
efore 1987, MIL-P-23377, a
chromated-epoxy primer,
was used with a topcoat of

MIL-C-46168, an aliphatic polyure-
thane, to protect the aluminum and
steel substrates used to construct
tactical shelters. In 1987, govern-
ment agencies decided to abolish
the use of all coatings containing
chromated compounds. For this rea-
son, MIL-P-23377 (“Primer Coatings:
Epoxy Polyamide, Chemical and Sol-
vent Resistant”) could no longer be
used, and an alternate chromate-free
epoxy primer was needed. MIL-C-
46168, “Coating, Aliphatic Polyure-
thane, Chemical Agent Resistant,”
was still to be used.

In 1988, the Naval Civil Engineer-
ing Laboratory (NCEL), with the sup-
port of the Joint Committee on Tacti-
cal Shelters (JACOTAS), determined
through lab and field tests that chro-
mate-free MIL-P-53022 (“Primer,
Epoxy Coating, Corrosion Inhibiting,
Lead and Chromate Free”) could be
substituted for MIL-P-23377 without
any compromise in performance.

On January 1, 1990, amendments
to the Clean Air Act of 1970 brought
about major changes in government
coating specifications. As a result of
these amendments, the government
restricted the amount of volatile or-
ganic compounds (VOCs) permitted
in coating formulations for federal
projects. MIL-P-53022, with a VOC
content of 500 to 600 g/L (4.2 to 5.0
lbs/gal.), did not meet the new lim-
its of 420 g/L (3.5 lbs/gal.) set for ar-
chitectural and industrial coatings.
To comply with the new restrictions,
specification MIL-P-53022 was modi-

Station (AFS), FL, to meet the needs
of JACOTAS. The goal was to find a
primer compliant with environmen-
tal regulations, and, when topcoated
with MIL-C-46168, would perform as
well on aluminum and steel as did
MIL-P-23377 when topcoated.

Experimental Design
Eight low VOC epoxy primers were
included in a field investigation con-
ducted by NCEL at its marine atmos-
pheric exposure site at Canaveral
AFS, FL. The investigation included
a primer conforming to MIL-P-53022,
a primer conforming to MIL-P-
24441/158/T1 (“Paint, Epoxy-
Polyamide, General Specification

fied. Because of the rather sudden
change, this reformulation was not
tested in the field to determine its
long-term performance, and it was
not known whether it would still be
acceptable for use on the triservice
shelters. Therefore, in 1989, JACO-
TAS asked NCEL to conduct long-
term field exposure tests of the
modified MIL-P-53022, as well as
other commercially available low
VOC, chromate-free epoxy primers.
The intent was to find products to
protect the aluminum and steel sub-
strates of the triservice shelters as
well as MIL-P-23377.

This article presents the results of
the field exposure investigation con-
ducted at Cape Canaveral Air Force
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Coatings for 
Triservice Shelters
by Richard W. Drisko, PhD, Consultant, and Jeffrey R. Yanez, 
Naval Civil Engineering Laboratory

Table 1 Comparative Performances of 
Different Epoxy/Epoxy/Polyurethane Systems

Time to Value of 9* Time to Value of 7*

Aluminum Aluminum Steel Steel
Systems Unscribed Scribed Unscribed Scribed

A1 (chromate >3.5 >3.5 >3.5 3
control)

A2 >3.5 >3.5 >3.5 3.5

A3 >3.5 >3.5 >3.5 >3.5

A5 >3.5 >3.5 >3.5 >3.5

A8 >3.5 3.5 3.5 >3.5

A11 >3.5 3.5 >3.5 >3.5

A13 >3.5 3 3 >3.5

A14 >3.5 >3.5 >3.5 3.5

A20 >3.5 >3.5 3 >3.5

A22 >3.5 >3.5 >3.5 3.5

*Number of years until general protection rating of this system reaches failure rating of 7 on
scale of 10 (complete protection) to 0.
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for”), 6 commercially available
epoxy primers, and a chromate-con-
taining primer conforming to MIL-P-
23377 as a control. Each primer was
applied in 2 coats. Each coat was 2
to 3 mils thick (50 to 75 µ) and top-
coated with 1 coat of MIL-C-46168.
Five different substrates were used:
4 aluminum alloys—2024, 2024 Clad,
5052, and 6061—and a mild steel
substrate conforming to QQ-5-698
(“Steel Sheet and Strip, Low Car-
bon”). The aluminum test panels
were pretreated with MIL-C-81706
(“Chemical Conversion Materials for
Coating Aluminum and Aluminum
Alloys”) to produce a surface con-
forming to MIL-C-5541 (“Chemical
Conversion Coatings on Aluminum
and Aluminum Alloys”), and the
steel panels were abrasive blasted to
an SSPC-SP 5, White Metal finish. At
least 6 test panels were prepared for
each alloy and each test system.

