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Re: P1.-THE GILLETTE COMPANY.-Solicitud de patente de Invencion
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1. Me refiero a mi memorial dé 16 de Diciembre de 2004.

2. Por medio del presente atentamente ruego a usted, se sirva pronunciarse en
relag:ién con la solicitud arriba nombrada,' ya que desde el 31' de Enero de 2003,
ésto hace ya casi tres (3) anos, que fue publicado- el extract.o de la presente
solicitud en la Gaceta de la Pr"opiedad Industrial No. 524, y el examen de
patentabilidad correspondiente fue solicitad_o en su debido momento mediante

memorial de 5 de Junio de 2003, sin que haya sido adelantado ninguin otro tramite.

3. Cabe anotar que esta demora en e} tramite acarrea grave perjuicio para mi -

representado. -

Sefor Superintendente,

%ﬁ\ c,\c_,bu%
CIA LLOREDA RICAURTE - .
T.P.53.215
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Como resultado del examen de fondo, reskzado con fundamento en el articulo 48 de
la Comumén de la Comumdad Andina, se le comunica

1. Documentos estudiados:

Para ¢l presents estudo se 1uvo en cuenta el capliulo descnptivo comprendido en
los fokos 8 a 18, 83-84, ¢l capituio revindicatono conformado por 24 clfusulas
que se encuentran en los fohos 19 a 21 y 85 y los dibujos comprendidos en los
fokos 23 a 28 de la sokcstud en estudio

2. Objeto de la Invencién:

La presents invencion se refiere a afetadoras de seguridad y estd relacionada
oon una hoja formada por un matenal cerdmico cristakino simple. La hosa presenta
un filo cortants afilado y se provee slemenios de soporte pars olmonlqoy
posironado de la hoja de corte en una uwdad de corte Unolomonb

protecciin se dispone hacia delante del fiio cortants y se extiende paralelamente
almismo Se puede proveer una pluralidad de elemenios cortantes paralelos La
nvencin se reflere también a un método para fabricar ol elemento de corte

La mvencién titulada, “Un elemento de corte, una estructura de corte unitana que
comprende dicho elemento de corte, un método para la fabncacién de dicho
elemento de corte y una umidad de corte para una afeidadora de segundad®, se
Neva acabo de acuerdo con Ias caracteristicas revndicadas, donde ol pnmer
obseto de la sokcitud dice: “Un elemento de corle en o pera una umidad de corte
de una afedadora de segundad, caractenzado por comprancier un fio y porque se
reasiza on forma integral con unos elementos de soporte a partir de un meterial
cordmico cristaino smple®

La revindicaciin 2 dice’ “Una estruciura de corfe unilans en o pera una umvdad de
corte de una afedadors de segundad, caractenzada por comprender
un slemento de corie con un filo,

elementos de soporte para el monisje y posicionamento del elemento de corte en
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una unidad de corte; y

un elemento adicional dispuesto por delante del filo,

en tanto dicho elemento de corte, los elementos de soporte y el elemento
adicional estan integralmente realizados en un material cristalino simple”.

La reivindicacion 10 dice: “Una estructura de corte unitaria en o para una unidad
de corte de una afeitadora de seguridad, caracterizada por comprender dos o mas
elementos de corte con filos, los cuales se fabrican en una sola pieza, junto con
otros elementos que los interconectan, a partir de un material ceramico cristalino
simple”.,

La reivindicacion 20 dice: “Un método de fabricacion de un elemento de corte para
una unidad de corte de una afeitadora de segquridad, caracterizado por
comprender los pasos de:

Provisién de un disco de material cristalino simple con una superficie que yace en
un plano predeterminado de la estructura cristalografica; y

Remocion selectiva de material crislalino en la superficie por empleo de un
proceso de decapado para obtener un elemento de corte plano inclinado a un
angulo agudo con relacion al plano de la superficie y que posee un filo
sustancialmente en el plano de la misma”, -

El objeto de la invencion definido anteriormente se clasificé de acuerdo con el IPC
asi: B26B21/58.

3. Determinacion del estado de la técnica:

El articulo 16 de la decision 486 de la comision de la Comunidad Andina que
establece que “E/ estado de Ja técnica comprenderé todo lo que haya sido
accesible al publico por una descripcidn escrita u oral, utilizacién, comercializacion
o cualquier otro medio antes de la fecha de presentacion de la solicitud de patents
0, en su caso, de la prioridad reconocida.

Solo para el efecto de la determinacion de la novedad, también se considerara
dentro del estado de la técnica, el contenido de una solicitud de patente en tramite
ante /a oficina nacional competente, cuya fecha de presentacion o de prioridad
fuese anterior a la fecha de presentacion o de prioridad de la solicitud de patente
que se estuviese examinando, siempre que dicho contenido esté incluido en la
solicitud de fecha anterior cuando ella se publique o hubiese transcurrido el plazo
previsto en el articulo 40".

Consultadas las bases de datos y los archivos con que cuenta la entidad se
encontrd que antes del 23 de abril de 1999, fecha de prioridad reivindicada de la
solicitud en estudio, dos documentos que podrian afectar la presente solicitud:

N°® Documento Titulo Fecha de
publicacién
D1 | US 5.048.191 RAZOR BLADE TECHNOLOGY 17-09-1991
D2 | US 4.534.827 CUTTING IMPLEMENT AND METHOD OF 13-08-1985
MAKING SAME
D3 | US5.018.274 SAFETY RAZOR BLADE 28-05-1991




4. Evaluacion de los requisitos de patentabilidad:

El articulo 14 de la Decisién 486 de la Comision de la Comunidad Andina
establece que “Los Paises Miembros otorgaran patentes para las invenciones,
sean de producto o de procedimiento, en todos los campos de la tecnologia,
siempre que sean nuevas, tengan nivel inventivo y sean susceptibles de
aplicacién industrial”.

En cumplimiento del articulo 14 de la Decisién 486, se procedid a evaluar el
cumplimiento de los requisitos de novedad, nivel inventivo y aplicacion industrial,
con el fin de establecer la patentabilidad de la invencién reivindicada en la
solicitud en estudio.

Antes de entrar ha realizar el analisis de patentabilidad de la presente invencién,
se le recuerda al solicitante que:

a) Las reivindicaciones deberan delimitar claramente la invencion respecto al
estado de la técnica o tecnologia anterior, de modo que se observe en forma
concisa lo nuevo que se esta aportando a la tecnologia y todo aquello que lo
hace diferente de lo ya existente.

b) Eltenor de las reivindicaciones es el que determina el alcance de la proteccion
conferida por la patente (Art. 51). Por ello, al analizar la novedad se deben
interpretar las reivindicaciones tomando el sentido mas amplio de las
definiciones empleadas.

c) Cuando se ha establecido la falta de novedad de la invencidn, no es necesario
evaluar el nivel inventivo, dado que no existe diferencias entre la invencién y el
estado de la técnica.

Evaluacién de la novedad:

El articulo 16 de la decisién 486 de la comisidon de la Comunidad Andina que
establece que “El estado de la técnica comprendera todo lo que haya sido
accesible al publico por una descripcion escrita u oral, utilizacion, cornercializacion
o cualquier otro medio antes de la fecha de presentacién de la solicitud de patente
0, en su caso, de la prioridad reconocida.

Solo para el efecto de la determinacién de la novedad, también se considerara
dentro del estado de la técnica, el contenido de una solicitud de patente en trémite
ante la oficina nacional competente, cuya fecha de presentacién o de prioridad
fuese anterior a la fecha de presentacion o de prioridad de la solicitud de patenie
que se estuviese examinando, siempre que dicho contenido esté incluido en la
solicitud de fecha anterior cuando ella se publique o hubiese transcurrido el plazo
previsto en el articulo 40",

De acuerdo con la definicién de novedad del Articulo 16 de la Decision 486 de la
Comisién de la Comunidad Andina y basandonos en el objeto de la invencién se
realizd el siguiente analisis:

1) La presente invencion se lleva acabo de acuerdo con las caracteristicas
reivindicadas, donde la reivindicacién 1 dice: “Un elemento de corte en o para
una unidad de corte de una afeitadora de seguridad, caraclerizado por
comprender un filo y porque se realiza en forma integral con unos elementos



2)

3)

de soporte a partir de un material cerdmico cristalino simple”.

La reivindicacion 20 dice: “Un método de fabricacion ds un slemento de corte

para una unidad de corte de una afeitadora de seguridad, caracterizado por ‘

comprender los pasos de:

Provision de un disco de material cristalino simple con una superficie que yace
en un plano predeterminado de la estructura cristalogréfica; y

Remocion selectiva de material cristalino en la superficie por empleo de un
proceso de decapado para obtener un elemento de corte plano inclinado a un
é&ngulo agudo con relacién al plano de la superficie y que posee un filo
sustancialmente en el plano de la misma”.

Figura 1 de la solicitud en estudio

El documento US 5.048.191 (D1) se relaciona con los procesos para producir
y tratar hojas de afeitar de cerdmica o herramientas de corte similares con un
filo agudo y con maquinas de afeitar mejoradas.

Al comparar elemento por elemento de la invencion tal como esta definido por
la reivindicacién 1 de la solicitud en estudio con las caracteristicas del
documento D1, vemos que D1 (ver columna 2, lineas 43, 44; columna 3, linea
64 — columna 4, linea 11; reivindicaciones 1, 3) describe un elemento de corte,
que comprende:

- Un filo con elementos de soporte a partir de un material ceramico cristalino
(ver columna 2, lineas 43, 44).

El documento US 4.534.827 (D2) se relaciona con instrumentos de corte
hechos de materiales de solo cristal y mas particularmente con los
instrumentos de corte y los métodos de fabricacion, las laminas con agudeza,
friccién minima de la lamina, y la resistencia alta al desgaste.

