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" This invention relates to improvements in the
art of cleaning metal surfaces electrolytically,
particularly steel surfaces and the like, and to
compositions for preparing electrolytic sclutions
suitable for such metal cleaning.

In the manufacture and fabrication of mate-
rials having metal surfaces, various soils are
formed in or on the surface. These =oils may ke
classified generally as comprising (1) substances
not chemically associated with the basis metal,
(2) substances derived from the basis metal, and
(3) substances due to a physically altered basis
metal layer. The soils commonly encountered in
class 1 above consist of oils, greases, waxes, S0aDs,
drawing compounds; buffing and polishing com-
pounds and miscellaneous dirt acquired during
manufacturing, fabrication, handling or shipping.
The principal soil derived from the basis metal in
class 2 ahove consists of oxides of the metal.
Carbonates, sulfides, sulfates, chlorides, phos-
phates and nitrides of the basis metal may also be
encountered, In addition; and particularly in the
case of steel surfaces, finely divided graing of the
metal itself may be encountered. In class 3 above
the surface of the basis metal may be physically
altered because of & surface film of stressed, dis-
torted or broken basis metal resulting from grind-
ing, polishing, rolling, drawing or other finishing
process. : ’

It has long been recognized in the art of metal
finishing that thorough cleaning of metal sur-
faces is necessary if a satisfactory finished prod-
uct is 1o be obtained. This is particularly true

_in the metal plating art where residues in any
of the soil classes listed above remaining unre-
moved by the cleaning process are. often the causs
of unsatisfactory results in the final product.
Various cleaning methods and compositions have
heen employed in the cleaning of metal surfaces
and some of these, particularly the vapor de-
greasing processes employing. s stabilized chlo-
rinated hydrocarbon as shown in the patent to

Clarence F. Dinley #2,096,735 have teen very suc-.

cessful on a large variety of metals and for many
finishing purposes.
surfaces and the like which are to he subjected to
a finishing operation requiring a vlating step or
the liks, it has been found that the cleaning
methods and compositions known o the art are
not entirely satisfactory. While s general
cleaning of such metal surfaces is attained by the
use of such methods, some of the soils listed ahove
effectively resist removal, particularly in the case
of ferrous metal surfaces. One of the soils most
difficult of removal is known in'the art as “smut”

Howwer, in the case of metal.
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and commonly remains on the surface after all
cther soils have been removed., This smut is of
varying composition but generally consists of a
combination of carbonized oils, carbon from the
metal (f steel), iron oxide and metal particles.
it will thus be seen that the metal cleaning art
prior to the present invention has not had a
cleaning process suitable for preparing smut-con-
taminated metal surfaces for a finishing opera-
tion requiring a very high degree of cleanliness.
We have found that it is possible to obtain such
cleaning by the use of an asymmetric reversing
electric current in accordance with the teachings
of this invention in combination with an electro-
lytic solution of the- type or types hereinafter
described. All the soils identified in the fore-
going discussion, and their equivalents, are re-
ferred to in the appended claims as “smut-like
materials.”

The principal object of the present 1nvent10*1
is to provide a process for thoroughly cleaning
metal and particularly ferrous metal surfaces.

A further object-is to provide an electrolytbic
process for thoroughly removing soils, and par-
ticularly smut, from metal surfaces without cor-
roding or pitting and without depositing foreign
materials on the metal surface. ]

A still further object is to provide compositions
for carrying out the electrolytic cleaning process
of the present invention.

The foregoing and other obJects are attained

according to our invention by passing an asym-
metnc reversing current between an electrode
and the metallic article to be cleaned in agueous
solutions of salts whose principal components
form soluble ions in the presence of metal dis-
solved from the metal article and whose negative
ions and their derivatives will not readily dis-
charge at the metal article or at the electrode and
whose occasional discharge does not produce
harmf{ul effects at the surface of the article. ..

In describing our invention, several deseriptive
terms will be used whose definitions vary in in-
dustry. Therefore, these terms are defined below
as they are. used 1n this speclﬁcatmn and the
claims. -

The term “direct current” is used . to desecribe
a.current whi¢h flows only in one direction ‘for
the period under discussion. The polarity may
bé either positive or negative.  Unless otherwise

specified, the current potential is con51dered to’ be
nominally constant.

The term. “reversing current” is used to describe
2, current whose direction of flow is ccntmually
reversed. . ,A s
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The term “pulse current” is used to describe a
current which is reduced at intervals to zero or
some relatively small value,

The term “reversing pulse current” is used to
describe a current which after being made a
direct current in onme direction for an inferval,
is reduced to substantially zero value for an in-
terval and then made a direct current in the
other direction for an interval.

