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This invention relates to a method and apparatus for 
cleaning articles and more particularly to a method and 
apparatus for cleaning conductive and nonconductive 
articles by electrolysis. 
Many processes are known for removing foreign matter 

that adheres to the surfaces of metallic articles which in 
volve the electrolytic treatment of these articles. Typi 
cally, the article to be cleaned is connected to the nega 
tive terminal of a direct current power source and is 
immersed in a solution of a suitable electrolyte with an 
electrode connected to the positive terminal of the power 
source. As the current flows between the cathode, which 
may be the article to be cleaned, and the anode or the 
electrode connected to the positive terminal, hydrogen 
bubbles are produced at the cathode. The hydrogen 
bubbles evolved at the cathode provide a mechanical 
scrubbing action which dislodges any foreign matter from 
the surfaces of the article to be cleaned. 

In order to clean a number of metallic articles, it has 
been proposed to utilize a metallic container to support 
the articles in the bath. The container is connected to the 
negative terminal of the power source so that during elec 
trolysis, the articles in contact with the container be 
come cathodic whereby hydrogen bubbles are formed on 
all of the surfaces of the articles, which bubbles as they 
are released from the surfaces carry away the foreign 
matter for the desired cleaning function. 

While the above-described processes have been found 
to be satisfactory in some instances for cleaning metallic 
or electrically conductive articles, they have not always 
provided a satisfactory and nondeleterious cleaning action 
for certain metallic and nonmetallic articles, nor have 
they been adapted to clean completely nonmetallic or 
nonconductive articles. One reason is that any hydrogen 
bubbles evolved at the cathodic elements are not gener 
ated in intimate proximity to the nonconductive surfaces 
to produce the required scrubbing action. Also, the elec 
trolyte solutions employed in these processes sometimes 
comprise chemical substances which make them strongly 
alkaline, such as caustic soda. Sometimes the electrolytes 
comprise acids or chlorinated hydrocarbons and the like. 
These chemicals are, under certain circumstances, harm 
ful to certain nonconductive materials to be cleaned, such 
as plastics and fabrics. 

Accordingly, it is a primary object of the present inven 
tion to provide a method and apparatus for cleaning 
articles electrolytically that overcomes the limitations 
and disadvantages of the processes heretofore mentioned. 
More speci?cally, it is an object of the present inven 

tion to provide a method and apparatus for cleaning 
articles electrolytically without being harmful thereto. 
Another object 9f_th,e._in!§nt_i9n__isto provide a method 

andv apparatus for electrolytically c'lieanini'f?efallic'a?d 
, nonmetallic articles which utilizes an improved electro 
lyte composition. 

Still another object of the present invention is the pro 
vision of an improved deoxidant dip to remove ?lms of 
oxidation and deposits of foreign matter or smut that 
may remain adhered to the surfaces of the articles after 
electrolytic cleaning thereof. 
A further object of the invention is the provision of 

an improved holder adapted for use in an electrolytic 
cleaning apparatus for certain articles which, by virtue of 
their shape and construction, are di?icult to clean. 
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In accordance with one aspect of the presgnt invention, 

the foregomg and other.ebieetaateattainssl_hvimmerSins 
an article',"w ich‘i's‘ir'ivade gfignductive 
means such asipriuted cirguitvbgardgin an electrolytic 
ba‘t‘lTv and causing a current to ?ow in said bath between 
a cathodic element closely adjacent the board and an 
anodic element. The scrubbing action of the hydrogen 
bubbles generated at the cathodic element and at the 
conductive portions of the board effectively cleans all of 
the surfaces thereof. 
The cathodic element may take the form of apbook-like 

holder having a pair of pivotally connected frame mem 
bers constructed of ?ne wire mesh or wire cloth and pro 
vided with fastening means such that when the frame 
members are pivoted together and fastened, an article 
such as a printed circuit board may be supported in the 
holder between the frame members. 
To guard against injury to metallic and nonmetallic 

articles and to obtain efficient cleaning thereof by the 
electrolytic cleaning process of this invention, the bath 
comprises an aqueous solution of a mildly alkaline 
electrolyte. 
The bath utilized in the present invention may also 

comprise a wetting agent. 
Furthermore, in the practice of the present invention 

the bath may be heated by suitable means during 
electrolysis. 

