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DI SALAI MER

These reports were prepared as an account of governnent-sponsored work.
Neither the United States, nor the Maritime Adm nistration, nor any person
acting on behalf of the Maritime Admnistration, (A) nmakes any warranty or
representation, expressed or inplied, with respect to the accuracy,

conpl eteness or useful ness of the information contained in this report/
manual , or that the use of any information, apparatus, method, or process
disclosed in this report may not infringe privately owed rights; or (B)
assumes any liabilities with respect to the use of or for damages resulting
fromthe use of any information, apparatus, method, or process disclosed
inthe report. As used in the above, “Persons acting on behal f of the
Maritime Admnistration” includes any enployee, contractor, or subcontractor
to the contractor of the Maritime Admnistration to the extent that such
enpl oyee, contractor, or subcontractor to the contractor prepares, handles,
or distributes, or provides access to any information pursuant to his

enpl oynent or contract or subcontract to the contractor with the Maritime
Admi ni stration. ANY POSSIBLE | MPLI ED WARRANTI ES OF MERCHANTABI LI TY
AND/ OR FI TNESS FOR PURPOSE ARE SPECI FI CALLY DI SCLAI MVED.



FORWARD

The Maritime Adm nistration under its National Shipbuilding
Research Program sponsored the subject study. National Steel and
Shi pbui I di ng Conmpany (NASSCO) adm nistered the program for the
Maritime Admnistration with M. Jim Ruecker of NASSCO acting as
Technical Adnministrator. Al of the experinental work described
in the subject report was conducted at the Ocean City Research
Corporation |aboratory in Ccean City, New Jersey under the direc-
tion of M. Ceorge A Cehring, Jr

The subject study continued an investigation of the feasi-
bility of applyin? calcite-type coatings to segregated seawater
bal | ast tanks. | perfected, a calcite coating approach could
substantially reduce the cost of corrosion control of segregated,
seawat er bal | ast tanks. The overall objective of the National
Shi pbui I ding Research Program is to reduce shipbuilding-related
costs in U S. Shipyards.



EXECUTI VE SUMVARY

The shipbuilding industry has directed nuch effort toward
mays of limting escalating coating costs. O special concern
with respect to increasing coating costs are segregated seawater
bal | ast tanks. The use of a calcite-type coating instead of a
traditional organic-type maintenance coating represents a possi-
ble alternative approach for controlling corrosion in the segre-
gated tanks with a substantial savings in cost. As a result,
Nat i onal Steel and Shipbuil ding Conpany acting on behalf of the
Maritime Adm nistration under the National Shipbuilding Research
Program aut hori zed the Ocean City Research Corporation to under-
take a laboratory study which continued previous investigations
of the feasibility of applying calcite-type coatings to segregat-
ed bal | ast tanks. The testing was intended to denonstrate and
quantify the long-term corrosion protection afforded by the cal-
cite coatings.

The | aboratory tests denonstrated that well devel oped cal -
cite filns can reduce the corrosion rate of steel in a seawater
bal | ast tank. Furthernore, calcite filnms can reduce the cathodic
protection current demand required for corrosion control by a
factor of five. However, the testing also showed that calcite
filme will deteriorate wth time upon continued exposure to sea-
water. Thus, such filnms would have to be periodically reforned
given the contenplated approach.

~The major inpedinment associated with the inplenmentation of
calcite coating technology in a segregated ballast tank is the
ability to forma "good, well-devel oped” coating given the appli-
cation constraints 1nposed by the typical tank configuration. At
this point, there appears no practical way to overcone this
I mpedi ment .

