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Anodic protection is a powerful technique used to mitigate corrosion of liquor tank-
age. The large currents required for protection of a typical vessel led to problems in
the first generation of commercial systems. This paper describes the cause of the
problems and the solutions developed for successful protection systems. Use of pro-
tective linings utilized in conjunction with anodic protection shows great promise.

nodic protection of a kraft

liquor tank was first suc-

cessfully undertaken during
December 1984, This initial system
continues to operate uninterrupted,
providing a large reduction in corro-
sion rates. The success of this system
resulted in many commercial installa-
tions.

Unfortunately, unexpectedly high cor-
rosion rates were reported at localized
areas in several of the tanks even
though the remainder of the surfaces
corroded at rates less than 5 mpy as
predicted from lab and field data for
protected carbon steel coupons and
tankage.

The purpose of this paper is to discuss
the most likely causes of high local-
ized corrosion rates, the techniques
necessary to prevent such occurrences
and work underway to reduce the in-

stalled cost for protection of carbon
steel tanks with and without the use of
organic coatings.

ELECTROCHEMISTRY OF
KRAFT LIQUORS

The electrochemistry of kraft liquors
is complex due to the multiple oxi-
dation states of sulphur compounds
(Tables 1 & 2), the number of possi-
ble Fe-S-H,0 reactions and the exist-
ence of active-passive behaviour.
Crowe™ published a list of 31 possi-
ble Fe-S-H,O reactions. Crowe and
Peterman®® suggest that additional re-
actions have been reported.

The electrochemistry may be further
complicated as some Fe-S compounds
are semi-conductors®. Active passive
behaviour requires a negative resist-
ance portion of the anodic curve.
Voltage controlled negative resistance

MAJOR SULPHUR SPECIES
IN KRAFT LIQUORS

Sulphur

Name Symbol Valence
Sulphate 80,% 6
Sulphite 80,% 4
Thiosulphate $,0,? 2
Sulphur S (0]
Polysulphide Sy 1
Sx-z(x:Z) 2
Sulphide S2 2

TABLE 1 ¢ Summary of Sulphur Species
Including Valences in Kraft Liquor

EQUILIBRIUM
OF SULPHUR SPECIES

Na,S + Na§,0, <> Na,SO, + Na,S,

Sulphide + Thiosulphate <> Sulphite +
Polysulphide

S? + §,0,2 &> SO,2 + S,2
At 50 fC, K = 1.6x10*
S,2 =

2

K (S,0,%) (S?) / SO,?

TABLE 2 ¢ Equilibrium of Sulphur Species
in Kraft Liquor
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FIGURE 1 ¢ Possible combinations of Anodic/Cathodic intersections

devices are uncommon in disciplines
other than electrochemistry. It is inter-
esting to note that a semiconductor
device called a tunnel diode exhibits
near identical behaviour to active-pas-
sive interfaces. Additional work is re-
quired to determine if semiconductor
films are significant to corrosion stud-
ies in kraft liquors.

Tromans® deduced an elegant yet
simple model of passivation in caus-
tic sulphide which explains the role of
sulphide in the process. He concluded
that after the initial nucleation of
Fe.0,, sulphide is incorporated into the
lattice creating a compound Fe,0 -xSx
which is nonprotective. At the peak of
the active-passive transition, he pre-
dicted x to be approximately 0.19.
Passivation does not occur until the
sulphide in the film is removed by oxi-
dation. In order for this reaction to pro-
ceed, high current densities are re-
quired. However, once devoid of
sulphide, the film will remain stable if
the potential is kept more positive than
the Flade potential by the reduction re-
action of oxidized sulphur species
such as S,07, and S~,

Figure 1 depicts one anodic and four
cathodic idealized polarization curves
including the possible intersection

points. The number and location of the
intersection points creates four types
of behaviour namely Monostable (ac-
tive) Bistable, Astable and Mono-
stable (passive). A potentiodynamic
curve of each of these types of behav-
iour is shown in Figures 2 through 5.

Astable behaviour occurs infrequently
as it requires a single anodic/cathodic

intersection on the negative resistance
portion of the anodic curve. This is an
unstable operating condition resulting
in continuous oscillations between
active and passive potentials. Various
alloys in elevated temperature sulphu-
ric acid exhibit astable behaviour®.

