" Dec. 24, 1940. 'E O. NORRIS 12,226,383

PROCESS OF PRODUCING FORAMINOUS SHEETS -

Filed Aug. 31, 1938 2 Sheets-Sheet 1

FZgp.A.
0 A /\55 o
\ \ £

- INVENTOR .
Lowrrp O Nokels.

d(,ﬁ*;/fﬁww—v/ |

ATTORNEY




" Dec. 24, 1940. '~ E. ©. NORRIS | - 2,226,383
PROCESS OF PRODUCING FORAMINOUS SHEETS k
© Filed Au ug. 31, 1938 2 Sheets-Sheet 2

)

INVENTOR. -
LowearD ONORRAS

MM

ATTORNEY




10

Potented Dec. 24,: 1940

UNITED STATES

| 27226’383 |

PATENT OFFICE

- 2,228,383
PROCESS OF PR(S)DUCllgG FOR.AMINOUS

i

Edward 0. Norris. Westport, Conn., uslxnor to
- Edward’ O. Norris, Inc., New York. N. v
. corporation of New York: .

) Appllcotlon August 31, 1938, erinl No. 227,646
(Cl 204—11)

-11 Claims.

.The invention. relates to processes of producing
foraminous .sheet and is ‘characterizéd by the
fact that it produces a sheet. the thickness of
which is comparatively great as comparzd with
the size of the perforations. - By -way of more

detalled explanation, attention is directed to my

United States Patent No. 2, 166,367, issued July
18, 1939.. In that patent I ‘describe & matrix
for - the “electrodeposition of screen or other
foraminous sheet, the characteristics of  the
matrix being & depositing surface exhibiting a
screen pattern.and insulated surlaces of Bakelite
or other material having properties similar there-
to so far as resistance to recelving an electro-
Iytic deposit is. concerned. . The exposed surfaces
of the insulated areas of such a matrix are flush,
or nearly so, with the deposit receiving areas.
Foraminous sheet electrolytically deposited on
and removed from such. rnatrix is quite satisfac-
tory if only a limited: thickness is required.. How-

ever, the thickness to which- the: ‘deposit may be.

built is limited by. the fact that, as the. electro-
lytic deposition is continued, the deposit creeps
over the insulated areas and.the perforations or
holes in the deposit become smaller and smaller

and,. if the process is._continued long - enough,; -
gradually close-up. entirely. Of course, the proc-

ess may be arrested .at any sta.ge and, as stated
above in effect, the product will serve.many use-
ful purposes. More frequently however. forami-
nous sheet (which. for - convenience. may be
termed “screen”). is desired, in which large per-
forations exist, coupled with a thickness greater
than can be produced by arresting the depositing

process at the point at which the desired hole
size has been attained. Broadly stated, the main’

object . of . the invention is to .enlarge the holes
of any screen without reducing the thickness,
but more particularly it is to produce screen of
larger hole size coupled with .greater thickness
than can be produced by simply depositing on -1
matrix of the character above described.

In the foregoing explanation of the nature ‘of_

. my process I have referred to “perforations” or

“holes” that are to be. enlarged. However, as

will appear in the more detailed descrlptlon of
the process that is to follow, it is not necessary
that there be initially actual holes or perfora-
tions extending from face to face of the sheet.
On the contrary, favorable results may be ob-
tainéd by starting the process with a sheet that

is merely pitted—that is to say, e g., & sheet pro- .

duced by carrying the depositing process ‘to the
point at which the lands are contiguous or even
. merged together, provided pits are left, Such a

process is usetul where an extraordinarily thick
screen is deslred although ordinarily it is prefer-
able that the deposit be not carried to the point

at which the holes’ are entirely closed. I .will - -

pits, -

R.eferring to the drswings.

