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ABSTRACT OF THE DISCLéOSURE 
The invention is a process for producing microperfo 

rated stainless steel sheets. It comprises connecting a sheet 
of stainless steel as the anode in an electrolytic cell con 
taining a non-polarizing electrolyte and discharging direct 
current through the cell to produce a multiplicity of light 
transmitting microperforations through the sheet, the per 
forations being due primarily to electrochemical action. 

This application is a continuation-in-part of my co 
pending applications: Ser. No. 422,005 filed Dec. 29, 
1964, which was a continuation-in-part of my application 
Ser. No. 345,071 filed Feb. 17, 1964; Ser. No. 472,617 
led July 16, 1965, which was a continuation-in-part of 

application Ser. No. 304,667 filed Aug. 26, 1963; Ser. No. 
556,921 filed June 13, 1966, and Ser. No. 585,054 filed 
Oct. 7, 1966, all of which have become abandoned. 

This invention relates to a process for producing micro 
perforated stainless steel sheets and to products made 
therefrom such as filters and diaphragms. In a preferred 
form, microperforated stainless steel strip is produced in 
a continuous operation. 
An object of the invention is to provide a simple, inex 

pensive process for producing microperforated stainless 
steel. 
A further object is to provide a microperforated stain 

less steel sheet adaptable for use as filter, diaphragm and 
separator elements. 

Other objects will be apparent from the disclosure and 
the drawing which illustrates the process in schematic 
form. 

Various means have previously been used for producing 
metal plate filters, for instance, by pressing and sintering 
metal powder to produce a porous mass. In the present in 
vention, relatively thin non-porous stainless steel sheet 
produced from cast and rolled alloy is utilized as the 
starting material. 
The invention comprises connecting a sheet of stainless 

steel as the anode in an electrolytic cell containing a non 
polarizing electrolyte and discharging direct current 
through the cell to produce a multiplicity of light trans 
mitting microperforations through the sheet, the perfora 
tions being primarily due to electrochemical action. 
A method is provided for uniformly perforating thin 

stainless steel sheet in a continuous process whereby micro 
perforations are obtained at the grain boundary of the 
metal crystal structure with selective anodic dissolution 
at these points and with negligible anode dissolution of 
the face of the crystals so that the thickness of the sheet 
remains substantially the same. The microperforations are 
substantially uniformly distributed throughout the sheet 
and vary with the composition of the alloy. 
The process utilizes stainless steels which are formed by 

the addition of chromium to iron, with a minute quantity 
of carbon and containing a lesser amount of nickel, such 
as 8%, as well as stainless steels composed essentially of 
iron and chromium without the addition of nickel, the 
chromium usually being present in the order of 12% or 
more. Both types of stainless steel may contain minor addi 
tions of other metals. All of the various types and grades 
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of stainless steel, as commonly known, including the #200, 
i300, #400 and it 500 series may be utilized. Stainless 
steels generally contain a minimum of approximately 
11/2% chromium. An essential factor for producing uni 
form microporosity is the iron content, as without iron, 
anodic grain boundary perforations would not occur, these 
microperforations being obtained without substantially 
affecting either the thickness or the smooth light reflect 
ing surface of the stainless steel sheet. 

While hydrochloric acid of a concentration in the order 
of 2% and not exceeding 7% is the preferred electrolyte, 
other non-polarizing electrolytes may be employed, for 
example, hydrobromic acid and halogen salts which when 
dissolved, hydrolize to an acidic electrolyte, such as the 
chlorides and bromides of iron, nickel, cobalt or man 
ganese. The alkali and alkaline earth metal chloride salts 
and ammonium chloride salts will not provide anodic 
perforation of the chromium nickel stainless steels, such 
as the 300 series, but will uniformly perforate the nickel 
free types, such as the 400 series. Unpredictably, I have 
also found that the bromides of the alkaline earth metals 
will anodically perforate both types of stainless steel. 
When chromium nickel stainless steel, such as No. 302, 

containing approximately 8% nickel is made the anode, in 
an electrolyte of an alkali or alkaline earth metal halogen 
salt, such as the chlorides of Li, Na, K, Sr., Be, Mg, Ca 
and Ba, or the ammonium halogen salt or sea water, only 
a slight surface etch is noted with an occasional large pit. 
These electrolytes do not appear suitable for use in the 
microperforating process. However, when nickel-free stain 
less steel such as it:430 is connected as the anode in the 
same type electrolyte, substantially uniform microperfora 
tions are obtained. 