Eval uation of calcite filns and cal careous deposits over
i norgani ¢ zinc preconstruction primers showed that good corrosion
protection could be provided to steel substrates with m ninal
cathodic protection current (approximately 2% of that required
for uncoated steel). The test results encourage further investi-
gation of the protection afforded by such films over zinc precon-
struction primers
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| NTRODUCTI ON

One factor contributing to the escalating cost of producing
ships within the United States is the application of organic
coatings for corrosion control. An area of major concern regard-
ing coating costs are segregated seawater ballast tanks. These
bal | ast tanks are usually narrow, confined spaces with few access
points. The costs of the abrasive blasting, coatings, and |abor
needed to coat these tanks has risen dramatically over the past
20 years. Therefore, in 1980, the Ccean City Research Corpora-
tion, under the sponsorship of the Maritine Admnistration, began
to explore the possible use of a calcite-type coating system

Since the early 1960’'s, calcite coatings have been used in
the water works industry for corrosion control of cast iron water
mai ns. The technol ogy 1 nvolved in producing a calcite coating in
a water main was discussed by McCauley in 1958. (1. 2. 3) Brief-
ly, calcite (calciumcarbonate, CaC0;) is fornmed on the interior
surfaces of a water main by flow ng a saturated cal ci um carbonate
solution through the nain. The calcite precipitates on the iron
surface formng a protective coating.

It was originally envisioned that the waterworks industry
t echnol ogy could be transferred to the shipbuilding industry.
The calcite coating could be fornmed by filling the tanks with a
saturated solution of calcium carbonaie. The solution would be
prepared pierside by conbining the appropriate chemcals with a
water source (e.g. fire main). After a calcite-type coating was
deposited, corrosion control would be maintained with sacrificial
anodes as is the case when a conventional coating is used. Li ke
a conventional coating, the calcite coating was expected to re-
duce the exposed area of steel, thereby mnimzing the number of
requi red anodes. It was al so expected that the calcite film
woul d be reinforced by cal careous deposit formation. Calcareous
deposits (primarily magnesi um hydroxi de and cal ci um carbonat e)
formwhen steel is catholically protected in seawater

_ The antici pated advantages associated with the calcite coat-
I ng approach were:

1. Significant reduction in both |abor and material costs
for tank surface preparation.

2. Significant reduction in the cost of coating raw nate-
rials.

3. Reduction in the cost of coating application.

4. Reduction in the cost of coating maintenance and re-
pair.

5. Conpatibility with safety and environmental regula-
tions.



Two previous MARAD-sponsored studies nave investigated the
feasibility of using calcite-type coatings for corrosion control
In segregated seawater ballast tanks. (4. 5) The first study at-
tenpted to duplicate the lining process used in the waterworks
I ndustry. It was found that tenacious calcite coatings could be
deposited from supersaturated solutions as long as there was ade-
quate solution flow turbulence. Relatively thick (40 roils) coat-
ings were deposited within 24 hours. Wthout agitation, however
calcite coating deposition was negligible.

A second study investigated nodifications of the coating
process that mght overcone the need for agitated flow turbul ence
to form good quality coatings. In a ballast tank, attainment of
the necessary level of agitation is difficult to achieve in a
practical fashion. The nost prom sing nodifications were to the
solution chemstry and the use of cathodic protection to stinu-
late coating precipitation. Cat hodi c protection of steel in a
calcite solution pronotes calcite deposition through the sane
mechani sm as cal careous deposits form from seawater, creation of
a locally high pH at the steel surface. The application of these
techniques was found to |lower the velocity threshold required for
coating deposition. Coati ngs deposited using these techniques
were thin (5 roils), yet they had a high electrical resistivity.
Thus they tended to reduce the amount of cathodic protection re-

uired to protect the steel substrate. The calcite coatings
2caI0|um carbonate) also proved superior to cal careous deposits

magnesi um hydr oxi de/ cal ci um carbonate) for mnim zing the ca-
thodic protection current requirenents.

The subject program was based on the work conducted in the
two earlier studies. The primary objectives of the study were:

o To docunent the actual |evel of corrosion protection
afforded by the calcite coatings to steel in a simulat-
ed ballast tank environment (i.e., wet-dry cycling).

o To determine the extent to which a calcite-type coating
deposited in a ballast tank-type configuration would
perform over extended periods.