Pig. 1.is a plan view of a metallic screen the
holes of which are to be enlarged but the thick-
ness of which is not to be. reduced;

Fig. 2'is a view on the line 2—2 of Pig. 1;

“Figs.. 3 and 4 illustrate intermediate steps in
the process, Fig. 5 illustrating the final product;

Figs. 6,7, 8, and 8 illustrate the. several. steps
ina modiﬂed ‘form of the process;

Pigs, 10, 11, 12, 13, 14, and 15 illustrate the
several steps in another modified form of the
process;

Fig. 16, illustrates an adaptation of the process
to a screen-the lands of which are contiguous
and even merzed together. -

-Describing “more specineally the successive
steps-illustrated in Figs. 1-5, both inclusive, Fig.
1 shows a portion of screen produced by electro-
deposition on & matrix of the character herein-
above-described, comprising the lands {0 running

" in one direction and the connecting lands t{ run-

ning in a direction at right:angles thereto.: For

‘the purpose of describing this form:of the in-

vention, the material of this screen may be as-
sumed to be electrolytically deposited copper, and
it -‘will ‘be noticed that the perforations (2 are of
relatively small diaméter s compared with the
width ‘of theé connecting lands I{.
words, the dimension a—Db 18 small as compared

‘with the dimension b—c. Likewise, the thick-

ness d—e is considerable in comparison with the
dimension ‘a—b.  'The dimension a—b" will at

use the term “recess" to describe both holes and

In: other
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times  be hereinafter referred to as the “hole

size” and the dlmension b—c as the “land size.”
‘The next ‘step in the process now being de-
scribed is to apply to both faces of the screen

‘coatings (3 and 14 of some" material that can be
subjected to treatment that will selectively re-

move it without affecting the ‘material of the
screen itself and which is resistant to some ma-
terial that selectively acts on the: material of
the screen without affecting the coating material.
A suitable material for this purpose is a varnish
ink preferably of a type that dries and hardens
qulckly and does not “run” excessively. - The ink
coatings may be applied by means of an Inking’
roller, and as. shown in Fig. 3 they cover only the
faces of the screen, the walls of the holes: or
perforations remaining exposed. :
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The screen of Fig. 3 may now be subjected to
the action of ferric chioride which acts destruc-
tively on the copper of the screen but does not
affect the ink. As an alternative, it may be sub-
jected anodically to electrolytic action. In either
case the result is as illustrated in Fig. 4—viz., the
walls of the holes have been eaten away as indi-
cated by the numeral 15, leaving however the
coatings 13 and {4 overhanging the -enlarged
holes (6. The final step consists in removing the
ink coatings {3 and i4 which may be accom-
plished by applying a suitable solvent, such, for
example, as acetone, The result is a screen as
shown in Fig. 5.

While I have specified ink of the.type above
referred to as a suitable material for carrying
out the form of the process now being described,
it should be noted that ink is mentioned only
as an example, other substances such as Bakelite
varnish or tacky shellac being suitable. .

In the modified process {ilustrated in Figs. 6
to 9, both inclusive, the entire surface of the
screen, including not only the faces thereof but
the walls of the holes as well, are first covered
with a coating 208 of asphaltum. The asphaltum
may even completely fill the holes as shown in
Fig. 6, but this condition does not interfere with
the process.

Next, the asphaltum is removed from the faces
of the screen by any suitable method such as the
abrasive action of sand paper, or a grinding
wheel, or the cutting action of steel wool, or by
rubbing, and thin layers 21 and 22 of nickel are
then electrolytically deposited on the bare areas.

Of course, the walls of the holes being still masked

by the asphaltum receive no deposit,

The next step consists In removing the
asphaltum that remains in the holes by dissolving
in a suitable solvent, such as benzine or benzol.

The screen of Fig. 7 (the asphaltum being as-
sumed to have been removed as above stated) is
then subjected to the action of a suitable agent
that reacts destructively on the copper but does
not affect the nickel deposit. An example of such
an agent is a mixture of chromic and sulphuric
acids in water, suitable proportions belng about
as follows:

Sulphuric acid - ... ______ Ibs_-. 2

Chromic acid __ L __ lb.. 1
Water e gallons__ 10

Another agent that may be used for the purpose
is a solution of potassium cyanide. As an alter-
native, the screen may be subjected anodically
to electrolytic action. The result of any one of
these processes is the structure of Fig. 8. The
nlckel in turn, may be removed by using it as an
anode in a ten per cent. solution of hydrochloric
acid.

