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[57] ABSTRACT

A system for treatng razor blades includes a vacuum
chamber having in it a set of blade stack support struc-
tures arranged in a circle. A source of metal is disposed
along a line coaxial with. the circle of support struc-
tures. After razor blades are positioned on the support
structures, a vacuum is established in the chamber, the
sharpened blade edges are cleaned, and then, material
is transferred from the source to the blade edges to
form a film about 100. Angstroms in thickness on those
sharpened blade edges.

14 Claims, 15 Drawing Figures
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APPARATUS FOR PROCESSING 'RAZOR BLADES

This application is a continuation-in-part of my co-
pending patent application Ser.'No. 15,015, filed ‘Feb.
27, 1970, which is a division of Ser. No. 639,867, filed
May 19, 1967, and a continuation of my pending patent
application Ser. No. 693,529, filed Dec. 26, 1967; each
application now abandoned.

SUMMARY OF INVENTION

This invention relates to safety razor blade, either
single edged or double edged; and pertains more partic-
ularly to improved apparatus for manufacturing such
blades.

Conventional steel safety razor blades which may be
utilized in the practice of the present invention are
from 0.0015 to 0.015 inch thick and have wedge
shaped cutting edges that are formed with a series of
precision grinding and/or honing operations. The steel
of which such blade is composed may be either carbon
steel or a hardenable corrosion resistant steel. In either
case it is hardened by a suitable heat treating process
and then sharpened to the wedge shaped cutting edge.
The faces or sides of some such cutting edges extend
back from ‘the ultimate edge for a distance up to-as
much as 0.1 inch or even more. Each face need not'be
a single planar uninterrupted continuous surface or
“facet”, but may consist of two or more “facets”
formed by successive grinding or honing operations
and intersecting each other along zones generally par-
allel to the ultimate edge. The final facet, that is, the
facet immediately adjacent the ultimate ‘edge, may
have a width as little as 0.0003 inch or even less.  After
the cutting edge is formed, further treatment of the
blade must be compatible with and not injurious to that
edge.

It has long been known that a coating of a metal such
as chromium on the cutting edge of a razor blade will
increase the shaving life of the blade. Such a coating,
however, should not have an adverse effect on other
shaving characteristics of the blade. For example, I
have found that a coating that is a large fraction of a
micron in thickness impairs first shave quality. I have
found that this metal film should not exceed 600 Ang-
stroms in thickness, a preferable range being 50-500
Angstroms and best results being obtained with a range
of 100-400 Angstroms thickness. This film should be
continuous and of substantially uniform thickness. Fur-
ther, from the standpoint of commercial practicability,
this film should be applied with process and apparatus
that permits production of large quantities of razor
blades with a minimum of additional processing steps.

An object of this invention is to provide novel and
improved apparatus for placing a metal coating of con-
trolied uniformity on the sharpered surfaces of a razor
blade.

Another object of the invention is to provide novel
and improved apparatus for placing a thin metallic
coating on the sharpened edges of razor blades in‘a
mass production process and in a manner that does not
impair the quality of the sharpened edge.

Another object of the invention is to provide a novel
and improved apparatus useful in manufacture of razor
blades. ‘

Another object of the invention is to provide appara-
tus, compatible with mass production criteria, of apply-
ing a thin metallic coating to the sharpened edges of
razor blades. ‘
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Still ‘another object of the invention-is to provide a
blade ‘treatment system for cleaning and applying an
extremely thin metal film to the sharpened edges of a
multiplicity of razor blades in a high volume production
operation.:

Another object of the invention is to provide appara-
tus for applying to the edges of the razor blades in pro-
duction quantities a coating that increases the shaving
life of the razor blade without impairing the first shave
quality of that razor blade.

Still another object of the invention is to provide a
novel and improved apparatus for-applying a metallic
coating to the sharpened surface of a razor blade in a
manner -which does not require further mechanical
working of the coating material for satisfactory first
shave effectiveness. ‘

A blade treatment system constructed in accordance
with the invention includes an evacuable chamber hav-
ing disposed in it a structure for receiving a stack of
blades of substantial length, the blades in the stack
being disposed in face to face relationship with their
sharpened edges in alignment. Also disposed within the
chamber is a source of metal that extends along a line
parallel to the stack of blade edges as defined by the
stack receiving structure with portions of the source
disposed beyond each end of the blade stack so that
preferably the final facet of each blade is exposed to a
portion of the source at an angle of at least about 45°.
The system further includes apparatus for evacuating
the chamber and circuitry for energizing the source to
transfer metal material to the sharpened edges of the
razor blades in the stack to form a thin continuous unij-
form coating of ‘metal having a thickness of less than
600 Angstroms and preferably less than 500 Angstroms
that is firmly adherent on those sharpened edges. This
film thickness' may be measured by placing a drop
(about: 0.010 inch in diameter) of a concentrated so-
dium hydroxide solution on the metal film and electro-
Iytically reverse plating until etching of individual car-
bides of the razor blade is detectable. The thickness of
the film may then be measured with a Zeiss interfer-
ence microscope . employing a monochromatic light

‘source.