In addition, to remove any surface deposits of foreign 
matter or oxide ?lms commonly referred to as “smut” 
that are left on the articles after electrolysis, the articles 
may be dipped in a solution comprising a deoxidant. 

Other objects and advantages of the invention will 
hereinafter become more fully apparent from the follow 
ing detailed description when considered in connection 
with the annexed drawing in which: 

FIG. 1 is a perspective view of one embodiment of an 
electrolytic cleaning apparatus constructed in accordance 
with the teachings of the present invention; 

FIG. 2 shows a sectional view, somewhat diagrammati 
cally, of the embodiment of FIG. 1 wherein the tank con 
taining the bath is fabricated of a conductive material 

' and forms the anode of the electrolytic circuit; 
FIG. 3 illustrates a sectional view, somewhat diagram 

matically, of another embodiment of the apparatus of 
FIG. 1 wherein the tank is fabricated of a nonconductive 
material and wherein an anodic element is immersed in 
the electrolyte; and 
FIG. 4 shows a perspective view of a cathodic holder 

that is particularly well suited for cleaning printed cir 
cuit boards constructed according to the instant invention. 
Turning now to the drawing in more detail, there is 

shown in FIG. 1 a ?rst embodiment of the apparatus of 
the present invention, generally indicated by the numeral 
10, which comprises a tank 12 containing a quantity of 

> an electrolyte solution or bath 11. Immersed in the bath 
is a basket-like holder for articles to be cleaned (not 
shown) which is connected to the negative terminal of 
a source of electric current (not shown) by means of a 
lead 14. When the bath is electrolyzed by causing current 
to ?ow from the basket 13 acting as a cathode to an 
anode which may be the tank (not shown) metallic and/ 
or metallic articles supported by the basket 13 are cleaned 
by the combined action of hydrogen bubbles evolved at 
the basket and chemical agents comprising the bath 11. 
A suitable cabinet structure 15 conveniently houses the 

various elements of the apparatus and is provided with an 
on-off switch 16, an indicator light 17, and a control 
knob 18 to vary the current passing through the bath, 
and a thermostatically controlled bath heater (not shown). 
Electrical power, which may be standard house current 
(110 volts 60 cycle A.C.), is supplied to the apparatus by 
means of a common plug and cord unit 19. . 
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In FIG. 2, tank 12 and holder 13 are shown in section 
and the electrical circuit is shown schematically. Tank 12 
is preferably fabricated of an electrically conductive ma 
terial that is highly resistant to the corrosive action of 
the electrolyte solution, such as stainless steel or Monel. 
The basket-like holder 13 is made of the same or of an 
equivalent material as the tank and is constructed in the 
form of a ?ne or closely spaced wire mesh. Basket 13 is 
provided with compartments formed by a plurality of 
vertically oriented integral partitions 21 made of the 
same wire mesh material as the sides and bottom of the 
basket, and is particularly yvell adapted to support a plu 
rality of conductive and nonconductive articles, such as 
the printed circuit board assemblies 22, 23, and 24. 
The tank 12 is made anodic and the wire mesh basket 

13 is made cathodic by connecting them respectively to 
the positive and the negative terminals of a variable 
source of direct electric current. The DC. source may be 
in the form of a conventional recti?er and autotransformer 
unit 25 (not shown in detail) for converting the AC. 
supply. Any other suitable arrangement may also be used 
to supply the electrical power required to practice the 
process of the present invention. 