The term “asymmetric current’” as.used-in this
specification refers to current wave forms other
than unvarying direct current-or a sine ‘wave,in
which the asymmetry relates to relative itime -of
current flow in a single cycle.

The tferm “asymmetric reversing current”
designates current having a cycle in -which the
current flows in one direction for a given period
of time and subsequently flows in the other direc-
tion for a different peried of time, or a cycle in
which the current flows’in one direction st a given
xate for a given time and subsequently flows in
the other divection at -a different rate for a dif-
ferent time.

In preparing -aqueocus -electrolytic solutions
suitable for-use with our -invention-we have found
‘that the polyphosphates -and -citrates produce
Jons -which have ‘the -desired properties even in
dilute solutions. We ‘have -glso found that in
more -concentrated solutions the phosphates
other than polyphosphates, acetic acid-acetate
mixtures, bicarbonates -and -dichromates likewise
provide satisfactory electrolytic -solutions, suit-
-able for use in earrying -out our ‘novel proeess.

“The pelyphosphates employed in the practice
-of our invention are breadly the phosphates hav~

‘ingmore than one-phosphorus-atom per molecule.
Among the more common polyphosphates which
‘are suitable may be listed the pyrophosphates
(P207) ¢, and particularly acid sodium pyro-
phosphate and ‘tetrasodium pyrophosphate, the
tripolyphosphates (P:010)~5, the ‘hexametaphos-
phates (PsO10)—¢ -and -equivalent pelyphosphates
and mixtures thereof. While polyphosphates
‘having 'a wide variety -of anions are scluble in
water and are suitable-in practicing the processes
-of this invention, the &lkali metal polyphosphates
are preferred since-they are readily -available and
relatively inexpensive. The term “polyphos-
phate” as used throughout the present specifica-

tion and claims does net ‘include ‘the ordinary 4

-orthephosphates, such -as ‘trisodium phosphate
(NasPOs) , ‘monosocdium -orthophosphate

(N2 F2P04)

-or the -other orthophesphates or sodium meta-
phosphate (NaP@s), but is specifically restricted
to the phosphates having a -plurality of phos-
phorus atoms per ‘molecule and the polyphos-
phoric acids -analogous thereto. "The aforemen-
tioned and other whosphates “having less than
two phosphorus -atems per mdcleciile :are. referred
to therein simply as mono-phosphates.

The -agueous polyphosphate selutions are €i-
FTective in the practice of this invention over a
wide range of coneentrations.
may contain as little as 6.01% polyphosphate ion
by weight or may he totally saturated solutions.
We have discovered, however, that particularly
‘rapid :and thoroughxleaning is attained by main-
4zining -the polyphosphate ‘in concentrations be-
tween :05 and 5 gram -equivalents of polyphos-
phate ion per liter of solution.

Execellent cleaning 1s -glso .attained by means
of our Teverse-current .process in combination
with a dilute electrolyte containing citrate :ions.

These solutions !
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These citrate electrolytes are effective over a
concentration range from 0.01% hy weight and
below to a saturated citrate solution. For opti-
mum cleaning we have found that the preferred
concentration ranges vary depending upon the
alkdlinity «or -acidity of ‘the -solution. However,
we ‘have ‘found that in acid solution preferred
cleaning is attained with an electrolyte confain-
ing from 0.15 to 5 gram moles of citrate ions per
liter and in alkaline solution preferred cleaning
is attained with an electrolyte coniaining from
‘04 ko °5 :gram moles «of citrate ions per liter. An
acid solution -of -citrate ions is preferably pro-
duced by 'mizing a-scluble citrate with citric acid
and water.

"The -citric seid-citrate mixtures of our inven-
tion preferably vary in pH from 4 to 19 and con-
tain citric acid and a soluble citrate in propor-
tions adapted $o attain a pH falling within this
range. Preferred proportions, however, range
from ! to4 molesof aikeli metalcitrate permole
of -citric acid. ’

Excellent metdl cleaning ds further gitdined
aecording %o -our inveniion by providing .an €lsc-
trolyte which on disc¢harge «does not yield -any
oxidizing gas -excepl -oxygen ‘itself, -provided the
slectrolytic 'solution ‘s sufficiently :concentrated
1o retard excessive local formation -of hydregen
joms at the anede due to locgl hydretysis of ‘the
dacomposed -e€lectrdlyte ions. "‘Examples of such
suitaile .compositions -ave the miono-phosphates,
‘acetates, bicarbonates, and chromstes. These
‘jons when present in.dilute sohutions «deposit un-
desirable films on :the .enode during the reverse

3 -current process ‘buf surprisingly yield excellent

©leaning-at ionic.concentrations-oi:about 10.gram
equivalents per diter and above.