CONCLUSI ONS

Vel | -devel oped calcite coatings can reduce the corrosion
rate of steel exposed cyclically to seawater ball asting.
These coatings offer significantly nore protection than the

cal careous deposits formed on catholically protected steel
in seawater.

I n conjunction with cathodic protection, well-devel oped cal -
cite coatings can essentially elimnate corrosion that would
ot herw se be expected during the surface-drying tine of a
bal | ast cycle.

Based on a 150-day test conducted in the subject study, cal-
cite filnms may be expected to reduce cathodic protection

current demand required for conplete corrosion protection by
a factor of 5.

The protective properties Of a calcite coating will deterio-
rate with tinme. Al exposure tines beyond those investigated

1/2 year), the benefit of calcite films can be expected to
ecrease.

bt ai ni ng a “wel |l devel Oped" calcite film o_n a steel ballast
tank surface remains problematic. The subject program con-
tinued to denonstrate the inportance of solution agitatiﬁn
and coating time for adequate calcite filmdevel opnent. The
| ong coating periods (80 days) and agitation requirements do
not appear practical for shipboard applications.

Ei ther cal careous or calcite-type films devel oped over inor-
gani ¢ zinc preconstruction primers greatl reduce the ca-
thodic protection current reguired for corrosion protection
of steel in seawater. The required current is about 2.0-
2.5%of that required for bare steel. This reduction in
current demand ap%ears related primarily to the steel polar-
ization attributable to the zinc within the prinmers and the

extent of steel surface covered (isolated) fromthe seawater
el ectrolyte by the prinmer.



RECOMVENDATI ONS

Because there does not appear to be a practical way to de-
vel op high quality, consistent calcite filnms given the con-
figuration constraints of a ballast tank, it does not appear
wort hwhile to pursue additional research in this area, de-
spite the corrosion protection and reduction in cathodic
protection current demand denonstrated by the calcite filns.

| nvestigations should continue regarding the effectiveness
of inorganic zinc preconstruction prinmers in conjunction
wth zinc anodes for corrosion control in ballast tanks.
This effort should identify the effect of key variables such
as type of inorganic zinc, zinc loading in the dry film and
primer thickness. The investigations should focus primarily
on inorganic zinc prinmer/zinc anode/ seawater conbinations.
The additional 20% reduction in current demand provided by a
calcite filmvs. a calcareous deposit probably does not jus-
tify the cost of a calcite pretreatnent.



EXPERI MENTAL APPROACH

Tank Tests

Table 1 summarizes the test matrix. In total, six different
coating situations were evaluated. The tests were conducted in
square, steel tanks designed to resenble the flat sides and cor-
ners of a seawater ballast tank. The steel tank dinmensions used
in the subject study were nominally 12 inches square. The tanks
were fabricated from wel ded 1010 steel. During all experinents,
a liquid level of 11 inches was maintained in the tanks. A cen-
trally located zinc anode (5 inches long by 0.75-inch dianeter)
was suspended froma PVC tank cover.

In each experinment, a calcite-type coating was devel oped on
the tank surface over a 40-day tinme period.* GCenerally, tank
surface preparation consisted of a light sweep blast to renove
any mll-scale followed by solvent cleaning to renove any grease
or residue. In two selected tests, the blasted steel substrate
was coated with 0.5 - 1.0 ml| of an inorganic zinc preconstruc-
tion primer (Henpel Marine Galvosil 1570). This preparation was
sel ected based on the results of studies which have suggested
that cal careous deposits (natural carbonate-type filns deposited
on steel under cathodic protection in seawater) over preconstruc-
tion primers provide good corrosion control in ballast tanks. (6)

During the pretreatnent phase, coatings were devel oped from
supersaturated calcite solution. As an experinmental benchmark
cal careous deposit-type coatings were also devel oped from sea-
water. |In sone tests, coating devel opment was-enhanced by sol u-
tion agitation. For each test condition, the coatings were de-
vel oped while the steel substrate was under cathodic protection
froma sacrificial zinc anode (-1.05 volt vs. SCE)

Fol | ow ng the devel opnment of a calcite coating or cal careous
deposit, the tanks were subjected to a sinulated ballast expo-
sure. The sinulated ballast cycle consisted of five days fil]ed
with static natural seawater and two days dry.  The dfy-period
was sufficient to conpletely dry the coafing. = The tank renai ned
undFr cathodic protection from a zinc anode during the ball ast
cycle.

