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ALTERNATING ELECTRICAL FIELDS 
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Delaware 

Filed June 23, 1966, Ser. No. 559,901 
8 Claims. (Cl. 204-145) 

This application is a continuation-impart of U.S. appli 
cation S.N. 400,772, ?led Oct. 1, 1964 now abandoned. 
This invention relates to method and apparatus for 

cleaning strands of electrically conductive metal. More 
particularly, the invention relates to the continuous elec 
trolytic treatment of steel strands. The term “strand” as 
used herein refers to wire, strip, sheet, etc., without regard 
to length or cross section. 
When steel is exposed to elevated temperatures as in 

hot rolling, heat treating, etc., scale and/or oxides form 
on the surface. It is then necessary to clean the steel to 
facilitate subsequent processing and to provide a product 
with gOOd surface qualities. Scale may be mechanically 
broken and removed from the surface of the steel, but it 
is generally impossible to remove all the scale in this 
manner. Acid cleaning and electrolytic cleaning have also 
been used to improve the surface ?nish. Conventional 
electrolytic cleaning is probably the most effective for 
removal of scale and oxide ?lms; however, dil?culties 
with conventional electrolytic cleaning render this ap 
proach far from perfect. Among the problems encoun 
tered in conventional cleaning arethe adaptability of the 
system to in-line processing and the possibility of hydro 
gen embrittlement resulting from the accumulation of 
hydrogen, by deposition, on the metal strand. 
Many continuous cleaning systems in the past have in~ 

volved looping or bending strands into a cleaning solution 
or electrolyte. By precluding straight line travel of the 
work, such systems severely limit line speeds and cannot 
be used effectively in high-speed, continuous processing 
lines. With current emphasis on continuous and high 
speed operations, cleaning must be accomplished rapidly 
and the cleaning procedure must lend itself to utilization 
in high-speed production systems. 
The present invention provides method and apparatus 

which not only accomplish rapid and effective removal of 
scale and oxide but are also capable of treating metal 
strands at high line speeds. Moreover, hydrogen embrit 
tlement is minimized by reducing the exposure time of the 
strand to gaseous hydrogen. Hydrogen embrittlement re 
sults from the absorption of hydrogen which is a function 
of exposure time and hydrogen concentration. High cur 
rent densities are used in accordance with the present 
method, with a sulfuric acid electrolyte, to reduce clean 
ing time and minimize hydrogen contact with the strand. 
In addition, electrolytic cleaning is also more efficient at 
high current densities. It has been found that when cur 
rent densities of 40 to 50 amps/in.2 are used, excellent 
cleaning may be obtained with minimum hydrogen em 
brittlement. 
The cleaning technique of the invention is particularly 

e?icacious when applied to a strand on which scale has 
previously been mechanically broken; however, thin oxide 
?lms may be removed without prior mechanical treat 
ment. Where the strand contains scale formed at hot 
rolling conditions, mechanical breaking of the scale prior 
to electrolytic cleaning is essential. Scale breaking is also 
essential for “open air patenting” (“OP” Patenting) 
wherein the strands are heated in an oxidizing or reducing 
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2 
atmosphere furnished by products of combustion. The 
patenting process is a heat treating operation for anneal 
ing the strands. 

Mechanical treatment of scale can be accomplished in 
any conventional manner, such as by bending the work 
around rolls or abrading the surface. One preferred 
method, however, involves bending the strands about 
sheaves positioned in perpendicular planes; the ?rst 
sheave in a vertical plane and the second in a horizontal 
plane. This method is equally effective if the strand is 
reversed and wrapped 180° around the vertical sheave. 
To accommodate straight-line processing, the strand cen 
terline of the incoming strand is lowered a distance ap 
proximately the thickness of a strand more than the root 
diameter of the sheaves after passing around both 
sheaves. In such a system, the sheave diameter is depend 
ent upon the size of the strand being descaled, and the 
ratio of the sheave diameter to strand diameter is desir~ 
ably maintained between 14 to 1 and 24 to 1 with an 
optimum of 18 to 1. The scale-breaking sheaves are 
mounted as close together as possible to prevent twisting 
of the strand and permit the strand to be cracked in per 
pendicular planes. Multistrand operations can be provided 
with this type of reverse-bend mechanical scale-breaking 
unit. 

