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OVERCOATING OF [INORGANIC ZINC PRIMERS
FOR UNDERWATER SERVICE

G. A. GEHRING, JR. and J. A. ELLOR

Ocean City Research Corporation
ABSTRACT

A study sponsored by MARAD under the National Shipbuilding

Research Program was undertaken to determ ne whether overcoating

of inorganic zinc primers for underwater service wll result in
accelerated blistering or disbondnent of the topcoat. The study
included 5 inorganic zinc priners -- 2 US. -manufactured precon-

struction type, 1 Japanese preconstruction type, and 2 full-coat
type. Two different weathering periods were tested -- 7 days and
60 days. Three different topcoats were eval uated, including the
Navy M L-P-24441 system and two commercial epoxy coating systens.
Coated test panels were subjected to three different tests to
rank susceptibility to blistering: (1) quiescent seawater i nmer-
sion at a potential of -1.0 volt vs. SCE, (2) quiescent seawater
i mersion at 25 psi, 150°F, and (3) continuous seawater flow at
18 knots. Interimtest results suggest that, for underwater
service, overcoating of certain inorganic zinc primers nay result

in premature blistering or disbondnent of the topcoat.
SUMMARY

Based on limted test results obtained to-date, it appears
that topcoats tend to blister when applied over inorganic zinc
primers versus white-netal steel in underwater service. Al so,
the results suggest that topcoat blistering/disbondnment is nore

probabl e on full-coat vs. preconstruction priners. Finally, the
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results indicate that inorganic zinc prined test panels weathered
for a 60-day period are nore prone to topcoat blistering than

t hose weathered for a 7-day period.
| NTRCDUCTI ON

A study adm nistered by Avondal e Shi pyards under MARAD s
Nat i onal Shi pbuil ding Research Programis in progress, the objec-

tives of which are as foll ows:

0 To determ ne whether it is necessary, for underwater
marine service, to renove inorganic zinc shop priners
by abrasive blasting prior to the application of a

final coating.

0 To determ ne the surface preparation requirenents when
overcoating inorganic zinc shop-prinmed steel for under-

wat er service.

0 To determ ne whether high performance marine coatings
are conmpatible with inorganic zinc priners in under-

wat er service.

0 To determne to what extent cathodic protection wll
affect the performance of coatings applied over inor-
ganic zinc prinmers.

The follow ng paper summarizes results-to-date of the study.

BACKGROUND

Nuner ous investigators have di scussed blistering probl ens

associ ated with overcoating inorganic zinc prinmers (1), (2), (3),
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(4). The ability to overcoat inorganic zinc priners in underwa-
ter service wthout incurring subsequent blistering is the prim-
ry issue and basis for the subject study. It has been reported
t hat Japanese shi pyards are overcoating inorganic zinc precon-
struction prinmers on underwater surfaces w thout apparent prob-
| ens. Because of the above-described blistering concerns,the
predom nant practice in the US is to blast off the preconstruc-

tion primer prior to applying the hull coating.*

It has been suggested that the reason the Japanese are able
to overcoat wthout problens is that they 'are using preconstruc-
tion priners with very low zinc levels, that are | ess reactive,
and have less of a tendency to |iberate hydrogen gas when con-
tacted by water. The lower zinc levels do not provide conpar-
able corrosion protection to those traditionally used in U S
yards, however, the turnaround tine for steel plate fabrication
in the Japanese yards is supposedly lower than in U S vyards (2-3
nmonths vs. 6-9 nonths), and thus it is believed the additiona

corrosion protection is unnecessary.

Topcoats with a lower zinc level in the dry filmwll also
tend to be |ess porous (if the size of the individual zinc part-
icles is equal). Such primers would be less likely to cause the

probl ens associated with zinc primer porosity.

*

The U.S. Navy does not permt overcoating of inorganic zinc

priners for underwater service.
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EXPERIMENTAL APPROACH

General Test Plan

The general test plan conprised the evaluation of three
different epoxy topcoats over each of five inorganic zinc pri-
mrs. O primary interest is the effect of different weathering
periods for the inorganic zinc primers on the performance of the
t opcoats. Prepared test panels have been exposed to three dif-
ferent test environnents: (1) quiescent seawater immersion at a
potential of -1.05volt vs. SCE, (2) quiescent seawater immersion

at 150°F, 25 psi, and (3) flow ng seawater at 18 knots.