I have also found that bromides of the alkaline earth 
metals, for instance, the bromides of Ca, Mg, Sr. and Ba, 
as well as low concentrations of hydrobromic acid such 
as 2% will provide perforation of both nickel and nickel 
free stainless steels. Apparently the unexpected result with 
the bromide electrolytes is due to the di-valent nature of 
the basic ion. Current density and time are generally the 
same for the bromide electrolytes as the chloride elec 
trolytes. 

For operation over long periods it is desirable to ad 
an adequate amount of either hydrochloric acid or hydro 
bromic acid to dissolve the oxides formed during process 
ing and particularly to prevent the rise in pH of the elec 
trolyte. The salt solutions may in some instances be made 
initially acidic through the addition of HC1 or HBr to 
maintain a minimum polarization or anodic voltage drop. 
A basic factor for the operation of this process is the 

non-polarizing character of the electrolytes. The inter 
granular precipitates are dissolved into the electrolyte and 
the formation of a passive oxide surface, usually associated 
with anodic effect with stainless steel, is avoided. 
When hydrochloric acid is used as the electrolyte, the 

concentrations of the acid are held to definite limits. For 
instance, if No. 430 stainless steel is processed at a tem 
perature of 25 C., the concentration of the hydrochloric 
acid is critical and must be kept below 4.7%. My tests 
show that a concentration of 4.65% will not allow perfo 
ration of the sheet while a concentration of 4.6% hydro 
chloric acid at a current density of 6 amperes for 4 minutes 
on a 12 inch square area provides a uniform perforation. 
The i400 series of stainless steels are substantially nickel 
free, grade it 430 having an approximate of .12% carbon, 
1% manganese, 1% silicon, 14% to 18% chromium and 
the remainder iron. The i300 series of stainless steels 
contain nickel. For example, type 304 contains approxi 
mately 8% nickel and approximately 18% chromium, the 
balance being substantially iron. At 25 C., with stainless 
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steel compositions of these types, the concentration of 
hydrochloric acid in the solution must not exceed 7%. 

It should be understood that when hydrochloric acid is 
used, the electrolyte is only initially pure hydrochloric 
acid. When the anodic treatment of the stainless Steel 
commences, anodic dissolution of the precipitated chorm 
um-iron compounds at the grain boundaries takes place 
and the color of the electrolyte changes from a clear Solu 
tion to a green solution containing chromium and iron 
chlorides, with the chromium chloride content apparently 
being higher than that of the iron chloride content. The 
amount of chromium or iron chlorides produced depends 
upon the length of time the solution is used and the re 
duction of the initial hydrochloride acid content can be 
noted by the rise in pH during processing. To maintain 
uniformity over a period of time during continuous opera 
tion of the process, hydrochloric acid is added when re 
quired to keep the pH at the desired value. The preferred 
initial electrolyte is hydrochloric acid of a concentration 
of approximately 1% to 2% and as mentioned above, 
this may be maintained by the addition of Small amounts 
of hydrochloric acid during continuous processing. The 
concentration should desirably not substantially exceed 
2%. 

Perforations will not occur when stainess steel sheet 
is immersed in hydrochloric acid without the application 
of current; and with concentrations of 4.65% or less, 
there is negligible effect on the thickness and weight of the 
sheet, even after a long period of immersion. With the 
higher concentrations of hydrochloric acid with or with 
out the application of current, etching and dissolving of 
the surface of the entire sheet takes place with reduction 
in thickness and weight. 
When ferric chloride is employed as the electrolyte, the 

concentration may vary between 5% to 50%, preferably 
between 10% and 20%. The pH of the ferric chloride 
electrolyte is important-the lower the pH the less current 
density and time required for a given degree of porosity. 
A typical solution having a concentration of 20% 
FeC6HO has a pH of about 1.1. The concentrations 
of the other halogen salt electrolytes may be of the same 
order as that of the ferric chloride electrolytes. 
While the fluorides are more expensive and more diffi 

cult to handle, some of the soluble fluorides, such as 
CrF3.4H2O, may be used. 

