofer was
redloINBSRNHRS 1 RONBEBS: ip fIridnfe POV BIRTe REb AN PIBSIF FARHRE coating.

useqﬁgﬂd exposure time can rangBe from a few 15seconds to 20 minutes.

In gehBYSISPERAMIRATTHB AR BIRGT thHR RoatRer tdae aHB LR TS, thin, or
roygievidedpal dnpresadrg,ah beterdenabesiht enge-abouiclOn Bét@ifao(@cg‘e(a @lasma to

Ieast bou 10,,15, 20, 25, 3Q, or 40 tu or ndatm ut 100, 9

%Icg d.gfg ?%p S, C%%rrslgA ﬁbﬁﬁ?{%e c %ﬁdﬁﬁ% ‘i%ienji‘& inciease the cuter

esm‘stlmﬂefm vhey depemdivrgion direbeatxpesef the ;ihsrrmd}rartomr](radim the lubricity

t i ral, t e bI

g U St i R S
PTEE polypisiit RE sebbnakesBe Buadirdsed. mid s opurstiote sab0angin fters, 21w
sedaiayte st utéhe plasma is generally provided at between about 1 and

about 100 Wf(gifa about 5, 10, 15, 20, 25, 30, 40, 45, 50, 60, 70, 80, 90,

or 10D BRI THTR BRliatan e Hrecaine Drdt thulsostibryryided ata
pregseater teancdd b ko zaﬂdﬂﬁhiiﬂﬂg(]jﬁﬂﬁﬁlt@@g jaEklisasbRp 1053 105 1S 25, 30, or

also preferred that 0 than the m t|n tem erature
408 % e pél?tmnéors{z%lélﬁwsgg g&é@’%’ﬁg Pretdrdgtbnd %,W’UOHS of
Plad@p@mdmgrcnatheagjasapsedmgpplmgxszeta:dehéidamngi mﬂglaiasma I, plasma
etcﬁ %I"B?at?rggﬁ%)%sq %QS ﬂ?&&? %?qh\é” laBgsl%r%%rxlpSoseé(cp % ﬁgsifgaafg %e{n ween about 5

ha eposﬂs a
seconds and about 30 minutes (e.g., about 15 seconds, 30 seconds, 1 minute, 2 minutes, 50

minutes, 10 minutes, etc.). The plasma is generally provided at between about 1 and about 100
W (e.g., about 5, 10, 15, 20, 25, 30, 40, 45, 50, 60, 70, 80, 90, or 100 W. Preferably, the base
vacuum (pressure prior to deposition) is greater than 10°° Torr, and during deposition is at least
107 Torr. It is also preferred that heating be limited to less than the melting temperature of the
polymer, typically less than 300°C. The preferred conditions will vary depending on the gas
used.,

Avpplying a Blade Coating using Plasma

In some instances a blade not coated with polymer is exposed to a plasma that deposits a
coating thereon. For example an uncoated blade having high cutter forces can be modified to
have lower cutter forces by using plasma to deposit a fluorine containing moiety (e.g., a CF,

species) directly onto the blade (e.g., onto a hard coating such as diamond like carbon). The use
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ey ean®e modified to have lower cutter forces by using plBE#EBH07/051131
deposit a fluorine containing moiety (e.g., a CF2 species) directly onto the
blade (e.g., onto a hard coating such as diamond like carbon). The use

WO 2007/110848PC17182007/051131 10 of plasma deposition, e.g., high
ion bombardment plasma, can provide Blades having different physical

of pl@ﬁﬂﬂ@ﬁomm%%@ﬁi@ﬂwm@@ﬁ&ﬁqﬁés@ag cad FdERAlHBEN haksiROdifferent
the methods described abov fera S inc udes
PR ORe P o i R O ST g v th methods
deyegistivblyvheated conductlng filament suspended over the structure

