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ANODIC PROTECTION AGAINST CORROSION
Merle Hutchison, Olen I, Riggs, Jr., and John D,
Sudbury, Ponca City, Okla., assignors to Conti-
nental Oil' Company, Ponca City, Okla,, a corpo-

ration of Delaware

Filed Jan, 7, 1960, Ser. No. 1,136

* 28 Claims, (Cl, 204—147)

This is a continuation in part of co-pending application,
Serial No. 777,499, filed December 1, 1958, now aban-
doned.

This invention relates to an improved method and ap-
" paratus for the protection of metals against corrosion by
anodic passivation,

As it is well known in the art of corrosion control, the
corrosion of many metals may be prevented or seriously
curtailed by cathodic polarization. For example, in the
-0il industry many pipelines are protected against corro-
sive action of the soil in which they are Iaid by cathodic
polarization. Cathodic protection is very useful in the

vironments, because of the high current requirements.

It is also known that anodic polarization can prevent or
seriously limit corrosion by inducing passivity, as set forth
in an article by Dr. C, Edeleanu,
lurgia, September 1954,

appreciable degree, Heretofore, and as noted in the
above article, it hag been believed necessary to provide a
substantially constant adjustment of the anodic current,
which in turn requires complicated and expensive contro]
apparatus. :
- When dealing with anodic polarization, it ig generally
believed that passivity depends upon the presence of an
insoluble film on the exposed surface of the vessel or
Specimen being protected, and that the solubility of the
film in acid, in turn, depends on potentials, In any event,
it has been found that the potential of the vessel or speci-
. men is sufficiently indicative of the rate of corrosion for
practical purposes. The above-mentioned article' also

substantially
constantly changing anodic current, as previously indi-

The present invention contemplaies a method and ap-
i i i anodic cur-

solution will conduct current) by the use
of an anodic current passing from the vegse] to an inert
electrode positioned in the solution. The protected condi-

exposed to the solution, and no appreciable corrosion
results,
Metals which may be protected by the method of this
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invention include, by way of example and not by way of
limitation, mild steel, all types of stainless steel, titanium
or alloys of titanium,, hafnium and zirconium. :
Examples of a few of the corrosive liquids for which
this invention is adaptable include tap water, liquid ferti-
lizers, such ag ammontum nitrate; caustic solutions such
as sodium and lithium hydroxide; aluminum sulfate solu-
tion; organic acids; and inorganic acids such as sulfuric
(including oleum), nitric, and phosphoric acids.

An important object of this Invention is to reduce cor- )

Another object of this invention is to provide a novel.
method of, and apparatus for, controlling the anodic cur-
rent in a corrosion control system using anodic polariza-
tion. : .

A further object of this invention is to reduce the com- -
plexity and cost of equipment required in an anodic polari-
zation system of corrosion control,

Another object of this invention is to handle corrosive
solutions containing chlorides, )

And another object of this invention is to improve prod-

which is simple in
opération and which wilk have a long

vessel containing
construction and
service life.

illustrate our invention,
FIG.1isa schematic‘drawing illustrating a practice of
this invention, )
FIG. 2 is a curve illustrating variations of anodic cur:
Tent, or of the corrosion rate of a stainless stee} subjected
10 an acid solution at various potentials of the stainless
steel. Tt
FIG. 3 is a schematic wiring diagram of a suitable an< .
odic current controller of this invention, '

FIG. 4 is a curve ilustrating the response of the volt- . -

age amplifier of the suitable anodic current controller at "
various potentials of 5 vessel being protected, . '
FIGS. 5 and 6 are schematics illustrating other methods
of switching the anodic passivation circuit,
Referring to the drawings in detail, and particularly
FIG. 1, reference character 10 designates a vessel, such.

for example, sulfuric, phosphoric,
or nitric acid, Examples of Processes wherein an acid is

and uranium ore brocessing ‘using
In each of these processes the stainlesg
steel vessels have relatively short service lives under pres-
ent operating conditions; furthermore, the presence of iron
in the product as 3 result of corrosion may result in off-.
color products and troublesome emulsions,