In order to raise the temperature of the electrolytic 
bath 11 to the proper level, a heating element 26 con 
trolled by a thermostat 27 is provided which may be con 
veniently connected to the A.C. power source. of course, 
other means may be utilized to heat the bath if desired. 
By providing the cathodic basket 13 with the vertical 

mesh partitions 21, an abundant supply of hydrogen bub 
bles will be produced during electrolysis in close proxim 
ity to the nonconductive surfaces of the article to provide 
an improved scrubbing action. Also since the printed cir 
cuit board assemblies are supported on end or upright, 
restrictions on the upward movement of the hydrogen 
bubbles is kept to a minimum thereby further enhancing 
the scrubbing action. In comparison, electrolytic cleaning 
processes of the prior art depend upon the formation of 
hydrogen bubbles directly on the surfaces of the article 
to provide the cleaning action. 

In the embodiment shown in FIG. 3, the tank 12 is 
made of a nonconductive material which is unaffected by 
the chemical action of the electrolyte solution, such as 
glass, certain plastics, or the like, and which may be 
transparent so that the cleaning process may be observed 
from outside. Since the tank is a nonconductor, an elec 
trode 28 is immersed in an electrolytic bath 11 along with 
an article holder 29. The electrode 28 and the holder 29 
are connected to the positive and negative terminals of 
the power source 25, as in the embodiment of FIG. 1, 
thereby making them anodic and cathodic, respectively. 
Cathodic holder 29 is especially useful to electrolytically 
clean a relatively ?at metallic and/or nonmetallic article, 
such as a printed circuit board 37. 
The cathodic holder 29 is more clearly illustrated in 

FIG. 4, and comprises a pair of generally rectangular 
metal frames 31 and 32 of substantially equal size. The 
frames are pivotally connected or hinged together along 
one edge of each by means of rings 33. Within each 
frame and secured thereto is a metal wire cloth or a ?ne 
wire mesh material, which is preferably made of stainless 
steel or other highly corrosion resistant metal. To secure 
the frames together face-to-face, in closely adjacent rela 
tion with the board 37 sandwiched therebetween an appro 
priate releasable fastener assembly 34 is provided on 
frame 32 to cooperate with a loop member 35 secured 
to frame 31. To assist in manipulating the holder 29 in 
and out of the electrolytic bath, a handle 36 made of a 
conductive material is attached to frame member 31'and 
serves as a convenient part of the holder to which the 
negative lead 14 is connected. During the cleaning proc 
ess, circuit board 37 will be completely encased by the 
wire mesh of the holder 29. In this position the conductive 
as well as the nonconductive surfaces will be in intimate 
contact with the mesh such that during electrolysis, the 
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4 
evolution of hydrogen bubbles will take place immediately 
adjacent the surfaces and thus provide an effective clean 
ing action. 
The baths employed in many of the prior art electro 

lytic cleaning processes and apparatus include sulfuric 
acid, caustic soda and other similarly strong chemicals in 
relatively high concentrations which are often injurious 
to certain nonmetallic and metallic materials that are in 
eorporated in printed circuit boards, microminiature cir 
cuitry and related articles. 
To electrolytically clean these articles as well as others 

which may be made of such materials, the electrolyte solu 
tion used in the present invention comprises an improved 
chemical composition that is not harmful to these mate 
rials. The improved composition also provides a highly 
e?icient cleansing action, enables relatively high current 
densities to be reached, and has a long bath life. 