Coatings Selected For Testing

Table 1 provides a general description of each of the five
inorganic zinc priners selected for testing. Table 2 provides a

description of the topcoats included in the test program

Test Panel Preparation

The inorganic zinc prinmers were applied to ASTM A-36 stee
panel s, white-netal blasted to obtain a surface profile between
[-2 mls. The nom nal panel dinensions were 6" x 12" x |/8"
thick for quiescent imersion testing and 5 /4" x 7 |/2" x /2"

thick for flow testing.

The inorganic zinc prinmers were applied by airless spray

using an automated application systemdesigned to provide close

control of applied filmthickness. The system utilized a fixed

spray gun with apparatus fornoving the test panel by the spray
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gun nozzle at a controlled speed. After coating, the dry film
t hi ckness on all test panels was determ ned using an El coneter
magnetic thickness gauge. The average applied coating thickness
of the respective inorganic zinc prinmers was as follows:

Primer # - 1.0 ml

Primer #2 - 0.7 ml

Primer #3 - 0.8 nil

Primer #4 - 4.2 mls

Primer #5 - 2.1 nmls

After application of the zinc priners, all test panels were
weat hered on the test fences at the Ccean Gty Research Corpora-
tion Sea Isle test site. This test site provides a natural
mari ne atnosphere and is |ocated approximately 300 feet fromthe
ocean. One-half of the test panels were exposed for 7 days, the
other half for a period of 60 days in order to evaluate the
effect of different weathering times. After weathering, all test
panels were lightly sanded with 600 grit silicon carbide paper to

remove any zinc corrosion product (white rust).

After sanding, the test panels were topcoated with one of
the three epoxy topcoats. The topcoat systens were applied in
accordance with manufacturer's directions using hand-controlled
airless spray equipment. After coating, all panels were in-
spected for "holidays" using a wet-sponge, 67.5 volt holiday
detector. Al holidays were suitably repaired. The panels were

allowed to cure forl0 days before being placed into test.
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After topcoating, the dry filmthickness of all panels was
again determned using the sanme equi pnment as described previous-
ly. The average applied coating thickness of the respective
t opcoat systenms was as fol |l ows:

Coating # - 9.6 mls (applied in 2 coats)
Coating #2 - 11.0 nils (applied in 2 coats)
Coating #3 - 9.2 mls (applied in 3 coats)

During application of the topcoats, sone blistering problens
were encountered. Depending on the particular priner over which
the topcoat was being applied, small blisters or pinholes de-
vel oped al nost immediately after topcoating. This problem occur-
red even with the application, first, of a thin mst coat (0.25
to 0.5 ml) which was allowed to tack up before applying the full
coat. The problem was nost evident on zinc primers #4 and #5,
the two full-coat'inorganic zincs included in the program Lit-
tle or no blistering was observed over the thinner preconstruc-

tion priners

As an experinental benchrmark, the respective topcoats were
also applied to white-nmetal blasted steel test panels. No appli-

cation problenms were encountered on these test panels.

Duplicate test panels of each coating system were prepared

for each of the seawater inmersion exposure tests. For the fl ow

test, single panels were prepared. The total nunber of test

panel s prepared for exposure testing was 165.
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Performance Testing

Three different types of exposure tests are being conducted
in the study to evaluate the performance of representative top-
coats applied over different inorganic zinc prinmers. These tests
include: (1) quiescent seawater immersion at a potential of -1.0
volt vs. SCE (2) quiescent seawater immersion at 25 psi, 150°F

and (3) seawater flow at 18 knots

Seawater Flow At 18 Knots. A single test panel (5 /4" x 7

1/2" x 1/2" thick) for each weathering/primer/topcoat condition
was exposed in the OCRC natural seawater flow channel for a
period of 30 days atavelocityof 18 knots. Each panel received

a 1" vertical scribe centered on each side.