Al comparar la reivindicacibn 20 de la solicitud en estudio con las
caracteristicas del documento D2, vemos que D2 describe un método de
fabricacién de un elemento de corte:

Provision de un disco de material cristalino simple con una superficie que yace
en un plano predeterminado de la estructura cristalografica; y remocién
selectiva de material cristalino en la superficie por empleo de un proceso de
decapado para obtener un elemento de corte plano inclinado a un angulo
agudo con relacibn al plano de la superficie y que posee un filo
sustanciaimente en el plano de la misma (ver columna 1, linea 1 — linea 21;
columna 8, linea 60 - columna 9, linea 19; columna 12, linea — linea 18;
reivindicacion 1).
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4) Realizada la comparacién del documento D1y D2 con la presente solicitud en
estudio, se observa que dichos documentos contienen las caracteristicas de
las reivindicaciones 1, 10 y 20 de la presente solicitud en estudio; por lo tanto,
el objeto de la solicitud en estudio podria ser idéntico a lo comprendido en el
estado de la técnica, con lo cual quedaria desvirtuada la novedad de esta.

Evaluacion del Nivel Inventivo

El articulo 18 de la decisién 486 de la Comision de la Comunidad Andina dispone
“Se considerara que una invencion tiene nivel inventivo, si para una persona del
oficio normalmente versada en la materia técnica correspondiente, esa invencion
no hubiese resultado obvia ni se hubiese derivado de manera evidente del estado
de la técnica.”

Basandonos en el anélisis de la invencion y del estado de la técnica, se realiz6 el
siguiente analisis:

1) La reivindicacion 2 dice: “Una estructura de corte unitaria en o para una
unidad de corte de una afeitadora de seguridad, caracterizada por
comprender:
un elemento de corte con un filo;
elementos de soporte para el montaje y posicionamiento del elemento de corte
en una unidad de corte; y '
un elemento adicional dispuesto por delante del filo,
en tanto dicho elemento de corte, los elementos de soporte y el elementio
adicional estan integralmente realizados en un material cristalino simple”.

2) Eldocumento US 5.018.274 (D3) se relaciona con una lamina para el uso de
una maquina de afeitar, y mas particularmente con una lamina de ceramica
para el uso en una maquina de afeitar y del método se fabricacién (ver
descripcion, figuras).

Figuras del documento US 5.018274 {(D3)

3) La reivindicacidn 2 podria verse afectada por nivel inventivo por las
siguientes razones:

- D3 sugiere elementos de corte con filo (ver figuras)



- D3 sugiere elementos de soporte para el montaje y posicionamiento del
elemento de corte en la unidas de corte

- D1 sugiere que los elementos de corte, soporte estén realizados en un
material cristalino simple (ver columna 2, lineas 43-44)

4) De acuerdo con lo anterior, se puede concluir que con las ensefianzas de
los documentos D3 — D1 y los conocimientos de una persona versada en la
materia se podria llegar a obtener una estructura de corte que comprende
elemento de corte con las caracteristicas de la solicitud en estudio y lograr
el objetivo de la invencion.

En consecuencia, se afirma que los documentos presentados como
anterioridades afectan el requisito de nivel inventivo, y por lo tanto, se considera
que la invencion de la solicitud en estudio no cumple con el requisito de nivel
inventivo definido en el articulo 18 de la Decision 486 de la Comision de la
Comunidad Andina.

En conclusién, los requisitos de patentabilidad de la presente solicitud se podrian
ver afectados asi:

N° Documento Reivindicaciones Requisito que afecta
afectadas
D1 US 5.048.191 1,10a 19 Novedad
2a9 Nivel Inventivo
D2 US 4.534.827 20a23 Nivel Inventivo
D3 US 5.018.274 2a9 Nivel Inventivo

En cumplimiento del articulo 45 de la Decisién 486 de la Comisién de la
Comunidad Andina, se le indica que debe dar respuesta dentro del término de
sesenta dias contados a partir de la fecha de la notificacion de la presente
comunicacién. En caso .de no dar respuesta al presente requerimiento o si a
pesar de la respuesta subsistieran los impedimentos para la concesion, se
denegara la patente.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e),
del capitulo quinto del titulo primero de la Circular Unica N° 10 de 2001.

ALIX CESPEDES DE-VERGEL.
Jefe-dea Divisiébn de Nuevas Creaciones

El anterior requerimiento .fue notificado por fijacion en lista, de
fecha 151
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United States Patent 19

5,048,191
Sep. 17, 1991

(111 Patent Number:

Hahn (451 Date of Patent:
[54] RAZOR BLADE TECHNOLOGY :ﬁg ]g;:::; m .
ormthwaite .
[75] Inventor: Steve S. Hahn, Wellesley Hills, Mass. FOREIGN PA ENTS
[73] Assignee: The Gillette Company, Boston, Mass. 6058805 471985 J
[21] Appl No.: 599,267 6058106 4/1985 Japan .
: Primary Examiner—Douglas D. Watts
" Related U.S. Applicstion Data Aitorney, Agens, or Firm—Fish & Richardson .
[63] Continuation of Ser. No. 535,741, Jun. B, 1990, aban- [57) ABSTRACT
[51] Imt. Q13 B26B 21/34 A process for forming a razor blade includes the steps of
[£7) IR V2N o K 30/346.54; 76/104.1;  providing a ceramic substrate, mechanically abrading
76/DIG. 8 an edge of the ceramic substrate to form a shn'peuer.}
edge thereon with facets that have an included angle of
(3¢ Refereuces Cited less than thirty degrees; thermally processing the me-

U.S. PATENT DOCUMENTS

2,555,214 5/1951 Wallach .
1,514,856 6/1970 Camp .
3,543,402 12/1970 Seager .
3,607,485 971971 Bailey .
3,703,766 1171972 "Tibbals .
3,761,373 971973 Sastri .
3,834,268 9/1974 Tafapolsky .
3,911,579 10/1975 Lane .

chanically abraded edge to reduce surface raggedness
and subsurface defects; and sputter-sharpening the
sharpened edge to provide supplemental facets that
have an included angle of more than forty degrees and
define a tip radius of less than five hundred angstroms.

_The resulting blade exhibit excellent shaving properties.

31 Clalms, 1 Drawing Sheet
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5,048,

1
RAZOR BLADE TECHNOLOGY

This is a continuation of U.S. Pat. No. 535,741, filed
June 8, 1990, now abandoned. 5

This invention relates to processes for producing and
treating ceramic razor blades or similar cutting tools
with sharp and dursble cutting edge and to improved
razors and razor blades.

While razor blades are conventionally produced from
steel strips in which a sharpened edge is formed through
a series of mechanical grinding and honing operations,
ceramic materials have also been proposed for razor
blades because of their desirable properties of high
hardness, mechanical strength and corrosion resistance.
While steel can exhibit increased strength in the worked
ares (e.g. the sharpened edge) from the mechanical cold
working (e.g. finish-honing operations), ceramic materi-
als in similar mechanical sharpening operations often
exhibit weaker strength in the worked area because of 20
microscale, subsurface defects induced by the consider-
able stress that accompany mechanical grinding and
finish honing and tend to be more susceptible than steel
razor blade edges to fracture-type breakdown of the
cutting edges during shaving.

In accordance with one aspect of the invention, there
is provided a process for forming a razor blede that
includes the steps of providing a ceramic substrate,
mechanically abrading an edge of the ceramic substrate
to form & sharpened edge thereon that has an included
angle of less than thirty degrees and a tip radius (i.e. the
estimated radius of the largest circle that may be posi-
tioned within the ultimate tip of the edge when such
ultimate tip is viewed under a scanning electron micro-
scope at magnifications of at least 25,000) of less than
twelve hundred angstroms; and sputter-gharpening the
sharpened edge 1o form sppplementa) facets thet have
widths of less than one micrometer, have an included
angle greater than forty degrees, define an ultimate tip 45
radius of Jess than five hundred angstroms and form a
cutting edge. The resulting blades exhibit excellent
shaving properties and long shaving life.

In preferred processes, the ceramic substrate is
abraded iri two-step sequence of rough-honing and fin- 45
ish-honing with dismond abrasive material that mini-
mizes mechanically-induced subsurface defects, (instead
of a more conventional three-step steel sharpening se-
quence that includes a grinding step) to form a sharp-
ened edge. The mechanically abraded edge of the ce-
ramic substrate then is subjected to heat-treatment at a.
temperature of at least 1000° C., herein referred to as
“annealing”, that reduces surface raggedness and sub-
surface defects resulting from the mechanical abrasion
sequence and to produce a micro-scale plateau-like top’
of less than about 0.2 micrometers width at the ultimate
tip. The annealing may be performed in air or in other
gaseons énvironments and the duration of annealing
may decrease with higher annealing temperatures, for
example, with an oxygen-hydrogen annealing flame.
The plateau-like top of the blade edge then is sputter-
sharpened by ion-beam etching to form supplemental
facets of width in the range of 0.1-0.5 micrometers; to
further reduce subsurface defect areas, and at the same
time to reduce the ultimate tip radius of the sharpened
edge by a factor of at least about two, as well as to
provide a clean edge surface on which a metal layer that
preferably contains chromjum is sputter-deposited. An
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adherent and friction-reducing polymer coating is
applied on the metal-coated cutting edge.

In a particular process, the ceramic material is single
erystal alumina (sapphire) with a thickness of Jess than
0.5 millimeter, and a bend strength in excess of 700
MPi; the rough-honing operation employs grinding
wheels with diamond particles with grain sizes of less
than twenty micrometers and the finish-honing opera-
tion employs sharpening wheels with an average
diamond particle size of about one micrometer: anneal-
ing of the mechanically sharpened edge is carried out in
ir at a temperature of about 1550° C. for about one
hour; the sputter-sharpened facets of the ultimate edge
have widths in the range of 0.2-0.5 micrometer and an -
effective included angle of about seventy degrees; the
sputter-coated metallic layer has a thickness of less than
five huridred angstroms, and the polymer leyer has a
thickness of less than ten micrometers.

In accordance with another aspect of the invention,
there is provided a razor blade that includes a ceramic
substrate with mecbanically abraded and thermally
annealed facets generally parallel (that is, within at least
thirty degrees and preferably within ten degrees) to its
C crystallographic axis and supplemental sputter-shar-
pened facets that have an effective included angle sub-

, Stantially greater than the included angle of the me-

chanically abraded sharpened facets, and that define a
sputter-sharpened cutting edge with an ultimate tip
radius of less than five hundred angstroms.