In order to accomplish these results and others, the 
bath 11 should be heated to a temperature in the range 
between 120° F.-212° F. with the optimum being be 
tween 170" F.-190° F., and the constituents thereof 
should be present in about the proportions indicated in 
the following table: 

TABLE 1 

Trisodium phosphate ______________ __oz./gal__ 3-15 
Ammonium carbonate _____________ __oz./gal__ 36-4 
Alkali metal phosphate _____________ __oz./gal.._ 34-6 
Alkali metal metasilicate or aluminate -_oz./gal_- 116-3 
Ammonium hydroxide _____________ .._ml./gal__ 1-3 
Wetting agent __________________ .._grams/gal__ 16-4 

The above mixture is preferably made up with distilled 
water and mixed with a high speed mixer to make up a 
concentrated electrolyte solution. When it is desirable 
to color the electrolyte, an agent such as Aluminum Bor 
deaux R. L. Dye may be used. This concentrate is nor 
mally then diluted approximately 1:1 with ordinary tap 
water to form the bath. 
The components of the improved bath act together as 

a group in such a way as to provide the treated article 
with clean surfaces to insure high adhesion for subsequent 
plating or soldering procedures. 
The trisodium phosphate and the alkali metal phosphate 

such as potassium or sodium phosphate and potassium or 
sodium hexametaphosphate, for example, soften hard 
waters which are often the most available for making up 
the solution and maintain the calcium and magnesium salts 
in solution, while permitting the best possible solution of 
the chemical products used. They are also effective condi 
tioners of the bath. 
The ammonium carbonate and the ammonium hy 

droxide impart high electrical conductivity to the solution 
and resultant low electrical resistivity and low voltage 
drop across the terminals. 
The ammonium hydroxide has been found to remove 

grease by emulsi?cation or saponi?cation, and when elec 
trolyzed, produces a copious evolution of hydrogen and 
oxygen which facilitates the removal of the foreign ma 
terials from the surfaces of the article. Also the ammo 
nium hydroxide has been found to remove smut formed 
on articles comprising copper and/or brass. However, the 
ammonium hydroxide may be deleted from the bath with 
out any signi?cant reduction in its cleansing power especi~ 
ally when the articles being cleaned comprise aluminum 
and/or stainless steel. 
The alkali metal metasilicate or aluminate, such as 

sodium metasilicate or aluminate has been found to be 
advantageous because during electrolysis, one of the 
agents used decomposes, producing an element which 
remains in semi-colloidal form which acts mechanically 
as an abrasive when it is dispersed in the solution. 
The wetting agent, which is preferably a fatty alcohol sul 

fate, sulfonated oil or another equivalent anionic surfac 
tant, improves the penetrating power of the solution so that 
the cleansing composition penetrates even into the most 



?rgrm persulfate ____________ __lbs./gal__ 
/ 

3,457,151 
5 

minute crevices or interstices in the article, thereby facili 
tating the removal of the foreign elements or other un 
wanted surface impurities from the article. It has been 
discovered that it also has a tendency to decrease the 
danger of a back E.M.F. in the solution during electroly 
sis since it decreases the surface tension of the liquid, 
thereby enabling the gases produced to pass readily from 
the solution. One example of such a wetting agent that has 
been used with excellent results is the sodium lauryl sul 
fate product Duponol ME Dry. 

In order to remove various smut ?lms and deposits of 
foreign matter which may remain on the surfaces of the 
articles after they have been eletrolytically cleaned, a 
separate cold deoxidant dip is provided, usually con 
tained in a separate tank (not shown), having the fol 
lowing ingredients present in about the proportions in 
dicated in the table below: 

* TABLE 2 \ 

1-5 
Copper sulfate __________________ .._grams/gal__ 5—20 
Wetting agent __________________ “grams/gal..- 2 

This mixture is preferably made up with distilled water 
and mixed with a high speed mixer. The resulting con 
centrated deoxidant formula may then be diluted withtap 
water in any desirable ratio, but normally in the ratio of 
1:1. 
The ammonium persulfate is a strong oxidizing agent 

and is effectively employed to remove the smut ?lms. The 
copper sulfate has been found to act as a catalyst to assist 
in the removal of the foreign matter. 
' The wetting agent such as the material used in the bath 
above, increases the smut removing action of the deoxi 
dant due to its emulsifying and surface tension reduction 
qualities. 
The articles being cleaned are immersed in the tank 12 

which has been ?lled with a hot solution comprising vari 
ous proportions and concentrations of the above com 
ponents of the bath depending on the nature and condi 
tion- of the articles. The bath is electrolyzed for a period 
from a few seconds to ?ve minutes at a current density 
between about 10 to 35 amperes per square foot of article 
surface. By heating the bath to the temperature range 
set forth above, an active metallic surface for subsequent 
plating or soldering operations is insured without requir 
ing any intermediate steps except possibly a water rinse. 