During the pretreatnment coating phase and the sinulated bal -
| ast phase, the electrical resistance of each coating was deter-
mned. The electrical resistance provided an indication of the
extent of the steel surface effectively covered.

* In tank #4, the coating was fornmed over an 80-day period, 40
days with agitation and 40 days with agitation plus heat.



At the conclusion of the sinulated ballast exposure (100 to
195 days), selected tanks were subjected to polarization tests.
For this testing, the tanks were filled with natural seawater and
coupled to a zinc anode centrally mounted in the tanks. The cur-
rent flow to the tank and the el ectrochem cal potential of the
steel tank were constantly nonitored versus tinme. The data ob-
tained were used to predict the required |evel of cathodic pro-
tection on a ballast tank with a simlar type coating.

Panel Tests

In addition to the tank tests, a nunber of tests were con-
ducted on small test panels. The test panels permtted mass-I|oss
determ nations at the end of testing. Steel corrosion rates
could be determ ned for various coating nethods, providing a
quantitative neasure of the effectiveness of the calcite coatings
in the absence of cathodic protection. The test panels were
polﬁ-rﬁjlfd 1020 steel, neasuring 3 inches by 5 inches by 0.032
inch thick.

For the pretreatnent coating phase of these tests, the test
panel s were suspended with cathodic protection (zinc anode) in
the center of steel tanks containing either static or stirred
calcite solutions. The panels remained in these tanks for either
four hours, 1 day, 7 days or 50 days. Following this pretreat-
ment period, the panels were placed into a large plastic tank
wher e theg were subjected to a five-day wet/two-day dry natural
seawat er ballast cycle. Test panels without a calcite filmwere
included in the plastic ballast tank. The panels were exposed in
the ballast cycle wwth and without cathodic protection (from a
zinc anode). Table 2 summarizes the test panel conditions.

Sone of the test panels were exposed in the steel tanks.
The panels were placed mdway between the steel walls and the
zinc anode and were parallel to the walls. Two insulated wres
were connected to each test panel. One was used to couple the
panel to the zinc anode and the other was used for electrical
measur enment s.

Agitation Methods

Three agitati on nethods were eval uat ed: mechani cal stir-
ring, air agitation, and water circulation. The nechanical stir-
rer was a one-inch diameter, three-bladed propeller attached to a
vari abl e speed synchronous motor. The propeller was |ocated near
the center of each tank at a depth of six inches. The notor was
attached to the PVC cover plate. During agitation, the notor was
rotated at its maxi mum speed of 200 rpm

The air agitation equi pnent consisted of a small _air com
pressor and a 'squarell assenbly of I-inch dianeter PVC pipe.

This PVC plenum carried conpressed air to the bottom of the tank.



The “square” portion of the assenbly contained 120 evenly spaced
hol es from which air woul d escape. "The conpressed air from these
holes agitated the solution

The water circulation tank included a |/2-inch dianeter tube
with a 90-degree el bow i nmersed in the solution. The outlet from
the el bow was | ocated 1/2 inch fromthe tank wall. The water
flow rate fromthe tube was maintained at 10 gpm The inlet side
of the punp was connected to a segnent of PVC pipe on the other
side of the tank.

The effect of air agitation in conLunction with heating was
al so evaluated. For this test, the tank was warmed by a heating
tape wrapped around the outside tank walls.