In particular embodiraents, the raxor blade substrate
is single crystal alumina (sapphire), and has a bend
strength in excess of 700 MPa; the mechanically
abraded facets have an effective included angle of less
than twenty degrees; the sputter-sharpened facets of the
ultimate edge have widths of about 0.3 micrometer, an
effective included angle greater than forty degrees, and
substantial uniformity in ultimate tip radius along the
length of the entire cutting edge. A sputter-deposited
metallic layer on the cutting edge is Jess than five hun-
dred angstroms thickness, and an adherent, friction-
reducing polymer coating on the metal-coated ceramic
cutting edge is less than ten micrometers in thickness.

ceramic substia

e y.
rial selected from silicon carbide, silicon nitride, zirco- .
m:ﬁmm—a.ﬁmim?'r?fm SUBSTTafe 5
ls being high-purity alumina and hot-isostatically-
pressed tetragonal zirconia The heat-treatment reduces
surface raggedness and subsurface defects resulting
from the mechanical abrasion sequence and the sputter-
sharpeniing: further reduces such subsurface defect ar-
cas, and reduces the ultimate tip radius of the sharpened

edge. ! .
The resulting large facet angle (immediately adjacen
the tip), low tip radius annealed blades with sputter-
deposited metallic layer and adherent, friction-reducing
polymer coating exhibit strength and excellent shaving
characteristics. '
In sccordance with another aspect of the invention,
there is provided a shaving unit that comprises at least
one blade and blade support structure that has external
guard and cap surfaces for engaging the user's skin
respectively ahead and rearwardly of the blade edge or
cdges. Razor blede structure secured to the support
structure includes a ceramic substrate with mechani-
cally abraded facets that have a width of at Jeast about
0.1 millimeter and an included angle of less than thirty
degrees, and a sputter-sharpened cutting edge of tip
radius less than about five hundred angstroms that is




5,048,191

3 . .
defined by facets that have an effective included angle
substantially grester than the included angle of the me-
chanically abraded facets, the sputter-sharpened cutting
edge being disposed between the skin-engaging sur-
faces. Preferably, the razor blade structure includes two
ceramic substrates, and each ceramic substrate is ther-
mally annesled and has a spuiter-sharpened cutting
edge of tip radius less than about five hundred ang-
stroms that is defined by facets that have an effective
included angle of at least forty degrees,'and the sputter-
sharpened cutting edges being disposed parallel to one
another between the skin-engaging surfaces.

In 2 particular embodiment, the ceramic substrate
material is alumina and has a bend strength in excess of
300 MPa, each sputter-sharpened facet immediately
adjacent the cutting edge has a width of about 0.3 mi-
crometer and an cffective included angle of about sev-
enty degrees, a sputter-deposited metal layer is on the
cutting edge, and an adherent polymer coating is on the
metal coated cutting edge, the sputter-deposited metal
layer has a thickness of less than five hundred ang-
stroms, and the sdherent polymer coating on the metal
Jayer has a thickness of less than ten micrometers.

~The shaving unit may be of the disposable cartridge
type adapted for coupling to and uncoupling from a
razor handle or may be integral with a handle so that
the complete razor is discarded as a unit when.the blade
or blades becomes dulled. The front and rear skin en-
gaging surfaces cooperate with the blade edge (or
edges) to define the shaving geometry. Particularly
preferred sheving units are of the types shown in U.S,
Pat. No. 3,876,563 and in U.S. Pat. No. 4,551,916.

Other features and advantages will be seen as the
following description of particular embodiments pro-
gresses, in conjunction with the drawings, in which:

FIG. 1 is a perspective view of a shaving unit in
accordance with the invention;

FIG. 1 is a flow diagram indicating a sequence of
steps in manufacturing a razor blade in accordance with
the invention; :

FIG. 3 is a perspective view of & portion of & razor
blade in accordance with the invention; and

FIG. 4 is an enlarged diagrammatic view (as viewed
in a scanning electron microscope originally at about
50,000 magnification} of the ultimate tip of the razor
blade shown in FIQ. 3.

DESCRIPTION OF PARTICULAR
- EMBODIMENTS

The shaving unit 10 shown in FIG. 1 includes a base
or platform member 12 molded of high impact polysty-
rene for attachment to a razor handle and guard struc-
ture 16 that defines a transversely extending forward
skin engaging surface 18. On the upper surface of plat-
form 12 are disposed ceramic leading blade 20 having a
sharpened edge 22, ceramic following blade 24 having
sharpened edge 26, and spacer structure that maintains
blades 20 and 24 in spaced relation. Cap member 30 is
molded of high impact polystyrene and has body por-
tion 32 that defines skin engaging surface 34 that ex-
tends transversely between forwardly projecting end
walls 36 and bas a front edge 38 that is disposed rear-
wardly of blade edge 26. :

Blades 20 and 24 are manufactured in accordance
with the sequence shown in FIG. 2. Each blade 20, 24 is
formed from & ceramic razor blade blank 40 of single
crystal aluminum oxide (sapphire) that has a width of
about 0.6 centimeter, a length of about 3.8 centimeters,
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a thickness of about 0.1 millimeter, and edge surface 42
parallel to its C crystallographic axis that is to be sharp-
ened 1o a cutting edge.

With reference to FIG. 2, blank 40 is subjected to a
sequence of edge forming operations including rough-
honing operation 44; finish-honing operation 46; annesl-
ing operation 48; and sputter-sharpening operation 50 to
form s blade edge of cross sectional configuration as
diagrammatically indicated in the perspective view of
FIG. the blade is then subjected to sputter-depasiting
operation 52. The blade has rough-honed facets 58 of
about 0.5 millimeter width and an included angle of
about nine degrees and a flat top diagrammatically indi-
cated at 60 (FIG. 4) that is modified by finish-honing 46
10 form a tip 62 of about 700 angstroms tip radius (FIG.
4). After reduction of surface raggedness and of subsur-
face defects by annecaling 48 and sputter-sharpening 50,
the resulting ultimate tip 68 defined by facets 66 has an
included angle of about seventy degrees and a tip radius
of about 300 angstroms.

In the rough-honing operation 44, the blade blank 40
is fed, at a transfer speed of about 360 centimeters per
minute, past an abrasive wheel (with diamond particles
of 8-16 micrometers grain size) with an oil flow of 1.8
liters per minute dnd the wheel rotating into the blade
edge st 1100 RPM, = sct angle of 4.5 degrees (the angle
between the plane of the blade 40 and a tangent to the
wheel where the blade makes contact with the wheel),
s sharpening infeed of about 0.5 millimeter (the blade
deflection by the sharpening wheel), and a spring force
of about one kilogram, to form rough-hone facets 58
that have an included angle of about nine degrees and a
width of about 0.5 millimeter and relatively flat top 60
that has a width of about ten micrometers.

The rough-honed facets 58 are then subjected to a
finish-honing operation at stage 46 in which the blade
edge i3 abraded to form tip 62 of about 600-800 ang-
stroms radius. The sharpening wheels at the finish-hone
stage 46 have diemond particles with an average grain
size of one micron and are rotated at a speed of 1130
RPM away from the blade 40 with a set angle of about
8 degrees, a sharpening infeed of 0.2 millimeter and a
spring force of about one kilogram, and the blade 40 is
fed a1 a transfer speed of about 170 centimeters per
minute.

After the mechanically sharpened blades 40 have
been degreased in methylene chloride and solvent-
washed ultrusonically in Freon, the degreased and par-
ticulate-free blades are placed in a tube furnace and

50 annealed at 1550° C. for one hour in air. Such annealing
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treatment of the mechanically sharpened, ceramic edge
produces significant change in the tip region such that
the annealed ultimate tip now has a micro-scale, pla-
teau-like top region diagrammatically indicated at &4
along the length of the blade edge that is about 1000
angstroms in width. Edge surface raggedness is re-
duced, and subsurface defects that were created during
the mechanical honing operations (as evidenced by
transmission electron microscopy analysis) are also re-
duced.

The annealed blades 40 are then placed in a sputtering
chamber with an clongated cathode, the blade edges
being normal 1o the cathode at a blade edge-to-cathode
distance of about. seven centimeters. The sputtering
chamber is evacuated 10 a pressure of equal 10 or better

- than 2X10—% torr, and argon is introduced to attain &

sputtering gas pressure of ten millitorr. 13.56 megahertz
RF power is applied to establish a stable plasma with

'
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200 watts RF forward power and s sputter-sharpening
duration of about 135 seconds to produce sputter-shar-
pened facets 66 that have widths of about 0.3 microme-
ters and an included angle of about seventy degrees and
an ultimate tip 68 radius of about 300 angstroms as 3
diagrammatically indicated in FIG. 4. Edge surface
raggedneas and subsurface defects that were created
during the mechanical honing operations {as evidenced
by transmission clectron microscopy analysis) are fur-
ther reduced.

10
Following the sputter-sharpening procedure 30, the

sputter unit is switched from sputter-sharpening (ion-
beam etching) mode to deposition mode using a match-
ing network selector; a plasma is ignited at 400 watts
and ten millitorr pressure, and a chromium-platinum
target is presputtered for about five minutes with a
substrate shielded between the blades and the target.
Upon completion of presputtering, the substrate shield
is retracted and sputtered atoms of chromium and plati-
num are deposited on the sharpened blade edges to form
a stabilizing metallic layer 70 of about three hundred
angstroms thickness and a tip radius of about 350 ang-
stroms as diagrammatically indicted in FIG. 4.

A coating 72 of polytetrafluoroethylene telomer is ;5

then applied to the sputter-coated edges of the blades in
accordance with the teaching of U.S. Pat. No.
3,518,110, This process involves heating the blades in an
argon erivironment and providing on the cutting edges

of the blades an adherent and friction-reduction pely- 3p
mer coating 74 of solid PTFE as diagrammatically in-
dicted in FIG. 4.

A diagrammatic view of the resulting blade edge is

shown in FIG. 4. The redius of the modified (sputter.
sharpened) tip 68 is about three hundred angstroms, the 35
included angle of the sputtcr-shn.rpened surfaces 66
forming the modified tip 68 is about seventy degrees
and the included angle of the mechanically abraded and
annealed facets 38 is about nine degrees. Resulting ce-
ramic blades 20, 24 are assembled in razor 1. The razor 40
exhibits excellent shaving properties and shaving life.

While particular embodiments of the invention have

been shown and described, various modifications will
be apparent to those skilled in the art, and therefore, it
is not intended that invention be limited to the disclosed
embodirent, or to details thereof, and departures may
be made.therefrom within the spirit and scope of the
lnvenuon.