The term ““mono-phosphates” -includes the
phosphates .other than polyphosphates. Com-~
mon examples .of mono-phosphates -are, among
:others, the worthophosphate (P04) 3, the aseta-
phesphate (PO3) 1, and the acid phosphates -of
‘these radicals.

“The :chromates referred 1o therein .consist of
the evdinary ‘chromate ion (CrO4) 2 :in alksline
solution 'and the dichromate ion (Crz07) —*inacid
solution and equivalent ions .comtaining chro-
mim in combingtion with oxygen.

The biearbonates described herein are the:solu-
ble peid salts .of carbanice :acid generally, pref-
erably the :alkali metal bicadbonates such as
aFCOs and the like.

TIn referring to acetates, “we include composi-
tions which eare ‘dissolved in water to produce
acetate ions, which -are often represented by the
formuls (CERCCO)—1. Alkali wmetal acetates
ssuchas CH3COONa are preferred because of their
solubibity and low-cost. Acebate ions are alse in-
trodnced to form an acid solution by disselving
acetic :acid in water.

Within the group comgyprising the polyphos-
phates, monophosphates, acetates, citrates, ‘di-
chromates and bicarbonates, optimum cleaning
Taswlts-are obtained by using:mixtures which pro-
vide solutions ‘having @ pH kelow 8. While the
tendency of the solution to vorrode the contain-
‘ing tenk decreases dhove pH 8, the wapidity of
clezning =lso decreases with pH increase sub-
:stantially:;above 8. ‘Therate-ofcleaning increases
as the pH is reduced but Further reduction of
UH may at times resilt in a decreased met clean-
ing -effect sinoce deposits .of foreign materials are
found -on the metal after prolonged treatment at
relatively low pH values. Therefore, 'while ‘we
may practice our invension :af pE values Irom
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3.5 to 10, we find that the effectiveness of clean-
ing reaches s peak at pH values between 6 and 2.

The temperature of the electrolyte may ke
varied within wide limits (for example, 40° F. {o
boiling) but a temperature ranging from about
140° F. to about 160° ¥, has beaen found to provide
particularly thorough and rapid cleaning with 2
minimum rate of decomposition of cleaning so-~
lution.

Hgonomical operation of polyphosphate solu-
tions requires recognition of the fact that poly-
bhosphates are subject to hydrolysis, forming
orthophosphates as the end product. Because
of hydrolysis, it is desirable, as mentioned above,
to maintain electrolyte solution temperatures he-
low 180° P. 1In general, the hydrolysis rate will
inerease also with decreasing pH. We find too,
that using our solutions in stainless steel tanks
or in tanks lined with lend, provides an extension
in the effective life of the solution. Hydrolysis
does not appear to present any problem in the
use of citrates, which do not hydrolyze to any
appreciable extent under the conditions of opera-
tion.

It is sometimes found with particular solutions
that ordinary mild steel tanks are adequate con-
tainers for the electrolyte, provided that inhibi-
tors are added to minimize reaction between the
tank and the electrolyte. For instance, in an
electrolyte having o pE of 7 or above, the addi-
tion of a small amount of an alkali metal ferri-
cyanide inhihits accelerated hydrolysis in a mild
steel container. As an example, 0.2% of potas-
sium ferricyanide in a 129% solution of tetrasodi-
um pyrophosphsate has been found o retard the
deterioration of the cleaning solution appreci-
ably. Ferricyanide should not be used in acid
solutions since it plates out on the electrodes.

In addition to the sssential ingredients of the
electrolytes of this invention, borax or nitrates
or combinations of the two may be incorporated
in solution in various quantities, While these
substances have only a minor effect upon the
elecirolytic cleaning properties of the solutions,
if not used in excessive guantities, they provide
a means of introducing additional ions into solu-
tion, thereby increasing the conductivity of the
electrolyte, at a lower cest than would obtain if
additicnal quantities of polyphosphates, acetates,
citrates or phosphates were added above the
amounts reguired for proper cleaning. The
amount of nifrate and/or borax that may be
added with beneficial effect varies with the par-
ticular metal to be cleaned but is usually less than
25% of the weight of the polyphésphate, phos-
phate, acetates, chromates, bicarbonates, or
citrates present, )

As a further preferred embodiment of our
inventicn, we have found that where particularly
rapid cleaning is desired, it is preferred to incor-
porate in our solutions a small quantity of wet-
ting agent. The particular wetting agent used
may vary according to the composition and par-
ticularly with the pH of the soiution. In addi-
tien, i is desirable that the wetting agent he
stable with regard to electrical currents so that
it is not decomposed at the elecirodes. Within
these restrictions many suitable wetting agents
may be chosen from the innumerable wetlting
agents available. We have found that an anionic
welting agent the molecules of which consiss of
a long non-polar chain, with a polar group at-
tached to the chain at a point near its middle is
-suitable. . Another suitable wetting agent is a
wetting agent of the detergent type, consisting
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of a long-chain organic compound with a polar
group at one end of the chain. We have also
found that a compound of the non-ionic type
having a long non-polar chain and s short polar
chain at one end is suitable. The wetting agents
are preferably incorporated in amounts of 0.1%
t0 8% of the total weight of polyphosphate,
mono-phosphate, acetates, dichromates, bicar-
bonates, or citrates present.