The natural seawater flow channel is designed to permt
velocity testing under flow conditions that are reasonably repre-
sentative of the flow conditions that would exi st over a najor
portion of a ship's hull -- fully devel oped parallel, turbulent,
hi gh Reynol ds Nunber, seawater flow. The flow channel accommo-
dates conparatively larger test panels, thus tending to mnimze
edge and/or boundary effects. The width of the channel cross
section varies along the length permtting testing at different
flow velocities simultaneously. Figure 1 shows the flow channel
while Figure 2 shows the nethod by which test panels are typi-

cally nounted in the flow channel

Seawat er flow through the channel is acconplished using a
doubl e-suction centrifugal punp powered by a 100 HP notor. The

flow rate exceeds 5,000 gpm and is neasured using a factory-
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calibrated 316 stainless steel orifice plate/differential pres-
sure gauge set-up. The rate of seawater make-up into the channe

can be adjusted to control seawater tenperature to within 22.5C
and mai ntained sufficiently high to avoid stagnation or concen-

tration effects.

Quiescent Seawater Immersion @ -1.0 volt. Duplicate test

panel s (6" x 12" x 1/8" thick) for each weathering/priner/topcoat
condition are suspended in 100-gallon plastic tanks filled with
fresh seawater. The seawater tanks are continually refreshed at
a rate sufficient to effect a conplete changeover 3 tinmes a day.

The seawater tenperature is maintained at 70°F.

A lead wire was attached to each test panel facilitating
el ectrical connection to a zinc anode. Electrical coupling to a
zinc anode naintains the test panels at a potential of -1.0 volt
versus a saturated cal onel el ectrode. Prior to the start of
test, each test panel received a 1/4" radial holiday directly in

the center of one side. The planned test duration is 6 nonths.

Quiescent Seawater Immersion @ 25psi, 150°F. Duplicate test

panels are also immersed in seawater maintained at 25 psi, 150°F.
Each test panel has a 1" vertical scribe centered on one side.
The panels are mounted in PVC racks. The racks are then inserted
into a 12-inch diameter PVC pi pe which serves as the test cham
ber. A punp provides seawater nmake-up while maintaining a posi-
tive pressure inside the pipe of 25 psi. The nake-up flowis
sufficient to effect a conpl ete changeover once a day. The

tenperature is controlled at 150°F with two thernpbsensors im
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nersed in the test chanber which are coupled to a nichrone heat-
ing element wapped around a titanium heat exchanger. The sea-
water is constantly circulated through the heat exchanger to

maintain tenperature. The planned test duration is 6 nonths.

Inspection/Evaluation Procedures

During the course of each of the three exposure tests, the
test panels are periodically renoved, visually inspected, and
rated for blistering, disbondnent, and/or other fornms of deter-
joration. At the conclusion of each test, the total extent of
coating disbondnment is determ ned by naking x-shaped cuts with a
sharp knife through the coating and lifting all |oose or dis-

bonded coating with the point of a knife.
INTERIM RESULTS

Weathering Of Inorganic Zinc Primers Before Topcoating

Vi sual inspection of the inorganic zinc prinmed panels after
the two different weathering exposures (7 days, 60 days) showed
significant differences on only one priner (#l). For system #I,
t he panels exposed for 60 days exhibited extensive rust-through
whi | e those exposed for only 7 days showed no evidence of rust-
through. This is shown in Figure 3. O the three preconstruc-
tion primers, Priner #1 had the lowest zinc loading in the dry

film

For the other four inorganic zinc prinmers, there were only

slight, visually detectable differences between the 7-day and 60-
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day panels, wth the 60-day panels exhibiting slightly nore

corrosion product (white rust).

Seawater Flow Tests

Table 3 summarizes the extent of topcoat disbondnent per
panel side after 30 days in test as well as pertinent observa-
tions over the course of the tests. As is evident from Table 3,
sone panels exhibited disbondnent within 24 hours after the start

of the test.