In accordance with the present invention an inert elec-
trode 14 is suspended or otherwise supported in a solution .
12 and is connected to the negative side of a source 16 of - ©
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any- desired form, such as an A.C. power supply and a

rectifier, or a battery, providing the necessary power is

available, The positive side of power supply 16 is oon-

nected by a conductor 20 to vessel 10, Tt'will thus be seen

_that vesse! 10 functions as an: anode and electrode 14
‘functions as a cathode. . _
As it is well known in the art, and as previously indi-

" cated, the rate of corrosion of the type being considered
varies with the potential of the specimen being corroded,

and’the corrosion .may be prevented, or at least ‘mini-

- mized, by anodic polarization. The potential of the
specimen is determined with' respect 10 a reference elec-

trode located in the E.M.F. table at a lower or more noble

- position” than the material of the specimen. When the
specimen is made thé anode of an electrochemical cell,

the potential of the specimen shifts in the more noble di-

rection. When this shift is of sufficient magnitude, the

corrosion stops and it is said that the specimen has become

passive. In this connection it should be noted that the

sign of the potential difference between the specimen and

‘the standard electrode is. of no consequence insofar as the

nobility (the relative position in the E.M.F. table) of the

specimen is concerned, ie., the sign of this -potential

difference may be positive: or negative or change as the

specimen is made more noble. We have found that when

the anodic current is stopped, the potential very slowly

shifts in the less noble direction and that the passivity of

10,
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the -specimen remains for an appreciable period after the |

anodic current is stopped.

It can be shown that the rate of corrosion varies with
the potential between the specimen and one type of stand-
ard electrode (calomel cell) in the manner illustrated in
FIG. 2, wherein E is the potential of the calomel cell
with respect to the specimen. This potential will be some-
times hereinafter referred to as the noble potential or volt-

age. As shown in this drawing, the rate of corrosion in-

30

35

creases at a substantial rate. and then decreases as the

noble voltage approaches zero. As the noble voltage in-
creases in a negative direction, the corrosion rate de-
creases to a low level for an appreciable range of noble
voltages and then increases rapidly again. Thus, as long
as the noble voltage is maintained in the range between
points A and B of FIG. 2, which may be referred to as
the positive minimum potential area, a minor amount of
corrosion takes place. :

To measure and control the potential of vessel 10 (FIG.
1) we provide a standard electrode .22 communicating
with solution 12, along with a suitable controller 24 con-
nected across electrode 22 and vessel 10, Standard elec-
trode 22 may be of any suitable type, such as a calomel
cell, a silver-silver chloride cell, a copper-copper sulfate
cell or a hydrogen cell, and is connected to the solution 12
by a suitable electrolytic bridge 26 to prevent the cell
. from: coming - into direct contact ‘with solution 12 and
either affecting operation of the cell or dilution of solu-
tion 12. While an electrolytic bridge 26 is shown com-
municating the standard cell 22 with
to be understood by those skilled in the art that any well
known means may be used to electrically couple the
standard.cell to solution 12.- Bridge 26 must be.an ionic
conductor. and may- be either. a liquid, such-as a KCL
solution, or a solid, such as. silver chloride. --Controller
24 functions to operate:a switch 28 in conductor 18 to
periodically impose- 2 uniform potential between vessel
10 and cathode 14 in accordance with the’ potential be-
tween vessel 10 and standard electrode 22, i.e.; the noble
voltage.

In accordance with the method of this invention, switch
28 is closed to pass a current from vessel 10 through solu-
tion 12 to inert electrode 14 until vessel 10 becomes
pacified and the rate of corrosion has decreased to a low
level. It may be noted that this initial passage of anodic

current varies the rate of - corrosion in -the manner il--

Iustrated in FIG. 2 until the potential between vessel 10
and standard electrode 22 reaches a level between points
‘A and B in FIG. 2, and preferably on the flat minimum

the solution 12, it is"
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‘tween vessel 10 and standard electrode: 22.