The asymmetric reversing current employed in
the practice of the present invention may be
generated in a wide variety of ways. We have
found that it is desirable to pass a greater total
quantity of electricity while the metal which is
fo ke cleaned acts as anode than the quantity
pbassed while the metal being cleaned acts as a
cathode. This is conveniently accomplished by
making the metal act as an anode for a longer
period of time than it acts as a cathode. Accord-
ing to this method, the kath and the sciled metal
are impressed with an anodic current, by which
we mean a current flowing from g source through
a work plece of metal as anode and through the
electrolytic bath to a cathode which may be the
container or a separate electrode immersed in
the electrolyte. Following the anodic flow, the
current is reversed and the electrolyte and the
soiled metal are impressed with a cathodic cur-
rent, by which we mean a current that flows
from a source through an anode which may be
the container or a separate electrode immersed
in the electrolyte, through the electrelytic bath
and then through the work piece of metal ag a
cathode. In the foregeing manner, the current
is periodically reversed throughoub the cleaning
brocess. A particular preferred method of re-
versing current is accomplished by making the
metal which is to be cleaned the anode for a short
veriod cf tims, say 4 seconds, then reversing the
direction of current flow for about 1 second such
that the aforesaid metal is then the cathode and
repeating this cycle until satisfactory cleaning is
accomplished.

There is a broadly optimum ratio of time of
application -of the anodic current to time of ap-
plication of cathodic current which varies Wwith
the irequency of current reversal and in usual
operation lies in the range of 2:1 to 8:1.  TFor
anode to cathode time ratios in this range, we
have operated successfully over a current re-~
versal irequency range from less than 9 cycles
per minute to several hundred cycles per min-
ute. However, for this particular ratio range
optimum results are obtained in the range from
about 12 cycles per minute to about 24 cycles
per minute. For other ratios, the optimum fre~
quengy range may increase- indefinitely being
limited -ounly to the poini where ths necessary
reactions no longer have time to take place be-
tween current reversals, :

The reversing currens ‘process of this inven-

* tion may be modified by providing a time inter-

70

vel during which no current fow takes place,
this interval being interposed bebween periods of
cathodic and anodic fiow. We refer to this modi-
fication as a reversing pulsed current. The flow

‘may be inferrupted after spplication of angdic

flow or cathodic flow or at both times during the
cycie. Other methods and times of interrupting
the current are effestive for particular purposes.

We find in practicing all the aforementioned
reversing current techniques that variations in
voltage and amperage values have an effect on

- the length of time required to obiain optimum

results, according to the particular metal” and
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.so0il characteristics. Satisfactory cleaning results

are obtainable in the time range from 8 minutes
down to 15 seconds and under by employing
~voltages in the range from 3 volts and greater
.at-current densities of 30 amperes or more per
square foot of metal surface being cleaned.

In practicing the novel current-reversal process
of the present invention at a 4 to 1 ratio
of ancdic current time to cathodic current time
-as-heretofore described. it might be expected that
the effectiveness of cleaning would vary in a
linear relationship with the frequency of cur-
rent reversal, if it should vary at all. FHowever,
we have found that the latter is not the case,
_since cleaning is moderately effective at reversal
frequencies below 12 cycles per minute, becomes
unusually effective within the range of 12-24
.cycles per minute, and then lapses back info a
less effective stage at frequencies above 24 cycles
per minute. The particular ratio of 4 to 1 has
been used for descriptive purposes in this speci-
_fieation, since with the proper reversal frequency,
voltage and cleaning electrolyte, this ratio Is
one which preduces excellent results and is more
easily and economically accomplished with stand-
.ard electrical generating equipment available
at this time. It is not intended that the scope
of this invention should be limited to an anode
to.cathode time ratio of 4 to 1. For instance, in
.a case where still more rapid cleaning is desired
and the cost of generating equipment is of less
importance, a cycle of lower anade to cathode
time ratio and higher frequency may advan-
-tageously be employed. Also, for certain soils a
modified cycle may be used such that relatively
“high voltages of about 20 volts or above are ap-
plied during the anodic and cathodic portions
.of the cycle and these portions of the cycle are
.separated by periods of time in which there is no
-flow of current,

The combined action of the polyphosphate,
citrate, acetate, mono-phosphate, bicarbonate,
dichromate or combination thereof and the asym-
metric reversing eleciric current upon the
metal removes soils from the metal surface with
surprising speed and thoroughness and provides
cleaning results superior to those heretofore
known. The coaction of the two essential ele-
ments.of an electrolyte having characteristics as
nereinafter described and an asyrametric elec-
tric current as disclosed hersin results in superior
cleaning with a rapidity that is surprisingly in
excess. of the additive effects of the separate ele-
ments. The electrolytes themselves do not attack
the work chemically to any significant extent;
the loss of metal from the work is substantially
the result of electrochemical action.