These four types of mixed potential
models are simplistic and do not
accurately reflect the behaviour of car-
bon steel in liquors because the mod-
els assume that the reactions are time
invariant.

Figure 6 depicts typical curves from an
in situ test in a white liquor clarifier at
different scan rates. The passive state
does not exist until after the active-
passive transition is traversed. There-
fore, unless sufficient anodic current
density is discharged from carbon
steel by a naturally occurring cathodic
reaction or an applied anodic protec-
tion current, the carbon steel/liquor in-
terface remains monostable (active) as
the passive film and its low current
density properties do not exist.
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FIGURE 2 ¢ Polarization curve of
Monostable (active) behaviour
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FIGURE 3 ¢ Polarization curve of
bistable behaviour

300

200

100

-100

POTENTIAL (mV vs SSE)

-200

-300
0.001 0.01 0.1 1 10

CURRENT DENSITY (mA/cmt)

FIGURE 4 ¢ Polarization curve of
monostable (passive) behaviour
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FIGURE 5 ¢ Polarization curve of
astable behaviour

TAPPI 7th Int’l Pulp & Paper Symposium

-o.

Orlando, Florida, August 1992



ANODIC PROTECTION

300 T
R
——-1mV/s r
ﬁ 200 1 —— 0.02mV /s
[2]
N
= 100 +
£ .
it /
- 0+ Lo
< -
£ 2
i -100 + -
|—
o —— ——
& 200 | e == - _-__”_"
~
-300 e " } y
0.001 0.01 0.1 1 10
CURRENT DENSITY (mA/cmt) 2

FIGURE 6 * Typical in-situ polarization curve of carbon steel in white liquor at two scan rates

As predicted by Tromans and verified
by typical curves, once the active-
passive barrier is traversed then bi-
stable behaviour is possible. When the
direction of the curve is reversed, a
second stable equilibrium potential is
established. Morris® used this know-
ledge to determine protection poten-
tials for stainless steel and high nickel
alloys in elevated temperature sul-
phuric acid.

Anodic Reactions
Prior To Traverse of
Active-Passive Boundary

Anodic protection and potentiostat
induced passivity requires some finite
period of time of operation in the ac-
tive zone. Tests were performed by
Thompson? to establish the corrosion
rate during these periods. A carbon
steel specimen was potential control-
led at the peak of the active zone for
21 hours during which time the current
was carefully monitored. The current
density averaged 12.5 mA/cm?. As-
suming all of the current caused cor-
rosion of iron to the Fe** oxidation
state then the Faradaic loss would
have approached 3800 mpy. The ac-
tual measured corrosion rate however
was only 362 mpy. (The data are sum-
marized in Table 3.)

Integration of 20 cycles of the anodic
curve predicted a penetration of 0.17
mils for a single traverse of the active
zone. However, the experimental re-
sults indicated a value of 0.0135 mils
per cycle (Table 4). Hence, iron oxi-
dation accounts for only approxi-
mately 6-10% of the discharged cur-
rent. The remainder of the current
therefore must be consumed by oxida-
tion of sulphide in the Fe.0,-xSx film
or directly from the solution. This will
lead to large quantities of oxidized
sulphur species (S,07, or S?)) in the
diffusion layer next to the passivated
surface. Presence of these reducible

ions at the metal-solution interface
should significantly increase the ca-
thodic reaction rate .

The bistable condition that occurs af-
ter passivation is therefore not perma-
nently stable. The anodic and cathodic
curves intersect due to the oxidation of
the Fe,0,-x-Sx and enhanced levels of
cathodic reactants. This lack of stabil-
ity was verified by passivating a cou-
pon in stagnant white liquor for 3 days
after which time the current was shut
off. The potential of the coupon re-
mained in the passive zone for two
days after which it reactivated. The ca-
thodic and anodic reactions became
unequal so as to create only a mono-
stable (active) operation. Spontaneous
bistable conditions do not exist for
carbon steel in white liquor. Bistable
conditions can only occur after passi-
vation and will not remain if the natu-
ral occurring cathodic reaction rate is
less than the rate of the anodic reac-
tion. Therefore, this bistable condition
is better termed “forced bistable”.