Table 4 is a condensed version of Table 3, and shows the
total area of disbondnent by inorganic zinc prinmer and by indivi-
dual topcoat. Based on the 30-day results, topcoats applied over
Primer #4 showed significantly nore disbondnent than the other
syst ens. Primer #4 was a 2-conponent, full-coat system applied
at an average thickness of 4.2 mls (the heaviest applied thick-
ness included in the test program). The |east anpunt of topcoat
di sbondnent was observed on Priner #1 an alkyl silicate type
preconstruction primer applied at an average DFT of 1 ml. It is
noteworthy to point out that the manufacturer of Prinmer #1 does

not reconmmend overcoating the prinmer on underwater surfaces.

O special interest was the conparative topcoat performance
over Priner #3 a Japanese preconstruction priner whose nanu-
facturer suggests can be topcoated (w thout need of wash down or
sandsweep) for underwater service. As is evident, significant
di sbondnent occurred on two of the six test panels over 30 days.
On both panels, sone degree of disbondnent was observed within 24

hours after start of the test.
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Conpari son of the disbondnent results by topcoat shows that
Topcoat #3, the standard Navy hull coating (M L-P-24441, Type 1),
exhibited the |east amount of disbondnment over 30 days. For this
t opcoat, disbondnentoccurred only on those panels prined with

Primer #4.

For four out of five priners, the total area of topcoat
di sbondnment was greater on the panels weathered for 60 days
versus 7 days. However, additional data is required to establish
that this observation is statistically significant wth reason-

abl e probability.

An interesting observation is the extensive rusting evident
in the areas where the topcoats di sbonded. Thi s observation
suggests that the zinc primers tend to sacrifice rapidly once
exposed to flow ng seawater. Furthernore, it suggests that, at
hol i days, topcoats will be prone to underfilmlifting and dis-

bondnent as the zinc coating rapidly dissolves.

Quiescent Seawater Immersion @-1.0 Volt

Through the first 6 weeks of a planned 6-nonth test, there

I's no detectable topcoat disbondnent on any of the test panels.

Quiescent Seawater [Immersion @25 psi, 150°F

Table 5 sunmarizes the results of weekly inspections made
during the first month of testing. Figures 4 and 5 show typi cal
deterioration observed over the first 30 days in test. As is
evident from Table 5, blistering/disbondment has been detected on

26 of the 60 panels (43% in test. O the 26 panels exhibiting
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blistering/disbondment, 18 of the panels were weathered for a 60-
day period while the remaining 8 were weathered for a 7-day
period. Six of the eight 7-day weathering period panels that
exhibited blistering were coated with Primer #4.  The results of
the flow test discussed previously suggested that there may be a
greater tendency for topcoat blistering with Priner #4 than the
other primers being tested. Based on the 150°F i mmersion test
results to-date for those panels weathered for 7 days, there also
appears to be a greater tendency for blistering of topcoats
applied over Primer #4.  For the panels weathered for 60 days,
blistering has been detected on all topcoats over all priners
w th one exception (Topcoat #2/Prinmer #2). No blistering has
been detected on the control panels (topcoats applied to white-

metal steel).

Conparison of the results-to-date by weathering period sug-
gests that those panels weathered for 60 days are nore prone to
cause topcoat blistering.. Also, given the lack of any visible
blistering on the control panels, the results suggest in genera
that there is a greater tendency for topcoat blistering over
inorganic zinc prinmers than white-netal steel. The results
shoul d be qualified, however, in that the environnent of the
subject tests is not exactly representative of typical service
condi tions. It has not been denonstrated that the results of
t hese higher tenperature tests wll necessarily correlate with
exposure under |ower tenperature conditions. There does appear
to be good correlation between these tests and the seawater flow

tests.
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Coating No.

Table 1 - General Description Of Inorganic

Zinc Primers Selected For Testing

Descri ption

1

u.s. manufactured, single conmponent, alkyl sili-
cate tyPe preconstruction priner, 35%zinc in the
(%r _fll m  recomended dry film thickness = 0.6 -
0 ml.

u.s. mnufactured, 2-conponent, nodified zinc
silicate preconstruction priner, 86%zinc in the
(%ré/ f_||| m  recommended dry filmthickness = 0.6 -
0 ml.