The controlled distribution of the metal in the source
parallel to and extending beyond the ends of the blade
stack enables the deposition system to form a thin
metal film uniformly on all the blades in the stack,
which metal film is firmly adherent.and which provides
a suitable sutface for receiving a shave facilitating poly-
mer coating. o ‘

The system, in particular embodiments, employs. a
plurality of blade stack support structures arranged
equidistantly from the source of metal and with the
blade edges in each stack disposed at the same orienta-

tion with respect to the source of metal and at the same

distance from that source of metal, The source of metal
in those embodiments includes' a series of discrete
chromium plated tungsten wire elements formed in he-
lical coils.and non-uniformly spaced along the source
line.

In one such embodiment, the blades are-discrete
blade elements and are stacked in face to face relation-
ship on a stacking leaf which places their sharpened
edges in exposed planar alignment and the position of
the stacking leaf defines the exposure axis. In a second
such embodiment, a length of ribbon blade is stacked
in tightly wound coil form on a support plate so that the
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length of sharpened edge is in exposed planar align-
ment. In that embodiment the coil stack is mounted for
rotation about an axis perpendicular to the exposure
axis and a mask structure is disposed between the stack
and the source of metal, which mask has an aperture
dimensioned so that each portion of the stack is ex-
posed to the source for an equal amount of time as the
coil stack is rotated, the aperture being aligned with
and defining the exposure axis.

In the practice of the invention with this system, the
sharpened edges of a stack of clean blades, in a low
pressure environment preferably of a pressure less than
one half micron, are coated by heating suitable plated
metal source elements sufficiently to vaporize a prede-
termined amount of metal. In particular embodiments,
the source elements are chromium plated tungsten wire
coils which are heated sufficiently to vaporize ail of the
chromium. Thus a known amount of metal from a dis-
tributed source of particular configuration transfers
metal to uniformly coat the sharpened edges of the
blade load. With the method and apparatus of the in-
vention, employing a series of six chromium plated 20
mil tungsten wire sources, the heating of the sources for
a suitable period (as a function of electric curren-
t—typical periods ranging from twenty seconds to five
minutes) vaporizes chromium to form an adherent
coating on the blade edges. For example, heating the
sources for a period of 20 seconds is sufficient to vapor-
ize chromium to form an adherent blade edge coating
of 100 Angstroms nominal thickness on a system load
of sixty thousand discrete blades. A coating 500 Ang-
stroms in nominal thickness on such a load may be ob-
tained by employing chromium plated 30 mil tungsten
wire sources which are energized for two minutes. A
coating that has a nominal thickness of 100 Angstroms
may be formed on a five thousand foot length of razor
blade strip stacked in a tightly wound coil by heating
the sources for five minutes (two thirds of the coil stack
being masked and the coil stack being continuously ro-
tated during the deposition process).

In order to assure the adherence of the metal film to
the sharpened edges of the razor blades, it is desirable
that contamination on those surfaces be removed. Pref-
erably this cleaning operation, at least as a final step,
is carried out in the same reduced pressure environ-
ment as is employed for coating the razor blades.
Cleaning may be carried out by various processes, for
example, by heating the blades to a temperature of at
least about 600°F. for six minutes in the reduced pres-
sure environment. Another arrangement, which is par-
ticularly compatible with the use of a plurality of blade
stack support structures in a reduced pressure environ-
ment features a glow discharge arrangement for remov-
ing the contamination layer from the blade edges im-
mediately prior to the application of the metal coating,.
A particular form 'of apparatus includes an elongated
electrode member disposed within the evacuabie
chamber which has its axis extending parallel to the ex-
posure axes of the blade stacks but other electrode
member configurations including use of the chamber
wall itself may be satisfactorily employed. The chamber
includes structure for introducing a glow discharge sup-
port gas into the chamber and electrical circuitry is
provided for energizing the electrode member and the
stack support structures as complementary electrodes
to establish an electrostatic field between the electrode
structure and the stacks of razor blades of sufficient
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magnitude to create a glow discharge condition at the
exposed sharpened edges of the blades. The glow dis-
charge condition preferably is established and main-
tained while the chamber is being evacuated at a high
capacity pumping rate to remove, from the chamber,
contaminants released from the blades under the influ-
ence of the glow discharge condition.

The glow discharge sustaining atmosphere is selected
as a function of the material of the metal substrate such
that no reaction product is formed on the substrate sur-
face. Reducing or inert gases such as argon, hydrogen,
nitrogen and helium are suitable. In particular embodi-
ments hydrogen is used with a carbon steel razor blade
while it is preferred to use an argon atmosphere with a
corrosion resistant steel razor blade.

This apparatus provides a particularly convenient
method of cleaning the blades immediately prior to the
deposition of metal and enables the possible contami-
nation of the cleaned blade edges after termination of
the cleaning operation and before deposit of the metal
to be minimized. After deposition of the metal coating
on the blade edges, the stacks of blades may be re-
moved from the vacuum chamber and further treated
as for example through the deposition of a solid fluoro-
carbon polymer on the coated cutting edges. The in-
vention produces razor blades that exhibit characteris-
tics of longer shaving life with blade stock formed from
steels which consist of 0.0 to about 1.4 percent carbon,
0.0 to about 18 percent chromium, 0.0 to about 2 per-
cent molybdenum, 0.0 to about 2 percent silicon, 0.0
to about 8 percent nickel, and the balance essentially
iron; and enables such blades to be processed in com-
mercial quantities.