What is claimed is: 50
1. A process for forming a razor biade comptising the

steps of

providing a ceramic substrlte

mechanically abrading said ceramic substrate in a
sequence of rough-honing and finish-honing steps 55
with diamond abrasive materials to form a sharp-
encd edge thereon with facets that have an in-
cluded angle o6f less than thirty degrees and nﬁp
radius of legs than twelve hundred angstroms; and

sputter-sharpened said edge to form a cutting edge ¢
defined by supplemental facets that are less than
one micrometer in width and have an included
angle greater than forty degrees.

2. The process of claim 1 wherein said ceramic sub-

strate material is selected from the group consisting of 65
silicon carbide, silicon nitride, zirconia, and atumina.

3. The process of claim 1 wherein said ceramic sub-

strate has a bend strength in’excess of 300 MPa.

191
6 -

4. The process of claim 3 wherein said ceramic sub- -

strate is of single crystal material and has a bend
strength in excess of 700 MPa.

5. The process of claim § wherein szid rough-honing
step forms facets that have an included angle of less
than twenty degrees.

6. The process of claim 1 wherein said step of me-
chanically sbrading said ceramic substrate forms a
sharpened edge thereon that has an ultimate np radius in
the range of §00 to 800 angstroms. -~

7. A process for forming a razor blade comprumg the

.steps of

providing a ceramic substrate,

mechanically abrading said ceramic substrate to form
a sharpened edge thereon with facets that have an

_ included angle of less than thirty degrees and a tip
radius of less than twelve hundred angstroms;

sputter-sharpening said edge to form & cutting edge
defined by supplemental facets that are less than
one micrometer in width and have an included
angle greater than forty degrees;

sputter depositing a chromium-containing met.nl layer

on said cutting edge; and

then applying an adherent polymer coating on said

metal coated cutting edge.
8. The process of claim 7 wherein said sputter-depos-
ited metal layer on said cutting edge has a thickness of
less than five hundred angstroms, and said adherent
polymer coating on said metal coated cutting edge has
a thickness of less than ten micrometers.
9. A process for forming a rezor blade comprising the
steps of
providing a ceramic substrate,
mechanically abrading said ceramic substrate to form
a sharpened edgé thereon with facets that have an
included angle of less than thirty degrees and a tip
radius of less than twelve hundred angstroms; and

sputter-sharpening said edge to form a cutting edge
defined by supplemental facets that are less than
one micrometer in width and have an included
angle greater than forty degrees, the sputter-shar-
pened surfaces immediately adjacent said cutting
edge having widths in the range of 0.1-0.5 microm-
eter, an effective included angle substantially
greater than the included angle of said mechanical-
ly-abraded facets, and providing a tip radius of less
than five hundred angstroms.

10. The process of claim 9 wherein said ceramic sub-
strate material is selected from the group congisting of
ulumun and zirconia.

11. The process of claim 1 and further including the
step of annealing said mechanically-sbraded ceramic
substrate to modify the ultimate tip region and reduce
subsurface defects and surface irregnlarities adjacent.
said sharpened edpge.

12. The process of claim 11 wherein said ceramic
substrate material is selected from the group consisting
of silicon carbide, silicon nitride, zirconia, and alumina.

13. The process of claim 11 wherein said ceramic
substrate is of single crystal materig]l and has a bend

_strength in excess of 700 MPa.
. 14. A process for forming a razor blade comprising
the steps of '

providing & ceramic substrate,

mechanically abrading said ceramic substrate to form

& sharpened edge thereon with facets that have an
included angle of less than thirty degrees and a tip
radius of less than twelve hundred angstroms; said

il
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step of mechanically abrading said ceramic sub-
strate including 8 rough-honing step that form
facets that have an included angle of less than
twenty degrees and a finish-honing step that forms
a sharpened edge that has an uitimate tip radius in
the range of 600 to 800 angstroms, annealing said
mechuniully-lbraded ceramic substrate to modify
the ultimate tip region and reduce subsurface de-
fects and surface irregularities adjacent said sharp-

ened edge; and

sputter-sharpening said edge to form a cutting edge

defined by supplemental facets that are less than
one micrometer in width and have an included
angle greater than forty degrees.

15. The process of claim 11 wherein spid ceramic
substrate material is single crystal material selected
from the group consisting of alumina and zirconia that
has a bend strength in excess of 700 MPa, said ceramic
substrate is mechanically abraded in a sequence of

10

rough-honing and finish-honing steps with diamond 20

abrasive material with grain size of less than twenty
micrometers and further including the steps of sputter
depositing a metallic layer on said cutting edge to a
thickness of less than five hundred angstroms, and then

applying an adherent polymer coating on said metal 25

coated cutting edge to a thiclmess of less than ten mi-
crometersy.

16. The process of claim 11 wherem said annealing is
at a temperature of at least 1000° C.

17. A razor blade compriging a ceramic substrate w:th 10

mechanically-abraded facets that have a width of at
least about 0.1 millimeter and an included angle of less
than thirty degrees, a sputter-sharpened cutting edge of
tip radius less than about five hundred angstroms that is

defined by supplemental sputter-sharpened facets that 35

have an effective included angle substantially greater
than the included angle of said mechanically abraded
facets, a sputter-deposited metal layer on said sputter-
etched cutting edge, and an adherent polymer coating
on said metal coated cutting edge.

18. The razor blade of claim 17 wherein said mechani-
cally-abraded facets are thermally annealed.

19. The razor blade of claim 17 wherein said sputter-
sharpened surfaces immedistely adjacent said cutting
edge have widths in the range of 0.1-0.5 micrometer.

20. The razor blade of claim 17 wherein said sputter-
deposited metal layer on said sputter-sharpened cutting
edge has a thickness of less than five hundred ang-
stroms, and said adherent polymer coating on said metal

40
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coated cutting edge has a thickness of less than ten 30

micrometers. .

21. A razor blade comprising a ceramic substrate with
mechanically-abraded facets that have a width of at
least about 0.1 millimeter and an included angle of less

than thirty degrees, and a sputter-sharpened cutting 38

edge of tip radius less than about five hundred ang-
stroms that is defined by supplements! sputter-shar-
pened facets that have an effective included angle sub-
stantially greater than the included angle of said me-
chanically sbraded facets, said cutting edge being gen-
erally paraflel to the C crystallographic axis of said
subsirate,

22. The razor blade of claim 21 wherein said ceramic
substrate material is selected from the group consisting
of silicon carbide, silicon nitride, zirconiz, and alumine
and has a bend strength in excess of 300 MPa

23. The razor blade of claim 22 wherein each said
sputter-sharpened facet immedistely adjacent said cut-
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ting edge has a width of about’0.3 micrometer and an
effective included angle of at least forty degrees, and
further including a sputter-deposited metal layer on said
cutting edge, and an adherent polymer coating on said
metal coated cutting edge, said sputter-deposited metal
layer having & thickness of less than five hundred ang-
stroms, and said adherent polymer coating on said metal
layer having a thickness of less than ten micrometers.

24. The razor blade of claim 21 wherein said mechani-
cally abraded facets are thermally annealed at a temper-
ature of at least 1000* C.

28. A shaving unit comprising support structure that
defines spaced skin-engaging surfaces, and razor blade
structure secured to said support structure, said razor
blade structure including a ceramic substrate with me-
chanically-sbraded facets that have a width of at least
sbout 0.1 millimeter and an included angle of less than
thirty degrees, and a sputter-sharpened cutting edge of
tip radius less than about five hundred angstroms that is
defined by facets that have an effective included angle
substantially greater than the included angle of said
mechanically-abraded facets, a sputter-deposited metal
layer on said sputter-etched cutting edge, and an adher-
ent polymer coating on said metal coated cutting edge,
said sputter-sharpened cutting edge being disposed be-
tween said skin-engaging surfaces.

26. The shaving unit of claim 25 wherein said razor
blade structure includes two ceramic substrates, and
each said ceramic substrate has a sputter-sharpened
cutting edge of tip radius less than sbout five hundred
angstroms that is defined by facets that have an effec-
tive included angle substantially greater than the in-
cluded angle of said mechanically-abraded facets, said
sputter-sharpened cutting edges being disposed parallel
to one another between said skin engaging surfaces.

27. The shaving unit of claim 25 wherein said sputter-
sharpened surfaces immediately adjacent said cotting
edge have widths in the range of 0.1-0.5 micrometer,

+ 28. The razor blade of ciaim 28 wherein said mechani-
cally-abraded facets are thermally annealed.

29. The shaving unit of claim 28 wherein said razor
blade structure includes two ceramic substrates, and
each said ceramic substrate has a sputter-sharpened
cutting edge of tip radius less than about five hundred
engstroms that is defined by facets that have an effec-
tive included angle substantially greater than the in-
cluded angle of said mechanically abraded facets, said
sputter-sharpened cutting edges being disposad parailel
to onc another between said skin-engaging surfaces.

30. The shaving unit of claim 29 wherein said ceramic
substrate material is selected from the group consisting
of silicon carbide, silicon nitride, zirconia, and alumina
and has a bend strength in excess of 700 MPa.