Referring to the drawing, the roll of .0025 inch thick 
No. 430 stainless steel 1 constituting the anode, is passed 
through a HCl electrolyte 2 via plastic roller 4, the foil 
being kept under tension and passing through the electro 
lyte at a speed determined by the degree of porosity de 
sired. For example, a 6' x 6' wide area would be im 
mersed in the electrolyte for 4 minutes with an applied 
current of 18 amperes or 288 ampere minutes per square 
foot. The cathode 3 is a strip of titanium material which 
extends over the area being treated. Titanium exhibits a 
special superiority for this use. It is inert in the electrolyte, 
possesses adequate conductivity and is capable of con 
tinuous use without chemical or electro-chemical effect. 
After passing through the electrolyte, the stainless steel 
foil passes into two wash tanks 9 and 10 via rollers 5, 6, 7 
and 8, the water 11 and 12 in the tanks, eliminating any 
retained electrolyte. A superSonic transducer may be uti 
lized to provide additional cleaning action and to prevent 
undesirable electrode polarization of anodic cleaning may 
also be employed. The foil is then passed through rollers 
13 and wound into coil 14, motor 15 serving as the driving 
means. Filter 16 and pump 17 insure a continually cir 
culating filtered electrolyte. If desirable, the speed and cur 
rent can be photoelectrically controlled by measuring the 
light transmission through the perforated foil after Wash 
ing and the degree of perforation can thereby be con 
trolled within close limits. The stainless steel sheet so 
processed retains a smooth light reflecting surface and its 
mechanical strength. 

In order to maintain uniformity in a continuous proc 
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4. 
ess, it is necessary, as mentioned above, to replace the 
halogen content which can be done by adding an acid 
component; for instance, with chlorides it is desirable to 
add hydrochloric acid to prevent the electrolyte pH from 
increasing too much and with the bromides, hydrobromic 
acid. The use of sea water or other natural brine Water 
can provide a continuous supply of electrolyte without the 
necessity of adding an acid component. 

It is desirable to control the temperature of the elec 
trolyte so that it does not rise much above 30 C, in order. 
that the perforations produced in the stainless steel will 
be uniformly controlled by the current density and time 
and due only to the electrochemical anodic action. Con 
trol of the temperature will produce a duplicatable porosity. 
with holes of uniform size and shape and with adequate 
heat dissipation area of the electrolyte container or by 
water cooling, this temperature limit can be maintained. 
By control of the density applied to the electrode and the 
speed of the stainless steel strip through the electrolyte, 
variations in the porosity can be effected through a wide 
range. 
The nature of the current is of considerable importance, 

substantially continuous unidirectional current being high 
ly desirable. For example, if alternating current is applied 
at the preferred current discharge of 72 amperes per 
square foot, there is no perforation above a negligible 
amount-less than, 0.5%-and this could be ascribed to 
solution effect. If half wave recitified direct current is ap 
plied at 72 amperes per square foot, a photometer read 
ing of 8 is obtained, compared with a reading of 55 where 
full wave rectified current is utilized. When continuous 
direct current from a battery is applied, a comparative 
light transmission value of 64 is obtained. With a three 
phase rectified full wave current of the same density, a 
comparative light transmission of 62 is obtained. 
The voltage required for operation of the continuous 

process will vary with temperature and electrolyte con 
centration, size, spacing and area of the electrodes. In a 
continuous process, with current density of about 72 
amperes per square foot, it may be in the order of 12 volts 
DC. 
The concentration of electrolyte depends to some extent 

upon the desired size of the perforations. For most appli 
cations I have found an electrolyte concentration of 2% 
with HCI, or HBr, 4% CaBrand 10% with FeCl6HO, 
to be satisfactory. The thickness of the stainless steel sheet 
should preferably be not greater than .005'' and not thin 
ner than .0005', a preferred range being from .002' to 
003'. 
The number of perforations may vary considerably with 

current, time and alloy composition. In general, they may 
average in the order of 10 to 40 microns and approximate 
ly 15,000 per square inch. The size and number of per 
forations cited are those measurable on microphotographs 
against a standard scale, but the figures given may be less 
than the actual number because the smaller perforations 
will not pass enough light for the film. 
The stainless steel, prior to being subjected to the micro 

perforating process, may be sand blasted so as to produce 
a uniform mechanical etch resulting from blasting out by 
Sand impact of a certain amount of steel. Where a smooth, 
light reflecting surface is not essential, the sand blasting 
allows a more uniform perforation pattern. 