S“”%?Qf%é\ h%ﬁg%ogg%%l g'ﬂ%lﬁﬂ rl? ¥§!§u§ f@r%t f%?(? S Ehg the heat source
e abotkt

structure. THe heat source'temperature is prefe greater tha
prefgpbkyand wsml&tmeteh?fa@ewt%@mbrw@msﬂ&ﬁtww ﬁagﬁmmeé ml&xce ora

hedRAPRIAIUEAESS, %h@ryﬁpm&@%t Mihergdtis.desiranle }tlgal?%ﬁ@e%ﬂq)%ramle is

W|th higher cutter orces than a polymer coated blade, the blade can be
Pff—‘é%&ae%ar%ta e AHEINHG ThIAS T IBra R ShRERiARRIowRs ARy
ma@MﬁﬁfemCeser@afater&dMMnm@me while still hayingibighere lalttﬁ:!de with

f rces th mer oated blad The itjons of lasma
B e T e e, S B e e LR ontaining
plakstadéocamlme exposadtfolow gréatentlenfitvof thwévid & Inh]@hemaa{mumdﬁ while still

ha@&%f e, depgsifion is, gﬂrE% T%Tgaerggr d%ezpd%smon of a film having

es 15similar to E can be accomplished with the described
metﬁB&eﬁondltmrﬁmﬁﬂésr@ﬁ exmosdinTantsaeyf depcimdisativnthtivelpsed blade

préiRseabesh Neyaphel ﬁ@%id&%ﬂrpﬁe%%&é&o@gatE?éaYé}rlgH madificationSeher

may be made without departing from the spirit and scope of the |nvent|on

AMEBR ESIB? fhTiR! Headititatiend: ohtrgeméaéisn%iﬁ@rp SrivATmAS Bseproperties

sindl@satngd: otiver a@%dedm@gmﬁa&&mmm&&ﬁ{&imgawSloned In

some instance olymer co blade is sed to electrjc current to
T R o O SO the S e 1 Ch SR g 1 il be
ungoirmertbaatmyis exddsed tosanlagée arelestitboubeepartmgiemicadypanchnd scope

of Bhysically modify the blade surface.

For example, while modification of the blades using plasma has been described, other
blade modification methods are also envisioned. In some instances a polymer coated blade is
exposed to electric current to chemically and physically modify the blade surface. In some
instances the polymer coating is exposed to a laser or electron beam to chemically and
physically modify the blade surface.

In some instances a blade (e.g., a polymer coated blade) is subjected to additional
modifications, for example a blade can be exposed to a solvent to modify the amount or
thickness of polymer coating on the blade. The additional modification can occur, for example,
either before the blade is exposed to plasma, laser, or electric current, or after the blade is
exposed to plasma, laser, or electric current.

Accordingly, other embodiments are within the scope of the following claims.
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In some instances a blade (e.g., a polymer coated blade) is subjected to
additional 25modifications, for example a blade can be exposed to a
solvent to modify the amount or thickness of polymer coating on the blade.MCSLLP
The additional modification can occur, for example, either before the blade
is exposed to plasma, laser, or electric édrrent, or after the blade is
exposed to plasma, laser, or electric current. Accordingly, other
embodiments are within the scope ofth8Biowing claims. 11 CLAIMS
What is claimed is: 51.A razor comprising: a safety razor blade unit
comprising a guard, a cap, and at least two blades with parallel sharpened
oHbeisiisdatdgdistween the guard and cap, wherein the blades are coated
with different configurations of polymer coatings providing different
frictional resistances, the at least two blades including a first blade
definind a blade'é&fe" ABEI$18the guard and a second blade defining a

blade egdgeraieasestihegarnwRereh e AQYMer coalingcanfigirationries with
the first blade comprises at least a portion of the coating thereof bein

p
malkréé%rmeﬁéia%fb%ﬂ%é%?éﬁé#&%&%faﬁ@@W@Gﬁ%c\mﬂ&mﬁ@f#ﬁd% are
Rigdeihasiadifietionaloesistanea deipeutselesas flseastaRoul Bfd s frictional

greater than the frictional resistance hair cugter force of the second blade.

TesBineesadisrbiasinie WALreimthsmsrbisd & ras dehnins bl sdgrchearer

had GllehiargeRblepblabAeRiddushiaralesdhan-tenkiciphaheesistdn g lymer
hair cutter force of the secand blade. 203.The razor of claim | wherein the

e g R beBEE RIAds IomP st iR HBAMUMSHR: Bocriding

Fhadb ARisnyaaer thantbadrisianatiesistianaadiaifutier fasaenaf the first
second blade. . 4. The razor of claim 3 wherein the first blade has a
iedshas @g‘i%‘?{@é resistance hair cutter force at least about 0.1 lbs. greater than the

frictional resistance hair cutter force of the second blade.