Specific steel compositions with which the invention
may be practiced include the following:

Composition in %

C Cr Mo Si Ni
1.25 0.2 0.2
0.96 139 0.3
0.65 10.5 1.0 0.3
0.58 14.0 03
0.40 135 1.25 0.3
0.09 17.0 0.70 1.2 8.0

_Other objects, features and advantages of the inven-
tion will be seen as the following description of particu-
lar embodiments of the invention progresses, in con-
junction with the drawings, in which:

FIG. 1 is a sectional view of apparatus employed for
cleaning the sharpened facets of a multiplicity of razor
blades and depositing chromium on those facets;

FIG. 2 is a sectional view of the apparatus shown in
FIG. 1 taken along the line 2—2 of FIG. 1;

FIG. 3 is a sectional view of a blade stack structure
employed in the apparatus shown in FIG. 1 taken along
the line 3—3 of FIG. 2;

FIG. 4 is a perspective view of a chromium plated
tungsten wire coil and its support structure as em-
ployed in the apparatus shown in FIG. 1;

FIG. 5 is a perspective view of structure employed in
the plating of chromium on a set of tunsten wire coils;

FIG. 6 is a schematic diagram of the electrical circuit
employed in the blade cleaning operation;

FIG. 7 is-a schematic diagram of the electrical circuit
employed in the chromium deposition operation;

FIG. 8 is a diagrammatic view of the geometry of a
preferred embodiment of the apparatus employed in
the chromium deposition operation;
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FIG. 9 is a diagrammatic plan view of a second form
of apparatus constructed in accordance with the inven-
tion which apparatus includes structure for ‘enabling
both edges of doubie edged blades to be processed in
the same evacuated envirornment in accordance with
the invention.

FIGS. 10 and 11 are diagrammatic side and top views
of a second form of tungsten wire coil support striictire
useful in the type of apparatus shown in FIG. 9;

FIG. 12 is an elevational view (with parts broken
away) of still another form of apparatus constructed in
dccordance with the invention for processing a razor
blade component stacked in coiled form;

FIG. 13 is a sectional view taken along the line
13—13 of FIG. 12;

FIG. 14 is a front view of a mask and coil stack struc-
ture employed in the apparatus shown in FIG. 12 taken
generally along the line 14—14 of FIG. 12; and

FIG. 15 is an enlarged elevational view (with super-
imposed sectional views) of a chromium plated tung-
sten wire coil employed in the apparatus shown in
FIGS. 12-14.

DESCRIPTION OF PARTICULAR EMBODIMENTS

The apparatus shown in FIG. 1 includes a base 10
which receives a glass bell jar 12 30 inches in height
and 18 inches in diameter. The base 10 has a main ex-
haust port 14 to which is coupléd a suitable vacuum
system (not shown) that includes a liquid nitrogen trap
and a high capacity diffusion pump. In a particular em-
bodiment the purnp has a pumping capacity of 2400 li-
ters per-second. A channel, diagrammatically indicated
at 16, is provided for introducing a specific atmosphere
into the chamber 18 formed between the bell jar 12 and
the base 10 while the chamber is undergoing pumping
by the vacuum system.

Mounted above base 10 on ring 20 are 18 blade stack
support structures 22, each of which defines an expo-
sure axis. Ring 20 is supported from base 10 by six insu-
lator posts 24 which are secured to ring 20 by screws
26. Each stack support structure 22 includes a ‘main
base member 28 of L-shaped configuration and a coop-
erating member 30 which is secured to member 28 by
bolts 32, which cooperating members define between
them a recess for receiving the lower end of a relatively
rigid elongated blade ahgnmg leaf or knife 34 on which
a'stack of razor blades is positioned: Base member 28
has a groove 36 in its upper horizontal surface which
receives and positions the end of leaf 34. A thumb
screw 38, threadedly received in member 30, is em-
ployed to clamp the aligning leaf 34 in the recess be-
tween members 28 and 30.

The aligning leaf support assembly is mounted on
stud 40 which is spaced from ring 20 by an electrical
insulating assembly of elements 42 and 44, An electri-
cal connection via conductor 46 and stud 40is made
to the support block assembly and all of conductors 46
are connected to conductor 48 which passes through
base 10.

Each blade support assembly 22 receives a leaf 34
which has secured to its opposite end a clamping block
assembly 50 which includes members similar to mem-
bers 28,30. Between the two assemblies 22,50 on each
leaf 34 are positioned a stack of double edged razor
blades 60 in a stack fourteen inches in length. In a typi-
cal processing of double edged blades in this apparatus
each such stack has 3500 blades while in a typical pro-
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cessing of single cdge injector type blades cach such
stack has 1400 blades. The aligning leaf structure 34
provides precise alignment of the edges 62 of the
blades 60. Secured to the upper clamping assembly 50
is an alignment ring 64 which assures the alignment of
the eighteen stacks of blades 60 relative to one another
and the concentricity of those stacks within the bell j jar
12.