After the electrolytic cleaning operation, if smut ?lms 
remain on the surfaces of the articles, they may be dipped 
in the cold deoxidant solution for a short period of time 
whereupon all surfaces will be completely clean. 
A speci?c example of the process of this invention is as 

follows: A printed circuit board was secured within 
cathodic holder 29 and was immersed in metal tank 12 
containing a quantity of anelectrolytic bath that had been 
heated to about 180° F. and which comprised the follow 
ing constituents: 

Trisodium phosphate ______________________ __oz__ 9 
Ammonium carbonate _____________________ _..oz__ 1 

,, Sodium phosphate ________________________ .._oz__ 1 
_‘ Sodium hexametaphosphate ________________ __oz__ 2 
Sodium metasilicate ______________________ __oz_.. 1 

~ Ammonium hydroxide ____________________ __ml__ 2 
- Sodium lauryl sulfate (Duponol ME Dry) ___._grams__ 4 

The above components had been dissolved and mixed 
with distilled water to make one gallon of concentrate and 
then diluted ‘1:1 with tap water. 
The bath was electrolyzed at a current density of about 

20 amperes per square foot for a period of about one min 
ute. At the end of this period, the current was turned off 
and the holder and board were removed. 
The board was then immersed for several seconds in a 
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6 
quantity of a cold deoxidant solution which comprised 
the following constituents: 

' Ammonium persulfate ___________________ .__lbs__ 3 

Copper sulfate _______________________ __grams.._ 10 
Sodium lauryl sulfate (Duponol ME Dry) ____do____ 4 

The deoxidant was made up according to the following I 
formula: 
The ammonium persulfate was dissolved in 3/: gal. hot 

(180° F.—190° F.) distilled water, 100 grams of copper 
sulfate (reagent quality) was dissolved in hot water to 
make 500 ml., 60 ml. of which was then added to the 
ammonium persulfate solution, 4 grams of the fatty al 
cohol sulfate was mixed with the solution, and then dis 
tilled water was added to make one gallon of concentrate. 
The concentrate was then diluted 1:1 with ordinary tap 
water. 

After the deoxidant dip, the board was drained and 
dried. Successful cleaning of the printed circuit board was 
accomplished in less than ?ve minutes. All foreign con 
taminates including ?ux, grease, ink, metallic debris, etc., 
were removed. “ 
The process of this invention is not harmful to micro 

miniature circuitry or semiconductor devices and there 
fore it would not be harmful to similar electronic devices 
produced by various techniques and during various stages 
of manufacture due to the unique chemical characteristics 
of the bath. 
To insure safety during the cleaning process, D.C. po 

tential across the electrodes is normally varied between 
0-24 volts. 
The use of the above chemicals is preferred, but it is 

clear that other equivalent chemicals, proportions and 
concentrated solutions thereof may also be used if desired, 
depending upon the type of article being cleaned and the 
extent of the contamination of the surfaces. 
The partitioned wire mesh basket 13 utilized in the 

present invention provides a highly effective holder for 
subjecting a plurality of certain hard to clean articles to 
an electrolytic cleaning process, particularly in the case 
of printed circuit boards. The basket is equally well 
adapted for use as an anodic element in a DC. electrolytic 
circiut and may also be used in an AC. circuit. 
The book-like wire mesh holder 29 is extremely well 

suited for electrolytic. cleaning processes when the major 
portions of the surface of the article to be cleaned are 
nonconductive and when the entire article is non conduc 
tive. This is by virtue of the fact that the ?ne metal wire 
mesh surrounds the article and is in intimate contact with 
the surfaces thereof so that during electrolysis, an abun 
dant supply of bubbles will be evolved as close to these 
surfaces as is feasible. As with basket 13, holder 29 is 
well adapted for use in other types of eleectrolytic cir 
cuits. 