31. A shaving unit comprising support structure that
defines spaced skin-engaging surfaces, and razor blade
structure secured to said support structure, said razor
blade structure including two ceramic substrates of
material selected from the group consisting of silicon
carbide, silicon nitride, zirconia, and alumina and hav-
ing & bend strength in excess of 700 MPa, each said
substrate having thermally annealed mechanicaily-
abraded facets that have a width of at least about 0.1
millimeter and an included angle of less than thirty
degrees, and a sputter-sharpened cutting edge of np
radius less than sbout five hundred angstroms that is
defined by facets that have an effective included angle
substantially greater than the included angle of said
mechanically-sbraded facets, each said sputter-shar-
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pened facet immediately adjacent said cutting edge
having a width of about 0.3 micrometer and said sput-
ter-sharpened facets having an effective included angle
of at least forty degrees, a sputter-deposited metal layer
of thickness less than five hundred angstroms on each
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seid cutting edge, and an adherent polymér coating of
thickness of less than ten micrometers on each said
metal layer, said sputter-sharpened cutting adge being
disposed between said skin;eng.agi.ng surfaces.
[ ] & .
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PLANE I

" BLADE
PLANE

[57) ABSTRACT

A cutting tool, preferably in the form of a scalpel, mi-
crotome or razor blade is fabricated from single crystal
material such as aluminum- oxide with a preferential
etching process to produce a radius of curvature less
than 100 Angstroms on the edge. Depending upon the
etchant, the crystallographic orientation of the blank
and the resulting different etch rates on blade surfaces,
the preferential etching process not only sharpens a
preformed edge but also, in one embodiment, produces
an opposing edge which meets the sharpened edge at a
point, thereby to produce a particularly efficient scalpel
blade configuration having two cutting edges converg-
ing at a point for plunging and cutting. With respect to
the sharpening of the cutting edge, consistent with all
other blade forming reguirements, the subject blade is
made to & maximum sharpness by utilizing a maximum
ratio of bevel plane etch rate to edge plane etch rate.
Thit maximum ratic meximizes the edge sharpness
when a steady state etching geometry has been
achieved. In one embodiment, and for a given edge
sharpness, blade dmg is minimized by selecting the
crystallographic orientation and etchant such that the
cichant chemically polishes the bevels and maintains
the planarity of the bevel planes. In order to achieve
identical etching of the bevels meeting at the blade-edge
and thus maintsin original blade geometry, the blank
can be oriented such that the edge forming planes are
crystallographically identical planes.

8-Claims, 9 Drawing Fignres
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CUTTING IMPLEMENT AND MEI'HOD OF
MAKING SAME

FIELD OF INVENTION

f This invention relates to cutting unplemenls madc ol'

SHEIE érystal materials and more particularly to cutting -
“instruinents and the methods of manufacture, the blades

Rlnvmg exceptional sharpnul. minimal blade drng. nnd

-oepnomlly high wear resistance. '
BACKGROUND OF THE INVENTION

WLl the subject invention will' b described in ‘con-
!necuon with the manufactare of exceptlonnlly nharp]
scalpels, it will-be-apprecisted-that-the’ invention dis.
cussed herein relates to any cutting implement, the-

) sharpriess of 'which and the-durability of which is of |

importance. As-such, the cutting implements described
l'l:uzremLtlt:.lmit.znuc.lvt:itt:m:mg. nmrbhdu._gg_d;l:mma_n,

Thebﬂtblldsprodl;eedbycurrmtmﬂhc tech-
nology have an edge radius of curvature of approxi-
mately 500 Angstroms. Dismond blades have been pro-
duced which have an edge-radius of* curvature of ap-
proximately 400 Angstroms. More receatly, ruby blades
bave been produced with an edge radius of curvature of
350 Angstroms. All of the above blades have been pro-
duced by conventional lapping procedures.

‘While U.S..Pat. Nos. 2,070,281; 2,838,049; 2,898,906; '
3,636,955; 3,844,272; and 3,945,117 describe & number of
lurgical_immmminvolvingwt&ngedgﬂorpnno-
turing tools, their manufacture by the technicques de-
scribed therein produce ingtruments whose wear char-
acteristics, ‘sharpness and blede drag present problems
to surgeons and those other personme]l who employ
them. In this context the term blade drag refers to the

- force which regists the movement of the blade in a cut-

ting procedure. The amount of tissue damage during
surgery is directly dependent upon the sharpness of the
bhdcmdotherflctoncmmbmtobhdedng.whh
the amount of extraneous tissue damage determining
hulmsmaweﬂuthemafmgwhmhm
sccompany the surgical operation.

More particularty, wnhmpectmndulkﬂnotomy
which is a procedure in which radial cuts are made.
about the periphery of the cornes, it is imperative that
the cuts made have smooth and fiat side wails to reduce
the amount of refraction and scattering caused by un-
even side walls. Scalpels and other cutting instruments
to date, either becanse of blade drag or because of a lack
of sharpness, produce ragged side walls at Jeast to the
extent that after surgery, patients experience a diffuse
- glare looking into & strong light. The sbility to provide
a scalpel which can prodoce smooth, flat side walls
during such a procedure is therefore of paramount im-
portance. -

With respect to microtome applications it will be
eppreciated that the microtome is 2a instrument which
pmvidulﬁmsofﬁnubeddedhaurriﬂ. Itis of
paramount importance especially in electron micros-
copytoproducemrotmcmplesnthmupou‘ble.
In both electran microscopy and optical microscopy, it
uofunpamneeth.utthedsmmcmmthenmpledueto
cutting be minimized, with the distortions again being a
function of blade sharpness and other factors contribut-
ing to blade drag. The minimum thickness of a substan-

10
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tially undistorted slice is of course directly a function of
blade sharpness.
With respect to scalpels and other cutting instruments
made of metal, with current technology the wear char-
acterigtics are such that the blades dull significantly

. during use and, more particularly, during a single surgi-

cal operation.’ When delicate surgery is required, the
lbility to maintain & constant sharpness cutting edge is
important to the success of the delicate surgery, with
the sharper the cutting edge the better.

It will be appreciated that aluminum ozide, ruby and
npphire are all closely related materials and vary only
in the concentrations of dopant metal oxides. All of

.1 thnemateﬁalshuvethenmea‘yﬂdmmremdls

15

/

b1

25

30

35

L)

sp with laminar flow depending upon -
ables, including the shape of the ribbon, the crucible.
utilized and the viscosity of the solvent. As described in .

3

such show great simularity in physical behavior. For
the purposes of this invention these mtmnls will be
referred to as aluminum oxide.

- It ehould be pointed out that in the past, aluminum .
oxide blades have been utilized for surgical instruments.

‘These blades of sapphire or ruby have in the past been
made by lapping techniques which in genersl produce
blades whose drag characteristics and sharpness, while
exceeding that associated with metallic blades, nonethe-
less are nonoptimal for the applications described
shove. In addition, it will be appreciated that, in all

lapping procedures, material is resnoved from the blade -

edge mechamnically through sbrasion, which leaves
near-surface damage in the region of the beve] and edge
which increases the propensity for wear and fracture.

While not used for single crystalline blades, preferen-
tial etching téchniques have in the past been utilized in
the semiconductor industry for the etching of alumimm
oxide and silicon. Chemical polishing in the form of
eiching has also been utilized in material science in a
wide spectrom of applications other than for the pro-
duction of extremely sharp edges for cutting imple-
ments made from single crystal material.

An exception to the above is described in U.S. Pat.

No. 4,124,698 in which monocrystalline ribbon pro-.
duced by a so-called “EFG" process through the utili-
zation of a die I5 provided with sharpened edges
through the utilization of a solvent in the form of a melt
of vanadium pentoxide or potassium tantilate piobate by
45 moving a blank of the ribbon through & melt or body of
solvent in a direction generally normal to the plane of
the ribbon. As mentioned in this patent, the degree of
edge uniformity is dependent upon the movement of the
n'bbont.hmu;hthenolmtwwhwvehmmﬂow
Upon many process vari-

ﬂmpnmt. unidirectional movement oftentimes results
ving away portions of the ribbon along only one
side. It Is said that it is generally prefernble to recipro-
cate the ribbon in the solvent in order to pravide for the

required edge. )
In this patent it is preferred that the ribbon be of a

"type which has the .crystellographic c-axis -disposed

parallel to its longitndingl geometric axis, since sach
ribbons exhibit the best edge sharpening when subjected
to the method of sharpening described in the patent. In
this patent, it will be appreciated that the c-axis lies in
the plane of the blade whereas, as will be described
hereinafter, in the subject method the c-axis is perpen-
dicular to the plane of the blade and no relative move-
megofthebhdemdwlvmtinequiredor-evmduir—
ab
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enhanced. This occurs regardless of the fact that the
spine for the blade is initially unbeveled. For the same
type of system but with an edge plane of (1,0,1,0) and an
etchant of sulfuric acid and phosphoric acid, it has been
found that while two edges are not formed, it does

" produce a conventional scalpel configuration with a

high degree of sharpness. Thus it has been found that,
although there may be other critical edge plane con-
straints, the most critical constraint for simultancous
optimization of edge sharpness and production of de-
sired blade geometry is that the blade plane be the
(0,0,0,1) plane in the case of aluminum oxide. More
generally put, for single crystal aluminum axide mate-
rial, it is important that the crystallographic axis of the
material which demonstrates three fold symmetry be
approximately perpendiculer to the blade plane for
blades having symmetrical bevels. For single-beveled
blades the set of crystallographic planes which are per-
pendicular to the three fold axis should be parallel to the
plane which bisects the angle formed by the surfaces
which are adjacent to and form the edge in question.
This, coupled with the maximization of the mtio of the
bevel etch rate with respect to the edge plane etch rate,
achieves a maximally sharp cutting implement.
Assuming that the above constraints have been met,
once the steady state has been achicved, the time in

. 'which the blade is immersed in the etchant is no longer
" important in determining its sharpness. Thus, in the

manufacture of blades the time that the blade is left in

.. the etchant is noncritical once this steady state has been

BRIEF DESCRIPTION OF THE DRAWINGS
These and other features of the subject invention will

g be better understood in connection with the detail de-

scription taken in conjunction with the drawings of

... .which:
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DETAILED DESCRIPTION OF THE
INVENTION

In order to reproducibly create edges using an ctch-
ing technique, it is necessary that the material nsed be
homogeneous on a scale at least as fine as the thickness
of the edge that is to be produced. In addition, in order
mproduoethelhnrpestedges using an etching tech-
nique, it is neccessary to chooss a material which is
anisotropic with respect to the rate of removal of sur-
face material by etching. In other words the rate of
removal of surface material by etching must be depen-
dent on which surface of the body is cxposed to the
etchant. If the edge is to be used for cutting purposes,
then it is also desirable to fabricate such an edge on a
highly wear resistant material, Single crystal Al2O3 was
chosen as one material on which to create a very sharp
edge for the following reasons. It is chemically homog-
enous even on an atomic scale, and usually demon-
strates a high degree of crystallographic perfection; i.e.,
uhnlowamnmedefectdmﬂﬁ.miunsleeryml
it is intrinsically anisotropic. Its hardness and wear
resistance is second only to diamond. It is significantly
less expensive than diamond for similer size single crye-

23 tls.
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The choice of an etchant for the production of a
ahnpedgaonnnlhntnteoflspemﬁcmtmnhscom-
plicated. Using etching techniques to produce a sharp
cdge wlnch blends smoothly into a sharp point requires
additional considerations beyond those to create a sharp
edge. In order to simplify the development, the criteria
for the production of an edge will be considered first.