Also mounted within bell jar 12 on base 10 are two
dluminum electrode bars 70,72 each 24 inches in
length which are spaced from base 10 by insulators 74
and which are connected together by jumper 76 so that
they are the same electrical potential when energized
via conductor 78.

A distributed source of metal in the form of a series
of six tungsten wire coils 80-1 — 80-6 are supported
at fixed spaced locations along line 82 by two rods 84
which are mounted on horizontal bar members 86
which in turn are spaced from base 10 by insulated
posts 88 to which are secured electrical conductors 90,
92, respectively. A series of mounting arm members 94
are secured to each rod 84 and each receives one end
of coil 80 so that these coils are secured coaxially with
line 82 at the center of the circle of stacks of blades 60.
Also disposed on the base 10 over exhaust port 14 is

‘baffle plate 96.

Electrode bars 70,72 each éxtend equidistantly be-
yond either end of stacks of blades 60. The coils 80 are
also symmetrically located with respect to the mid-
points of the stacks of blades 60. The following table
indicates satisfactory spacing for three different config-
urations of coils 80, groups I and I being sets of six
coils and group Il being a set of eight coils. The pre-
ferred spacing, indicated in group I in the table bélow,
is also represented in FIG. 8.

SPACING FROM MIDPOINT OF STACK

Coils 80-3,4 Coils 80-2,5 Coils 80-1,6 Coils x
I. 3" 10" 11 %
il 3% 10 %" 11 %"
HIL 1% In 9 %" 14"

The geometry of a stack.of blades 60 relative to the
distributed source of coils 80 is indicated in FIG. 8. As
indicated in FIG. 8, axis 82 is positioned a distance of
six and three quarter inches from the edges 62 of the
14 inch long stack of blades and parallel thereto. Along
line 82 are disposed the six coils 80-1 — 806 accord-
ing to the spacing set forth in ‘group ! in the table above.
It will be seen that each facet of each blade is exposed
to source at an angle of at least about 45° and the series
of sources overlap so that each final facet surface is ex-
posed to at least two different sources of chromium.

Each coil 80 is a 2 15/16 inch length of 20 mil tung-
sten wire that is formed into a helix of four turns over
an axial length of one-half inch. A lead 100, three-
fourths inch in length is provided at each end of each
coil: Each support bar 94 has a slot 102 in its end and
the coil lead 100 is secured at the base of the siot by a
set screw 104 which set screw provides electrical con-
tact between the support arm 94 and the coil 80.

A layer ‘of about 38 milligrams of chromium is
formed on each coil in the following manner. After the
wire has been formed into a coil one:leads 100 of each
coil is connected to an aluminum disc 110 of configura-
tion as indicated in FIG. 5. This disc is placed in a hori-
zontal position in a plating bath and rotated at 100 rpm
rate about axis 112.
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A suitable plating bath is a chromic acid plating solu-
tion of the following composition:

4620 grams CrO,,

46.2 grams H,SO,, and

112 grams Cr, (SOy); - 15 H,O
This solution is diluted with distilled water to a quantity
of five galions.

In the plating operation the bath temperature is
maintained at 110°F. and a plating current of eight am-
peres is maintained for 18 minutes to plate each coil 80
with approximately 38 grams of chromium. If the leads
100 of the coils are not masked, the plating current
may be increased slightly to compensate for the in-
creased surface area being plated but otherwise the
same process may be employed.

After the coils 80 have been plated with chromium
six of them are secured to supports 94. A suitable pro-
cess sequence is as foilows: after carbon steel blades 60
of the following composition

carbon 1.15-1.30%
silicon 0.15-0.30%
manganese 0.25-0.50%
chromium 0.21-0.35%
sulfur less than 0.45%
phosphorus less than 0.45%

iron remainder

have been cleaned thoroughly in trichloroethyliene,
they are formed on leaves 34 into 18 stacks, each stack
being 14 inches in length, and the stacks are then posi-
tioned on the blade support structures 22 as indicated
in FIGS. 1 and 2. Aligning ring 64 is then bolted to the
upper ends of the blade stacks so that those stacks are
maintained equally spaced with respect to one another
and concentric with respect to the axis 82.

The bell jar 12 is then placed on base 10 and the sys-
tem is sealed and pumped at a rate of about 800 liters
per second (after liquid nitrogen trapping and valving
at base plate 10) until a vacuum of 0.1 micron is ob-
tained. Hydrogen (as a glow discharge sustaining atmo-
sphere) is then bled into the chamber 18 through inlet
16 until a chamber pressure of 200 microns is reached.