'8 Test, conducted for 24 hour duration. Sample size 17 8q.

4

portion of the curve midway between points - A. and B.
At this time it is believed that an insoluble film has-formed
on that portion of the inner surface of vessel 10 opposite
solution 12 and no appreciable corrasionis taking place.
Controller 24 then opens switch 28 and removes the po-
tential between vessel 10 and the cathode -14.. Upon
cessation of ‘the anodic: current, the. potential between
vessel 10 and standard electrode 22 gradually ‘changes (de-:
creases in a negative direction in the:example illustrated)
and vessel 10 becomes less noble, probably by a gradual
deterioration of the insoluble film on the- inner surface of
vessel 10. ) ’

Controller 24 potential be-
When. this
in FIG. 2,

thonitors variations in: the

noble voltage reaches a level close to point A
controller 24 closes switch 28 to- again impose a potential
between vessel 10 and: cathode 14 and induces another
anodic current. Whereupon, the potentia] between vessel
10 and standard electrode 22 again increases to within the
vicinity ‘of the flat minimum - portion- of the curve be-"
tween points A and B of FIG. 2, and the’controller again
opens switch 28. This step-wise procedure is repeated to
provide a minimum of corrosion of vessel 10.: The lasting
power of the corrosion ‘protection. (when' the anodic cur-
rent is stopped) ranges from.a few seconds immediately
following formation- of passivity to several days.-when:
ﬁassivity has been established from eight to twenty-four
OUurs. S
It can also be shown that the current density required -
to obtain and to maintain passivity-varies in substantially
the same manner as the corrosion rate illustrated. by the
curve in FIG. 2.. In other words, as the. specimen: or
vessel is .being. passivated, rather high .current densities -
are required. However,-once-the-specimen is passivated, .
the passivity may be maintained with a very smalil cur-
rent density. Thus, the power or cnergy required to main-

tain corrosion protection by-the -present invention is at a’’

minimum: The data in the following table illustrate the -
various current densities required before and after passivi--
ty is established when various steel samples-are immersed
in a 65% solution of HzSO4. . ' ) :
1t should be noted that current requirements may vary
with the particular system jnvolved, and may increase with
increasing temperatures Or alteration of other: variables.

Current Density Weight Losses in
o Grams $
Steel Type and
No. ALS.L )
) [(YR) )3 Before - After
Passivity | Passivity
B02unccncmrcwmnmmnnm 6.0 2.2 Q. 2605 0. 0007
304 6.0 3.8 0,2533° - 0.0010
316 0.5:]" 0.1 0, 2746 *+0.0001
40B.cnvemcmcmeimm e 163.0 ) 2.7 0.1939 0.0057°
T S 27.3 0.7 0. 0. 0064
1 (@) Current density to passivate sample (milliamperes/cm.?).

2 (h) Current density to maintain passivity (microamperes/fom.3).

cm. surface
area.

In a preferred embodiment :of this invention, -and as
shown in FIG. 3, controller 24 generally comprises a
voltage amplifier 30 controlled by a reference section 32;
and an isolation section or buffér 34 for operating a power
amplifier 36 without affecting amplifier 30. . Power is sup- -
plied to the preferred: controller 24 at various potentials
through junctions 38, 40, 42 and 44. Inone embodiment,
junction 38 is at —12 volts D.C., junction 40 is at —15
volts D.C,, junction 42 is at 42 volts: D.C. and junction
44 is at ground. : i

Voltage amplifier 30 comprises two transistors 46 and
48 having their emitter contacts 46F and 48E connected
through - a-resistor 50 -to junction 42 and through a re-
sistor 52 to junction 44. Collector contact 46C of tran-
sistor 46 is connected directly-to junction 40 and.collector
contact 48C of transistor 48 is connected: through a re-
sistor 54 to junction 40, The base contact 46B of tran-.
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sistor 46 is connected to standard electrode 22, and vessel