Cathodic Reactions

In order to control corrosion, an ano-
dic protection system must create and
maintain the passive condition under
all possible liquor chemistries. Under

ACTIVE ZONE CORROSION
(Carbon Steel Controlled at -20mV
vs. Silver Sulphide in White Liquor)

12,500 pA/cm? — 362 mpy

1 pA/cm? — 0.0289 mpy

... Efficiency = 6.28% (Fe — Fe*)

= 9.44% (Fe — Fe™)

ACTIVE ZONE CORROSION
(Carbon Steel in White Liquor)
20 PASSIVATION CYCLES
(a) Total Metal Loss ......... 0.27 mils
(b) Loss/Cycle .............. 0.0135 mils
INTEGRATION OF CHARGE
IN ACTIVE ZONE
(a) 0.17 mils/cycle

Efficiency of Metal Loss
~7.9%

TABLE 3 ¢ Calculation of the Efficiency
of Anodic Dissolution of Steel in White
Liquor from Data Obtained from
Potentiostatic Experiment

TABLE 4 » Calculation of Efficiency of
Anodic Dissolution of Steel in White Liquor
from Data Obtained from 20 Potentio-
dynamic Cycles in the Active Zone)
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monostable (active) conditions, the
system must provide the required cur-
rent density to passivate the steel as
well as provide the steady state current
necessary to equal the difference in the
cathodic and anodic reactions at the
optimum potential. If “forced bista-
ble” conditions occur, the system must
simply prevent reactivation. The con-
trol dynamics for these two cases can
be significantly different!

Research has concentrated on the
anodic reactions with less emphasis
on the cathodic curves. Most work as-
sumes a single cathodic reaction of
polysulphide to sulphide in even low
concentration polysulphide liquors.
Thiosulphate is a known corrosion ac-
celerator™ ¥!” in white and green lig-
uors even though direct reduction of
this ion is difficult to verify. Peter-
man® concluded that thiosulphate
was directly reduced in the corrosion
reaction. His data showed that the
thiosulphate concentration signifi-
cantly affected the corrosion potential
and corrosion rate.

Figure 7 is a plot of all available®!>17
potential versus electrochemical equi-
valent weight loss data. The conver-
sion assumes that iron corrodes to a
Fe* oxidation state. This data came
from many different liquor chemis-

tries and experimental techniques in-
cluding potentiostatic control, chem-
ical additions and open circuit condi-
tions. It appears that the corrosion rate
is much more sensitive to potential
than other known variables. Therefore
the corrosion rates in high content
thiosulphate liquor may not be an
anomaly due to different corrosion
products, etc. Thiosulphate may some-
how affect the cathodic reactions.

Wensley® reported that liquors con-
taining high levels of sulphide and
thiosulphate passivated carbon steel
coupled to stainless steel. Crowe®
claimed that although thiosulphate ap-
peared to be an oxidant, it could not
passivate carbon steel at any concen-
trations.

The effects of thiosulphate may be
explained by calculations performed
by Tromans® from equations pro-
vided by Biernat and Robins:

ES,0,2/ 82 =0.034 - 0.056 pH +
0.0093 log ([S,0%,]/ [S*]?)

The equilibrium potential (ES,0,%/S)
15 -921mV vs a saturated calomel elec-
trode (SCE) or -21mV vs a silver sul-
phide electrode (SSE) assuming an
activity of 10-°moles/liter for the thio-
sulphate and 0.423 for the sulphide.
This potential shifts approximately 10

mV in the positive direction for each
order of magnitude increase in the
thiosulphate activity. Assuming a rea-
sonable Tafel slope for this reaction
then an intercept more positive than
the critical potential for passivation of
carbon steel is not possible. Hence in-
creases in the concentration of thio-
sulfate can increase the corrosion rate
but cannot passivate carbon steel. At
passive potentials, thiosulphate may
be oxidized and hence play no major
part in the reduction reaction.