Sol ution Chem stry

All of the calcite protective filns were forned froma sim -
lar solution chemistry. The solution consisted of 10,000 ppm
cal cium (as cal cium chloride) and 150 anlbicarbonate (as sodi um
bi carbonate) mxed in tap water. The pH of the solution was ini-
tially adjusted to 7.8 using either hydrochloric acid or sodi um
h%droxide as anropriate. During the calcite pretreatnment phase,
the calcite solution was changed on a weekly basis.

The chem stry of the calcite solution and the natural sea-
wat er was periodically nonitored. This included the calcium con-
tent, carbonate content, solution pH dissolved oxygen |evel, and
tenperature of the calcite or seawater. The levels of calcium
carbonate, and di ssol ved oxygen in the solution were determ ned
using Chenetrics Corporation™s Titrets. The Titrets contained
preneasured quantities of indicator reagents. The color intensi-
ty of the titrate after extracting a sanple was neasured with a
spectrophotoneter to determ ne the concentration of interest. A
Chentadet pH neter, calibrated using pH 7.00 and pH 10.00 buff-
ers, was used to neasure the pH of the solutions.

Data Col |l ection

The resistance of the calcite coating or cal careous deposit
was determ ned periodically using a four-point electrical neas-
urement technique. In this procedure, the voltage change between
the tank wall and a saturated cal onel reference el ectrode was
noni tored while the cathodic Protectjon current fromthe zinc
anode was interrupted. The interruption of cathodic protection
current caused an instantaneous shift in the potential neasured
at the tank wall. This voltage shift is equivalent to the cur-
rent flomjn% before interruption tinmes the resistance of the
coat i ng. (This assunmes that the entire voltage drop is across
the calcite coating.) The coating resistance was determ ned as
t he instantaneous voltage shift divided by the current flow
For these nmeasurenents, the voltage shift was neasured on an Al-



len 715 X-Y plotter. The X-axis was placed into a tine-base node
and the voltage change recorded on the Y-axis. The vol t age
change could be recorded as a function of tine at the noment 0Of
current interruption. The current neasurenents were made on an
Aardvark PEC-1 zero-resistance ammeter

The pol arization neasurenents at the end of the test period
were made using the Aardvark PEC-1 ameter and a Aardvark Hi gh
| mpedance El ectroneter. The ammeter was in series between the
zinc anode and the steel tank wall. The el ectroneter recorded
the voltage of the tank wall versus a saturated cal onel elec-
trode. The output from each instrument was recorded by individu-
al Cole Parmer Instrument Conpany strip chart recorders.

Mass-| oss data was obtai ned on the test panels using the
guidelines outlined in ASTM G1. Before exposure, each panel was
wei ghed to the nearest 0.1 gram on a Torbal balance. After expo-
sure, the panels were descaled in a solution of concentrated hy-
drochloric acid containinﬂ 50 g/1 of stannous chloride and 20 g/1
of antinmony chloride. (The acid solution dissolved any renaining
calcite solution). The panels were then dried in a dessicator
and rewei ghed. The mass-1oss determ ned was converted to a cor-
rosion rate in mni-inches per year (npy).




RESULTS AND DI SCUSSI ONS

Panel Tests

Figures 1 and 2 show the appearance of test panels after a
50-day pretreatnent in static and stirred calcite sol utions.
After the pretreatnent, the calcite filmon the panel fromthe
stirred tank evenly coated the surface. The coating on the pane
in the static tank was uneven, wth a heavy crystalline deposit
thicaIIy on the lower edge. These panels were representative of
those which had been pretreated for the shorter durations of 1 or
7 days. The panels which had been pretreated for only 4 hours
had a very light, uneven deposit.