Japanese manufactured, 2-conponent preconstruction
primer, 50%zinc in the dry film recomrended dry
filmthickness = 0.5 - 0.7 ml.

u.s. nmanufactured, 2-conponent, full-coat priner,
5603/0 EJIOI _ulma solids, recomended dry film thickness
= 3.0 mls.

u.S. manufactured, 2-conponent, full-coat priner,

63% vol une solids, reconmended dry film thickness
= 2.0 mls.
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Coating No.

Table 2 - General Description OFf Topcoats

Selected For Testing

Descri ption

Two- conponent, pol yam de-cured high-build coal-tar
epoxy, 67% volune solids, recommended application
thickness = 5 mls (DF)/coat.

Two- conponent,  pol yam de-cured epoxy, 56% vol une
solids, recommended application thickness = 5 mls
(DF)/coat. Meets M L-P-23236, Type 1, dass 1.

Two- conponent,  pol yam de-cured epoxy, recomended
application t hi ckness = 2-3 mls  (DF)/coat.

Standard U. S. Navy underwater hull coating neeting
M L- P- 24441, Type 1.
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Figure 1 - Seawater Flow

Channel
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Table 3 - Summary OF 30-Day Seawater Flow Tests

Inorganic Area of Disbondment, in2
Zinc Weathering
Primer Topcoat Period Side #1 Side #2  Total Remarks
41 #1 7-day 0.00 0.00 0.00
1 42 7-day 0.17 0.42 0.59
# 1 #3 ‘I-day 0.00 0.00 0.00
# 1 #1 60-day 0.10 0.06 0.16
# 1 # 2 60-day 0.10 0.31 0.41
# 1 # 3 60-day 0.10 0.12 0.22
# 2 #1 7-day 2.00 5.50 7.50 Disbondment detected on side #2 @ 5 days;
Disbondment detected on side #L@ 15 days
#2 # 2 7-day 0.02 0.00 0.02
# 2 #3 7-day 0.22 0.18 0.40
# 2 #1 60-day 0.00 0.0 0.00
# 2 #H2 60-day 0.09 8.50 8.59 Disbondment detected on side #2 @ 4 hours
#H2 #3 60-day 0.04 0.08 0.12
# 3 #1 7-day 0.07 0.02 0.09
# 3 # 2 7-day 0.00 21.0 21.0 Disbondment detected on side #2 @ 4 hours
# 3 # 3 7-day 0.04 0.04 0.08
I 3 #1 60-day 0.00 5.00 5.00 Disbondment detected on side #2 @ 24 hours
# 3 t 2 60-day 0.05 0.07 0.12
#3 # 3 60-day 0.06 0.09 0.15
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Table 3 (Cont'd)
| nor gani c Area of Disbondnent, in2
Zinc V\at hering
Pri ner Topcoat Peri od Si de #1 Side #  Total Renar ks
# 4 #1 ‘|- day 8. 00 0. 00 8.00 Disbondnent detected on side #1 @12 days
# 4 # 2 '| - day 12.00 0.13 12.13  Dishondment detected on side #1 @4 hours
# 4 # 3 '| - day 2.00 2.30 4.30 Disbondment detected on sides #1 and # @
16 days
# 4 #1 60- day 14.00 10. 00 24.00 Disbondnent detected on sides #1 and #2 @
16 days
# 4 # 2 60- day 0.28 0.00 0.28
P4 # 3 60- day 0.16 13.50 13.66  Di shondnent detected on side # @ 24 hours
5 #1 7- day 0. 00 0. 00 0. 00
#5 #H2 7- day 0.08 0.08 0.16
# 5 #3 7- day 0. 00 0. 00 0. 00
£5 # 1 60- day 0.06 0.00 0.06
#5 #H2 60- day 20. 00 0.00 20.00 Disbondment detected on side #1 @4' hours
#5 # 3 60- day 0.00 0.11 0.11
Control #1 0.05 0. 00 0.05
Cont r ol # 2 6. 30 0.16 6.46  Disbondment detected on side #1 @ 16 days
Control #3 0.11 0.05 0.16



