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Provisions of the Clean Air Act Amendments of
1990 will put new restrictions on the use of high-
solvent-content paints beginning in 1997. This
will require the U.S. Army Corps of Engineers to
find alternatives to some coatings now used to
protect steel from corrosion in civil works appli-
cations. Furthermore, defense acquisition
reform will mandate the use of commercially
available products in place of most (or all) mili-
tary paint specifications. To address this new
requirement, the U.S. Army Construction Engi-
neering Research Laboratories (USACERL)
investigated the performance of several com-
mercially available coating systems to help the
Corps develop performance-based criteria docu-
ments for purchasing commercial products.

This report documents USACERL's laboratory
evaluation of the performance of commercially
available zinc-rich epoxy primers and epoxy
topcoats. The evaluation comprised salt water
immersion, fresh water immersion, and cyclic
corrosion weathering tests.

Exposed test panels were evaluated for rusting,
blistering, and rust undercutting. The Corps-
standard zinc-rich epoxy primer and epoxy top-
coat system was used as an experimental
control.

Based on the findings of this investigation,
several commercial products are viable
alternatives to the Corps-standard system.
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Introduction

Background

The U.S. Army Corps of Engineers uses epoxy coating systems because their excel-
lent barrier properties provide good long-terni protection for steel structures in
immersion service. Corrosion protection can be enhanced by priming the steel sub-
strate with a zinc-rich epoxy primer such as E-303d, the Corps’ current in-house
specification. At the same time, epoxy topcoats enhance the performance of zinc-rich
primers by providing impact- and abrasion-resistance, and they act as a barrier to
corrosive water, oxygen, and salt. To achieve proper coating performance with zinc-
rich epoxy primers, good surface preparation is required. Civil Works Guide Speci-
fication CWGS-09940 calls for the use of SSPC-SP-5°, White Metal Blast Cleaning,
for coating systems using primer E-303d. The chemical composition of primer E-
303d is described in CWGS-09940, Painting: Hydraulic Structures and Appurtenant
Works (1995).

The Corps of Engineers currently uses E-303d as a primer for two types of topcoats:

. MIL-P-24441, Paint, Epoxy-Polyamide
o Steel Structures Painting Council (SSPC) Paint Specification No. 16, Coal Tar
Epoxy-Polyamide Black (or Dark Red) Paint (1991).

These coating systems, designated by the Corps as systems 21-A-Z and 6-A-Z,
respectively, are used for a variety of applications, including fresh water and salt
water immersion, and atmospheric weathering. MIL-P-24441 has an excellent
record of corrosion protection in use by the Corps of Engineers and the U.S. Navy.
Its performance is often used as a performance benchmark for other coating systems.

One problem with E-303d is that it has a relatively high volatile organic compound
(VOC) content—typically 500-600 grams per liter as applied. The U.S. Environmen-
tal Protection Agency (EPA) has proposed a national rule that places tighter
restrictions on the VOC content of architectural and industrial maintenance
coatings (PL 101-549, 104 stat 2399). The VOC content requirement for industrial

" SSPC: Steel Structures Painting Council.
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maintenance coatings will likely be restricted to 450 grams per liter, so the Corps
will no longer be able to apply E-303d when the national rule is implemented on 1
April 1997. Therefore, a suitable replacement is needed very soon.

Federal acquisition reform will have an impact on what the Corps selects as alterna-
tive epoxy coating systems. The revised Federal Acquisition Regulation, or FAR (60
FR 48231-48257) redefines the procurement process for Department of Defense
agencies. Part 12 of the revised FAR states a clear preference for the procurement
of commereial products and systems. Criteria documents (specifications) for pro-
curing commercial products should not merely be directive, but should be based on
performance data. In response to the revised FAR and other defense acquisition
reforms, the Corps of Engineers has taken the initiative to eliminate the use of
military specifications from all future procurements. This initiative may result in
the elimination of topcoat MIL-P-24441 (used in Corps system 21-A-Z). As of this
writing, MIL-P-24441 is exempt from the military specification ban, but national
trends in procurement reform and environmental protection strongly indicate that
the exemption cannot be expected to continue indefinitely. Therefore, it is highly
advisable for the Corps to proactively investigate viable commercial alternatives to
MIL-P-24441 in preparation for the likely ban on this topcoat.