Estimation!® of the equilibrium po-
tential of (S2/S?) puts it at approxi-
mately +100 to +150 mV versus SSE.
Polysulphide reduction, therefore, can
provide sufficient current to passivate
carbon steel if enough polysulphide is
present in the solution.

Separate Active & Passive Areas
in Anodically Protected Tanks

As aresult of the high conductivity of
white liquor, several “myths” surround
the use of anodic protection, one of
which is that active areas will be gal-
vanically polarized passive if the ma-
jority of surface is passive. In the
forced bistable scenario however both
a passive and active intercept are pos-
sible. Each is stable and can co-exist
simultaneously as shown in Figure 8.

300 T

300 T

CURRENT DENSITY (mA/cmt)

" WEIGHT LOSS —— ANODIC
_ 200 F |——CuURvE e _200f |7 CATHODIC
[ sl [
@ 100ty Lo At 3
g - 100 t
E oI E
= = STABLE INTERSECTIONS
- - 0+
< <
£ -100 T Fel
. 3
E 100 ¢
-200 T
2 2
LT _ 1
-300 £ - 200
.
-400 : : : -300 : :
0.0001 0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10

CURRENT DENSITY (mA /cmt )

FIGURE 7 » Coupon weight loss data and polarization curve for

carbon steel in white liquor

FIGURE 8 * Polarization curve indicating multiple stable

corrosion potentials
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FIGURE 9 ¢ Film resistance vs. potential scan rate 0.02 mV/sec

The simultaneous existence of sepa-
rate active and passive areas results in
low and marginally higher than open-
circuit corrosion rates respectively.
This type of operation is far from op-
timum. However, it is not the worst
possible scenario. Figures 9 and 10 in-
dicate the effective film resistance for
a sample of 1cm? as a function of po-
tential. The resistance is calculated from
the slope of the polarization curves.
The resistance is low in the active
zone, negative from the current peak
to the Flade potential and increases to
large values in the passive zone. The
film resistance in the passive zone is
time dependent as can be seen from
the data at the two scan rates.

The potential measured by a reference
electrode is the weighted average of all
potentials of a structure. The weight-
ing factor is the resistance (solution
and film) from the location of the vari-
ous surfaces to the reference. The situ-
ation is complicated by an error volt-
age called IR created by protection
current flowing through the electro-
lyte. As aresult of the large differences
in surface resistance between active
and passive areas, an active area is de-
tectable by a reference at any location
in the structure.

If an active area develops, the potential
controlled current source (potentio-

stat) outputs more current in response
to the lower reference potential. Un-
fortunately, the IR at the reference
location increases the measured poten-
tial. The IR masks the evidence of the
active area and the source outputs in-
sufficient current to passivate the
zone. Without sufficient current den-
sity to be passivated, small active
areas increase in size. This results in
a larger current output from the power
supply on the active site. Eventually an
equilibrium is established between the
size of the active area and the current
output. Unfortunately this results in a
location (usually an ellipse) operating
at the peak anodic current density of
carbon steel in liquor and hence results
in very high corrosion rates.

This type of operation was verified in
a protected tank. System operation in
this mode was easily corrected once
the possiblity of co-existence of active
and passive zones was verified. The
potential of an active area is so domi-
nant due to the low resistance to the
reference that it can be easily detected.
Passivation of an active area is simple
to accomplish if detected and repassi-
vated when it is small.

Current Distribution in Liquor

White liquor exhibits a resistivity of
approximately 1Q-cm® which is 30

FIGURE 10 * Film resistance vs. potential scan rate 1.0 mV/sec

times more conductive than seawater.
This high conductivity, coupled with
the previously discussed large resist-
ance of the passive film, can result in
a conclusion that the current distri-
bution in liquors is uniform regardless
of the location of the cathodes. Unfor-
tunately, this assumption is incorrect
and can lead to incomplete passivation
of liquor tanks.

Primary current distribution is solely
a function of the geometries of the
anode and cathode. All surfaces are
considered non-polarizable and hence
solution conductivity and electrode ki-
netics are eliminated from the calcu-
lations. Figurell depicts the primary
current distribution calculated for a
line-plane geometry. As the line elec-
trode approaches the plane electrode,
the uniformity of current on the plane
decreases in a non-linear manner.