10 i

electrode 22 and vessel
sistor 48 is connected to
the operating point of amplifier 30,
The reference section 32 comprises a diode 55 con-
nected across junctions 40 and 44 in series with a resistor
56 and shunted by a potentiometer 58 having two series
Tesistors 60 and 62, Another potentiometer 64 is con.
nected to the contact of potentiometer 58 and the cop.
tact of potentiometer 64 is in torn connected to the base
58 and 64

Crease and so increases
reached, that js, —15 volts D.C,

voltage at contact 468 has

tion section 34, and transistor 66 in turn drives a power
amplifying transistor 68. The emitter contact 66F of
transistor 66 is connected to base ‘contact 68B of transis-

the coil of relay 72. However, when the voltage at con-
tact 68E is varied, current will flow through the cojl of
relay 72,
Primary relay 72 is
terposed i
Power circuit 76 may
be easily constructed to derive energy from the common
D.C. power source 16 illustrated in FIG. 1. Secondary
relay 78 in turn controls the operation of switch 28 in
i the cathode
It will be understood that a single

14 (see FIG. 1).
sufficient power is available for oper-

relay may be used if
ating the switch 28.

In analyzing and Summarizing the operation of pre-
ferred controller i

electrode 22 (a calomel cell) and
steel vessel) at about -—500 millivolts D.C., which is
somewhere between points A and B of FIG."2. Poten.
tiometer 58 is adjusted to provide a voltage of about
-—500 millivolts D.C. at contact 48B, and potentiometer
64 is adjusted to make the voltage at contact 48C about
zero when the voltage at 46B is below —450 millivolts
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' 28 was interposed in the input side of the

6 .
D.C. Assume further that when controller 24 is first
placed in operation the botential between standard elec-
frode 22 and vesse] 10 is —200 millivolts D:C; At this
last voltage (being below —450 millivolts) the voltage
at 48C, and therefore at 66B, 66F, 63B and 68E will be
Zero, and current wil| flow through the coj] of relay 72
to close switches 74 and 28 and provide an anodic cur-
rent from vessel 10 to cathode 14. This anodic current
continues, as described previously, to further increase (in
a. negative direction) the potential between standard elec-
trode 22 and vessel 10, L '

When the potential between standard electrode 22 and
vessel 10 reaches —300 millivolts, the voltage at contact
48C will reach —15 volts D.C. This voltage will also
appear at contact 66E of the buffer transistor 66 and
Tesult in a voltage of —12 volts D.C. at the emiiter con-
tact of transistor 68, Under these conditions, no current
will flow through the coil of relay 72, such that switch 28
will be opened and the anodic current will be dis-
continued,

between points A and'B on FIG. 2,
Referring to FIG, 5, D.C. source 16 is of the type which

Tequires  an external power source such ag alternating

current. A pair of conductors 48 and 49 are connected

operates switch 28, .
The operation of the current js substantially identical

with the embodiment shown in FIG, 1, however, switch

i power supply

necessity for breaking large currents that

would normally be present in controller

i by those skilled in the art, it j

rent A.C. line, therefore, the embodiment

5 presents many advantages over the embodiment shown o

in FIG, 1.

FIG. 6 shows another method of substantially switch-
ing the power on or off between the line and D.C, power
source 16. In place of switch 28 in conductor 49, a
saturable reactor 60 js inserted. The particular form of

through a pair of conductors 51 and 52, Switch 28 is
interposed in ofe of the conductors 81 or 52 and serves
to interrupt the flow of D.C. through cornttrol winding 62,

In operation, with switch 28 open, reactor 50 presents
a very high impedance to the fiow of alternating current.
Therefore, the majority of the voltage will be drop’ped
across reactor 50, leaving only a small portion to be dp=
plied to D.C. power source 16. With switch 2§ closed,
reactor 50 presents a very low impedance to the flow of
alternating current, Thus, a very small voltage drop will
appear across reactor 50 and a very high voltage will be
applied to D.C. power source 16. An additional advan-
tage is obtained by this embodiment, Normally switch
28 (see FIG. 1 and FIG, 5) must break a substantial