A process somewhat akin to the process first
described, but which is not illustrated, may com-
prise running the screen of Fig. 2 between two
opposed gelatin or felt rollers impregnated with
gold chloride. The result is a deposit of gold on
the faces of the screen by the well-known
phenomenon known as “replacement.” The
screen may be then etched with ferric chloride
until the lands are reduced the desired amount,
and any overhanging areas of the gold may be
removed by abrasion or even left on.

The preferred process illustrated in Figs. 10 to
15 comprises first applying to the screen of Fig. 2
& coating 30 of some material that can be sub-
jected to treatment that will selectively remove
it without affecting the material of the screen
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itself.. A suitable material is chromium which
may be applied simply by electrodeposition.
Chromium {s selected for the reason that it reacts
to hydrochloric acid, while copper does not. On
the other hand, copper reacts to ferric chloride,
while chrome is passive to it.

In the next step illustrated in Pig. 11 the
chrome covered faces of the sheet, as indicated
at 31 and 32, have been activated—I. e., rendered
capable of receiving a deposit of copper. In ex-
planation, it should be stated that I have found
that it is very difficult, if not impossible, to elec-
trodeposit acid copper or nickel on the surface of
an electrodeposit of chromium. To the extent
that such a deposit takes place, it is spotty and
the surface is far from.completely covered; on
the other hand; the surface of the chromium de-
posit may be activated so that it will readily take
an electrodeposit of acid copper or nickel. The
activation may be effected by rubbing, lightly
grinding or abrading the chrome surface. Steel
wool or pumice are suitable agents for the pur-
pose. Activation of the faces only of the sheet
1s effected, the surfaces of the walls of the holes
remaining passive. A chrome deposit of ap-
proximately .0002’’ thick lends’itself to this step
in the process very well.

In the next step, illustrated in Fig. 12, the

screen of Fig. 11 is subjected as a cathode to an-

electrolytic copper bath, the result of which is
to apply to the activated chrome areas coatings
31 and 34 of copper. These copper coatings,
as stated above, cover only the activated chrome
surfaces and in accordance with what has been
said are capable of acting as a protective coat-
ing for the chrome, such that the chrome may be
dissolved by the application of hydrochloric acid,
while the copper remains intact.

In the next step illustrated in Fig. 13, the
screen of Fig. 12 is subjected to the action of
hydrochloric acid, the effect of which is to re-
move the chrome from the walls of the perfora-
tions leaving the copper exposed-as shown at 38.
As an alternative, the chrome may be de-plated
by employing the screen as an anode in a caustic
soda bath of a concentration of from 5 to 10%.
But the copper deposit 33 and those portions of
the chrome deposit 30 that are covered by the
copper deposit 33 are not affected by the hydro-
chloric acid or'by the deplating process, although,
of course, both--cut the chrome slightly under
the copper as indicated at 36 and 31.

The screen of Fig. 13 is now ready for en-
larging the perforations, and this is accomplished
by subjecting it to the action of a suitable etch-
ing agent such as ferric-chloride, which not only
acts destructively to remove ‘material from the
walls of the holes but .also removes the protective
coatings 33 and 34 of copper. The chrome, how-
ever, is not affected by the ferric-chloride and
the resultlng product is shown in Fig. 14, the
lands being indicated by the numeral 38 and the
perforations by the numeral 39, Such of the
original chrome deposit, however, as is shown in
Fig. 13, still remains, and this may be easily
removed by submitting the structure of Fig. 14
to the action. of hydrochloric acid. An illustra-
tive final product is shown in Fig. 15.