Secondary and tertiary current distri-
bution assumes electrode polarization.
If the electrochemistry of carbon steel
in kraft liquors resulted in only a sin-
gle current peak at the active-passive
transition followed by a low current
zone then polarization of the tank sur-
face would result in very uniform cur-
rent distribution. Unfortunately in
white liquor the sulphide breakaway
current prevents significant secondary
distribution. This is shown graphically

TAPPI 7th Int’l Pulp & Paper Symposium
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in Figure 12. Sulphide oxidation con-
sumes the excess current density and
hence this current cannot be distrib-
uted to other locations. Anodic protec-
tion of liquor tanks, therefore, must be
designed on the basis of primary and
not secondary current distribution.

Potential Measurements in
Anodically Protected Tanks

Extensive potential data has been col-
lected from approximately 40 white
and green liquor tanks. The following
is a compilation of general observa-
tions and conclusions from this infor-
mation.

Unprotected potentials of all tanks
(except2) were -125mV = 10 mV ver-
sus silver sulphide electrode (SSE) re-
gardless of liquor type (white and
green). One of the anomalous tanks in-
dicated potentials of -110 and -80 mV
at opposite points on the shell cir-
cumference. The potential of the other
tank, which was fabricated using large
amounts of stainless steel, was in the
passive zone (+75mV (SSE)).

The most frequent potential range
of -125mV corresponds within the
accuracy of a SSE to the minor peak
at -770mV SHE reported by Tro-
mans®. He concluded that this was the
potential at which S ions incorporate
into the lattice.

Potentials in the immersed liquid/air
interface are normally 5-10mV more
positive than at the bottom of the
tanks. The distribution of potentials is
linear with depth of liquor. No abrupt
change occurs at the interface between
the wet/dry and constant immersed
zone.

If a passivation attempt is aborted,
the potentials move 10-20mV more
negative than the “static” values. This
change has remained for as long as
two months.

If the anodic protection system is
turned off, the potentials decay in the
negative direction in three discrete
steps. The initial step is rapid, decay-
ing to a value of approximately -75
mV (SSE). This potential remains for
days and in one case lasted 3 weeks.
The next step occurs over hours and
is linear with time to a potential of ap-
proximately -125mV SSE. These de-
cay times correspond to the effective
film resistance vs potential. Unlike ini-
tial passivation, the time required to
re-establish the set potential is rela-
tively short (2 hour), suggesting that
the passive film was still intact. Per-
haps reincorporation of S back into
the film is not reversible or more likely
is very time dependent.

When anodically protected tanks are
cleaned of lime mud and FeS depos-

its, the underlying surface possesses a
bronze coloured hue. This thin film is
thought to be either FeS, (pyrite) or
NaFeS, - 2H.0.

Summary of the Problems
Encountered with Anodic
Protection of Liquor Vessels

Most of the problems experienced so
far have resulted from incomplete
understanding of the electrochemistry
of carbon steel in liquors and the
assumption that the current distribu-
tion was secondary and not primary.
This caused the creation of active and
passive co-existing areas. Fear of high
corrosion rates during passivation
rushed the passivation process which
probably increased the number of ac-
tive locations. Earlier control philoso-
phy did not account for the possibil-
ity of active and passive co-existing
sites. Present systems recognize and
avoid these problems.

ANODIC PROTECTION DESIGN
& SYSTEM OPERATION

General: Design of the protection and
control systems now incorporates all
of the features required to passivate
the tank, maintain passivation, detect
active areas and repassivate if re-
quired. The general system layout is
shown as Figure 13.
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FIGURE 11 e Current distribution (primary) line-plane model

FIGURE 12 ¢ Effect of sulphide oxidation on current distribution
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Cathode Design: The location of
cathodes affects the current distribu-
tion to the tank walls. Design is based
on primary current distribution with
the ratio of the mimimum to maximum
current density around the circumfer-
ence of the tank greater than 0.9.