18. Further, as - "
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amount of current and oftentimes it must break this cur-
rent at an extremely rapid rate. Further, it must operate
at many times-a second. This tends to seriously reduce
the overall life of switch 28. The saturable reactor on
the other hand provides a delaying action to the circuit.
Thus, when switch 28 operates such that power is sup-
plied to D.C. power source 16, the applied power will not
build up instantaneously, but will require a finite period
of time.  This period of time
“oftentimes, destructive operation of switch --28. The
saturable reactor. then tends. to stabilize the circuit and
substantially improve the overall operation and reliability
of the circuit. . :

“While a similar ‘
it should be.obvious to those skilled in the art that other
forms of saturable reactors may be interposed between

or in series with lines 48 and 49. It should also be ap- -

parent to those skilled in the. art that. switches such as
thyratrons of” ignitrons or semi-conductor switches could
easily be  substituted. for the disclosed embodiments.
Semi-conductor devices or vacuum ‘tubes -or their equiva-
lent, could also be substituted for, switch -28 ‘within the
teaching and scope of this invention. .

The following examples are given to illustrate our in-
vention. It will be understood that these examples are
illustrative only and that our invention is to be taken as

limited only by the scope.of the appended claims!
EXAMPLE 1 - o

A 500-gallon tank clad with 304 stainless steel was

>4

tends to-prevent rapid, and

10

" cessfully used to prevent corrosion in a

form of saturable reactor is disclosed; o

15

20

30

equipped with the anodic polarization system as shown -

in FIG. 1, using a 6-volt lead storage battery as the source
of D.C. current, a platinum electrode as the inert elec-
- trode, and a calomel cell as the standard electrode (elec-
trochemically communicating with the, tank by an-agar-
KCI bridge). The controller was of the type illustrated
in FIG. 3. '

- troller of the type

35

The corrosive‘solution employed was a 67 percent .

aqueous solution of sulfuric acid. The current required
to passivate this tank (having a surface area of 70 sq. ft.
‘or approximately 10,000 sq. in.) was 4.2 amperes applied
for about 14 of a second.
tain passivity ‘was approximately 142 milliamperes, which
amounted to a current density of about 2 milliamperes per
square foot (or about 2 microamp. per cm3), =

The current required to main-.

40

>
=

Without application of the anodic passivation technique, -

the build-up of metal in a 67 percent H,SO0, solution in
this tank, in 41 hours, was 560 parts per million of iron,
93 p.p.m, of chromium, and 58 p.p.m. of nickel. When
a fresh 67 percent solution of H,SO, was placed in this
tank, and the tank was passivated anodically, there was
no detectable-build-up of iron, chromium, or nickel, after
over 120 hours. Thus, it is apparent that application ‘of
this anodic passivation technique reduced corrosion to
a negligible amount. '

EXAMPLE 2

A 60-gallbﬁ pfaudler, lined with 316 stainless steel, was
charged with a 115 percent solution of phosphoric acid

and nonene in the ratio of 1:4 by weight, (Nonene is a-

50

655

mixture of olefinic hydrocarbons in ‘the Cg¢Cia range.. .

This material is most economically derived as a by-prod-
uct of the polymerization of .propene using a phosphoric
_acid-kieselguhr catalyst, as illustrated in the patent to
Grote et al., U.S. Patent No. 2,457,146, the nonene being
. described in the patent:as a “Jow boiling polymer.”)
Nonene was-used for the purpose of simulating the condi-
tions under which olefin polymerization can be carried
out utilizing a liquid phosphoric-acid catalyst. = )
The system of FIG. 1 was employed, using a platinum
electrode, a solid reference electrode  consisting ‘of silver
coated with silver chloride, and a controller of the type
shown in FIG. 6. . ) .
At a temperature of about 350° F., a pressure of 50
p.s.i., and under conditions of moderate agitation, the