The following discussion applies to the production of
an edge formed by two symmetric preformed bevels as

35 shown in FIG. L Here a blank 10 is shown having

F1G. 1is a diagrammatic illustration of a double bev- 4p

+-¢led blank illustrating the blade plane, the beve! plane
-and the edge plane along with bevel angle @ and an

intermediate plane, 1, angle ®;

FIG. 2 is & schemstic diagram defining edge radius
and edge plane for a double-beveled blank;

FIG. 3 is a diagrammatic illustration of the produc-
tiont of an edge with an etching process with the figure
showing the evolution of the edge geometry and etch
rates as a steady state etch rate and steady state edge
geometry is produced;

FIG. 4 is a diagrammatic illustration of the scaipe!
blank illustrating & typical double edge blade geometry
and defining the edge plane, the bevel plane, the point
plane and the etch rates associated with those planes;

FIG. § is a diagrammatic illustration of a portion of a
scalpel illustrating pre-etch geometry and the crystallo-
graphic orientation of the blade therefor;

FIG. 6 is a disgrammatic illustration of the blade after
etching, assuming a (1,1,2,0) edge plane orientation;

FIQ. 6A i3 a disgrammatic iliustration of a portion of
the blade of FIG. 6 showing the point configuration;

FIG. 7 is a diagrammuatic illustration of a the blade
after etching assuming a (1,0,1,0) edge plane orientation;
and

FIG. 8 is u diagram illustrating the processing steps
utilized in the formation of a cutting implement from a
single crystalline substrate material.
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bevels 14 and 16 with the bevel planes as indicated. The
blank is provided with a flat portion 20 which initially
defines the edge plane. An intermediate plane I is de-
fined by ® as shown. Note that tha bevel angle is illus-
trated by the angle . Note the blade plane is defined as
plane 21 of the blank.

This type of edge is used or comventional razor
blades or scalpels. Analogous reasoning can be used to
establish the criteria for the production of edges in
asymmetric cases such as an edge produced by a single
bevel. During the sharpening process, the edge plane
will be narrowed and the curvature of the blade in the
region of the edge must be taken into account For a
curved edge region the edge plane will be defined as the
tangmtphnezztotheblndewhmhmlkeleqmlmgles
a, a’ with the two bevel planes 24 and 26, as shown in
FIG. 2,

Also shown in FIG. 2 is the parameter, r, which is
defined as the average radius of curvature of the edge
surface in making the transition from one bevel to the
other. This parameter serves as a convenient measure of
the edge sharpness and is referred to as the radins of
curvature of the edge. The smaller the radius of curva-
ture the sharper the edge.

"_In order to initiate this JiSCUSSIOD it I8 HECessary to™~

deﬁne the terms etchant and chemical polish. An etch-

-ant is a liquid or gaseous medium which chemically

removes material from the surface of an object. A
chermcd-pollsh is-an etchant which has an added pro-
pensny for simultaneously smoothing the surface fea-
tures of the object. The rate of etching by a chemical
polish or etchant will be defined as the velocity of the,

inaterial-etchant interface it interface perpendicular to the mterfnce 'y

———
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surface regardless of the atomic mechnmlm by which it
occurt

chonnng an etchant to create a sharp, ltmght- -~
cdge. on a single crystal substrate, it is highly des:rlble.

( but not necessary, to have the following praperna in 3

the etchant-material system. At least for centain crystal-
Iomph:conmtmomtheetchmt:honldnctnsachmn‘
cal polish, .and not preferentially attack crystalline de- -
fects such as dislocations, twins, mchng faults, etc.

r_'l‘he etchant should have o:marked:propensity for main-. 0’

\ tainting planarity in the cmhmgofmmeoplmlly flat -
surface- with-certain crystallographic orientations. The ¢
eu:h.nt should not degrade surface or subsurface prop-.
aruuoft.hemmﬂby. -far. instance, changing the
chemical natgre of the surface region. The etchant 13
:hould oot leave behind surface residues. The etch rates

ﬁhml.ld be anisotropic with mpect to crystallographic
" direction. —

“—In-order to achieve maximum blade sharpness and
low blade drag with chemically polished bevel surfaces, 20
in one embodiment, a 1:1 sclution of concentrated

" HaSOQ4 and 85% concentrated HjPO4 was initially
chosen as the etchant for Al;03 because it has all of the
properties listed above. It has been found that the ratio
of the acids can be varied considersbly and almost iden- 2
tical results can be achieved. i

Referring to FIG. l,bhnkmuﬁntformedmma

: -..genernl biade shape by conventional such as
gﬁndingmd/m‘hpping.lnthis-fmmingpromthew

crystallographic orientation of the material must be

—— -

~——— e,

straight edge by etching snd to produce a fimal blade
cdge configuration which is geometrically similar to the
mm.nyfmmedbhden:snmryﬂmthebevel”
phnuwhnchfonntheedseshoﬂdbecbmcn]lypol—
ished in the etchent and remain planar. This produces
-'amoothndewalllwlmhfomtheedgemdntisre-
quired in order to maintain a edge. The etch
*.  mmtes for the bevels which form the edge are made iden-
*  tical in order to maintain initial blade geometry. This is
% .iroe if the bevel planes are crystallographically equiva--
" - lent planes with respect to etching. The etch rate for the
'bevelplma.vn.mmdetonul’ythefollomg
mqu-htyw:thrupectwtheedgephmet‘inu,vs.“
and the bevel angle, 0, which is defined in FIG. 1.

S0
Vo> Vlm.,.

If this inequality is not obtained, the edge plane will
enlarge during etching and the edge will become duller,
¢.g., the edge madivs of corvature will increase, If the
meqm]:tyuobuned,tbeemhuteofthchevelphnu
nmfﬁmﬂynmdbdeumthemoftheedgess
plane during the gmmltaneous etching of the bevel and
edge planes,

Itudmblebutnotueqmremmtohavetheedge
plene chemically polished in ‘the etching process. For
situstions where both the edge plane and the bevel & curvatore.
planes are chemically polished, the following criteria
must be met in addition to the above criteria.

Let '@ define the crystallographic direction which-is
ammlhneoulypnnlldtoboththbevdudedge
planes. Now consider.a plane, I, which is intermediate 65
in orientation between a bevel and the edge plane
and which is also paraliel to a &8 shown in FIG. 1. Let
@ be defined as the angle between the edge plane and

10 -
t.he intermediate plane 1. Let V;be the etch velocity of
plane 1. Then V;must satisfy the following criteria.

' [ = mmo)’us@’]l

Vi< cas B

wh:reﬂ-‘-—tm"’ _p.__y‘!;_
. m——l‘gunﬂ

If this criteria is not met the angle of the bevels, &, will
not be maintained in the region of the edge during etch-
ing. In particular the intermediate plane, I, which most
greatly violates the above inequality will form new
bevel planes in the neighborhood of the edge.

For the specific case of Al;O; in the etchant defined
above, in-one embodiment; the following blade geome-
ry-and crystallographic orientation were-used and all
of the above criterie were met: The bevel angle § was
chosen to be 13°, consistent with the conventional blade
technology. The plane of the blade was chosen to be the
(0,00,1) plane. The edge plane was chosen to be a
{1,1,2,0) plane. Thus, the bevel planes are the (1,1,3,12)
and (1,1,2,12) planex. It is a finding of this invention that

.fth:bhdcphnenthe(ﬂ,o.ﬂ,l)phw.thatallthem

requirements are met wtilizing the above etchant.

W:thth:sblndeedgegeumqrymdaymﬂomphm'
- gricatation defined above, edges with a radius of curva-

ture jess than 100 A have been produced.

If the above criteria are met then the etching process
-will produce a sharpening of the edge, and bevel geom-
etry will be maintained. By sharpening it is meant that

the size of the edge plane will reduce during etching As
the edge plane narrows to very small spatial dimension,
the average radius of curvature of the edge region must
decrease in making the transition from one bevel plane
to the other. As the bevel planes approach each other,
the edge can no longer be treated as planar. The.de-
creaging radins of curvature of this region must be taken
into -account. In particelar the region of the edge will
experience an increase in the etch mate due to sorface
energy effects. The emaller the radius of curvamre of
the edge, the faster the etch rate. This is o manifestation
of the Glbbs-Thompson surface energy effect. Let the
etch rate for the tangent plane to the edge region which
is parallel to the previous edge plape be defined as V&'
The edge will continue to narrow umtil such time as a

" steady state condition regults. A steady state condition

will result when V' becomes sufficiently large that

Fi
-t

Whenthmvelomtyhmﬂumnhed.ﬂ:eedgemlonuﬂ ’

changes geometry, butreneduwuhacnmhntndmof

Thnhmhngpmcuquﬂlmnedhﬁﬂ 3.FIG. 3
shows a time sequence of bevel and edge profiles 30-38
during the etching process. The time increment be-

. tween each profile is the same. Thus, the-incremental

change in bevel position is constant throughout the
sequence, i.e., the perpendicular digtance between bevel
profiles is constant. This resnlt obtains because of con-

- stant bevel etch velocities, V3. As the blade plane nar-

A

In
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rows in the sharpening process, the constant bevel etch
velocity constraint requires that the edge etch velocity
increase substantiplly. This geometrical result can be
.visualized in FIG. 3 by recognizing that the incremental
distance traveled by the edge in the Sime sequeace in-
creases. The required incresse in edge plane etch veloc-
ity can only be accommodated by a decrease in the
radius of curvature of the edge region producing an
incressed etch rate.

‘The edge produced is extremely uniform in thickness
because of the limiting process. Moreover, the edge
thickness can be controlled by choosing & and/or the
ratio Vp/Vg. Since Vg and V3 will in general have
different tem dependencies, it is also in princi-
ple possible to control the steady state edge thickness by
controliing temperature.

In order to achieve maximum sharpness, the crystal-
lographic orientation defined above was chosen to
make the ratio Va/V gz large as possible and still meet
other requirements. V 3/V gis approximately
at 285° C. With a bevel angle, @, of 13°, the steady siate
edge velocity, Vg’ inmsunppmximntdy 100 fold to
4.5 times the bevel etch rate.