The U.S. Army Construction Engineering Research Laboratories (USACERL) was
tasked to determine whether there are epoxy coating systems now commercially
available that conform to the requirements of the proposed national rule on vVOC
content while meeting the basic performance criteria for primer E-303d and topcoat
MIL-P-24441 (Corps system 21-A-Z).

Part of this tasking was to evaluate the suitability of three ASTM-standard short-
term laboratory tests for rapidly determining the relative (vice absolute) perfor-
mance of two or more coating systems. If suitable, such tests may serve as the basis
for developing a performance-based specification for commercial paint systems of the
generic type investigated here.

Objectives

The primary objective of this investigation was to test the relative performance and
potential utility of commercial zinc-rich epoxy primers and topcoats to determine
whether the market offers suitable replacements for Corps standard prime‘r/topcoat
system 21-A-Z.
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The secondary objective was to establish the suitability of three ASTM-standard test
methods (salt water immersion, fresh water immersion, and cyclic corrosion) for
rapidly evaluating the relative performance of this generic type of coating system.

Approach

A list of manufacturers producing low-VOC zinc-rich epoxy primer/epoxy topcoat
systems was compiled from an standard coatings industry directory. Sufficient
resources were provided to randomly select six coating systems for the commercial
product survey.

To accomplish the primary objective of this research, the six selected coating systems
were applied to steel test plates. As an experimental control, Corps standard system
21-A-Z also was applied to steel test plates. The test coatings were evaluated using
ASTM-standard laboratory methods designed to simulate three exposure environ-
ments:

. 120-day fresh water immersion
. 120-day salt water immersion
. 112-day atmospheric weathering.

Test panels were evaluated periodically for degree of rusting, blistering, and rust
undercutting. More information about the test procedures is provided in Chapter 2.

To accomplish the secondary objective—evaluating the effectiveness of the three test

methods used in this investigation-—the methods were evaluated against one

criterion: the tests’ ability to reliably identify the difference between suitable
coatings and unsuitable ones. In this research, early blistering was considered a

surrogate indicator of coating unsuitability. The laboratory samples were analyzed

statistically to determine correlations (and consistency of results) between coatings

and test exposures.

Scope

Neither the selection of products for testing nor the results reported here should be
interpreted as an endorsement of specific products or manufacturers. The intent of
this work was not to qualify or disqualify individual products, but to determine the
potential suitability of commercial products as a group.
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This investigation was limited to laboratory testing. Care should be taken not to
extrapolate the results of laboratory experiments to actual field performance. Field
tests must be conducted to fully validate the utility of any coating technology.

Mode of Technology Transfer
It is recommended that the findings of this research be incorporated into any new

Corps of Engineers criteria documents for commercial epoxy coating systems, as
developed in accord with the revised FAR.
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2 Testing Procedures

Test Coating Application

Six commercial epoxy zinc-rich primer/epoxy topcoat systems were mixed and
applied in accordance with the manufacturers’ recommendations. Corps of Engineers
paint system 21-A-Z was used as an experimental control. System 21-A-Z consists
of two coats of E-303d primer and two coats of MIL-P-24441, Formula 152, Type IV,
epoxy-polyamide topcoat. Coatings were spray-applied to SP 1 and SP 5 cleaned,
hot-rolled commercial grade carbon steel test panels measuring 3 x 9 x 0.125 in.”
Table 1 lists the test and control coatings, and Appendix A lists additional informa-
tion about the coating manufacturers.

The dry film coating thicknesses of the test and control coatings were measured in
accordance with ASTM D 1186, Standard Test Methods for Nondestructive Measure-
ment of Dry Film Thickness of Nonmagnetic Coatings Applied to Ferrous Base (1987).
The average dry film thicknesses for each coating system are listed in Table 2. Dry
film thicknesses for individual test panels can be found in Appendix B, Tables
B1-B7.