In accordance with the invention, metal strands are 
electrolytically cleaned by passing the strand in a horizon 
tal plane through electrolyte in a processing zone divided 
into a plurality of electrolytic chambers. In one preferred 
embodiment, electrolyte for the processing zone ?ows 
transverse to the direction of strand travel, thereby 
sweeping hydrogen off the strand. Electrodes are located 
in each chamber and adjacent electrodes are connected 
to opposite poles of a direct current supply source. Cur~ 
rent is passed between the electrodes in adjacent cham 
bers through the electrolyte and the strand while the 
strand is traveling through the chambers in the processing 
Zone. The current ?ow is reversed in each succeeding 
adjacent chamber so that the polarity of the strand 
changes in each adjacent chamber. In this way, the strand 
is alternately made negative and positive as it travels 
through the processing zone. It should be noted, however, 
that certain important and critical processing conditions 
must be maintained in order to achieve successful and 
satisfactory strand cleaning. Thus, for example, it is neces 
sary to maintain a current density of 40 to 50 times the 
surface area (in square inches) of all strands in each 
chamber. The temperature condition of the electrolyte is 
also critical and the sulfuric acid electrolyte used in ac— 
cordance with the invention must be maintained at a tem 
perature in the range 80 to 160° F. and the electrolyte 
concentration must be 12 to 30% acid by weight. The 
strand to electrode spacing is also desirably controlled to 
between 1A to 34-inch. 

These and other aspects of the invention will be more 
fully understood by reference to the attached drawing 
and subsequent explanations. ' 

The drawing is an isometric view, partly schematic, of 
an electrolytic cleaning apparatus according to one em 
bodiment of my invention. 
When strand speeds less than 100‘ feet per minute are 

intended to be used, a simple straight-line, tray-type 
processing unit may be employed in which a tray with 
grooved or perforated side walls is positioned over an 
electrolyte storage tank. The tray is divided into at least 
two processing zones at the bottom of each of which is 

I positioned an electrode. Electrodes in adjacent processing 

70 

zones or chambers are made to be of alternate polarity 
with an insulating barrier separating adjacent chambers. 
Electrolyte ?lls the processing zones and tray above the 
storage tank and a continuous electrolyte circulating 
system keeps the tray ?lled with electrolyte. The electro 
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lyte used is sulfuric acid in the required concentration. 
If all the described critical processing conditions are 
observed, a simple unit of this type may effectively clean 
strands at line speeds of less than 100 feet per minute. 
However, if strand speeds of greater than 100* feet per 
minute and/or difficult scales must be removed, the 
electrolyte cross-?ow apparatus described in the drawing 
is required. 
The apparatus for electrolytically cleaning metal 

strands as shown in the drawing comprises an elongated 
receptacle or tank 10 and tray means 16 positioned and 
a?‘ixed to the top of tank 10. Tray means 16 is de?ned 
by side walls 18 and 18a, end walls 20 and an insulated 
bottom 14 extending only over a portion of the tray 
means from side wall 18 to over?ow weir 27. The side 
walls 18 and 18a as shown are co-extensive with the sides 
of receptacle 10 to which they may be attached. The 
tray means 16 comprises the processing zone of the 
electrolytic cleaning apparatus and contains a plurality 
of electrolytic chambers 26 arranged in series. Each 
chamber is separated from the adjacent chamber or 
chambers by an electrically insulated barrier 28 which 
is a transverse wall member of substantially non-elec~ 
trically conductive material. Apertures 19 and 29 are 
provided in the end walls of the tray and in the trans 
verse wall members, respectively, and are aligned to 
enable a metal strand S to travel through the processing 
zone in a horizontal plane. In this way, the electrolytic 
apparatus may be incorporated in a continuous processing 
line for wire, rod, etc., without interfering or impeding 
line speed. ' 
-In the illustrated embodiment, the tray means 16 is 

shorter in length than the tank 10 and is disposed cen 
trally thereof so that the tank extends beyond the tray 
means at both ends. This avoids the need for seals be 
tween the strand and apertures 19 and 29 since any 
electrolyte dripping out will merely fall into the storage 
tank. 