The edges produced are extremely siraight and uni-
form in thickness throughout their entire length, This is
due to the fact that the edge formation is controlled by
thermodynamic propertics of the edge-ctchant system
and not by mechanical means a4 in other forming tech-
niques. It is of importance to note that the de-

scribed is relatively insensitive to initial edge roughness. g

In fact, if small chips are broken from an edge which has
already been formed by etching, a perfect edge can be
reformed by further etching.

Care must be taken in removing the blades from the
etchant and cooling to room temperature. The Al;Os is
very subject to thermal shock and thermally quenching
the blades will produce mechanically weak edges
which deteriorate quickly when used in cutting proce-
dures. -

3

12 .
was avoided. FIG. hhowuthnpre-etchgeometryofnz
bhnklﬂmthanmdmhonthntthebhdephne e.g..
surface 50, is the (0,0,0,1) crystallographic plane. The
mrhce!lubevdcduuuﬂlmmﬁs 6and 6A",
ahowdlegeometryot’thepamnwhnchhlvebeenpro-
disced in Al;0) with the edge plane being (1,1,2,0). ™~
| As can be seen in FIG. 6, the etching proceduré pro-
diices a beveling.60.of -the:sides-of :the_spine.62 of the,
bhdcﬂThebevahngnsymmemcbmuseofm‘yml

10 symmetry. Thlmhmgmodethmpmduoedadmble

edgemﬁgunﬂonuthebladepmntﬁﬁ.'rheedppm-

"dueedbythnm‘lpulbevﬁ:.edgeﬂ.mmaﬂthemy
~—totthdnt.1'hebevelsﬂlontheudesofspmeﬂallo\

equal to 20 29

2

3s

FIG. 4 shows a side view of a scalpel biade 40. The 40

schematic drawing shows that the point 42 is not well
formed. As shown, point 42 is blunted by the existence
of a point plane which is perpendicular to the blade
plane spnd which mekes an angle, 8, with the spine
plane. A configuration such as this is often encountered
after the initial mechanical forming of a blade. For
Al103 and one crystallogrephic orientation the bevel
piane, edge plane, point plane, and spine plane as noted.

If the point etch rate, V), is too large compared to the
edgeetchnﬁeVg.mdthespmeetnhnte.Vs,ﬂlepmnt
will blunt the cutting edge in the region near the point.
In the configuration shown, the edge will not blunt in
this mode if

¥,
Ve + —meg= in(8 — o) & ¥y cosl8 - a)

If the crystallographic orientation is chosen such that
the etch rate, Vp, for the bevel planes is a maximum or
near maximum for the etchant-crystal system, then the
steady state value of V'g will be very large, and this
mode of bluating will be prevented. The rapid mation
of the edge will quickly close off the point plane.

This strategy was carried out with Al;Os. In one
embodiment, the edge plane was chosen as the (1,1,2,0)
plane. The bevel planes (1,1,2,12) and (1,1,2,12) etch
rapidly but are not, however, the most rapidly etching
planes. Nevertheless the blunting mode described above

45
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{Pproduce an edge 70 from the point back a short distance”
- along spine 62. This geometry has a strengthening effect
fonthehhdepomt.ltlhouhmcutheplunmcbu -
mncsofthebhde. ,'.?

At Jover étching femperatures (~240" C.) spine bev-
cls do not chemically polish. However at higher tem-

there is some preliminary indication that the
bevels will chemically palish.

The feasibility of producing scalpels with different
crystallographic crientations have been examined. Re-
ferring now to FIG. 7, the blade plane was chosen as
before to be the (0,0,0,1) plane. The edge plane was
chosen to be the (1,0,1,0) plane and 13° bevel angles and
a 30" point angle were maintained. Here the tip of the
blade is shown in which the biade 80 has a bevel 82, &
point 84, and spine bevels 86. Here no spine edge is
produced. It is thus possible to successfully produce
scalpels with this cryltl.llognphic orientation as well,
However, some differences in etching behavior were
noted. Although the bevel planes are in general chemi-
cally polished, minor etch pitting was seen at sites
where dislocations intersected the bevel piane. The
pitting was aot found with the previous orientation.
Additionally the point ion changed signifi-
cantly as shown in FIG. 7. The beveling of the spine
sides by etching wus aguin apparent in the FIQ. 7 con-
ﬁgunmnbutbmeofthed:ﬂ'mempmntmhms
the spine bevels actuaily form the edge in the region of
thepomt. At the etching temperatures used (~260° C.)
the spine bevels did not chemically polish, so that a
microscopically straight edge was not produced in the
region of the point. Deapite these drawbacks, the results
of surgical testing showed no significant difference in

between the two blade configurations.

FIG. 8 illustrates one method for producing surgical
scalpel blades. In an orientation step 90, the substrate is
initially cut from a large single crystal with the orienta-
tion such as that shown to the right in FIG. 8. The side
of the substrate where the bevels gre 10 be formed is
then mechanically polished in a step 92 to reduce the .
near-surface damage due to the cutting process. The
preliminary bevels are then lapped in a step 94. The
scalpel blank is then cut in a step 96 along dotted lines
98 from the subsirate and the sides of the blank border-
ing the cuts are then mechanically polished in this step
to reduce nesr-surface damage on these surfaces and to
shape a preliminary point. The blank is then annealed in
step 98 at elevated temperatures to further reduce near-
surface damage. The blade is finally etched in a step 100
to produce the sharpened scalpel.

Having above indicated a preferred embodiment of
the present invention, it will occur to those skilled in the
art that modifications and alternatives can be practiced
within the spirit of the invention. It is accordingly in-
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terdled to define the scope of the invention only as
indicated in the following claims.
What is cll.una:l is:
e 17 A method of fabricating a cuiting instrument from
sm;lc crystal material comprising the steps of:

! providing a blank of single crystal aluminum oxide

" material-hiving - bevel"surfli:&_virhch pruv:de a
preliminary cutting instrument edge, said bhnk
oriented mich that the (0001) plane-is paraliel to the
planar bisector of the angle formed by the bevel
:urﬁnuofﬂlebhnkwhwhmeetattheedge, r.he
c-axis bung perpendicular to said plane; and
umuluneously etching and ch:nucally polishing the
-blnnk to“fori“the~cutting ~instiimedt edge, said
etchnntwungasacbumcalpohshforthebwels
formln; -said -cutting instrument edge, said cl.mmg
- instrument edge being pﬂ'pﬂldlclﬂll‘ m ‘said e-xis.
lmmelhod”ofclumlwhcrmtheetchmtund
for etching the blank is a8 mixture of sulfuric acid and

phosphoric acid.

S.T'hamethodofclnmlwhmmdpmlmmn-y
edge defines an edge plane and wherein said edge plane -

- is parallel to one of the planes of the form (1,1,2,0).

5

1

13

k)

kL

LL]

. 14
4. The methexi of claim 1 wherein said preliminary
edge defines an edge plane and wherein said edge plane
is paralle] to one of the planes of the form (l 0,1,0,).
5. The method of claim 1 further comprising;:
selecting a combination of crystallographic orienta-

tion of said preliminary edge, the crystallographic =

oricntations of said surfaces which provide said
preliminary edge, and at least one chemical etch-

ant, such that in said etching and polishing step the '

surfaces which provide said preliminary edge are
etched at a rate greater than the rate of eiching of
said preliminary edge.

‘6. The method of claim 5 wherein the crystallo-
grephic orientation of said preliminary edge, the crys-
tallographic orientations of said surfaces which provide
said preliminary edge, and said chemical etchant are
selected such that the ratio of the rate of etching of said
edge-providing surfaces to the rate of etching of said
preliminary edge is a maximum.

7. The method of claim 5 wherein in the step of simul-
tanecusly etching and chemically polishing said blank,

themmofmdetchmtonﬂmwrfmwhchpmwde_

said preliminary edge produces a narrowing of said
preliminary edge and ultimately forms = edge
5 having a maximum radius of curvature of 100

8 'l'hemcthodofclmmlwhmmdmle-cryltl.l
aluminom oxide material umbyorupph:re.
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1
- SAFETY RAZOR BLADE

BACKGROUND OF THE INVENTION

The present {nvention relates to a blade for use in a
safety razor, and more particolarly to a ceramic blade of
that type, and the method of manufacturing the same.

VYarioms blade constructions and shaving units have
been disclosed in the prior art wherein the blades have
been shown constructed of glass or other vitreous mate-
rials to form a blade snitsble for employment io a shav-
ing implement. For exsmple, a ceramic cutting blade is
disclosed in U.S. Pat. No. 3,543,402 issued to R. M.
Seager and & blade manufactured from at least two
vitreons materials is disclosed in U.S. Pat. No. 3,831,466
fssued 10 Hicks, Jr. Other blades of glass construction
are disclosed in U.S. Pat. No. 3,805,387 issued to Sieg-
nmnd et al and U.S. Pat. No. 4,011,071 issued to Walter
P. Siegmund. It is also suggested in the prior art that a
plunality of similarly shaped hollow blades may be
formed into a razor unit and such devices are shown in
the above cited U.S. Pat. No. 3,805,387 issued to Sieg-
mund et al as well as U.S, Pat. No. 4,807,360 issued to
Cesier et al.

Whﬂetheabovemmpummuummemm

" razor blade may be successfully accomplished, it is

considered that there is a need for a more simple struc-

5,018,274 |
section of the surface with the periphery of each of the

10

25

ture having fewer steps in fabrication in order to meet -

the requirements for mass production of blades in those
quantities achieved in razor blade manufacture. As is
obvious, the employment of a plurality of separate cle-
ments which must be fused or formed in some manner
to produce the final product requires handling of a
plurality of materials ss well as a number of assembly
and treatment steps to produce the final blade structure.

It is also evident that the employment of s plurality of
components combined with a complex process renders
a blade of the type under consideration costly to manu-
facture and therefore not applicable to employment in a
razor of the discardable type which is prominent in the

. market today.

It is therefore an object of the present invention to
provide a blade for use i a safety razor having a unitary
stuctare which is simple to manufacture and which
may be produced economically.