The design of the system must allow
for a fluctuating liquor level. This
requires higher initial current density
and more frequent repassivation
cycles to form a tenacious passive
layer. When immersed, the wet/dry
zone of a tank exhibits a more positive
potential than the remainder of tank
which may account for the higher cor-
rosion rates there. However, it has
been observed that the wet/dry zone
does not get covered with surface
build-up or deposits. The constantly
immersed zone builds a thick surface
deposit on these protected surfaces.
All of the electrochemistry previously
discussed is also applicable to de-
canted liquor. Surface build-up prob-
ably diffusion limits all of the reaction
rates.

Control System: Conventional con-
trol schemes for electrochemical pro-
tection systems rely on a simple PI
(Proportional, Integral) algorithm.
This technique is not optimum when
active and passive areas exist simul-
taneously. The use of this type of con-
trol resulted in accelerated corrosion
of active areas.

When a surface is entirely passive, the
measured potential is uniform to
within a few millivolts around the cir-
cumference of the tank. An active area
of any size significantly distorts this
uniformity. The measurement is so
precise that active areas can be located
by triangulation.

Once this distortion is detected, the
control system initiates an automatic
repassivation using high currents for
a programmable period of time. Once
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FIGURE 13 * Anodic Protection Electrical Block Diagram (Single Clarifier / Storage Tank)

repassivation is completed, the system
is retested to ensure uniform passivity.

Implementation of this scheme has
revealed when and where active areas
are formed on the vessel. Once the
cathode design was modified to pro-
vide uniform distribution of current,
all activations have occurred only at
the wet/dry zone soon after initial
passivation. The initial stability of the
passive film in this zone is less than at
other locations. Several repassivations
are common during the first month of
operation. Activations seldom occur
after this stabilization period.

Corrosion Rate Measurements
of Protected Tanks

After discovery of the possible prob-
lems affecting anodic protection of
tanks and clarifiers, it was considered
essential to verify that the imple-
mented solutions resulted in signifi-
cant reductions in the corrosion rate in
both the wet/dry and immersed zones
of tankage. Multi-wire coupons that
extend from the top to the bottom of
the tank are one way to do this. One
of the wire coupons is protected via a
direct connection to the tank while the

second is isolated to simulate unpro-
tected corrosion rates. A third stainless
steel wire supports the other wires.

These coupons were originally 3.17
mm O.D. which proved to be suffi-
cient cross sectional area to duplicate
corrosion rates in unprotected tanks.
The coupons appear to corrode at a
slightly higher rate than the actual
tankage in the immersed zones prob-
ably due to lime mud effects, however
the wet/dry zone give results that cor-
related well with actual tank thickness
loss.

As aresult of the high current density
required to initially passivate a vessel
and attached coupons the 3.17 mm
0O.D. coupons proved to have too large
a lineal resistance to ensure passi-
vation. Coupons have since been in-
creased in diameter to ensure they
accurately model the tank. Typical
corrosion rates for protected and un-
protected coupons are shown in Fig-
ure 14.

In addition to coupon testing, several
tank shells were thickness tested by
carefully taken ultrasonic readings.
One of the tanks had previously
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suffered from accelerated active cor-
rosion. It is being tested internally us-
ing a 2' x 2' grid. The results indicate
less than 6mpy average corrosion rate.

In a clarifier that is being monitored
using both internal and external ultra-
sonic thickness measurements, the
corrosion rate appears to be well un-
der 10 mpy.

Monitoring of these vessels will con-
tinue and attempts are underway to
measure thickness loss on tankage
with more than 5 years of protected
operation.

Installed Cost
Reductions of Systems

The majority of costs associated with
present anodic protection for liquor
vessels is for the supply and installa-
tion of the heavy capacity cable
needed to transmit high current, low
voltage D.C. power from the tank to
the controlled current source. Future
systems are planned that will not re-
quire large size wiring, conduit nor
cable tray. This second generation of

system is expected to significantly re-
duce the installed cost of anodic pro-
tection systems for liquor vessels.

PROTECTIVE LININGS
UTILIZED IN CONJUNCTION
WITH ANODIC PROTECTION

Organic linings are routinely utilized
as the sole corrosion protection
scheme for industrial tanks and trans-
portation equipment. The linings have
been specifically formulated for the
service conditions. Sulphuric acid,
50% caustic and other chemicals used
by the pulp and paper industry are usu-
ally shipped in railcars and tanker
trucks lined with such material.