65
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‘oleum as charged to
“from 30-50.p.p.m., the additional iron’ content resulting
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system was passivated ‘using 5 volts. and a current of 5
amp. Less than 2 volts and 0.6 amp. were required to
maintain passivity. The passivé potential range was se-
lected at 45-175 ‘millivolts with respect to the reference
electrode. The system was maintained in a passive con-
dition for a period of four days, with only 5 p.p.m..of
iron dissolved -during this: period.: ‘Without protection the
same environment caused an iron pick-up of 100 p.pm.
in one-day. S : o
: EXAMPLE 3
The method.and apparatus-of; this invention 'was .suc-
petrochemical
plant ‘manufacting water-soluble xylene and toluene pe-
troleum sulfonates suitable for the formulation of deter-
gents. In this plant the hydrocarbon s sulfonated with
oleum, and the sulfonic acid product is then neutralized

with sodium hydroxide to form a neutral-sulfonate.

In the absence of anodic polarization, the equipment is
subject to rather severe corrosion, particularly the 304

) ‘stainless ‘steel. neutralizer tank, which is subject to severe

pitting resulting in the necessity for frequent shut-down
for repairs, The mild stee] oleum storage tank is subject
to mild corrosion due to the presence therein of a small
amount of water resulting from condensation of moisture,
An oleum measuring tank, hereinafter referred to as a
“blowcase,” is-.subject to corrosion of a more severe de-

_gree than the oleum storage tank.

Oleum- storage tank -

The oleum storage tank was passivated using the basic
system of FIG. 1 utilizing a platinum electrode, a con-
shown in FIG. 3, and a calomel cell
as the standard electrode (electrochemically connected
to the liquid oleum by means of a weeping glass bridge
assembly).. ' _—

Prior to installation and operation of the anodic passi-
vation system; iron content in the oleum tank had been’

as high as 1273 p.p.m., the average beirig about 500-600 - :

p.pam. At the time of installation of the passivation sys-
tem, the tank contained about 450 p.pm, of iron.. The
the-tank contains on the average of

from corrosion during storage. - In less than one week
after anodic protection was commenced the iron concen-
tration dropped to 39-41 p.p.m, a value which was main- -
tained continuously for a period of over one year. -

Blowcase’

The system of FIG..1 was also employed to passivate
the blowcase, using a platinum electrode and a reference -
(standard) electrode: consisting of silver coated with sil-
ver chloride. ' The same controller was used for both the
oleum tank and-thé blowcase, the controller being con-
nected to the -oleum tank at all times except when the
blowcase ‘was being filled. - By means.of a switching ar-
rangement the controller was connpected to the blowcase
while it was being. filled, during which time the oleum

- tank did not lose its passive condition.
60

Oleum samples from the blowcase had contained about
550 p-pm. dissolved iron prior to start-up of the anodic
passivation system. Following start-up the iron concen-
tration was reduced to 125 p.p.m. after three batch runs.
Following an initial two-weéek period, the iron concentra-
tion in the blowcase did not exceed 50 p.p.m..

Neutralizdtion tank

The neutralization- of -sulfonic acid with caustic in- '
volves a multi-pH system, which subjects the metal to a
range of corroding potentials. - Since the anodic polariza-
tion technique depends upon the existence: of a positive
minimum potential area (as shown in FIG. 2) in which
a minimum of corrosion occurs, it was necessary to de-
termine the polarization curves for both the sulfonic acid
and the caustic. It was found that.the two curves over-
lap to afford a safe operating range in which the poten-
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tial could be maintained prior to and during actual ney-
tralization,

the sulfonic acid, the temperature began to rise, and rose
to a maximum of about 190° F. At the latter tempera-
ture, the peak current density required to maintain pas-
sivity was about 7.5 amp. per sq. ft, : .
Prior to installation of the anodic passivation system,
the neutralizer was down for an average of about 4 days
per two-week period, for repairs due to corrosion, After
. the system was installed, the down-time was Substantially
reduced, and was only 4 days out of one 3-month period
of time,

age. Fifteen months after installation of this system, the
tank was still in condition for use, Thus, it is apparent
that the Dpassivation system extended the life of this tank
for a period of 15 months beyond the originally-contem-
Plated replacement time,

Other benefits resulting from the anodic- Passivation of
the above-mentioned oleum tank, blowcase, and neutral-
izer were as follows: ;

(1) Prior to passivation, the hydrocarbon layer was not
readily distinguishable from the sulfonate layer, since a
high percentage of both hydrocarbon and product were

retained in the undesirable stable emulsion formed, known

(2) After passivation the amount of cuff formation
was greatly decreased.