Aﬁuthaobjectofthepmthvmuouuwproﬂde
a blade of the type under comsideration which may be
manufactured under mass production techniques.

Another objection of the present invention is to pro-
vide a blade for use in a safety razor which is simple to
care for during the shaving process, and is emily
cleaned during the shaving process.

Yet another object of the present invention is to pro-
wdenmethodfarmufactunngnbhdnfmnblock
of ceramic material which is simple to perform md
adaptable to mass production techniques.

SUMMARY OF THE INVENTION

The aforementioned objects and other objectives
which will become apparent as the description proceeds
are accomplished by providing a method of manufac-
turing a razor blade which includes the step of provid-
ing a block of ceramic material in the form of a honey-
comb structure having a plurality of substantially paral-
lel cells formed therein, At least one surface is formed
cm the structure intersecting each of the parallel cells at
an scute angle and the one surface is ground and pol-
ished to form a plurality of sharpened edges at the inter-

k>
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cells to thereby provide a plurality of cutting edges to
be used in the shaving process,

The block of ceramic material is generally provided
in the green or uncured condition and is cured by sinter-
h:gtheformedhbckpnortomeuepol;mdm;nd
polishing. A suitable shaving surface is generally pro-
vided by applyiug a coating of platinum chrome to the

- one surface after grinding and polishing after which a

telomer coating is applied over the platinum chrome.
* The material employed in forming the honeycomb
structure may be any of a number of hard ceramic mate-
rials as exemplified by the group consisting of zirconia,
umgonﬂmpuﬁdlyluhhudarconh.dm
nia gtabilized alumina, cordierite, mullite, boron car-
bide, titanium nitride, silicon nitride and alominum ox-
ide.

The blade thus formed comprises a block of ceramic
material in the form of a honeycomb structure having a
plurality of substantially paralle]l cells formed there-
through. The blade further comprises a front surface
intersecting each of the paralle]l cells at an acute angle
thereto to form a plurality of cutting edges produced by
the intersection of the front surface with each of the
parallel cells. The blade may have a top surface and a
bottom surface, each extending rearwardly in a direc-
tion parallel with the cells of the honeycomb structure,
and the parsilel cells may be rectangular in cross-sec-
tion. The acute angle between the front surface and the
plurality of parallel cells is generally in the area of 20° to
25",

BRIEF DESCRIPTION OF THE DRAWING

The foregoing and other features of the inveation will
be more particularly described in connection with the
preferred embodiment, and with reference to the ac-
companying drawing, wherein:

FIG. 1 is an elevational perapective view showing a
shaving instrument having a blade constructed in accor-
dance with the teachings of the present invention;

FIG. 2 is an exploded view ghowing the blade of
FIG. 1 depicting the various steps of manufacture of the
blade;

FI1Q. 3 is a partial elevational tive view show-
ing details of the blade of FIGS. 1 and 2 taken on an
enlugedwﬂcforchruy-md

FI1Q. 4 is an elevational sectional view
cross-scction taken through the blade of FIGS. 1
through 3 to disclose further details of the blade struc-
ture.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to the drawing, and in particular to
FI1Q. 1, there is shown a safety razor 10 comprising a
handle 12 with a blade 14 mounted thereon. It should be
understood that the razor 10 may be of the disposable
type wherein the blade 14 is permanently affized to the
handle 12 or of the reussble type, wherein the blade 14
is removable, and may be attached by any of a plurality
of means well known in the art.

Referring now to FIQ. 2, the blade is generally manu-
factured by providing a block 16 of ceramic material in
the form of a honeycomb structuré having = plurality of
substantially parallel cells 18 formed therein. The block
16 may be of a ceramic material such as zirconis, tetrag-
onal zirconis, aluminum oxide, etc. as referred to here-
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inbefore, which are capable of being extruded into the
shape shown in FIQ. 2 while in the green or uncured
condition. The block 16, as shown in FIG. 2, is in the
form of a rectangle having a top surfece 20, bottom
surface 21 and side surfaces 22 and 23.
As best shown in F1G. 2, the blade 14 is formed from

3

4 .
grinding and polishing the one surface to form a plu-
rality of sharpened edges at the intersection of the
one surface with the periphery of each of the cells
to thereby provide a plurality of cutting edges to be
employed in the shaving
2. A method as set forth in claim 1 wherein each of

the block 16 while in the green or uncured state by  the cells is rectangular in shape.

slicing a portion P from the block at an acute angle A
with the top surface 20, the bottom surface 21, and the

upper and lower walls of the cells 18 which are parullel 10

to the top and bottom surfaces of the block.

Referring now to FIQ. 4, the angle A which is desig-
nated as the angle at which the blade 14 is cut from the
block 16 is genernily in the area of 20° to 25°, By slicing

the block 16 st the acute angle A, a front surface 24 and 13

a rear surface 26 are formed which are parslle] and
which intersect each of the parallel cells 18 at an angle
equal to the angle A.

After the blade 14 is formed as shown in FIGS, 2 and
4, it is subjected to an elevated temperature for & period
ol'timem!ﬁcimttopropulycureorhndmtheptrﬁcu—
lar ceramic material, which temperature and time
ahouldbeknowntothoaefmﬂmmththaplmeuhr
ceramic being employed.

With the blade 14 in the hardened condition, it is
subjected to a grinding and polishing process st the
surface 24 (or at the surfaces 24 and 26 if both sides of
the blade 14 arc to be employed) such as to form a

plurality of sharpened edges 30 at the intersection of the 30

surface 24 with each of the cells 18, and with the surface
21. The biade 14 is now subjected to a coating of plati-
num chrome over which a telomer coating is applied to
produce a blade having a plurality of cutting edges 30
which are adequately sharp and have the wearability
necessary to provide a durable shaving instrument.
From the above, it should be observed that the manu-
facture of the blade 14 lends itself to mass production in
that & block 16 of green extruded ceramic material may
be sliced into a plunality of portions P which in turn are
subjected to general production techniques, such as
subsequent grinding, polishing and plating procedures.
Also, a3 alluded to above, while the razor 10 depicted in
FIG. 1 is shown to be a discardable shaving instrument
having the blade 14 cemented or otherwise affixed to
the handle 12, the blade may be incorporated into &
similar handle which is manufactured to be employed
over a period of time with discardable blades. In the
employment of a blade 14 with a razor wherein the

blade is to be inserted into the razor handle, both the sp

surfaces 24 and 28 would be treated as set forth above
and upon the requirement of a new blade, the blade
would be inverted and the surface 26 would be em-
ployed in the shaving process in a similar manner as that
of the surface 24.

It should therefore be evident that the present inven-
tion provides a safety razor blade which is simple to
manufacture, lends itself to mass production techniques
and is therefore inexpensive and readily adapted to the
manufacture of a discardable razor.

I claim:

L. A method of manufacturing a razor blade which
includes the steps of:

providing a unitary block of ceramic material in the

form of a honeycomb structure having a plurality 65

of substantially parallel cells formed therein;
forming at least one surface on the structure intersect-
ing each of the parallel cells at an acute angle; and

20 onc surface after

b L]
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3. A method as set forth in claim 2 wherein the block
has an upper surface and a lower surface parallel to the
plurality of cells.

4. A method as set forth in claim 3 wherein said block
of ceramic material is provided in the green or uncured
condition and further includes the step of curing the
block by sintering the formed block prior to the step of

indi

5. A method a5 set forth in claim 4 wherein the acute
angle formed b in the area of 20° to 25°,

6. A method as set forth in claim 8 which includes the
step of lpplying 8 conl:mg of platinum chrome to the
and the forther step of apply-
ing a telomer coating over said platinum chrome to
provide a finish to said cutting edges-

7. A method as set forth in claim 6 wherzin the ce-
ramic material is one taken from the group consisting of
zlrcoma.tetragomlnmomn.pumlly stabilized zirco-
nia, zirconia stabilized alumina, cordierite, mullite,
boron carbide, titanium carbide, titanivm nitride, silicon
carbide, silicon nitride and aluminum oxide.

8. A method as set forth in claim 1 wherein the block
has an upper surface and a lower surface parallel to the
plurality of cells.

9. A method as set forth in claim 1 wherein said block
of ceramic material is provided in the green or uncured
condition and forther includes the step of curing the
block by sintering the formed block prior to the step of
grinding and polishing.

10. A method as set forth in claim 1 wherein the acute
angle formed is in the area of 20° to 25",

11. A method of as set forth in claim 1 which includes

40 the step of applying a coating of platinum chrome to the

45
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one surface after grinding and polishing, and the furtber
step of applying e telomer coating over said platinum
chrome to provide a finish to said cutting edges.

12. A method ns set forth in claim 1 wherein the
ceramic material nsonetakenfmmthegmupconmtms
of zirconia, tetragonal zirconis, partially stabilized zir-
conia, zirconia stabilized alumina, cordierite, mullite,
boton carbide, titanium carbide, titanium nitride, silicon
carbide, silicon nitride and alominum oxide.

13. A blade for use in a safety razor comprising:

a unitery biock of cersmic material in the form of a
honeycomb strycture having a plurality of substan-
tially parallel cells formed therein, said block com-
prising a front sarface intersecting each of said
parzllel cells gt an acute angle thereto; and

a'plurality of cutting edges formed by the intersection
of said front surface with each of said paraliel cells.

14. A blade as set forth in claim 13 wherein said block
further includes a top surface and a bottom surface,
cach extending rearwardly in a direction parallel with
said cells of said honeycomb structure.

18. A blade a3 set forth in claim 14 wherein said paral-
lel cells are rectangular in cross-section.

16. A blade as 52t forth in claim 15 wherein said acute
angle between said front surface and said plurality of
parallel cells is In the area of 20* to 25°,

17. A blade as set forth in claim 16 which further
includes a rear surface intersecting each of said parallel

A
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o . angle between said front surface and said plurality of
cellnndwhem?mdﬁontmrfmmdmduunr- llel cells is in the area of 20° to 25",
face are substantially paralicl. - 20. A biade as set forth in claim 13 which further
18. A blade 28 set forth in claim 13 wherein said paral-  includes a rear surface intersecting each of said parallel
5 cells and wherein said front surface and said rear sur-

lel cells are rectangular in cross-section. face arc substantially parallel.
19. A blade a3 set fosth in claim 13 wherein said acate . s 0.
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