In the circuit arrangement the electrodes 70 and 72
are connected in parallel to terminal 78 as anodes as
indicated in FIG. 6 and the 18 stacks of blades 60 are
connected in parallel to terminal 48 as cathodes. A
voltage of 725 volts impressed across terminals 48,78
establishes a glow discharge between the sharpened
edges 62 of the blades 60 and the anodes 70, 72. An
electric current flow of 925 milliamperes is maintained
for seven minutes and the glow discharge condition
acts on the contamination layer at the sharpened blade
edges in a cleaning action. During this processing the
pressure In the chamber increases to about 220 mi-
crons. At the end of seven minutes the glow discharge
and the flow of hydrogen into the chamber are termi-
nated. As pumping continues, the chamber pressure
rapidly drops to 0.1 micron. .

The six coils 80—1 — 806 are then energized via the
circuit indicated in FIG. 7. The six tungsten coils, con-
nected in parallel, are energized for twenty seconds
with an electric potential of 8.8 volts and a current flow
of 120 amperes, sufficient to heat the tungsten wires
and vaporize all the chromium from the tungsten wires
and transfer that chromium for deposit in a uniform
film 120 of controlled dimensions on the final facet of
the sharpened edges 62 of the razor blades 60. The
layer extends approximately 0.004 inch back from the
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ultimate edge and has a nominal thickness of about 100
Angstroms.

The chamber pumping is terminated and the pressure
in the chamber is allowed to return to atmosphere so
that the stacks of coated blades may be removed. After
both sharpened edges 62 of the blades 60 have been
coated with chromium, a polymer layer is applied to
the chromium coated surfaces to provide a coating 122
as indicated in FIG. 9, on top of the chromium layer
120. This polymer coating in a particular embodiment
is a fluorocarbon polymer, applied to the cutting edges
of the blade stack, in accordance with the teaching in
United States Letters Patent No. 3,518,110 issued June
30, 1970, in my name and assigned to the same as-
signee as this patent application. This processing in-
volves heating the blade to a temperature preferably in
the range of 590°~806°F. and provides on the cutting
edge of the razor blade an adherent coating of solid flu-
orocarbon polymer.

The heating condition, i.e. maximum temperature,
length of time, etc., obviously must be adjusted so as to
avoid substantial decomposition of the polymer and/or
excessive tempering of the metal of the cutting edge. In
a preferred process, the polymer, in the form of disper-
sion of finely divided particles in an inert volatile liquid,
is applied by spraying in a 40 kv electrostatic field to
the sharpened cutting edges of the blade stack. The
coated blades, which dry almost immediately due to the
evaporation of the inert liquid, are then heated to a
temperature from 590°-806°F. for 2 to 15 minutes, e.g.
to 650°F. for ten minutes in an atmosphere of hydrogen
gas, after which the hydrogen is displaced by nitrogen
while cooling the blades to 350°F. The blades are fi-
nally cooled In air from 350°F. to room temperature.
Sixty thousand blade edges are satisfactorily processed
in one chamber load with this apparatus. The blades
processed in this manner exhibited a long shaving life.

In a second example, stainless steel blades of the fol-
lowing composition:

carbon 0.54-0.62%
chromium 13.5-14.5%
manganese 0.20-0.50%
silicon 0.20-0.50%
phosphorus, max. 0.025%
sulphur, max. 0.020%
nickel, max. 0.50% max.
iron remainder

were processed as follows. After hardening, sharpening
and cleaning, 18 blade stacks of 3500 blades each were
placed in vacuum chamber 18. The chamber pressure
was reduced to 0.1 micron and a discharge sustaining
atmosphere of argon was then bled into the chamber to
increase the pressure to 10 microns while a pumping
rate of 800 liters per second after liquid nitrogen valv-
ing and trapping at the base plate was maintained. A
glow discharge was initiated in this argon atmosphere
at a voltage of 1600 volts with the circuit shown in FIG.
6 and a current flow of 900 milliamperes was main-
tained for eight minutes. The argon flow was then ter-
minated and the pressure in the chamber rapidly

_ dropped to 0.1 micron. The six coils 80 located as

65

above described in group I then were energized to va-
porize the chromium (an electric potential of 8.8 volts
and an electric current of 120 amperes being main-
tained for 20 seconds). The resulting chromium coat-
ing 120 had a nominal thickness of 100 Angstroms and
extended along the entire cutting edge and back along
the final facet for a length at least 0.001 inch. The
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flurocarbon polymer coating 122  was applied to the
coated blades and those blades also-exhibited charac-
teristics of long life. )

In a third example, employing corrosion resistant
steel blades of composition similar to the above except
for a carbon content of about 0.9 percent and a chro-
mium content of about 14.5 percent, 18 stacks of thirty
five hundred blades each were placed in chamber 18.
Pressure was reduced to 1.0 micron by a constant
pumping rate of 800 liters per second and then argon
was introduced while pumping.continued until the
pressure increased to 10 microns. The circuitry shown
in FIG. 6 was employed to initiate a glow discharge
with an electric potential of 1600 volts and a current
flow of 900 milliamperes which was maintained for
four minutes. The argon flow was then terminated and
when the chamber pressure had returned to less than
0.1 micron the filaments 80 were energized by a volt-
age of 8.8 volts, producing a current flow of 120 am-
peres for 20 seconds to vaporize all the chromium and
form a film on the exposed edges of the blades.60.