For some applications it is desirable to provide micro 
perforations of Submicron size, particularly where the ele 
ment is used for dialysis. In such cases the microperfo 
rated stainless steel produced according to the process 
above described may be impregnated with a microporous 
membrane producing material. The choice of the impreg 
nating material depends upon the application-for ex 
ample, whether the final product is to be used for filter 
ing out micron or Submicron size particles, whether it is 
to resist hydraulic flow and heat, yet be capable of the 
diffusion of gasses or ions therethrough. 
For most applications this involves the impregnation 
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of the grain boundary microperforations with a liquid of 
a compound which when dry and solid can be leached 
out-that is to say, the liquid compound would have a 
soluble component. Examples of suitable materiais include 
resins, such as polystyrene, co-polymers of polyvinyl chlo 
ride and acrylonitrile, silicone lacquers, polyvinyl alco 
hol or its derivatives, with a leachable plasticizer and 
made insoluble by formaldehyde, ethyl and methyl cel 
luloses or cellulose esters, such as a 10% solution of cel 
lulose acetate in acetone, rendered insoluble, gelatin 
rendered insoluble with soluble chromates, etc. One type 
of water leachable microporous material is a 3% poly 
ethylene with 15% polyethylene oxide, the polyethylene 
oxide being extracted with water. 
For applications requiring low hydraulic passage but 

high gas diffusion, I use stainless steel sheets of 1 mil 
thickness which have been microperforated, washed and 
dried and subsequently impregnated with a silicone Solu 
tion which when dry leaves a thin membrane of silicone 
on a strong base, thus permitting handling with ease for 
dialysis application. A suitable material is one derived 
from spraying a silicone solution commercially known as 
“Glaskote' or Ucarsil R-104 which contains 4.7% sili 
cone solids. The thin silicone membranes can be free from 
holes and still be permeable to gases as well as imper 
meable to low pressure hydraulic flow of salt solutions. 
The porous stainless steel sheet may also be impreg 

nated with an inorganic material such as an aqueous Solu 
tion of sodium silicate in which the sheet is dipped. When 
dry the sheet is treated with the acid solution, such as 
sulfur acid, which leaches out the sodium components and 
leaves a microporous insoluble silicate membrane. Thin 
fluorcarbon coatings may also be employed to form per 
meable membranes in the grain boundary pores. 
The microperforated stainless steel sheets of this inven 

tion may be used in many applications where a strong, 
oxidation-resistant filter or microporous member is de 
sired. For example, as a gasoline, oil, blood or other liquid 
filter, an air filter in air conditioners, a lens or hood in 
place of dark glasses for welding goggles, a base electrode 
for fuel cells, a microporous separator for electrochem 
ical cells, gas generators and electrode reactive cells, etc. 

I claim: 
1. An electrically controlled process for producing mi 

croperforated stainless steel which comprises connecting 
a sheet of stainless steel having a thickness between ap 
proximately .0005'' and .005'', containing intergranular 
iron chromium precipitates and containing as essential 
elements a preponderance of iron and a lesser but sig 
nificant amount of chromium as the anode in an elec 
trolytic cell having a non-polarizing electrolyte and a cath 
ode and discharging direct current through said cell so as 
to anodically dissolve intergranular iron chromium pre 
cipitates in said sheet and to thereby produce a multi 
plicity of light transmitting microperforations through 
said sheet, the microperforations being primarily due to 
electrochemical action. 

2. The process described in claim characterized in 
that the stainless steel sheet has been fabricated from 
cast and rolled alloy. 

3. An electrically controlled process for producing thin 
microperforated stainless steel sheet which comprises 
connecting a sheet of stainless steel having a thickness in 
the order of .0005' to .005'' and containing intergran 
ular iron chromium precipitates as the anode in an elec 
trolytic cell having a non-polarizing electrolyte and a 
cathode and discharging direct current through said cell 
So as to produce a multiplicity of light transmitting micro 
perforations through said sheet at the grain boundaries 
by dissolution of iron chromium precipitates without sub 
stantial reduction in thickness of the sheet. 