(3) Prior to DPassivation, the sulfonate product was
loaded with 2 fluffy white flocculant matter. After pas-
sivation, the product Wwas bright and clear.,

(4) The amount of iron.in three batches of sulfonate

" in the charges to the neutralizer having been 30 p.p.m.,
24 p.p.m., and 55 P.p.m., respectively, After the passiva-
tion system was placed into operation, the iron content of
three batches of sulfonate was 19 P-p.m., 16 p.p.m., and

This throwing
Power is believed to be due to formation of an oxide film
of high resistance, Once this film has been formed to
render the meta] surface passive, only smal} increments

‘e

Changes may be made in the combination and arrange-
ment of parts or elements, as well ag 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, .-

1. A method of anodically minimizing corrosion of a
metallic vesse] containing a corrosive solution, said mgtal-
lic vessel and corrosive solution System having an anodic
polarization curve wherein the metallic vesse] and corro-
sive _solution shows a minimum current region comprising

cathode in the solution until-said potential difference again
reaches said first-mentioned Ieve], ,

2. A method of anodically minimizing corrosion of a
metallic vesse] containing a corrosive solution, said metal..

maintain the potential, between the vessel and a standard
electrode connected to said solution, within the passive
range. ~
4.g The method of claim 3 wherein the metallic vessel
is constructed of mjld steel.
" 5. The method of claim 4 wherein the corrosive solu-
tion is'a caustic solution,
6. The method of claim 4 wherein the corrosive solu-
tion is a sulfuric acid solution, -
7. The method of claim 4 wherein the corrosive soly-
tion is a phosphoric acid solution, T
8. The method of claim 4 wherein the corrosive solu-
tion is nitric acid solution. ":
9. The method of claim 4 wherein the corrosive solu-
tion is a liquid fertilizer,
-10. The method of claim 3 wherein the metallic vesse]
is constructed of stainless steel.
11. The method of claim 10 wherein the.corrosive soly-
tion is‘a caustic solution, k
12. The method of claim 10 wherein the corrosive
solution is a phosphoric acid solution,
13. The method of claim 10 wherein the corrosive solu-
tion is a sulfuric acid solution, :
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14. The method of claim 10 wherein the corrosive .
solution is a nitric acid solution. -

15. The method of claim 10 wherein the corrosive solu-
-tion is a liquid fertilizer. o R

16. The method of claim 3 wherein the metallic ves-
sel is constructed of titaniom. B S :

17. The method of claim 16 wherein-.the corrosive -
solution is a caustic solution.. . }

18. The method of claim 16 wherein the corrosive solu-
tion is a sulfuric acid solution..

19, The method of claiin 16 wherein the corrosive
solution is a phosphoric acid solution. ’

20, The method of claim 16
solution is a nitric acid solution. i

21. The method of claim 3 wherein the metallic vessel
is constructed ‘of an alloy of a' metal selected from the
group consisting of titanium, hafnium, and zirconium,

22. The method of claim 21 wherein the -corrosive
solution is a caustic solution. : :

23. The method of claim 21
tion is a sulfuric acid solution. .

24. The method of claim 21 wherein the corrosive solu-
tion is a phosphoric acid solution.

25. The method of claim 21 wherein - the corrosive
solution is a nitric acid solution.

wherein - the - corrosive

wherein the corrosive solu~
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26. The method defined -in claim 1 wherein the vessel .

‘is stainless steel and said inert electrode is platinum.

12

defined in claim 1 wherein the vessel |

27. The »mcthbd ]
said standard electrode is a calomel

is stainless steel and
cell. : . :
28. The method defined in. claim 1 characterized fur-
ther in placing the standard electrode in communication
with the solution by -an electrolytic bridge.
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