. After removal of the blades from the chamber they
were coated with a fluorocarbon polymer as above de-
scribed. These blades also exhibited characteristics of
long shaving life.

In a fourth example, eighteen stacks of single edge
stainless steel blades 0.008 inch in thickness were
placed in chamber 18, producing a total chamber load
of about 25,000 blades. The pressure in the chamber
was reduced to 0.1 micron by pumping rate of about
800 liters per second with liquid nitrogen trapping and
valving at the base plate. Argon was then bled into the
chamber until the chamber pressure reached 10 mi-
crons while the pumping rate continued and a glow dis-
charge was initiated with the circuit shown in FIG. 6 by
applying a voltage of 1600 volts and maintaining with
a; current of 900 milliamperes for eight minutes. The
glow discharge and introduction of argon were then
terminated and when the pressure in the chamber
dropped to 0.1 micron, the coils 80 were energized at
8.8 volts and a current.of 120 amperes for twenty sec-
onds to vaporize all the chromium. The chromium
coated blades were then removed from the chamber
and a polymer coating as described above was applied
to them. All the blades treated in the chamber passed
quality control tests and- exhibited characteristics of
long shaving life.

In still another example, a vacuum chamber 18 is
provided employing a stainless steel base 10 and a
stainless steel bell jar 12. The anode électrodes 70,72
were omitted and the base 10 was grounded and func-
tioned ‘as the anode in the circuit shown in FIG. 6.
Razor blades of the same material as in the second ex-
ample were placed in the chamber, producing a cham-
ber load in excess of 60,000 blades. The pressure in the
chamber was reduced to 0.1 micron by pumping at a
rate about 800 liters per second with liquid nitrogen
trapping and valving at the base plate. Argon was then
bled into the chamber until the chamber pressure
reached 10 microns while the pumping rate was.contin-
ued. A glow discharge was'initiated, employing the
base plate and bell jar as the anode by applying a volit-
age of about 1560 volts between the plate support
structures and the chamber walls. A current of 925 mil-
liamperes was maintained for seven minutes. The glow
discharge and. introduction of argon were then' termi-
nated and when the pressure in the chamber had
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dropped to 0.1 micron, the coils 80 were energized for
20 seconds at a potential of 8.8 volts and a current of
120 amperes to vaporize all the chromium. The chro-
mium coated blades were then removed from the
chamber and a polymer coating as described above was
applied directly (as in the other examples) on the chro-
mium surfaces without modification or other working
of those surfaces. The blades treated in this manner
also exhibited characteristics of long shaving life.

The diagrammatic fepresentation of FIG. 9 illustrates
an arrangement of a chamber 18’ in which the blade
stacks support structures 22’ may be rotated 180° for
successively coating both sharpened edges of double
edge blades 60’ without the necessity of opening the
vacuum chamber 18'. Each support structure 22’ is
mounted for rotation and includes stops for positioning
the blade stack support structure in accurate alignment
so that the mid-points of the sharpened edges are tan-
gent to a radius from the coil axis 82, A ring drive 150
engages drive discs 152 secured to each support struc-
ture and as ring 150 is rotated discs 152 are driven fric-
tionally to rotate these stack structures 22’ and the
blades 60’ supported on"these structures 180° to abut
a series of precision: stops. Electrode 70’ is also
mounted on a rotatable drive disc 154 which rotates
about the axis of electrode 70’. A second set of six coils
80’ are spaced along axis 156 on the opposite side of
electrode 70’ from the coils: 80 on axis 82'. After one
set of sharpened edges of the blade stacks have been
coated with chromium from coils 80 ring 150 and disc
154 are rotated by a suitable drive to turn discs 152 and
154, 180° A glow discharge cycle and chromium va-
porization cycle is then performed in sequence utilizing
coils 80". It will be noted that electrode 70" shields the
coils 80’ on axis 156 from the coils 80 on.axis 82’ dur-
ing the first deposition process.

A second form of support for two-sets of coils 80 is
indicated in FIGS. 10 and 11. Three rods 84-1, 84-2
and 84-3. are employed, rods 84-2 and 84-3 being
electrically insulated by a mica sheet 160. Two sets of
six coils each (designated 80A and BOB, respectively),
in horizontal orientation, are secured at fixed spaced
locations (in Group I positions) along axis 82A; the
coils 80A being vertically offset 7/8 inch from coils
80B. Rigid supports 162 project horizontally from rods
84 and receive the terminal portions of coils 80A, 80B,
which-terminals are secured by set screws 164. Only
the center two turns of each coil are plated with chro-
mium (each coil being plated with approximately 38
grams of chromium). In operation, both edges of the
blades are first' cleaned by glow. discharge (a single
glow discharge as above described providing adequate
cleaning of both edges); one set of sharpened edges is
coated with chromium from coils 80A; the blade stacks
are rotated; and then the second set of sharpened-edges
is coated with chromium from coils 80B.