Table 1. Test and control coatings (with VOC content in grams/liter).

Manufacturer Primer Topcoat L VOC Primer/Topcoat (g/l)
: " Amercoat 385 Multi- ;
Ameron “Amercoat 68HS Zinc "Purpose 1 288/276
Carboline :Carboline 858 Carboline 890 302/214
Gavlon Industries .Gavlon 9198-6129 Primer iGavIon 9888-0008LF 324 /168
Kolor-Poxy 1-11 Solid Zinc Rich : Kolor-Poxy 3500 S/P
Keeler & Long “Primer No. 7600 : Surfacing Enamel ‘ 260/72
Poly-Carb :Mark 59.3 :Mark 83.3 : 0/N/A
Sherwin-Williams Zinc Clad IV 'Kem Cure MW Hi-Build ' 308 /340
; 'MIL-P-24441 Formula 152, |
Corps specification E-303d Type IV ! 500-600/ 340

* 1in. =254 cm
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Table 2. Paint dry film thicknesses.

i Dry Film Thickness of System Components (expressed in thousandths of an inch)
GoatingSystem  ZicPimer | EpoxyTopcoat  Epoxy Topcoat Total System
Caboine 51 & T oA 12
Keeler & Long 26 10.4 ! N/A : 13.0
Pgly_oa.rsv - ot 58 S 33 R 38 I B 12.9”
SrewinWilams 50 . &1 . 48 . 157
orAZ(onvo) . 17 s . NA 82

Selection of Test Methods

The selected laboratory test methods simulate the expected service environments for
epoxy coated-steel. Each is an ASTM-standard methodology shown to produce
results that correlate with actual outdoor exposures. Consequently, they are
especially useful in quickly ranking a set of coatings.

Salt Water Immersion

Six test panels of each control and experimental system were immersed for 120 days
in synthetic sea water prepared in accordance with Section 7, Salt Solution, of ASTM
B 117 Standard Test Method of Salt Spray (Fog) Testing (1990). All test panels were
scribed before immersion, exposing an area approximately 1/8 x 2 in. The purpose
of the scribing is to simulate coating film defects that inevitably occur due to damage
during handling, erection, and service life. Test panels were evaluated after 7, 60,
and 120 days for degree of rusting and blistering in accordance with ASTM D 610,
Standard Method for Evaluating Degree of Rusting on Painted Surfaces (1989) and
ASTM D 714, Standard Test Method for Evaluating Degree of Blistering of Paints
(1987). Degree of undercutting was measured after 120 days in accordance with
ASTM D 1654, Standard Method for Evaluation of Painted or Coated Specimens
Subjected to Corrosive Environments (1992).

Fresh Water Immersion

This test employed the same test and evaluation procedures used in the salt water
test. The test panels were immersed in aerated tap water.
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Cyclic Corrosion Weathering

Six scribed test panels of each control and experimental system were subjected to
16 weeks of cyclic corrosion testing. The test cycle comprised 1 week in an ultra-
violet condensation cabinet per ASTM G 53, Standard Practice for Operating Light-
and Water-Exposure Apparatus (Fluorescent UV-Condensation Type) for Exposure
of Nonmetallic Materials (1991) using UV-A bulbs (4 hours UV at 60 °C, 4 hours
condensation at 50 °C), followed by 1 week of hourly cycling through salt spray at
30 °C (4.0 g/L ammonium sulfate, 0.5 g/L sodium chloride) and forced air drying at
40 °C (modified ASTM G 85 Annex A5). The test panels were evaluated for degree
of rusting and blistering after 1, 2, 4, 8, 12, and 16 weeks. The degree of undercut-
ting was measured after 16 weeks.
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3