While a complete scientific explanation of the
_complex and changing interactions responsible
for the surprising cleaning results provided by
the practice of the present invention has not
been developed, and while it is not intended
that this invention should be restricted by virtue
of -any theory expressed in the present specifica-
+ion, -the following is believed to be a partial
-explanation -of the ‘cleaning results obtained.
In the solution current is carried by the move-
_ment of the ions of the electrolyte. In the con-
*Quctors outside the electrolytic cell the current is
-carried by the moving electrons in the conductor.
<At the boundary between the conductors (elec-
-trodes) and the electrolyte (solution) the cur-
-yent is carried by electrochemical reactions tak-
-ing :place at the electrode. When the electriecal
.gireuit-is' completed, a potential is applied at the
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electrodes and-cations are-drawn to the cathode,
anions to the anode. For an extremely short pe-
riod of time, current at the anode is carried
by metal going into solution because sufficient
anions are not present at the anode, ready for
discharge, to carry all the currenf, and until
sufficient anions have been drawn over, current
is carried by metal going into solution. This
provides a cleaning action of very short duration.
As.soon ag anions discharge, in most cases OXy-
gen is evolved, either from decomposition of the
anion or from reaction of the anion with water,
and immediately an oxide may be formed or a
layer of oxygen gas cevers the anode so that in
the first case the decomposition potential of the
anode is effectively increased or in the second
case the anode is no longer a metal anode but an
oxyeen anode. The result of this is that metal
ceases to dissolve from the anode very soon after
the start of current flow and consequently there
ig little, if any, further cleaning.

Wow by reversing the current and making the
work cathiode for a short period, anions are
pushed away from the work and cations (hydro-
gen ions in most cases) are discharged. (These
hydrogen ions have been aceumulating at the
anode during the previous cycle because the dis-
charging anions, having reacted with water and
liberated oxyzen have formed the acid of the
particular anion, which in dilute solutions, dis-
sociates, liberating hydrogen jons). If now,
the current is reversed again and the work Is
again made anodie, the process starts over again
and more metal is dissolved and more cleaning
takes place provided that the conditions of elec-
trolyte and current are such as to avoid other
reactions harmful to cleaning.

Reneficial cleaning is attained
s suitable asymmetric reversing
with an elecirolyte which enters into desirable
reactions at the surface of the work. Many
electrolytes decompose to produce an oxidizing
gaseous product other than oxygen (such as a
halogen) which corrodes the surface of the work.
Many electrolytes are ineffective in penetrating
the passive metal film or oxide film which forms
at the surface of the work during the period of
ancdic flow. Moreover, some electrolytes de-
compose during the period of cathodic flow, pro-
ducing ionizable acidic compounds with resultant
undesirable inerease of hydrogen ion concentra-~
tion and corrosien of the work. We have found
that excellent cleaning results are attained by
passing an asymmetric reversing current through
the work as an electrode and through an electro-
Iytic solution which does not decompose at the
work to produce an oxidizing gas cother than
oxygen, which penetrates a passive metal Sim or
metal oxide film st the work, and does not de-~
compose to produce excessive amounts of acidie
substances at the work during the cycle. While
the components of our electrolytes form soluble
jons in the presence of metal dissolved from the
meta] surface, it is to be noted that relatively in-
volved interaction takes place in many instances.
This appears to be illustrated by the action of
sodium pyrophosphate, since iron pyrophos-
phate is not soluble in water or in a ditute solu-
ticn of sodium pyrophosphate.

The following specific examples are given fo
illustrate the present invention, but if iz not in-
tended thab the scope of the invention be limifed
thereby since ‘these examples are merely lus-

by combining
current cycle

75 trative of specific cleaning operations:
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Example 1

Light gauge sheet steel having oil and smut
soils was immersed in an agueous solution of acid
sodium pyrophosphate in a stainless Steel con-
tainer. The pyrophosphate solution wag made
up by adding 10 grams of technical acid sodium
pyrophosphate to % liter of water (pH 4.2). The
solution was heated to 160° F. and held at this
temperature throughout the cleaning operation.
Electrical connections were then made from a
generator to the sheet steel and to the stainless
steel container. The current generated was of
the reversing-current type and asymmetric, the
anodic portion of the cycle being 4 seconds and
the cathodic portion of the cycle being 1 second.
The voltage was 9.2 and the current 100 amperes
per square foot of sheet steel surface. Cleaning
time was 15 seconds and the results excellent, the
metal showing no trace of so0il when wiped with
a’ white cloth.