Still another form of apparatus constructed in accor-
dance with the invention is shown in FIGS. 12-15. As
indicated in FIG. 12 and 13 the apparatus includes a
base 10’' which receives a bell jar. 12’ 30 inches. in
height -and 24 inches in- diameter. Vacuum apparatus
associated with the base 10'' may be identical.with the
apparatus described in connection with FIGS. 1 and 2.
Mounted above base 10'' are two blade stack support
structures 202, 204, each of which includes a pedestal
206 on’ which is'mounted a bearing housing 208. A
drive shaft 210 extends through housing 208 and: has a
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square end portion 212 which receives in driving rela-
tion a rcel 214 that has a length of sharpencd blade
strip 216 coiled on its hub 218. The strip 216 is secured
on the reel by a ring clamp 220 that is disposed about
the periphery of the coil of blade strip. The reel 214 is
secured on the square shaft end by a retaining disc,
lock washer, and thumb screw 222. The bodies of the
adjacent blade lengths on the reel are in contact with
one another and their sharpened edges are aligned with
one another at the face of the coil. In this embodiment
the razor blade element 216 is a strip of stainless steel
0.0015 inch thick, 0.1895 inch wide and 5,000 feet
long and of the following composition: '

carbon 0.37-0.43%
chromium 13.0-14.0 %
manganese 0.20-0.50%
molybdenum 1.15-1.35%
silicon 0.20-0.50%
phosphorus, max. 0.025%
sulphur, max. 0.020%
nickel, max. 0.50% max.
iron remainder

Hub 218 has a radius of 1.875 inches and the outer
edge of the coiled blade stack is 5.625 inches from the
reel center. ‘

Each drive shaft 210 is driven in rotation through
stainless steel gearing 224 lubricated with molybdenum
disulphide, vertical shaft 226 and external drive 228
which may be coupled to shaft 226 mechanically via a
seal in base plate 10 or by other suitable means such
as a magnetic drive.

Extending laterally from the rear of each bearing
housing 208 are two support arms 230, each of which
has a polytetrafluoroethylene block 234 secured to it
that projects forwardly to a point one-half inch in front
of the plane of the forward surface of reel 214 on which
the blade strip 216 is seated.

Disposed in front of each coil stack support structure
and supported on blocks 234 is a generally circular alu-
minum mask 236, the configuration of which is best
seen with the reference to FIG. 14. That mask has two
oppositely extending generally pie shaped symmetrical
apertures 238 which define exposure axis 240. The in-
nermost section 242 of each aperture is triangular in
configuration and exposes the hub 218 of the reel 214.
Extending radially outwardly from section 242 are side
walls 244 each of which is beveled to a smooth line sur-
face as indicated in FIG. 13. The inner ends 246 of side
walls 244 are spaced apart 1,385 inches and the outer
ends 248 are spaced apart six inches ata point beyond
the periphery of the blade stack 216. Mask 236 is
mounted on blocks 234 by bolts 250 so that exposure
axis 240 that bisects each aperture 238 is in vertical po-
sition and the center 252 of the mask is coincident with
the axis of drive shaft 210.

Also mounted within bell jar 12'' ‘on base 10'’ are
two aluminum electrode bars 70'',72'" each 24 inches
in length; and a distributed source of metal in the form
of six tungsten wire coils 80-1"" — 80-6'' which are
supported at fixed spaced locations along the line 82"’
parallel to the exposure axes 240 defined by masks 236.
It will be noted that this electrode and source arrange-
ment is the same as described above in connection with
FIGS. 1 and 2. Each coil 80" is a 2 15/16 inch length
of 20 mil tungsten wire which is formed into a helix of
four turns over an axial length of one-half inch. A lead
100", three quarters of an inch in length, is provided
at each end of the helix. A layer 258 of about 115 milli-

12

grams of chromium is formed on the middle two turns
261, 262 of the helix by deposition in the above de-
scribed plating bath for 12 coils (a plating current of 16
amperes being maintained for 55 minutes) with the
outer two turns 260, 263 and the leads 100’ appropri-
ately masked (as indicated diagrammatically in FIG.
13).

In a typical process, six such plated coils 80'' are se-
cured in the indicated spaced relation along axis 82"
Two reels 214, each holding a coiled stack of hardened,
sharpened, and cleaned blades 216, are positioned on
support structures 206 and the beli jar 12"’ is posi-
tioned over the blade stacks. The two reels 214 are

- driven in rotation by drives 228 at a constant speed of
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about 20 rpm. Pressure in the chamber is reduced to
0.1 micron by a constant pumping rate of 800 liters per
second and then while pumping is continued argon is
introduced until the pressure increased to 10 microns.
A glow discharge is then initiated in the argon atmo-
sphere at a voltage of 1600 volts across a circuit be-
tween the support structures 206 and the anodes 70",
72''. (The blades 216 are at the same electric potential
as the support structures 206 but the masks 226 are in-
sulated by the Teflon blocks 234.) A current flow of
300 milliamperes at a voltage of 1,600 volts is main-
tained for 10 minutes in a glow discharge blade edge
cleaning operation. The argon flow is then terminated
and the pressure in the chamber rapidly drops to 0.1
micron. The two reels 214 are then driven at a speed
of about 300 rpm., and the six coils 80'', located as
above described in group I, are energized to vaporize
the chromium (an electric potential of seven volts and
an electric current of 132 amperes being maintained
for five minutes). :

As a result of this process, a firmly adherent, chro-
mium coating that had a nominal thickness of 100 Ang-
stroms and that extended along the entire cutting edge
and back from that cutting edge for a length of at least
0.001 inch was formed on the blades. After removal of
the blade stacks from the chamber, the sharpened,
coated edges of the blades were treated with a fluoro-
carbon polymer as above described. The ribbon blades
from these coils as treated in this chamber passed qual-
ity control test and exhibited characteristics of long
shaving life.