Table 4 - Total Area Of Disbondment After 30 Day Seawater Flow Tests

[ nor gani c
Zinc

Pri nmer

#1
#1

#2
#2

#3
#3

#4
#4

#5
#5

Cont rol

Weat heri ng
Peri od

7- day
60- day

7- day
60- day

7- day
60- day

7- day
60- day

7- day
60- day

TOTAL

Area of Di sbondnent,

Topcoat
#1

0.00
0.16

7.50
0.00

0.09
5.00

8.00
24.00

0.00
0. 06

0.05

44. 86
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Topcoat

#2

0.59
0.41

.02
.99

0
12

.13
. 28

.16
.00

.46

N

N =

69. 76

I n2
Topcoat

#3

0.00
.22

.40
12

08
15

30
. 66

.00
11

.16

[HEN
© OO wh OO OO O

19. 20

Total

0.59
0.79

7.92
8.71

21. 17
5.27

24. 43
37.94

0.16
20. 17

6.67
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Table 5 - Summary O Inspection Results After 30-Days In Test;
Qui escent Seawater Inmersion @25 psi, 150°F

| nor gani c
Zinc \\at hering

Pri ner Topcoat Peri od Cbservat i ons
#1 #1 7- day No evident deterioration
1 #2 7- day No evident deterioration
1 #3 7- day No evident deterioration
#1 #1 60- day Slight blistering on one side of a duplicate panel at 29-day inspection
#1 #2 60- day Blistering on one side of a duplicate panel at 14-day inspection
#1 43 60- day One panel blistered on both sides at 7-day inspection
# 2 41 7- day No evident deterioration
# 2 #2 7- day No evident deterioration
#2 #3 '| - day Slight blistering on one side of a duplicate panel at 29-day inspection
#2 60- day Slight blistering on one side of a duplicate panel at 2l-day inspection
# 2 #2 60- day No evident deterioration
# 2 #3 60- day Slight blistering on one side of a duplicate panel at 21-day inspection
#3 #1 7- day No evident deterioration
#3 #2 '] - day Large blisters on one side of a duplicate panel at 7-day inspection
#3 # 3 7- day No evident deterioration
#3 i1 60- day Both panels progressively blistering, first detected at 7-day inspection
#3 # 2 60- day Heavy blistering of a duplicate panel at 7-day inspection
#3 43 60- day Medi um blistering on one side of a duplicate panel at 2l-day inspection



Table 5 (Cont'd)

Inorganic

Zinc Weathering

Primer Topcoat Period Observations

HA4 i1 7-day One panel blistered at 7-day inspection progressing to 20% disbondment

at 21-day inspection, duplicate panel blistered at 29-day inspection

#HA4 2 7-day Both panels heavily blistered on both sides at 7-day inspection

#A4 #3 ‘I-day One panel disbonded 50 and 90% at 7-day inspection, duplicate panel

disbonded 75% one side at 7-day inspection
#4 #1 60-day Both panels progressively blistering, first detected at ‘lI-day inspection
#A4 #2 60-day Both panels heavily blistered on both sides @ 21-day inspection
\Io #HA4 #3 60-day One panel 5% disbonded at 7-day inspection
{F #5 #1 ‘I-day No evident deterioration

#5 #2 ‘I-day No evident deterioration
#5 #3 ‘I-day No evident deterioration
#5 #1 60-day Blistering on one side of duplicate panel @ 21-day inspection

#5 it 2 60-day Blistering on one side of duplicate panel @ 7-day inspection

#5 i#3 60-day Blistering on one side of duplicate panel @ 7-day inspection

Control #1 No evident deterioration

Control # 2 No evident deterioration

Control #t3 No evident deterioration



Figure 4 - Topcoat
Seawat er

Blistering After 7 Days Exposure To
@ 150°F, 25 psi; Primer #4/ Topcoat #2
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Figure 5 - Topcoat Blistering And Disbondment After 7 Days
Exposure To Seawater @ 150°F, 25 psi; Primer

#4/Topcoat #3.
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Additional copies of this report can be obtained from the
National Shipbuilding Research and Documentation Center:

http://www.nsnet.com/docctr/

Documentation Center

The University of Michigan
Transportation Research Institute
Marine Systems Division

2901 Baxter Road

Ann Arbor, Ml 48109-2150

Phone: 734-763-2465
Fax: 734-936-1081
E-mail: Doc.Center@umich.edu