Example 2

In a tank such as described above, 6 grams of
tetrascdium pyrophosphate, 13 grams of gacid
sodium pyrephosphate, 6 grams of borax and Y,
gram of wetting agent were added to 1% liter of
water and brought o a temperature of 140° P,
(pH 6.5). Using the generator, c¢vele and metal
described above, 6 volts were applied in the man-
ner described, giving a current density of 100
amperes per square foot. The cleaning time was
20 seconds and the results excellent.

Example 3

The process described in Example 2 was car-
ried out at 4 volts and 50 amperes per square
foot for an applied current time of 30 seconds.
As in Example 2, the cleaning results were ex-
cellent.

Example &

The solution described in Example 2 is heated
to 160° F. in a stainless steel container and elec-
trical connections are made from a direct current
generator through a reversing switch having an
open switch position to the sheet stesl to be
cleaned and to the stainless steel container. The
current is then applied as in Example 1 except
that ¥% second intervals of no current are inter-
posed between the anodic and cathodic portions
of the cycle. The metal is cleaned rapidly, leay-
ing no smut deposit visible upon wiping with a
white cloth.,

Ezxzample 5

A charge of 5 grams of acid sodium pyrophos-
phate and 6 grams of tetrasodium pyrophosphate
was dissclved in 330 cc. of waber and the solu-
tion, containing .075 moles of each phosphate
rer liter, was heated to a temperature of 150°
F. A piece of cold rolled steel covered with smut
was immersed in the sclution and connected
electrically in a circuit including a reversing gen~
erator whereby the current generated by the
generator passed through the steel piece and
the phosphate solution. The generator sup-
plied a current which held the cold rolled
steel electrically positive for 4 seconds and
then changed direction to hold the cold rolled
steel piece electrically negative for one second.
After repeating this cycle for a period of
45 seconds the piece of cold rolled steel was
removed from the electrolyte and an excellent
cleaning effect was observed.
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Example 6

Following the procedure outlined in Example
5, with a solution containing 1.2 mole of sodium
citrate per liter as electrolyte, good cleaning was
attained after passing current through the metal
and electrolyte for one minute. Excellent clean-
ing was observed after 38 minutes of treatment.

Ezample 7

The procedure as outlined in Example 5 was
was followed, using a solution containing 0.6 mole
per liter of sodium citrate and 0.2 mole citric
acid. The pHE of the electrolyte was approxi-

v
1

mately 6. Cleaning in one minute was excellent.
Example 8

£ solution containing 1.6 mole of sodium citrate
and 0.8 mole of citric acid per liter was prepared.
‘The pH of the solution was approximately 5. The
procedure of Example 5 was followed using this
solution as electrolyte. In ten seconds’ time ex-
cellent cleaning was attained.

Example 9

The procedure of Example 5 was followed. The
electrolyte comprised a solution containing 2.4
moles of citric acid per liter and 1.2 moles of
sodium citrate per liter. The pH of the solution
was approximately 3.5. Excellent cleaning was
attained in 40 seconds.

Exampie 10

The procedure of Example 5 was practiced, in
which the electrolyte consisted of 1.4 mole of
tetra sodium pyrophosphate per liter and the
P of the solution was 8.5-9.0. Mair cleaning was
attained after one minute, and excellent clean-
ing resulted after three minutes.

Erample 11

A saturated solution of monosodium ortho-
phosphate having a pH of approximately 4 was
heated to a temperature of 150° F. and placed in
an electrolytic container. A piece of cold rolled
steel covered with smut was connected and cur-
rent was passed through the solution as described
in Example 5. " After three minutes of treat-
ment the surface of the steel was clean and
bright.

Example 12

A solution eontaining 14.5 moles of sodium ace-
tate per liter was prepared. Acetic acid was
added to the solution until the resulting pH was
approximately 6. The procedure of Example 5
was then followed. Very good cleaning was ab-
tained after passage of current for one minute
and excellent cleaning was attained after three
minutes.