Each test system was applied to

panels 6 x 12 x 1⁄2 in. (150 x 300 x
12.5 mm). The coatings were ap-
plied at Mare Island Naval Shipyard,
Vallejo, CA, using a conventional air
spray gun. Panels were vertical dur-
ing the coating application. Two
panels of each set of a given alloy in
a given system were scribed with an
“X” in the bottom half of each panel.
The scribe was made through the
coating to expose the bare metal
substrate. It consisted of 2 lines that
began 1 in. (25 mm) from each of
the bottom corners and cut diago-
nally across the panel to 2 points 6
in. (150 mm) from the top and 1 in.
(25 mm) from the side. The lines in-
tersected at the center of the panel.
The edges of all panels were dipped
in a thick layer of topcoat to mini-
mize edge corrosion. Each was
tagged with a number stamped into
a small stainless steel plate and af-
fixed at the top center of each panel
with a small bolt and nut.

The panels were exposed on racks
at a site approximately 300 meters
from the ocean. All exposures racks
face south and are inclined at a 45-
degree angle. Field exposures began
in January 1989, and the last full rat-
ing was made in July 1992.

Performance ratings on all panels
were conducted every 6 months.
The aluminum panels were rated for
• general protection (GP),
• blister size,
• blister density, and
• chalking.
The scribed panels were rated for
• general protection at the scribe
(GPS),
• blister size at the scribe,
• blister density at the scribe, and
• filiform corrosion at the scribe.
The same parameters were used for
the steel panels except for the addi-
tion of rusting (with and without
blistering). Thus, each time a rating
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was performed, over 2,100 individ-
ual parameters were recorded (8 pa-
rameters multiplied by 270 speci-
mens). Three researchers (2 in 
the final year) rated all parameters
for each panel and their results 
were averaged. To confound possi-
ble personal prejudice, no re-
searcher knew which system he or
she was rating, what rating another
researcher had assigned to a system,
or what the previous ratings had
been for a system.

Test Parameters
GP is considered to be the most sig-
nificant of all the parameters rated
because it takes into consideration
several aspects of coating failure
mechanisms, such as rusting types I
and II; blistering; and, to some de-
gree, chalking. Numerically, it is rep-
resented by a number ranging from
10 (complete protection) to 0 (no
protection). Typically, NCEL has
considered panels to have failed
when this rating reaches 7. This
number indicates that about 70 per-
cent of the panel is free from rusting
and blistering and that the chalking
is not sufficient to result in erosion.
The “7” rating is also considered to
be that time at which total coating
replacement becomes necessary.

GPS is a method for rating the
ability of a coating to protect the
substrate in an area where a chip or
coating imperfection exposes the
substrate. It is a summary of rusting,
blistering size and density, and fili-
form (if applicable) at the scribed
area. As with GP, a rating of 10 indi-
cates complete protection, while 0
indicates none.

Blistering size and density, rusting,
and chalking were rated according
to ASTM pictorial standards:
• D 714, “Standard Test Method for
Evaluating Degree of Blistering of
Paint;”
• D 610, “Standard Test Method for
Evaluating Degree of Rusting on
Paint and Steel Surfaces;” and 

• D 659 “Standard Test Method for
Evaluating Degree of Chalking of
Exterior Paint,” respectively.

Chalking ratings are the only rat-
ings that might rise (have less chalk-
ing) over the previous rating period
because a hard rain can remove
some of the chalking from the sur-
face of a panel. Filiform corrosion
(more common in aluminum sub-

strates) is manifested by the pres-
ence of “worm tube” undercutting 
of the protective coating beginning
at a chip or other imperfection (in
this case, the deliberately placed
scribe). It is rated by its length in
millimeters. Thus, in the case of fili-
form corrosion, a zero indicates
complete protection.
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Treatment of Data
An average of the values taken by
the 3 researchers for each rating pe-
riod was determined. The mean of
all the panels for each system was
then calculated. Thus, for every
rated parameter, 1 number was used
for each rating period for each sys-
tem exposed. This number repre-
sents the mean rating of all panels in
a given system based on an average
of the values recorded by the 3 re-
searchers. The number of panels in
a given system ranged from 30 (6 for
each substrate times 5 substrates) to
45 (some paint supplies were insuf-
ficient for 45 panels).

Results and Conclusions
Researchers noted the following .
• All systems performed perfectly
(rating of 10.0) on the aluminum sub-
strates for GP, blistering, chalking,
and filiform corrosion over 3 years.
• For GPS on aluminum, 3 sys-
tems—A1 (control), A2, and A22—
rated 10.0 with 5 others rating 9.0 or
better after 3.5 years’ field exposure.
• GP on the steel substrate was
good. All systems showed a rating of
8.9 or better after 3 years’ exposure.
• GPS for steel was much less than
for aluminum panels. Six systems on
steel panels rated above 7 after 3.5
years’ exposure, and 4 of these—A8,
A11, A13, and A20—had a rating of 8.

The normal method of comparing
the performance of test coatings with
a control is by comparing times to
failure (rating of 7). Because both
unscribed aluminum and steel and
scribed aluminum panels had no fail-
ures, times to a rating of 9 were
compared. These times to 7 or 9 for
each system are listed in Table 1.
Rating values were rounded off to
the nearest whole number (e.g., 
7.5 = 8; 7.4 = 7) in determining years
to reach a particular level. The limit-
ed extent of deterioration, especially
on aluminum panels, and the inher-
ent inaccuracies in visual ratings,
precluded any detailed statistical

analyses of the field data. On the
other hand, the goal of the work was
to find a primer that complied with
environmental regulations and per-
formed as well as the control primer
(MIL-P-23377). An equal or better
performance after 3.5 years’ expo-
sure in the severe test environment
was considered to be adequate.