4. An electrically controlled process for producing a 
perforated body which comprises connecting a sheet of 
iron chromium alloy having a thickness in the order of 
.0005' to .005'', containing intergranular iron chromium 
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6 
precipitates, and containing as essential elements a pre 
ponderance of iron and a lesser but significant amount 
of chromium as the anode in an electrolytic cell contain 
ing a non-polarizing electrolyte and a cathode and dis 
charging substantially continuous unidirectional direct 
current through said cell for a time sufficient to produce 
a multiplicity of light transmitting microperforations Sub 
stantially uniformly distributed through said sheet, said 
perforations being primarily due to electrochemical 
action. 

5. The process described in claim 4 characterized in 
that the cathode comprises titanium. 

6. The process described in claim 4 characterized in 
that after stainless steel sheet has been microperforated, 
it is impregnated with a microporous membrane produc 
ing material. 

7. An electrically controlled process for producing mi 
croperforated stainless steel which comprises connecting 
a sheet of stainless steel having a thickness between ap 
proximately .0005'' and .005'', containing intergranular 
iron chromium precipitates and containing as essential 
elements a preponderance of iron and a lesser but sig 
nificant amount of chromium as the anode in an elec 
trolytic cell containing an electrolyte comprising a non 
polarizing halogen containing solution and discharging di 
rect current through said cell for a time sufficient to pro 
duce a multiplicity of light transmitting microperforations 
through said sheet, said perforations being primarily due 
to electrochemical action. 

8. The process described in claim 7 characterized in 
that the halogen containing electrolyte is selected from 
the group comprising hydrochloric acid; hydrobromic 
acid; solutions of halogen salts which when dissolved hy 
drolyze to an acidic electrolyte, solutions of alkali and 
alkaline earth metal halogen salts, ammonium halogen 
salts and natural brine solutions. 

9. The process described in claim 8 characterized in 
that the concentration of the hydrochloric acid does not 
exceed 7%. 

10. An electrically controlled process for producing mi 
croperforated stainless steel sheet suitable for fabrication 
into liquid and air filters, diaphragms, separators and the 
like which comprises connecting stainless steel sheet con 
sisting of a preponderance of iron and containing a min 
imum of approximately 11% % chromium having a thick 
ness between approximately .0005'' and approximately 
.005'' as the anode in an electrolytic cell having a non 
polarizing electrolyte and a cathode and discharging di 
rect current through said cell for a time sufficient to pro 
duce a substantially uniform pattern of a multiplicity of 
light transmitting microperforations through said sheet, 
said perforations being primarily due to electrochemical 
action. 

11. An electrically controlled process for the continu 
ous rapid production of sheet filter material which com 
prises the provision of an electrolytic cell having a cath 
ode and non-polarizing electrolyte in which a portion of a 
Strip of Stainless steel is immersed, said steel consisting 
of a preponderance of iron and containing a minimum of 
approximately 11% % chromium and having a thickness 
not substantially exceeding .005'' and constituting the 
anode of said cell, discharging direct current through said 
cell while passing said sheet therethrough at a current 
density and for a time sufficient to produce a multiplicity 
of light transmitting microperforations through said sheet, 
said perforations being primarily due to electrochemical 
action. 

i2. An electrically controlled process for the continu 
ous rapid production of a microperforated stainless steel 
sheet which comprises the provision of an electrolytic 
cell having a non-polarizing electrolyte and a cathode 
inert to said electrolyte, an elongated strip of stainless 
steel consisting of a preponderance of iron and containing 
a minimum of approximately 11% % chromium, a portion 
of said strip being immersed in the electrolyte and at 
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anodic potential in respect thereto, said strip having a 
thickness in the order of .0005’ to .005', discharging di 
rect current through said cell, the strip being connected 
as the anode, while passing said strip through the elec 
trolyte at a current density, applied voltage and for a 
period of time sufficient to produce a multiplicity of light 
transmitting microperforations substantially uniformly 
distributed through said sheet, said perforations being pri 
marily due to electrochemical action, thereafter clean 
ing said perforated sheet to eliminate retained electrolyte. 

13. A microperforated stainless steel product produced 
by the process of claim 1. 
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