Figures 3 and 4 show the typical appearance after the sinu-
| ated seawater ballast exposure. Figure 3 shows a panel which
had been under cathodic protection froma zinc anode. The sur-
face of the panel retained a light brown, calcite filmintermn-
gled with cal careous deposits. A few pinholes or defects were
visible in the coating as rust spots. This corrosion presumably
occurred during the drying period of the ballast cycle while the

anel was not catholically protected. After the Sinmulated bal-
ast exposure tests, the appearance of all the test panels under
cathodic protection was very sinilar. Differences were no |onger
apparent between test panels pretreated under static or stirred
conditions. Figure 4 shows a typ|calby corroded test panel after
the seawater ballast exposure test. irtually all the unprotect-
ed panels had a sinmlar appearance after the exposure test re-
gardless of the initial treatnent.

Figure 5 summarizes the corrosion rate data obtained by mass
l oss on the test panels. The data show that extension of the
calcite pretreatnent tine tends to |lower the expected steel cor-
rosion rate during the subsequent ballast exposure. Thi's was
true for panels exposed in the ballast phase wth or w thout ca-
thodic protection. The panels exposed during the ballast phase
with cathodic protection have, as would be expected, a signifi-
cantly lower corrosion rate than those exposed w t hout cathodic
protection. The panels exposed with cathodic protection follow
ing the 50-day stirred calcite solution pretreatnent showed no
measurabl e corrosion rate. O the panels exposed either with or
wi t hout cathodic protection during the ballast phase, three of
the four calcite pretreatnent tinmes resulted in a corrosion rate
reduction for the panel with the calcite film fornmed under
stirred conditions.

St eel Tank Tests

Figures 6 through 11 show the visual appearance of the steel
test tanks coated wth either cal careous deposits or calcite
filns. The typical cal careous deposits fornmed from seawater
(Figure 6) were a soft, white, non-tenacious product. This coat-



ing was fairly evenly distributed on the tank walls Yet only par-
tially covered the tank bottom The coating forned from the cal-
cite solution (Figure 7) under simlar conditions were thinner in
apPearance and evenly covered nost of the wetted tank area. The
calcite filmforned under the nore vigorous agitation of water
circulation (Figure 8) was thicker and nore evenly distributed
than that forned under sinmple stirring. The coating in tank cor-
ners was superior to that formed under the stirred condition
The coating covered all areas evenly except for the point of so-
lution inpingenent on the tank wall. In this region, a thin yet
tenacious calcite film appeared. The coating was darker in color
to the surrounding film  The filmformed over 80 days by air
agitation followed by air agitation with heat was the thickest of
the calcite coatings. The tank walls were coated with |arge cal -
cite nodules in sonme places. The tank bottom was well covered
with an even calcite layer -- although sone areas were covered
wth a thin, dark coating simlar to that found in the inpinge-
ment zone of the tank with water circulation.

Figure 10 shows the tank with inorganic zinc priner exposed
to seawater under cathodic protection. After the 40-day pre-
treatment phase, a Wwhite cal careous |ayer covered the majority of
the zinc priner. Figure 11 shows a steel tank with the inorganic
zinc coated with a calcite film The calcite filmexhibited its
characteristic brown color and Ii%htly covered the zinc prinmer.
Both the cal careous deposit and the calcite film evenly covered
the zinc prinmer.

Figures 12 through 17 present the results of the coating
resi stance neasurenents made on the steel tanks durin? the pre-
treatment phase and after the change-over to the sinmulated bal -
| ast exposure. The cal careous deposit in the control tank (Fig-
ure 12) exhibited little electrical resistance during the pre-
treatment phase or ballast phase. By contrast, the tank wth the
calcite filmforned by stirring devel oped a resistance of about
25 ohmft®during the 40-day calcite pretreatnent. | medi atel y
upon exposure to the seawater ballast cycle, the tank wal| coat-
ing resistance decreased. Wthin 30-days, the wall coating re-
si stance had decreased to 2 ohmft®and remained at this leve
for the duration of the ballast cycle. By the end of the ballast
exposure, the wall coating resistance was approxi mately 2 ohmft’
for the tank with the calcite pretreatment vs. 0.2 ohmft*for
the tank with the seawater pretreatnent.

