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ABSTRACT OF THE DISCLOSURE

A control system and method for automatically pro-
viding anodic protection for various types of structures,
vessels and the like which normally contain or are in
contact with highly corrosive solutions, which system
makes use of a switching circuit which permits the simul-
taneous anodic protection of two or more structures while
using only one potentiostat or control instrument.

This invention relates generally to a control system and
method for avoiding corrosion. More particularly, the in-
vention relates to a control system and method for au-
tomatically providing anodic protection for various types
of structures, vessels and the like which normally con-
tain or are in contact with highly corrosive solutions.
Most specifically, the invention relates to the use of
a switching system which permits the simultaneous anodic
protection of two or more structures while using only one
potentiostat or control instrument.

In its simplest terms, anodic protection is the process
of passivating an active-passive metal by impressing an
external anodic current on the metal, Three electrodes
are necessary for anodic protection. The structure to be
protected is made the anode, an inert metal is usually
used for the cathode and an electrochemical half-cell is
used as a reference electrode. A potentiostat regulates
the current from the cathode to the anode in such a man-
ner that the potential difference between the reference
electrode and the anode is maintained independent of the
total cell current. The cathode, anode and reference elec-
trode are so positioned that they are in contact with the
conductive corrosive fluid.

Anodic protection or in the alternative passivity, is
achieved by the formation and maintenance of a protec-
tive film on the normally corrodible surface of the struc-
ture to be protected. While certain characteristics of this
protective film are known there is still a considerable di-
vergency of opinion as to the exact nature of the pas-
sive layer. The theories advanced in explaining the na-
ture of this film have been put in three broad categories.
First, the oxide film theory, which proposes that the metal
to be protected (iron, for example) first dissolves and
then reacts with oxygen to form a protective barrier of
iron oxide. The second theory is the so-called adsorp-
tion theory which proposes that a monomolecular layer
of adsorbed oxygen causes passivity. The third theory
advanced is one which calls for an initial adsorption of
oxygen followed by the development of an amorphous
iron oxide structure. In regard to the above, reference
may be had to the article by Sudbury et al, “Corrosion,”
vol 16, No. 2, February 1960 pp. 47T to 48T.

For the purposes of the instant invention, it will suf-
fice to say in addition to the above, that the protective
film formed will in fact, inhibit corrosion and that it
possesses a certain amount of inherent stability. It has
been found that this protective film is capable of sus-
taining itself over periods of several minutes without the
application of an external current. It is this finding which
allows applicant to depart from the prior art teachings
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which call for the use of a supply of current to the anode
during the entire period for which it is protected. The
prior art teachings result in the necessity of using an in-
dividual potentiostat for each independent protection cir-
cuit. In contrast, applicant’s invention allows the use of

- a single potentiostat or control instrument in the protec-

tion of two or more independent structures with no loss
in the efficiency of protection. Applicant’s invention: thus
results in markedly reduced costs for anodic protection
systems.

It is therefore the principal object of .this invention
to provide an efficient and economical anodic protection
system suitable for use in the control of corrosion of
industrial structures formed from active-passive metals.

Another object of the invention is to provide a method
of anodically protecting two or more independent struc-
tures using a single potentiostat or control instrament.

A further object is to provide apparatus for the simul-
taneous anodic protection of two or more independent
structures normally subject to corrosion, wherein a single
power source or potentiostat is employed.

Further objects and advantages of the instant inven-
tion will be apparent from the following description, ref-
erence being had to the accompanying drawings wherein:

FIG. 1 is a schematic drawing illustrating a typical
anodic passivation curve.

FIG. 2 is a diagrammatic representation illustrating
one method of applying the teachings of the instant in-
vention.

The anodic protection apparatus and method, as con-
templated by the instant invention, is applicable for use
in a wide variety of situations where metallic surfaces are
subject to corrosion due to chemical attack. Process re-
actors, storage equipment, boilers, and acids concentrators
are examples of equipment whose service life may be
materially extended by applying anodic protection tech-
niques utilizing the system of the instant invention.

Referring to the drawings in detail and more particu-
larly to FIG. 1, the curve illustrates a typical anodic
passivation curve wherein the relationship between the
total anodic current and the potential of the active-pas-
sive metal connected as anode with respect to the refer-
ence electrode is shown.

The operation of the instant invention can be conven-
iently discussed in the light of FIG. 1. Point A designates
the normal active state of the active-passive metal in the
conductive corrosive fluid. The critical passivating cur-
rent of the metal, designated by Point B must be over-
come to reach the amodic passivation range, the begin-
ning of which is designated by Point C.