The tray means 16 in the embodiment shown include an 
electrolyte reservoir 25 which extends the full length of 
the tray at one side thereof, and is de?ned by side wall 
18 of the tray means 16 and an insulated inlet wall 23 
which also extends the full length of the tray and is 
electrically insulated or formed of non-electrically con 
ductive material. An over?ow weir 27 is similarly posi 
tioned to extend the full length between end walls 20 
or tray means 16. Since tray bottom 14 extends between 
end walls 20 only from side wall 18 to over?ow weir 
27, an open area exists between over?ow weir 27 and 
side all 18a. Electrolytic chambers 26 are de?ned by the 
inlet wall 23 and over?ow weir 27 at the sides thereof, 
and transverse walls 28 or end walls 20 at the ends there 
of. Over?ow weir 27 is made so that it is shorter in 
height than the insulated wall 23 and not as deep as 
end walls 20, i.e. shorter in height, and electrolyte can 
?ow over it as described below. 

In each chamber 26 is positioned an electrode (30 or 
30a) having a large, effective (exposed) surface area. 
In the illustration, the electrodes in each chamber sub 
stantially cover the bottom of the chamber; however, the 
electrodes need not be as large as shown, but may be 
only large enough so that they cover the area of the 
chamber beneath the line of alignment of the apertures 
in the end walls and transverse walls through which 
metal strands travel through the processing zone. It is 
desirable, however, that the effective surface area of the 
electrode be at least three times, and preferably ?ve 
times, the area of the strands treated in the electrolytic 
chambers. It is also necessary that the electrodes in each 
chamber have the capacity for carrying a current (in 
amperes) equivalent to 50 times the surface area, in 
square inches, of strands in each chamber. Further, it 
is desirable that the strand-to-electrode spacing be ad 
justed to between 1A to %-inch. This serves to facilitate 
the passage of current through the electrolyte to the 
strands between the electrodes. 
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The electrodes 30 and 30a are electrically connected 
by suitable means 32 and 32a to an electrical supply 
source which advantageously is a source of direct current 
and in the embodiment illustrated is a DC. recti?er, 
although a DC. generator could also be used. It is im 
portant that the adjacent electrodes, 30 and 30a, be‘ con 
nected to opposite poles of the DC. supply source. In 
this way, a metal strand passing through the processing 
zone will be subjected to alternating polarities by the 
reversal of the current ?ow in each succeeding adjacent 
chamber. 

In the operation of the apparatus, the tray means is 
?ooded with electrolyte and no physical contact exists 
between the electrode and the metal strand traveling 
through the apparatus. At the higher strand speeds to 
which this embodiment of the invention is particularly 
well suited (and even at operation at lower speeds), it 
is also preferred to provide an insulating band 34 which 
may be 1/s to %-inch wide at about the center of elec 
trodes 30 and 30a and extending across the electrode 
perpendicular to the direction of strand travel. The in 
sulating band prevents electrical short circuiting at the 
high current densities employed in the cleaning opera 
tion. By preventing physical contact between the metal 
strand and the electrodes, the current is forced to ?ow 
through the electrolyte between the electrodes and more 
over, arcing and mechanical wearing of electrodes is 
avoided. 

Electrolyte is withdrawn from tank 10 through a con 
duit or pipe 8 by a pump 6 which also pumps the elec 
trolyte through a heat exchanger 4 from which it is re 
turned to the tray means through conduit or pipe 2 into 
the reservoir 25. Electrolyte enters electrolytic chambers 
26 from the reservoir through inlets 24 of inlet wall 23 
and ?oods electrolytic chambers 26 to a su?icient level 
so that the metal strand will be immersed in electrolyte 
while the strand passes through the chambers. Electrolyte 
runs over over?ow weir 27 and into tank 10 through the 
open area between the over?ow weir 27 and side wall 18a 
at the side of the tray means opposite the electrolyte res 
ervoir. The heat exchanger 4 is provided to control the 
temperature of the electrolyte, which for reasons discussed 
below is desirable. 