While particular embodiments of the invention have
been 'shown and described, various modifications
thereof will be apparent to those skilled in the art and
therefore it is not intended that the invention be limited
to the disclosed embodiments or to details thereof and
departures may be made therefrom within the spirit
and scope of the invention as defined in the claims.

What is claimed is:

1. Apparatus for processing razor blades to adhere a
thin metal film on the sharpened blade edges compris-
ing a vacuum chamber, a source of metal distributed
along an axis in said vacuum chamber, a plurality of
support structures in said chamber, said support struc-
tures being located at fixed predetermined positions in
said chamber and being spaced equidistantly from said
source with the axis of each said support structure
being disposed parallel to the axis of said source, each
said support structure supporting a multiplicity of razor
blades with their bodies in face to face contact and
their sharpened edges aligned with one another in a
plane with said plane disposed perpendicularly to a line
extending radially from the axis of said source, the
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length of said source being greater than the length of
said stack of blades and extending beyond either end of
said stack of blades so that the final facet of each blade
edge exposed to said source is exposed to a portion of
said source at an angle of at least about 45°, means for
reducing the pressure in said vacuum chamber to pro-
vide an environment of reduced pressure, and circuitry
for energizing said source of metal to transfer metal
from said source for application to the sharpened edges
of razor blades on said support structures to form a
continuous, thin, adherent coating of metal less.than
600 Angstroms in thickness on the sharpened edges of
the razor blades in said stacks.

2. The apparatus as claimed in claim 1 wherein said
source of metal includes a plurality of discrete source
elements disposed at a series of unequally spaced posi-
tions along said line.

3. The apparatus as claimed in claim 2 wherein each
said source element is a substrate structure coated with
the metal to be vaporized and said circuitry further in-
cludes control for energizing said source of metal to va-
porize all of said coating metal.

4. The apparatus as claimed in claim 1 and further
including means operative in said environment of re-
duced pressure for removing a contamination layer
from the sharpened edges of said razor blades prior to
the formation of said thin adherent coating of metal on
said sharpened edges.

§. The apparatus as claimed in claim 4 wherein said
contamination layer removing means includes means to
heat said blades to a temperature of at least about
600°F. ‘

6. The apparatus as claimed in claim 4 wherein said
contamination layer removing means includes means to
establish a glow discharge at the sharpened edges of
said razor blades in said environment.

7. The apparatus as claimed in claim 6 and further
including an electrode structure, circuitry for connect-
ing said stack support structure as a second electrode,
and energizing circuitry for energizing said electrode
structure and said stack support structure to create an
electrostatic field in said environment of reduced pres-
sure to establish a glow discharge condition at the
sharpened edges of a stack of razor blades disposed on
said stack support structure.

8. The apparatus as claimed in claim 7 wherein said
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‘electrode structure is a portion of the chamber wall de-

fining said reduced pressure environment system.

9. The apparatus as claimed in claim 1 wherein said
source of metal includes a plurality of discrete source
elements disposed at a series of unequally spaced posi-
tions along said line, each said source element being a
coil of tungsten wire plated with chromium, and said
circuitry further includes a control for energizing said
source of metal to vaporize all of said coating metal.

10. The apparatus as claimed in claim 9 and further
including means operative in said environment of re-
duced pressure for removing a contamination layer
from the sharpened edges of said razor blades prior to
the formation of said thin adherent coating of metal on
said sharpened edges.

11. The apparatus as claimed in claim 10 wherein
said contamination layer removing means includes
means to establish a glow discharge at the sharpened
edges of said razor blades in said environment compris-
ing an electrode structure, circuitry for connecting said

_ stack support structure as a second electrode, and en-
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ergizing circuitry for energizing said electrode struc-
ture and said stack support structure to create an elec-
trostatic field in said environment of reduced pressure
to establish a glow discharge condition at the sharp-
ened edges of the stacks of razor blades disposed on
said stack support structures.

12. The apparatus asclaimed in claim 1 wherein-each
said support structure includes structure for receiving
a coiled stack of razor blades, and further including
means for rotating said coiled stack receiving structure
at a uniform rate.

13. The apparatus as claimed in claim 12 wherein the
axis of each said support structure is defined by mask
structure disposed between each said support structure
and said source of material.

14, The apparatus as claimed in claim 13 wherein

. said source of metal includes a plurality of discrete
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source elements disposed at a series of unequally
spaced positions along said line, each said source ele-
ment being a coil of tungsten wire plated with chro-
mium, and said circuitry further includes a control for
energizing said source of metal to vaporize all of said

coating metal.
* * * * *