The hump, ie. ABC, of the curve corresponds to the
formation and stabilization of the protective film barrier
hereinbefore discussed. As previously mentioned, once
formed this film is capable of sustaining itself over a finite
period of time without the application of an external
current. Since it is this film which is directly responsible
for the inhibition of corrosion it follows that the metal
sought to be protected will remain free from corrosive
attack while this film is intact. This remains true even
where there is a temporary cessation in the flow of cur-
rent to the anode. It has been found for example that
this protective film will be stable for periods of up to
several minutes in the system herein subsequently de-
scribed.

By way of example, and not by way of limitation, FIG.
2 illustrates the use of the present invention for the simul-
taneous protection for two independent sulfuric acid stor-
age tanks 10 and 12. The single potentiostat 8 has its
positive or anodic terminal A, connected to the input ter-
minals of switches 1 and 2 of a cam timing switch 16
by means of electrical conductor 20. Electrical conductors
22 and 24 are conmected to the output terminal 7, of



3,483,101

3

switches 1 and 2 and serve to conduct the current to the
walls of tanks 12 and 10 respectively. Conductor 22 makes
electrical contact with tank 12 at 18 and conductor 24
makes contact with tank 10 at 14.

The cathodic terminal C of potentiostat 8 is connected
via electrical conductor 34 to the input terminals of
switches 3 and 4 of cam timing switch 16. Conductor 32
having one end connected to the output terminal of
switch 3 carries current to cathode 42 located in electrical
contact with the fluid of tank 12. Cathode 42 is electrically
insulated from the walls of tank 12 by insulation means
38. Electrical conductor 26 having one end connected to
the output terminal of switch 4 carries current to the cath-
ode 36 located in electrical contact with the fluid in tank
10. Cathode 36 is insulated from tank 10 by insulation
means 490.

The reference electrode terminal R of potentiostat 8 is
connected to the input terminals of switches 5 and 6 of
cam timing switch 16 by electrical conductor 37. The out-
put terminal of switch 5 is connected via electrical con-
ductor 30 to reference electrode 33 located in electrical
contact with the fluid in tank 12 while the output terminal
of switch 6 is connected by means of conductor 28 to the
reference electrode 35 located in electrical contact with
the fluid in tank 10.

In the actual operation of the system described in FIG-
URE 2 sufficient current is applied to the walls of both
tanks 10 and 12 (the anodes) to achieve the formation
and stabilization of the protective film herein previously
mentioned. Thereafter the protection of each tank is
achieved by using the action of cam timing switch 16 in
conjunction with potentiostat 8. The cam timing switch
16 is continuously cycled by means of motor 44 and drive
shaft 46 so that when switches 1, 3 and 5 are closed,
switches 2, 4 and 6 are open and when switches 2, 4 and
6 are closed, 1, 3 and 5 are open. The time between suc-
cessive “open” periods for each set of switches may be on
the order of several minutes since as previously dis-
cussed the protective film on the tank wall has some in-
herent stability and does not require current for its main-
tenance over such a time period.

It may be seen from FIG. 2 that when switches 1, 3
and 5 are closed (i.e. current passing through them) cur-
rent is supplied to the anode (tank wall) and cathode
42 of tank 12. In addition, reference electrode 33 which
may preferably be of the platinum type is connected via
conductor 30 and swiich 5 to the reference electrode ter-
minal R of potentiostat 8.

In operation potentiostat 8 is preset at a potential
value E;, within the passive range of the anode being pro-
tected. This assigned potential value E, is compared in
comparator circuits present in potentiostat 8 with the
existing potential E; as measured between the reference
electrode 33 and the anode (tank wall). The difference
dE, between E; and E; is amplified in a voltage amplifier
also present in potentiostat 8.

This amplified potential difference controls a power
amplifier, also present with potentiostat 8, and it is this
amplifier which furnishes the current which flows from the
cathode to the tank walls (anodes) which is necessary
to make the actual potential value E; equal to the as-
signed value E;. The potentiostat 8 may be of any suit-
able type such as that manufactured by Analytical In-
struments Inc.

Again from FIG. 2 it is seen that when switches 2, 4
and 6 are closed the current flows to tank 10 through
conductors 24 and 26 and it then is on its “on” cycle.

Thus, it is seen that each of the tanks being protected
goes through a “on-off” cycle of receiving and not receiv-
ing current. The time periods of current “on” and cur-
rent “off” are determined by the design of the cam (not
shown) of cam timing switch 16, such design being read-
ily accomplished by those skilled in the art. A preferred
cycle for the system given is current “on” for 1 to 10
minutes and current off for the same period. It is to be
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1
appreciated however that the period of current “on” need
not necessarily be equal to the period of current “off.”
Furthermore, while the invention has been discussed in
terms of affording protection to two vessels it is to be
understood that it may be employed equally as well in
systems having a plurality of vessels.

Laboratory tests on the system described above were
conducted using carbon steel tanks containing 90% sul-
furic acid and a platinum reference electrode. The anodic
protection efficiency of this system using a cam timing
switch to protect two tanks was compared to the anodic
protection efficiency of a system where the current was
continuously supplied to a single tank. The results of
these tests are summarized in Table I. It will be under-
stood that these experiments are illustrative only and
that the invention is to be taken as limited only by the
scope of the appended claims.