Figures 14 and 15 present the coating resistance plots for
the calcite films formed by a circulatin% solution and by air
agitation. Before the ballast exposure, both filns achieved a
resi stance around 125 ohmft?> This was approximately 5 tines
the resistance on the filnms fornmed in a stirred calcite solution
After changing to the ballast cycle, the coating resistance of
the film fornmed by solution circulation decreased drastically
from 120 ohmft*to 20 ohmft®. The coating resistance then de-
creased slowy to about 15 ohmft’by the end of the ballast ex-
posure. The coating resistance of the filmformed by air agita-
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tion al so decreased, although less drastically, during the bal -

| ast phase. The final coating resistance was approximtely 37
ohm ft’l

Figure 16 depicts the coating resistance behavior of the
cal careous deposits over the zin¢c prinmer. Over the initial 40-
day pretreatment phase, the coating resistance rose to about 15
Chmftz. Upon initiation of the ballast cycle, there was no de-
crease in the coating resistance. During the ballast phase, the
coating resistance continued to rise to 25 ohmft”’

Figure 17 shows the electrical resistance behavior of the
calcite filmover the zinc primer. The coating exhibited a rapid
rise in resistance to 80 ohmft“at the start of the ballast c%-
cle. The resistance continued to rise after the start of the
bal | ast cycle. After 35 days of the ballast cycle, the coating
resistance had risen to 150 ohmft®  Fromthis point, the re-
si stance decreased to about 100 ohmft®and appeared relatively
stable for the remai nder of the ballast cycle. The coatings
(cal careous or calcite) over the inorganic zinc preconstruction
prinmers were the only coatings to show an increase in coating
resistance during the ballast cycle.

Figures 18 through 23 show the visual appearance of the test
tanks followi ng the extended seawater ballast cycles. The tank
with the cal careous deposit (Figure 18) exhibited little rustin%.
There were areas with spalling filmand |ight rust. The tanks
with the calcite filnms (Figures 19 to 21) showed no heavy rust-
I ng. Rusting was evident at pinholes or coating flaws. There
were no ?ross changes in the appearance of the filns over the
course of the exposure test that can be related to the signifi-
cant decrease in coating resistivity observed during the ballast
phase. The tanks with the zinc prinmers appeared 1 n excellent
condition after an extended 150-day seawater ballast cycle. No

corrosion or netal |oss was observed on any portion of the tank
wal | s

Cat hodi ¢ Protection Current Denand

Figure 24 presents current demand vs. time behavior for the
tank with the calcite filmformed by air agitation and the tanks
with the zinc prinmers. The air agitation calcite tank was se-
| ected because it appeared to have the best film as indicated by
coating resistance. Al of these tanks were polarized to an
el ectronegative potential of -1.05 volts vs. SCE (zinc anode) by
the conpletion of the exposure. The current vs. time behavior o
each tank decreased with time. The data set for each tank was
regressed as an inverse function of tine to determne the proba-
bl e steady-state cathodic protection current requirements. Table
3 presents the results of these regression anal yses. Based on
the anal yses, the predicted steady state current for each case
woul d be:

11



Current Denmand

Coat i ng ma my_ft
Air Agitated Calcite 10. 6 2.12
Zinc Primer\ Calcareous Deposit 1.2 0.24
Zinc Priner\ Calcite Deposit 1.0 0.20

For a simlar bare steel tank, the required cathodic protec-
tion current to polarize the tank to -1.05 volts would be 50 MA
for approximately 5 ft*of exposed steel. Greater than 25 nmA
were required to polarize the control tank (cal careous coating)

in the subject study to -0.800 volt vs. SCE

It is interesting to note the corrosion potentials exhibited
by the steel tanks with the calcite coatings and those with the
zinc priners. Those with the calcite coating were about -0.6

volt vs. SCE -- the typical corrosion potential of steel in sea-
water. The tanks with the zinc prinmer exhibited potentials of
about -0.95 volt, denonstrating that the zinc within the priner

was catholically polarizing the steel substrate in the absence of
external cathodic protection.
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Test