While the present invention has been described
in detail in the above examples, it will be under-
stood that various mixtures of polyphosphates,
phosphates, citrates, acetates, bicarbonates, di-
chromates, and the corresponding acids of these
radicals provide excellent electrolytes for the
practice of our invention. Various cther changes
may alsc be made particularly with regard to
the voltage and the current employed. While
optimum results are obtained within the ranges
set forth in the specification, considerable lati-
tude may be exercised within and beyond such
ranges to meet the requirements of any particular
cleaning problem. It will be noted that optimum
cleaning using the processes of the present in-
vention is obtained only through the coaction of
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a plurality of conditions. So far as we are aware,
we are the first to achieve satisfactory electrolytic
cleaning by combining these conditions which
include passing an asymmetric reversing electric
current through metallic articles suspended in an
aqueous solution of a polyphosphate salt or salls
of similar characteristics. In keeping with the
theory proposed herein, we believe that this
cleaning is derived in part from the fact that
we employ aqueous solutions of salts whose prin-
cipal components form soluble ions in the pres-
ence of metal dissolved from the articles being
cleaned and whose negative ions and their deriva-
tives will not readily discharge at the articles
or at other electrodes and whose occasional dis-
charge does not produce harmful effects at the
surface of the metal being cleaned.

While we have illustrated our invention by
reference to certain specific examples it will be
understood that a wide variety of equivalent elec-
trolytes may be employed and that considerable
variation is possible with regard to the electric
current employed all within the scope of the ap-
pended claims.

Having thus deseribed our invention, we claim:

1. In a process for the electrolytic cleaning of
smut-like materials from metal articles in which
the article serves as one of the electrodes, the
steps which comprise immersing the surface to
be cleaned in an aqueous solution of & cleaning
compound selected from the group consisting of
the polyphosphates, citrates, monoc phosphates,
acetic acid-acetate mixtures, bicarbonates and
dichromates, said solution having a pH of ap-
proximately 3.5 to approximately 10, and passing
an asymmetric reversing electric current through
said metal and through said solution; the rela-
tive current values being such that the total
quantity of positive electricity passed is greater
than the total quantity of negative electricity
passed, the ratio of time of application of posi-
tive current to time of application of negative
current being in the range of 2:1 to 8:1.

2. The process of claim 1 in which the asym-
metric reversing electric current is a reversing
pulsed current.

3. The process of claim 1 in which the solution
consists of a mixture of acid sodium pyrophos-
rhate and tetrasodium pyrophosphate.

4, In a process for the electrolytic cleaning of
smut-like materials from metal articles in which
the article serves as one of the electrodes, the
steps which comprise contacting the surface of
said metal with an aqueous polyphosphate clean-
ing solution having a pH of approximately 3.5
to approximately 10, and passing an asymmetric
reversing electric current through said metal and
through said sclution, the relative current values
heing such that the total quantity of positive elec-
tricity passed is greater than the total quantity
of negative electricity passed, the ratio of time
of application of positive current to time of ap-
plication of negative current being in the range
of 2:1 to 8:1.

5. In a process for the electrolytic cleaning of
smut-like materials from metal articles in which
the article serves as one of the electrodes, the
steps which comprise eontacting the. surface of
said metal with an agueous cleaning solution
containing citrate ions, said solution having a
pH of approximately 4 to approximately 10, and
passing an asymmeiric reversing electric current
through said metal and through said solution, the
relative current values being sueh that-the total
quentity of positive electricity passed is greater
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12
than the total quantity of negative electricity
passed, the ratio of time of application of posi-
tive current to time of application of negative
current being in the range of 2:1 to 8:1.

6. In a process for cleaning smut-like mate-
rials from a metal surface, the steps which com-
prise contacting said metal surface with an,
aqueous cleaning solution containing .05-5 gram
equivalents of a polyphosphate ion per liter, said.
solution having a pH of about 3.5-10, and pass-
ing through said solution and said metal a series
of alternately anodic and cathodic electrical cur-
rents in which the ratio of time of application
of anodic current to cathodic current is from
about 2:1 to about 8:1, the anodic current-time
product being greater than the cathodic current-
time product.

7. In a process for removing smut-like mate-
rigls from a metal surface, the steps which com-~
prise contacting said metal surface with an
aqueous cleaning solution containing .05-5 gram
equivalents per liter of a polyphosphate, said solu-
$ion having a pH of approximately 3.5 to 2pPpProxi-
mately 10, and passing through said solution and
said metal a series of alternately anodic and
cathodic currents in which the ratio of time of
application of anodic current to cathodic cur-
rent is about 2:1 to 8:1 and the number of cur-
rent reversals per minute lies in the range from
about 12 to about 24, the anodic current-time
product being greater than the cathodic current-
time product.

8. In s process for cleaning smut-like materials
from a metal surface, the steps which comprise
contacting said metal surface with an aqueous
polyphosphate cleaning solution containing tetra~
sodium pyrophosphate, acid sodium pyrophos-
phate, and borax, said solution having & pH of
approximately 3.5 to approximately 10, and pass-
ing an asymmetric reversing electric current
through said metal and through said sclution, the
relative current values being such that the fotal
quantity of positive electricity passed is greater
than the total quantity of negative electricity
passed, the ratio of time of application of posi-
tive current to time of application of negative
current being in the range of 2:1 to 8:1.