It will be noted that in the apparatus described, elec 
trolyte ?ows in a direction transverse to the line of travel 
of the metal strands through the processing zone. Con 
tinuous rapid movement of the electrolyte in the vicinity 
of the metal strands removes hydrogen electrolytically 
deposited on the strand surface and minimizes hydrogen 
embrittlement of the metal. Moreover, removing hydro 
gen as it deposits increases the efficiency of the electrolytic 
process by permitting constant regeneration without in 
terference by accumulation. The effectiveness of the elec 
trolytic treatment and the cleanliness of the resulting 
strand surface is greatly enhanced by the rapid removal 
of gases electrolytically deposited along the strand. Thus, 
the ?owing electrolyte, by sweeping gases from the strand 
surface, accomplishes that which cannot be achieved in 
standard, i.e. batch-electrolyte, systems. Of course, alter 
native electrolyte-?ow arrangements may be devised which 
ful?ll the requirement of transverse ?ow (to the strand). 
For example, the reservoir may be omitted and replaced 
with a simple header or with individual pumping units 
supplying electrolyte to the electrolytic chambers. 
As mentioned above, the electrolytic cleaning apparatus 

is operated at a current density 40 to 50‘ times the surface 
area of all strands in each chamber. If the current density 
is lower than 40 times, the cleaning time is increased by 
a factor of at least 5. When the cleaning time is so 
lengthened, the strand will absorb hydrogen and, as a 
result, the steel will lose its ductility due to hydrogen em 
brittlement. By employing a high current density, there 
is no loss in ductility because the strands are cleaned 
within a very short period of time, i.e. 1 second or less. 
In addition, at lower current densities, i.e. less than about 
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40 amps/in.2 averaged over the strand, the strand is only 
partially cleaned and a carbide soil is left on the strand 
surface. The accumulation of hydrogen along the strand 
accentuates this condition and also limits the operating 
current density which can be employed. There is no prac 
tical value to operating at a current density 50 times 
greater than the surface area, and furthermore, at unduly 
high current densities, the strands would be subjected to 
excessive heating which results in preferential electrolytic 
attack of the strand further resulting in a surface residue 
of iron carbide that would be detrimental in subsequent 
processing. 
The electrolyte chosen for electrolytically cleaning in 

fluences the current density that can ‘be used and there 
fore, the rate at which the work can be electrolytically 
cleaned. Electrolytes can be grouped into three general 
types: bases, salts and acids. The cleaning of oxide or 
scale by electrolysis in alkaline solutions has been found 
to be relatively expensive and suitable primarily for re 
moval of light soils from the strand surface. Cleaning with 
salts has been found to be relatively slow and require 
voltages three to four times those necessary for acid solu 
tions of equivalent concentrations. 

Oxides (scales) and soils have been found to be most 
effectively removed by electrolyzing in acid solutions. 
Sulfuric acid, in addition to being an economically at 
tractive electrolyte material, is required in the practice of 
the present invention because it has been found to be 
most effective, and when electrolyzed at the operating 
temperatures involved, decomposes only into water and 
is non-volatile. In contrast, chlorine containing electrolytes 
evolve considerable amounts of chlorine and hydrogen 
chloride gases. 
With aqueous solutions of sulfuric acid as electrolytes, 

the conductivity increases as the solution concentration 
and temperature increase. However, it has been found 
that the electrolyte concentration must be maintained be 
tween about 12 and 30% acid by weight, preferably 15 
to 25%. Below about 12%, the conductivity of the elec 
trolyte is such that high voltages are required which re 
sultin preferentialattack of the strand. In addition, the 
e?iciency of scale removal is appreciably reduced at less 
than 12% concentration. Above about 30% it has been 
found that preferential attack also occurs, and the reason 
for this is not fully understood. Moreover, at higher acid 
concentrations, acid loss becomes excessive. 
The effect of electrolyte temperature 'on' cleaning time’ 

is also a critical feature in the effectiveness of the clean 
ing operation. It has been found that at all acid concen 
trations the cleaning time decreases with an increase in 
temperature up to 180° F. At temperatures below about 
100° F ., the time required for scale removal is increased. 
Nevertheless, electrolyte temperature as low as 80° F. may 
be used at some sacri?ce of cleaning effectiveness and 
rate of scale removal. It should be noted, however, that 
as the cleaning time is increased, the embrittlement due 
to the absorption of hydrogen is increased. Thus, in ac 
cordance with the invention, temperature of the electrolyte 
must be maintained within the range 80° F. to 160° F. 
with optimum ranges 100° F. to 120° F. for higher carbon 
steels and 130° F. to 150° F. for the lower carbon steels. 
Strands of medium and high carbon steel, i.e. above about 
0.3% carbon, are more susceptible to soiling at elevated 
temperatures and for these materials it is desirable to 
maintain the electrolyte temperature below about 120° F., 
preferably 100 to 120° F. However, scale on low carbon 
steel, i.e. less than about 0.3% carbon, is most effectively 
removed at higher temperatures, i.e. 120 to 160° F., pref 
erably 130 to 150° F., and unlike medium and high car 
bon steel, is not soiled at this higher temperature range. 
A heat exchanger can be used to control the temperature 
within the required limits. 