Nunber

#1
#2
#3

#4

#5

#6

Pre Const.
Primer

Steel \Vall Coat i ng
Preparation Sol ution
Sweepbl ast Seawat er
Sweepbl ast Calcite
Sweepbl ast Calcite
Sweepbl ast Calcite
Inorganic Zinc  Seawater
Pre- Const .
Primer
Inorganic Zinc Calcite

Table 1

SUMVARI ZED TEST

MATRI X

Pretreat ment Seawat er Bal | ast
A%/bt ation Coating Cycl e Durati on,
t hod Dur ation, days days
Stirred 40 100
Stirred 40 100
- \Water 40 195
Circul ation
Air Agitation 40 155
+
Air Agitation 40
wth Heat
None 40 150
None 40 150




Table 2
SUMVARY OF PANEL EXPOSURE TESTS

Pr et r eat ment

Time in Calcite Calcite Solution Time in Ballast Cathodic Protection in
Test Panel Coating Solution Stirred Tank, hours Bal | ast Tank (Zinc Anode)
1 O Hours 1246 yes
2 O Hours 1246 no
3 O Hours 7968 yes
4 O Hours 7968 no
5 4 Hours yes 1242 yes
6 4 Hours yes 1242 no
7 4 Hours no 1242 yes
8 4 Hours no 1242 no
9 1 Day yes 1219 yes
10 1 Day yes 1219 no
11 1 Day no 1219 yes
12 1 Day no 1219 no
13 7 Days yes 1079 yes
14 7 Days yes 1079 no
15 7 Days no 1079 yes
16 7 Days no 1079 no
17 50 Days yes 6888 yes
18 50 Days yes 6888 yes
19 50 Days yes 6888 no
20 50 Days yes 6888 no
21 50 Days no 6888 yes
22 50 Days no 6888 yes
23 50 Days no 6888 no
24 50 Days no 6888 no




Table 3

SUMVARY OF CURRENT VS. TIME
REGRESSI ON ANALYSI S

Air-Agitated Calcite Coating Clirr:)ent = (44.9\Hours) + 10.6
R= 0.94
I norganic Zinc Primer/Seawat er Clzrr)ent = (0.24\Hours) + 1.2
ma
R= 0.89
Inorganic Zinc Primer/Calcite Clzrr)ent = (0.31\Hours) + 1.0
ma

R=0.72




Figure 1 - Test Panel After Pretreatment in Stirred
Calcite Solution (50 Days); Prior To
Seawater Ballast Cycle
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Figure 2 - Test Panel After Pretreatment in Static
Calcite Solution (50 Days): Prior to
Seawater Ballast Cycle
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Exposure in Seawater Ballast Cycle with
Cathodic Protection (Note: bottom edge
was epoxy coated prior to the test.)

Figure 4 - Typical Test Panel Appearance After
Extended Zxposure in Seawater Rallast
Cyvcle Without Cathodic Protection
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Figure 7 - Typical Appearance of Steel Tank Coated
wth Calcite (Stirred Solution, 40 Days);
Prior to Seawater Ballast Cycle
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Figure 10 - Appearance of Steel Tank Primed with Inorganic
Zinc and Coated with Cal careous Deposit
Static, 40 Days); Prior to Seawater Ball ast
cle. (Note: the dark bottom area is sinply
wet at the tinme of photography.)

Figure 11 - Appearance of Steel Tank with |norganic
Zinc and Coated with Calcite (Static,
40 Days) ; Prior to Seawater Ballast Cycle
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Figure 22 - Steel Tank Oiginally Prinmed with Inorganic
Zinc and Coated with Cal careous Deposit

(Static, 40 Days) After 150-Day Seawater
Bal | ast Cycle

Figure 23 - Steel Tank Oiginally Primed with Inorganic
Zinc and Coated with Calcite (Static, 40 Days)
after 150-Day Seawater Ballast Cycle
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