Table I
Anodic protection
System: percent efficiency
Trial 1—continuous current to single tank __.. 25
Trial 2—continuous current to single tank ._._ 50
Trial 1—cam timing system-—2 tanks __.______ 33
Trial 2—cam timing system—2 tanks _.__..__ 33

As may be seen from the above the overall anodic pro-
tection of the single tank having current supplied con-
tinuously is approximately 38% while the cam timing sys-
tem exhibited an overall efficiency of 33%. Taking into
account experimental error which was estimated at be-
tween =10, both systems are receiving approximately the
same amount of protection.

Thus, the system taught by the instant invention affords
approximately the same amount of protection even though
each tank does not have current flowing to it for one half-
of the entire period during which it is being protected, It
is readily apparent that this system offers advantages and
economies heretofore unavailable in the prior art of an-
odic protection.

It should be understood that changes may be made in
the combination and arrangement of parts or elements,
as well as steps and procedures, as heretofore set forth
in the specification and shown in the drawings, without
departing from the spirit and scope of the invention as
defined in the following claims.

What is claimed is:

1. An improved anodic protection system for at least
two independent structures comprising in combination, a
potentjostatic device, said device having an anode ter-
minal, a cathode terminal and a reference electrode ter-
minal, electrical conduction means to connect said anode
terminal of said potentiostatic device to each of said struc-
tures, said structures each having at least one cathode and
at least one reference electrode, means to electrically con-
nect said cathode terminal of said potentiostatic device to
said cathodes, means to electrically connect said refer-
ence electrode to said reference electrode terminal of said
potentiostatic device, and a cam timing switch interposed
between the terminals of said potentiostatic device and
said structures, and the cathodes and reference electrodes
thereof, whereby current from said potentiostatic device
is applied in cycles to each of said structures as anode,
said current maintaining said structures as anodes within
a predetermined potential range with respect to said refer-
ence electrodes.

2. The apparatus of claim 1 wherein said structures are
carbon steel, sulfuric acid storage tanks.

3. A method for inhibiting the corrosion of at least two
independent active-passive metal structures under the ac-
tion of corrosive liquid comprising the following steps in
combination:

(a) supplying a D.C. electric current between the first

of said active-passive metal structures and at least
one cathode electrically insulated from said metal
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structure, said cathode being in contact with said
corrosive liquid, said D.C. electric current being
supplied from a potentiostatic device, said current
also being of a magnitude sufficient to passivate said
metal structure connected as anode and maintain
the average potential of said metal structure con-
nected as anode within a predetermined passive poten-
tial range with respect to a reference electrode in elec-
trochemcial contact with the corrosive liquid;

(b) automatically switching said electrical current from
said first active-passive metal structure to the second
active-passive metal structure;

(c) repeating the switching cycle at such a frequency
whereby both of said active-passive metal structures
are anodically protected from corrosion.

4. The method of claim 3 wherein the frequency of said

switching cycle is in the range of 1 to 10 minutes.

5. In a method for anodically protecting at least one
active-passive metal structure the improvement comprising
the step of supplying the current for a period of about 1
to 10 minutes and then switched off for a similar period
before the cycle is repeated, to the structure being anod-
ically protected.

6. In an anodic passivating system for the inhibition of
corrosion of at least two independent structures the im-
provement comprising a cam timing switch, said switch
being automatically operated whereby the passivation cur-
rent is alternatingly supplied on a periodic basis first to
one of said structures and then to the other said structure.

7. An improved anodic protection system for two in-
dependent active-passive metal storage structures for cor-
rosive fluids comprising in combination:

(a) a potentiostatic device having at least one anode
terminal, one cathode terminal and one reference
electrode terminal;

(b) electrical conducting means to provide an electrical
path from said anode terminal to each of said stor-
age structures as anodes;

(c) at least one cathode deposed in said corrosive liquid
of each of said structures;
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(d) at least one reference elecirode so deposed as to
be in electrochemical contact with said corrosive
fluid in each of said structures;

(e) said cathode being electrically insulated from said
storage structures;

(f) electrical conductor means to provide an electrical
path from said cathode terminal of said potentio-
static device to each of said cathodes;

(g) electrical conductor means to provide an electrical
path from said reference electrode terminal of said
potentiostatic devices to each of said reference elec-
trodes;

(h) a cam timing switch, said switch forming a part of
said electrical paths whereby current from said po-
tentiostatic device is automatically supplied in cycles
first to one of said structures connected as anodes
and then to the other said structure connected as
anode;

(i) said current being of sufficient magnitude to main-
tain each of said structures connected as anodes with-
in a predetermined potential range with respect to
said reference electrodes.
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