It can be seen from Table 1 that
only 2 systems (A8 and A13) did not
perform as well as or better than the
control (A21). Thus, 6 environmen-
tally acceptable primers are available
to replace MIL-P-23377. These in-
clude specification MIL-P-53022 (A5)
and MIL-P-24441 (A2) products.

Recommendations
It is recommended that these find-
ings be implemented by JACOTAS in
the field. Specifically, MIL-P-53022
or MIL-P-24441 should be used to
replace MIL-P-23377 on aluminum
and steel surfaces of tactical shelters.

Update on 
Program To
Test Coatings
by Per Solheim and 
Odd Corneliusen,
Marine Materials A/S

The lifetime of shipping vessels is
greatly affected by corrosion, partic-
ularly in wet spaces, and the 
absence or loss of corrosion protec-
tion can reduce the strength of a
ship, and, therefore, its useful 
service life. It is important to stop
corrosion attacks on existing vessels
and thereby extend service life with-
out investing large amounts of
money into the replacement of steel.
Adequate corrosion protection may
cost less than one-tenth the cost of
replacing steel.

For these reasons, Marine Materials
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A/S, Sandefjord, Norway, in coopera-
tion with ship owners, shipyards,
and supported by Det norske Vertias
Classification, began a program in
late 1991 to provide data on coatings
for ships. The program is supported
by ship owners, trade associations,
independent agencies, and coating
manufacturers and suppliers. As part
of the international commitment of
the program, it was reported on at
the NACE International T14B, Marine
Transport committee meeting in Bal-
timore, MD, in March 1994, and is
being reported on here.

Background
The current program stems from an
investigation initiated in 1989 that
evaluated coatings in ballast tanks
on 75 ships. The study was part of a
project entitled “Extended Lifetime
for Vessels.” The results showed
that, after 10 to 12 years, even some
of the best paint systems experience
problems with corrosion.

Because the average service life of
a fleet is increasing, it is necessary to
establish cost effective and economi-
cally viable methods for corrosion
control to ensure safe operation. For
new ships, it is important to be able
to ensure that the investments in
corrosion prevention efforts corre-
spond to specifications and that the
expected results are achieved.

For sufficient protection and docu-
mentation of the condition in tanks
and cargo holds, existing informa-
tion must be organized in a way that
is easily accessible. There is also the
need for uniform documentation of
corrosion control products.

Project Work
The project undertaken by Marine
Materials attempts to address these
objectives. It will develop recom-
mendations for treatment, inspec-
tion, and maintenance of tanks and
cargo holds, as well as testing and
classification of coating systems.
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Parts of the ship to be considered
include ballast tanks, cargo tanks,
cargo holds, and void spaces. Cargo
tanks for chemicals will be consid-
ered separately.

The project is the basis for devel-
oping a practical manual with rec-
ommendations for treatment, inspec-
tion, and maintenance of tanks and
cargo holds; methods and equipment

for testing tank coatings; a survey
and classification of coatings; a uni-
form documentation of coatings; and
a survey of methods and equipment
to document the actual condition,
choice of system, application, main-
tenance, and quality surveillance.

The project is divided into 3 parts.
The first part includes the devel-

opment of a manual for the corro-

sion protection of tanks and cargo
holds for ship owners, the ship’s
crew, and shipyards. This manual
was finished in July 1994. In phase 2
of the project, a handy-sized refer-
ence manual will be prepared.

The second part of the project is
to develop test methods to verify,
test, and classify coating systems, as
well as to work out uniform product
documentation. This will involve lab
tests to clarify the effect of wave
movements, condensation, tempera-
ture, pretreatment, and sea water or
humid air cycles. So far, 60 ballast
tank coatings from 21 paint and
coating manufacturers worldwide
have been tested and classified.

The third part covers testing and
evaluating different systems in se-
lected tanks and cargo holds on
ships. Ship owners have requested
that field testing also be performed.
This gives researchers an opportuni-
ty to compare the results from the
laboratory testing with the behavior
of coatings under real exposure con-
ditions. Test areas with coating sys-
tems tested in the laboratory have
been established on 2 ships.

Areas for Further Study
The data developed through this
project can be used to study the re-
lationships between performance
rating and adhesion; performance
rating and water absorption; dis-
solved species and shrinkage stress;
high heat resistance (75 C and 100
C) and expected service life; and the
relationships among elongation,
flexibility, and shrinkage.

Further Information
The testing is ongoing and is still
open for new participants. For 
further information about the pro-
ject, write or call Marine Materials
A/S, Technology Centre for Applied
Materials Research, Asnesveien 
48, P.O. Box 173, N-3201, Sande-
fjord, Norway; 47/33-47-30-33; fax:
47-33-47-35-16. JPCL
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