Direct current is preferred over alternating current for 
several important reasons. One advantage of direct cur 
rent is that less dissolution of electrolysis is experienced. 
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6 
We have found, for example, that with alternating cur 
rent at 30 amps/in.2 a lead-l-percent-silver alloy elec 
trode will lose 7.5 mils per hour through dissolution. 
In contrast, when direct current is used, either anodically 
or cathodically, under the same conditions as above, the 
electrode dissolution sharply decreases and an electrode 
loss of only about 0.011 mils per hour results. A second 
reason for using direct current is that the strand becomes 
increasingly soiled when the frequency of current reversal 
exceeds about 30 cycles per second. Current reversal fre 
quency can be maintained within satisfactory limits with 
direct current. 

In alternate-polarity descaling as used herein, scale is 
most quickly removed from the surface of the strand 
when the strand is cathodically connected and, by revers— 
ing the polarity of the strand, a thin layer of metal is 
removed which carries with it residual soil. Since the 
cathodic treatment leaves a carbon-bearing ?lm on the 
surface the strand should be treated so that its ?nal po 
larity is positive. In continuous operations using the alter 
nate-polarity cleaning method, the polarity of the strand 
changes as it moves from one chamber to the next, simu 
lating an alternating current. The strand speed and the 
length of each chamber determines the rate of polarity 
change. 
The spacing'of electrodes from the traveling metal 

strand has been found to be an in?uence on the power 
requirements and the voltage necessary to achieve electro 
lytic cleaning in as short a time period as possible. Opti 
mum conditions have been found to be an electrode spac 
ing of between 1A and 34-inch. However, satisfactory 
cleaning can be achieved even with greater spacings. Nev 
ertheless, cleaning quality may be disadvantageously 
affected by unduly increasing electrode spacing. As the 
applied voltage is increased, the strand becomes hotter, the 
electrolytic descaling e?iciency decreases with the result' 
that the strand may be soiled and the scale may not be 
completely removed. 
The total number and size of electrolytic chambers used 

in any particular application is a function of the speed 
at which it is desired to clean the metal strand. Should 
speeds greater than 100 feet per minute he required, more 
than two chambers would be used. However, the number 
of chambers (i.e. compartments) and the chamber dimen~ 
sions are selected so as to provide a minimum current 
density on the strand of 40 amps/in.2 over full length of 
the cell. In order to achieve this condition in a two cham 
ber cell, each of the electrodes is preferably less than 
8-inches in length. In cells with more than two chambers, 
the ?rst and last chambers are also preferably less than 8 
inches and intermediate chambers are preferably less 
than 16-inches in length. Thus, for example, at speeds of 
100 to 200 feet per minute, two 6-inch chambers and one 
12-inch chamber would be desirable, with the 12-inch 
chamber being positioned in the middle. In such an ar 
rangement, the electrode in the 6-inch chambers would 
be connected to the negative side of the recti?er, and the 
electrode in the 12-inch chamber connected to the posi 
tive side. For operating speeds of 200 to 300 feet per 
minute, two 6-inch chambers and two l2-inch chambers 
would be desirable with the 6-inch chamber being posi 
tioned at each end. Alternately, the electrodes in the ?rst 
and third chambers would be connected to the positive 
side of the recti?er, the second and fourth electrodes con— 
nected to the negative side. By alternating the polarity 
of the electrodes in each chamber and by increasing the 
number of cells, strands at speeds up to 1000 feet per 
minute can be effectively electrolytically descaled if me 
chanically descaled ?rst. 