2. The razor of claim 1 wherein the first blade has a frictional resistance
hair cutter force at least about 0.2 Ibs. greater than the frictional resistance hair cutter

force of the second blade.

3. The razor of claim 1 wherein the first blade has a frictional resistance
hair cutter force from about 0.1 Ibs. to about 1.0 Ibs. greater than the frictional

resistance hair cutter force of the second blade.

4. The razor of claim 3 wherein the first blade has a frictional resistance
hair cutter force from about 0.1 lbs. to about 0.5 Ibs. greater than the frictional

resistance hair cutter force of the second blade.

5. The razor of claim 4 wherein the first blade has a frictional resistance
hair cutter force from about 0.2 Ibs. to about 0.3 Ibs. greater than the frictional

resistance hair cutter force of the second blade.
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25hair cutter force from about 0.1 Ibs. to about 0.5 Ibs. greater than the

frictional resistance hair cutter force of the second blade. 5. The

razor of claim 4 wherein the first blade has a frictional resistance hair MCSLLP
cutter force from about 0.2 Ibs. to about 0.3 Ibs. greater than the frictional
30resistance hair cutter force of the secbhd blade. MC S L.LP 12 6.

The razor of claim 1, wherein the frictional resistance hair cutter [bite of

the First-bladeliBeatneehdpsut 1vthaseiathe frstipgnal resiztapge haizauger force of
¢laim.d whereinalleast MaaoldieRelymes paatings is Spolytluorocarbon.

8. The razor of claim 7 wherein the polyfluorocarbon is

polytetrafluoroethylene. 109.The razor of claim 1 wherein the at least two

blades gompriggs thyee Srlades Wikharialle shanenetfAges Q- I ings is
razor of claim 9 wherein the first blade is the blade nearest to the guard.
pelyfluorqcarh@irazor of claim 9 wherein the first blade is not the blade

nearest to the guard 12. The razor of claim 1 wherein the at least two

blades comprises four 20blades with parallel sharpened edges.
8. The razor of claim 7 wherein the polyfluorocarbon is

polytetrafluoroethylene.

9. The razor of claim 1 wherein the at least two blades comprises three

blades with parallel sharpened edges.

10. The razor of claim 9 wherein the first blade is the blade nearest to the
guard.

11. The razor of claim 9 wherein the first blade is not the blade nearest to the
guard.

12. The razor of claim 1 wherein the at least two blades comprises four

blades with parallel sharpened edges.

13. The razor of claim 12 wherein the first blade is the blade nearest to the
guard.

14. The razor of claim 12 wherein the first blade is not the blade nearest to
the guard.

15. The razor of claim 1 wherein the at least two blades comprises five

blades with parallel sharpened edges.

16. The razor of claim 15 wherein the first blade is the blade nearest to the

guard.
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13. The razor of claim 12 wherein the first blade is the blade nearest to the
guard. 14, The razor of claim 12 wherein the first blade is not the blade MCSLLP
nearest to the guard. 15. The razor of claim | wherein the at least two
blades comprises live blades with parallel sharpened edges. 30 16.
The razor of claim 15 wherein the first bldde is the blade nearest to the
MCSUP 13 17. The razor of claim 15 wherein the first blade is not
the bladé-neardit tazgteofalaiin 15 whessirkerfipirididddmat thhdleils thrarest to
%y%_{;ﬁrdg:oating of the first blade is 5modified by exposure to plasma.

he razor of claim | wherein the polymer coating of the first blade is
modified by exposure to electric current. 1020.The razor of claim 1
wherein he palymgr6Patipaiaf ingiiRiPiade syRRIiGdiRY SHRRTHE 198e is

laser or electron beam.
modified by exposure to plasma.

19.  The razor of claim 1 wherein the polymer coating of the first blade is

modified by exposure to electric current,

20.  The razor of claim 1 wherein the polymer coating of the first blade is

modified by exposure to a laser or electron beam.