The foregoing process (of Figs. 10 to 15) may
be carried out by using nickel in place of chrome.
In the case of the nickel, however, it is necessary
after the screen has been plated with the nickel,
that the nickel surface be rendered passive to
electrodeposition before the step illustrated in
Fig, 11 is taken—I. e, before the faces of the
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screen are activated. This may be done by fm-
mersing it in concentrated nitric acid. There-
upon, the nickel on both faces of the screen is
activated as described: with reference to Pig. 11
and in the same manner as.in the case.of chrome,

. and the. copper deposit. illustrated in Fig. 12 1s

then laid on. As an etching agent for: removing

‘the nickel from the walls of-the holes, anodic.

treatment in 10% hydrochloric ‘acid hereinbefore

described would be used. The holes would. then

be enlarged by subjécting. the screen to-the action
of a solution of chromic and sulphuric ‘acids of
about the proportion above given. It is not

- necessary in carrying out the process described

18 wi

23

30

- 3B

with reference to Pigs. 10 to 15 to start with a
copper screen.

In describing the process of Figs 10 to 15, 1
‘have not referred to a nickel screen as the basis

of carrying it out. However,. a nickel screen may.
be used in the same manner as & copper screen, .
with the additional feature that, for the purpose’

of. enla.rging the holes, dilute nitric acid could be
used as an alternative for ferric-chloride. An-

other process of accomplishing the objects. of the -
invention also involves the initial use of & nickel

screen. The nickel {s first rendered pa.ssive to
electrodeposition by immersion in hot concen-
trated nitric acid.. Preferably the concentration
should be as high as possible and ought to be con-

tinued for a sufficient time for the nickel to ac- -

quire a degree of passivity at - which it will not
easily receive a deposit. Both. surfaces of the

screen are then  activated by rubbing with.

pumice, .steel wool or other abrasive or’ cutting
agent. This leaves the walls of the holes resist-

ant to a deposit while the surfaces of the screen -

are receptive to a deposit. .-It is then treated

- cathodically in an acid copper electrolytic bath
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. ing within the spirit and scope of my invention, -

76

and the abraded or rubbed surfaces receive & de- -

posit, while the walls of the holes.do not. The
screen can then be subjected to electrolytic de-
plating in a 10%. solution’ of hydrochloric acid
which results in enlarging the holes without dis-

_solving the copper. The copper may then, if de-

sired, be removed by an application of chromic
and sulphuric acid of about the proportions here-
inabove mentioned. . .

¥ig. 16 is a view similar to- that of Fig 2 except

that in Fig. 16 the screen is shown with the lands
run together as shown' at-40, completely closing.

up the holes but leaving recesses 41, Each of the
processes that has been described may be started
with a screen of this type as well as with a screen
in which the holes have been left open. However,
the, only advantage in so doing occurs when it is
desired to make a screen the lands of which are
extraordinarily thick as compared with the hole

‘I wish to make clear that in many, if -not in
most cases, the use of chemical reagents on the
cne hand, and electrolytic deplating on the other,

‘are simply alternatives and that a person famil-

iar with the art can readily substitute one for the
other as occasion requires or permits.

I have described above certain embodiments of
my Invention and a preferred process with cer-
tain modifications thereof, but I wish it to be un-
derstood that these are illustrative and not limi-
tative of my invention and that I reserve the
right to make various changes in form, construc-

. tion, and arrangement of parts and also to make

various changes in process of manufacture fall-

as set forth in the claims.
Iclaim:
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-1, The process of enlarging the perforations in
-fora.minous sheet material, without substantially

reducing the thickness of the sheet, which ¢om-"

prises the steps of covering the surfaces of the.
*sheet including the walls of the perforetions with
a_coating . of material resistant to an etching -
‘agent which Is destructively reactive on the ma-

terial. of ‘the sheet, then: rendering the ‘areas of

. coating that do not cover the walls of the perfo-

rations resista.nt ‘to.a second etching agent that
acts to remove  the remaining material. of the

coating but which, does not react on the material =~

of the sheet, removing the said coating from: the‘
walls: of the pertorations by the action of said

second .agent, and. removing. the material of the.
‘walls of the perforations to an extent sufficient to .

reduce the width of the lands to a desired extent
by means of the first mentioned agent. .