It should be understood, of course, that the ‘foregoing 
disclosure relates to only preferred embodiments of the 
invention and that numerous modi?cations or alterations 
may be made therein without departing from the spirit 
and the scope of the invention as set forth in the ap 
pended claims. _ 

Having thus described the invention, what is claimed is: 
1. A method of cleaning articles which comprises the 

steps of: 
immersing an article to be cleaned in a bath compris 

ing an aqueous solution of an alakline electrolyte, 
electrolyzing said bath by passing an electric current 

between cathodic means adjacent said article and 
anodic means, and immersing said article in a dip 
comprising an aqueous solution of a deoxidant, said 
bath comprising the following ingredients: 
Alkali metal phosphate ______ .._oz./gal__ 3%4-21 

(of which 3 to 15 oz./gal. is trisodium 
phosphate) 1 

Amonium carbonate _______ __oz./gal__ Vz-4 
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Alkali metal metalsilicate or 

aluminate ________________ _ -oz./gal__ V2 —3 
Ammonium hydroxide _______ _ _ml. /gal__ 1-3 
Wetting agent _____________ _ -grams/gaL- 1A2 —4 

said dip comprises an aqueous solution of the follow 
ing ingredients: 
Ammonium persulfate _______ __lbs./gal__ 1-5 
Copper sulfate ___________ __grams/gal__ 5-20 
Wetting agent ____________ __grams/gal_.. 2-6 

2. The method of cleaning according to claim 1 fur 
ther comprising the step of: 

heating said bath to a tempertaure of between 120° F. 
212° F., 

said bath being electrolyzed at said temperature for a 
period from thirty seconds to ?ve minutes at a cur 
rent density between 10-35 amperes per square foot. 

3. The method of cleaning according ot claim 1, 
wherein: 

said alkali metal phosphate comprises a compound 
selected from the group consisting of potassium 
phosphate, sodium phosphate, potassium hexameta 
phosphate and sodium hexametaphosphate, 

said alkali metal metasilicate or aluimnate is selected 
from the group consisting of sodium metasilicate 
and sodium aluminate, and 

said wetting agent is selected from the group consisting 
of fatty alcohol sulfates and sulfonated oils. 

4. A method of cleaning conductive and nonconductive 
articles comprises the steps of: 

placing the article to be cleaned in a conductive sup 
port means, 

immersing said support means in a quantity of an elec 
trolytic bath contained in a tank, heating said bath 
to a temperature of about 170—l90° F., 
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passing an electric current between said support means 35 
as a cathode and said tank as an anode for a period 

8 
of about one minute and at a current density of 
about 20 amperes per square foot, 

said bath being formed of a diluted aqueous solution 
comprising a composition in about the following pro 
portions per gallon of water: 

Trisodium phosphate _________________ __oz__ 9 
Ammonium carbonate ________________ __oz__ 1 
Sodium phosphate ___________________ __oz.._ 1 
Sodium hexametaphosphate ____________ __oz__ 2 
Sodium metasilicate __________________ --oz__ 1 
Ammonium hydroxide ________________ __ml__ 2 
Fatty alcohol sulfate ______________ _..grams__ 2 

and 
immresing said article in a quantity of a deoxidant dip 

contained in a vessel, 
said clip being formed of a diluted aqueous solution 

comprising a composition in about the following 
proportions per gallon of water: 

Ammonium persulfate _______________ __lbs__ 3 
Copper sulfate ___________________ __grams_’ 10 
Fatty alcohol sulfate ______________ __do..___ 4 
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