The application of protective linings
is a specialized discipline and must be
carried out under carefully controlled
conditions. In liquor tanks it is essen-
tial that the surfaces be cleaned of
caustic and sulphide contamination.
Coating of deeply pitted surfaces puts
more demands on the coating. Coat-
ings and linings must be maintained to
provide expected service.
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FIGURE 14 » White Liquor Clarifier Corrosion Rates (mils/year)

The failure mechanisms of linings in-
clude direct chemical attack of the
coating, corrosion undercutting at
coating misouts or damage and blister-
ing due to osmotic pressure. Loss of
bond of inadequate coatings can result
from alkalization of the interface.
Caustic resistant coatings are formu-
lated to minimize this type of interfa-
cial degradation. Proprietary low tem-
perature baked epoxy linings have
been utilized for white, green and
heavy black liquor storage tanks and
clarifiers. Most of these have been re-
cently applied and limited inspection
information is available.

Anodic Protection and
Protective Linings

Protective coatings are routinely used
in conjunction with cathodic protec-
tion of carbon steel in neutral pH en-
vironments. The electrical insulation
qualities of the coating distributes pro-
tective current uniformly to the loca-
tions of coating damage. Excessive
cathodic currents can cause interfacial
pH values higher than recommended
by the coating manufacturers and ad-
ditional blistering can occur due to the
electro osmosis of water being forced
through the coating.

Anodic protection should decrease the
interfacial pH, minimize the corrosion
undercutting and prevent blistering of
a coating on the protected surfaces.

Testing Conducted to Date

Two sets of tests have been conducted
to date.

In one test, coupons lined with 12 to
15 mils DFT of a proprietary low tem-
perature baked epoxy were installed in
a white liquor clarifier for a period of
approximately 2 months. The coupons
were scribed to base metal to simulate
coating damage. One coupon was con-
nected to the protected vessel while
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the other was isolated. Upon removal
of the coupons, significant differences
were visible. The anodically protected
coupon showed no evidence of coat-
ing undercutting and the exposed car-
bon steel was covered with a thin
black film under which was a grey
passive layer. No measurable penetra-
tion was detectable. The unprotected
coupon showed opposite results.

The second test involved potential
measurements and current require-
ments testing in a green liquor storage
tank lined with the same material used
for the coupon test described above. A

small amount of uncoated stainless
steel was present in the tank. The
potentials measured were between
active and passive values for uncoated
carbon steel. Interpretation of these
measurements will require additional
testing. The current density required to
“passivate” the vessel was approxi-
mately 2% of the value required for
uncoated carbon steel in green liquor.
It is hoped that the mill can be con-
vinced to install a small anodic protec-
tion system to protect any tank areas
where the lining is, as well as to moni-
tor the rate of coating degradation.

e Under normal operating chemistries
in white and green kraft liquors, car-
bon steel exhibits a monostable
(active) behaviour. Corrosion rates
depend on presence of reducing
agents (or cathodic reactions).

o Bistable behaviour occurs only af-
ter the passivation process has
reached some degree of comple-
tion.

e Once created, the passive state is
not spontaneously permanently
stable.

e During traverse of the active zone,
the corrosion rate is approximately
10% of the calculated Faradaic
equivalent hence 90% of the current
is consumed in sulphide oxidation.

e The role of thiosulphate in the cor-
rosion process requires additional
research.

CONCLUSIONS

o Active & passive areas can co-exist.

e Current distribution in anodic pro-
tection system design should be
based on primary currents for high
caustic and sulphide containing lig-
uors.

e Operating tanks exhibit corrosion
potentials values in the range of
-125mV versus SSE regardless of
liquor type.

e Corrosion potentials are approxi-
mately 10mV more positive in the
upper zones of tanks.

¢ Anodic protection reduces the cor-
rosion rates significantly once the
system is designed to account for
kraft liquor electrochemistry.

¢ Protective linings in conjunction with
anodic protection may be a cost ef-
fective corrosion mitigation scheme.
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