9. The process of claim 8 in which the cleaning
solution contains tetrasodium pyrophosphate,
acid sodium pyrophosphate, borax, a compatible
nitrate, a compatible wetting agent, and a ferri-
cyanide, said solution having a pH of approxi-
mately 7 to approximately 10.

10. In a process for cleaning smut-like mate~
rials from & metal surface, the steps which com-
prise contacting said metal surface with an
agueous cleaning solution containing citric acid
and citrate ions, said solution having a pH of
approximately 4 to approximately 10, and pass-
ing an asymmetric reversing electric current
through said metal and through said solution, the
relative current values being such that the fotal
quantity of positive electricity passed is greater
than the total quantity of negative electricity
passed, the ratio of time of application of posi-
tive current to time of application of negative
current being in the range of 2:1 to 8:1.

11. The process of claim 10 In which the
agueous cleaning solution contains from 1 to 4
moles citrate per mole cifric acid.

12. The process of claim 10 in which the asym-
metric reversing electric current is a reversing
pulsed current.

13. In a process for cleaning smut-like mate-
rials from metal surfaces, the steps which com-
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brise confacting said metal with an aqueous
cleaning solution containing 0.15-5 gram equiva-
lents of the citrate ion content of a citric acid-
citrate mixture per liter said solution having a
DIH of approximately 4 to approximately 10, and
passing through said solution and said metal
a series of alternately anodie and cathodic elec-
trical currents in which the ratio of time of ap-
plication of ancdic current to cathodic current
Is from about 2:1 to about 8:1, the anodic cur-
rent-time product being greater than the cathodic
current-time product.

14, In a process for removing smut-like ma-
terials from a metal surface, the steps which com-
brise contacting said metal with an aqueous citric
acid-citrate cleaning solution containing .15-5
gram equivalents per liter total citrate ion pres-
ent in the citric acid-citrate mixture, said solu-
tion having a pH of appreximately 4 to approxi-
mately 10, and passing through said solution and
said metal a series of alternately anodic and
cathodic currents in which the ratio of time of
application of anodic current to eathodic cur-
rent is about 2:1 to 8:1 and the number of cur~
rent reversals per minute lies in the range from
about 12 to about 24, the anodic current-time
product being greater than the cathodic eurrent-
time product.

15. The process of claim 14, in which the
cleaning solution contains citrie acid, an alkali
metal citrate, borax, a compatible nitrate, a com-
patible wetting agent, and a ferricyanide, said
solution having a pH of approximately 7 to ap-
proximately 10.

16. In a process for cleaning smut-like mate-
rials from a metal surface, the steps which com-~
brise contacting said metal surface with an
aqueous cleaning solution containing citric aeid,
an alkali metal citrate, and borag, said solution
having a pH of approximately 4 to approximate-
ly 10, and passing an asymmetric reversing elec-
tric current through said metal and through said
solution, the relative current values being such
that the total quantity of positive electricity
Dassed is greater than the total quantity of nega-
tive electricity passed, the ratio of time of appli-
cation of positive current to time of application
of negative current being in the range of 2:1
to 8:1.

17. In a process for cleaning smut-like mate-
rials from a metal surface, the steps which com-
brise contacting said metal surface with an
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aqueous cleaning solution of an ion selected from
the class which consists of the polyphosphates,
citrates, mono phosphates, acetic acid-acetate
mixtures, bicarbonates and dichromates at a
concentration of at least 10 gram equivalents per
liter, said solution having a pH of approximately
6 to approximately 8, and passing an asymmetric
reversing electric current through said metal and
through said solution, the relative current values
being such that the total quantity of positive
electricity passed is greater than the total quan-
tity of negative electricity passed, the ratio of
time of application of positive current to time of
application of negative current being in the
range of 2:1 to 8:1.

18, The process of elaim 17 in which the asym-
metric reversing electric current is a reversing
pulsed current.

15, Inan electrolytic process for cleaning smut-
like materials from metal wherein the metal
serves as one of the electrodes, the steps com-
prising immersing the metal in an aqueous clean-
ing solution selected from the group consisting
of the polyphosphates, citrates, mono phosphates,
acetic acid-aceiate mixtures, bicarbonates and
dichromates, said solution having a pH of ap-
proximately 3.5 to approximately 10 maintaining
the solution at a temperature of approximately
140° F. to approximately 160° F., and passing
through said metal and solution g cyclie reversing
current wherein the metal is alternately anodic
and cathodic, the time of application of anodie
current exceeding the time of application of
cathodic current in each cycle and the total
anodic current-time product exceeding the total
cathodic current-time product.
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