. 2. 'The:process of enlarging the. holes of foram-. )
‘inous- sheet without substantially reducing the

thickness of the sheet, which comprises the steps . -

of covering the surface of:the sheet including the

walls of the holes with a coating of material re-
sistant to-a: dissolving-agent: that destructively
reacts .on. the material- of: the 'sheet, rendering

the areas of coating that do not-cover the walls ..

of the holes resistant to-a second dissolving.agent

-that acts :to remove -the remaining material -of
the coating and which does not react on the ma-

terial of ‘the sheet, removing the -said. coating

30

from-'the walls of -the holes by subjecting:the

sheet to the action of sald second agent, remov-

ing the material of the walls of the holes to:an -

extent sufficient to reduce the width of the lands’

to a:desired extent by. means of:the first men-

35

tioned agent, and removing:the resistant portion :.:

of said coating by & dissolving.agent that does
not affect the material of the sheet. :

:3. The: process of . enlarging - the holes of fo-
raminous copper sheet. without substantially re-

chromium, rendering the chromium active -to
electrodeposition of an adherent coating of cop-

45

per over’those -areas that.do not constitute the. "

-‘walls:'of :the:holes, electroplating the said areas
“with'a coating: of copper, remoying.the chromium

from ‘the ‘walls of the holes by subjecting the
sheet“to. -the action ‘of hydrochloric -acid, -sub-

moving - the remaining chromium: by subjecting

. the sheet to the action-of hydrochloric-acid.:
"4, The process of enlarging the holes:of toram-'_

inous copper sheet -without substantially: reduc-

ing the ' thickness theréof, which comprises - the .

steps-of electroplating the surface of -the sheet
including the walls of the holes with:¢hromium,

rendering the chromium - active to- electrodeposi-.:

tion of an adherent :coating of ‘copper over those

“gareas that do not cover the walls of the holes,

electroplating the said areas with copper; remov-
itig the chromfim from the walls of the holes by

- subjecting the sheet to the action of hydrochloric
‘acld, and subjecting -the sheet to the action of

a copper etching agent until the land width is re-
duced to a desired extent and the copper coating
is removed.

5. The process of enlarging the holes of fo-
raminous copper sheet without substantially re-
ducing the thickness thereof,  which comprises
the steps of electroplating the surface of the

50
jecting -the sheet to the action of ferric-chloride =
‘until the land widthis reduced:to a desired ex-
“tent and the copper coating is:removed, and re-