Electrolytic cleaning, according to the invention, is most 
effectively used in combination with prior mechanical 
treament for breaking scale on the surface of the metal 
strand. As indicated previously, in certain operations prior 
mechanical treatmentis essential for satisfactory electro 
lytic cleaning. The current is carried to the strands in each 
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chamber through the electrolyte. 
directly contact a metal electrode, which at the high oper 
ating current densities would cause arcing. The current 
takes the easiest path ?owing from the lead cathode, 
through the electrolyte, and to the strand in this chamber. 
The surface of a strand treated according to the invention 
is not affected because hydrogen absorption (embrittle 
ment) is negligible. Each strand is cleaned with the same 
electrolytic treatment and the result is a more uniform 
high-quality product. 

I claim: 
1. A method of electrolytically cleaning a strand of an 

electrically conductive ferrous metal composition com 
prising passing said strand at a speed sufficient to minimize 
hydrogen embrittlement in a horizontal plane through 
sulfuric acid electrolyte having an acid concentration of 
12 to 30% by weight in a processing zone divided into 
a plurality of electrolytic chambers, passing direct cur 
rent at a current density of 40 to 50 amps/in.2 of strand 
surface between electrodes in adjacent chambers through 
said electrolyte and said strand during travel of said strand 
through said chambers in said processing zone, reversing 
the current ?ow in each succeeding adjacent chamber so 
as to change the polarity of said strand in each of said 
adjacent chambers thereby subjecting said strand to alter 
nating polarities, maintaining the temperature of said elec 
trolyte at about 80 to 160° F. and withdrawing said strand 
in a horizontal plane from the last of said chambers in 
said processing zone. 

2. A method according to claim 1 wherein said sulfuric 
acid electrolyte has an acid concentration of 15 to 25% 
by weight. 

3. A method according to claim 1 wherein said elec 
trodes are about 1?t-inch and 34-inch from said strand. 

4. A method according to claim 1 wherein said strand 
is treated so that its ?nal polarity is positive. 

5. A method according to claim 1 wherein said strand is 
steel with a carbon content of less than about 0.3% and 
the electrolyte temperature is maintained at 130 to 150° F. 

6. A method according to claim 1 wherein said strand 
is steel with a carbon content above about 0.3% and the 
electrolyte temperature is maintained at 100 to 120° F. 

7. A method of cleaning a strand of an electrically con 
ductive ferrous metal composition comprising mechani 
cally breaking the scale on said strand at a speed su?i 
cient to minimize hydrogen embrittlement, passing said 
strand in a horizontal plane through aqueous sulfuric acid 

The strands at no time 
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8 
electrolyte having an acid concentration of 12 to 30% 
by weight in a processing zone divided into a plurality of 
electrolytic chambers, maintaining said electrolyte at a 
temperature of about 80 to 160° F., passing direct current 
at a current density of 40 to 50 amps/in.2 of strand surface 
between electrodes in adjacent chambers through said 
electrolyte and said strand during travel of said strand 
through said chambers in said processing zone, said elec 
trodes being about 1?t-inch to %-inch from said strand, 
reversing the current flow in each succeeding adjacent 
chamber so as to change the polarity of said strand in 
each of said adjacent chambers thereby subjecting said 
strand to alternating polarities and withdrawing said 
strand in a horizontal plane from the last of said cham 
bers in said processing zone. 

8. A method of cleaning a strand of an electrically con 
ductive ferrous metal composition comprising mechanical 
ly breaking the scale on said strand at a speed suf?cient 
to minimize hydrogen embrittlement, passing said strand 
in a horizontal plane through aqueous sulfuric acid elec 
trolyte having an acid concentration of 12 to 30% by 
weight in a processing zone divided into a plurality of 
electrolytic chambers, ?owing said electrolyte transverse 
to the direction of strand travel, maintaining said electro 
lyte at a temperature of about 80 to 160° F., passing 
direct current at a current density of 40 to 50 amps/in? 
of strand surface between electrodes in adjacent cham 
bers through said electrolyte and said strand during travel 
of said strand through said chambers in said processing 
zone, said electrodes being about 1A inch to % inch from 
said strand, reversing the current flow in each succeeding 
adjacent chamber so as to change the polarity of said 
strand in each of said adjacent chambers thereby subject 
ing said strand to alternating polarities and withdrawing 
said strand in a horizontal plane from the last of said 
chambers in said processing zone. 
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