55
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40
“ducing ‘the - thickness thereof, which comprises..
‘the steps of electroplating the surface of the cop- -
‘per sheet including‘the.walls of the holes:with
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sheet including the walls of the holes with chro-
mium, rendering the chromium active to electro-
debosition of an adherent coating of copper over
those areas that do not cover the walls of the
§ holes, electroplating the said areas with copper,
removing thé chromium from the walis of the
holes by an etching agent that is passive with re-
spect to the copper, and subjecting the sheet to
the action of a second etching agent that reacts
10 destructively on the copper but does not affect
‘the chromium until the-land width is reduced to
a desired extent and the copper coating is re-
moved.
6. The process of- enla.rglng the ‘holes of fo-
18 raminous copper sheet- without substantially re-
ducing the thickness thereof, which comprises the
steps of electroplating the surface of the sheet
including the walls of the holes with chromium,
rendering the chromium active to electrodeposi-
20 tion of an'adherent coating of copper over those
areas that do not cover the walls of the holes,
electroplating the sald areas with copper, re-
moving the chromjum from the walls of the holes
by the action of an etching reagent which acts
28 destructively on the chromium but does not affect
the copper, and subjecting the sheet to the action
of a second etching reagent that acts destruc-
tively on the copper but does not affect the
chromium until the land width is reduced to a
30 desired extent and the copper coating is removed.
7. The process of enlarging the holes in. fo-
raminous metal sheet without substantially re-
ducing the thickness of said sheet, which com-
" prises the steps' of rendering the walls of the
388 holes inactive to electrolytic deposition and the
faces of the sheet active to electrolytic deposi-
tion of an adherent metal coat, electroplating the
activated areas with a metal resistant to an etch-
ing agent which is capable of dissolving the metal
40 of the body of the screen, and. subjecting the
sheet to the action of such agent for a period of
time sufficient to reduce the width of the lands
to a desired extent. :
8. The process: of enlarging the holes in fo-
.45 raminous metal sheet with substantially reduc-
ing the thickness of said sheet, which comprises
the steps of covering by electroplating the sur-
face of the sheet including the walls of -the holes
with a coating of a metal passive to electrolytic
50 deposition but capable of being rendered active
to the same, rendering active to electrolytic dep-
osition of an adherent metal coating those areas
of the coating that do not cover the walls of the
holes, electro-plating the activated areas with a
xx metal that is resistant to a given etching agent
that destructively reacts on the coating, remov-
‘ing the uncovered areas of sald coating by the
application of said agent, and subjecting the
sheet to the action of a second etching agent for
80 & period of time sufficient to enlarge the diameters
of the holes to a desired extent.
9. The process of enlarging the holes in fo-
raminous metal sheet without substantially re-
ducing the thickness of said sheet, which com-

prises the steps of electroplating the surface of
the sheet including the walls of the holes with
a second metal capable of becoming inactive to
electrolytic deposition but capable of being ac-
tivated to receive such deposition, rendering ac-
tive to electrolytic _deposition those areas of the
second metal that do not cover the walls of the
holes, electroplating the said activated areas with
a metallic coating, selectively removing the un-
plated areas of the said second metal by means
of an etching agent that does not affect the metal
of the sheet or the metallic coating, and then sub-
Jecting the sheet to the action of a second etch-
ing agent which destructively reacts on the ex-
posed metal of the sheet and/or the metallic coat-
ing for a pericd of time sufficient to reduce the
land width to a desired extent and to remove the
said metallic coating.

10. A process of enlarging the holes in fo-
raminous metal sheet without substantially re-
ducing the thickness of the sheet, which com-
prises the steps of electroplating the surface of
the sheet including the walls of the holes with a
coating of a second metal, the surface of which
is passive to electrolytic deposition, which said
metal is resistant to the action of an etching
agent that destructively reacts on the metal of
the sheet, then rendering the faces of the sheet
except the walls of the holes active to electrolytic
deposition of an adherent coating of metal, then
electroplating the active areas with a third metal
on which the first-mentioned agent destructive-
1y reacts, removing the second metal from the
walls of the holes by means of a second etching
agent that does not affect the first or the third
metals, thus leaving the metal of the sheet con-
stituting the walls of the holes exposed, and then
subjecting the sheet to the action of the first-
mentioned agent for a period of time sufficient to
reduce the land width to a desired extent and
to remove the said third metal.

11. The process of enlarging the holes of fo-
raminous copper sheet without substantially re-
ducing the thickness thereof, which comprises
the steps of electroplating the surface of the
copper sheet including the walls of the holes with
chromium, rendering the chromium active to
electrodeposition of an adherent coating of
copper over those areas that do not constitute the
walls of the holes, electroplating the sald areas

with a coating of copper, removing the chromium

from the walls of the holes by subjecting the
sheet to the action of an etching agent that
etches chromium but does not affect copper, then
subjecting the sheet to the action of an etching
agent that etches copper but does not affect
chromium until the land width is reduced to a
desired extent and the copper coating 1s removed,
and then removing the remaining chromium by
subjecting the sheet to the action of an etch-
ing agent that etches chromium but does not
affect copper.
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