Results and Discussion

Salt Water Immersion

Degree of blistering adjacent to the scribe and rusting were determined for the test
and control coatings after 7, 60, and 120 days in salt water immersion. Rust under-
cutting at the scribe was measured after 120 days. The results are summarized in
Table 3. The rust undercutting data have been converted to integer values from 0
to 10, as described in ASTM D 1654. The blistering data are similarly converted by
taking the average of the sum of the blister size and the converted blister density.
The converted blister density is an integer value from 0 to 10 with very dense
blistering equal to zero and no blistering equal to 10. Rust, blister, and undercut
values are the averages of six test specimens for each coating system. The composite
score, shown in the last column, is the sum of numerical rust, blister, and undercut
ratings at 120 days. A composite score of 30 corresponds to no coating degradation.
The raw data for the salt water immersion tests are presented in Appendix B.

Blistering

Early blistering adjacent to the scribe is a good indicator of poor long-term per-
formance for salt water immersion applications. Blistering not associated with the
area near the scribe is less likely to occur, but when it does it indicates more serious
performance problems. Most of the commercial epoxy systems showed good resis-
tance to blistering in salt water immersion. However, one of the commercial systems

Table 3. 120-day salt water immersion test results.

Coating System Rust f Blister Undercut Total

oo e ._10 o R 1.0 ‘ T 10 300 :
ot : ‘ . 1_(.) S 10 o vm - 30.0.

Gavlon o - 1b o 7 M8.2 . , | 7 V1".8W - 200
ceoler & Long . : .10 e 2 ; 0 S 120
Pow-carb,_ S e 1(.) | o 1,0 - 10 N 300 _
Sherwin_wmia}ng S 10 . o 10 R 10 R __ - 300

21-A-Z (control) | 9.7 | 10 | 9 | 28.7
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showed some minor blistering not associated with the scribe, and another system
exhibited severe blistering over the entire coated surface.

Undercutting

The degree of rust undercutting measured at the scribed area is an important
measure of long-term coating performance. Four of the commercial epoxy systems
had no undercutting, but the two systems that had blistered did show severe under-
cutting. The control system (21-A-Z) exhibited minor undercutting at the scribe.

Surface Rusting

Visible rusting is typically associated with broken blisters, pinholes, and holidays.
Only the control system had any visible surface rust. Two of the six test panels had
minor pinpoint rusting associated with pinholes in the coating.

Composite Scores

The control system (21-A-Z) showed minor degradation after 120-days and had a
composite score of 28.7. In a previous investigation of commercial zinc-rich epoxy
primers (Race 1996), system 21-A-Z showed no degradation and had a composite
score of 30 for 120-days salt water immersion. Of the six epoxy test systems, four
had perfect composite scores and two had relatively poor scores. Five of the primers
evaluated in this study were also evaluated in Race 1996. Table 4 compares the
performance of these materials topcoated with MIL-P-24441 in the previous study
against their performance when topcoated with the manufacturer’s own commercial

Table 4. Comparison of zinc-rich epoxy performance with commercial vs military specification topcoats in
salt water immersion.

Ameron

Carboline

Gavlon

Keeler&Long

Poly-Carb

CostingSystem At | Bistr | Underut | Total
MLP244t 10010 80
Commercial 10 10 10 30
A S
Commersal 10t .t %0
MIL-P-24da1 | 10 10 L -
Commersia 10 82 | 18 20

CMLP2wam 0 t0 10 %
| Commercial | 0GR e
MIL-P-24441 | 10 10 10 30

: Commercial f 10 10 i 10 30
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topcoat in this work. Three of the primers had perfect scores both with MIL-P-24441
and their manufacturer’s commercial topcoat. Two of the primers showed markedly
inferior results with their respective commercial topcoats.

Paint system 21 (MIL-P-24441, Formulas 150 and 152)—an epoxy topcoat system
without zinc—was evaluated in another previous study by Race and Boy (1995). In
that study, system 21 showed both blistering (4.0) and undercutting (8.5) at the
scribe, and a composite score of only 22.5 after 112-days in salt water immersion
(Race and Boy 1995). All of the commercial primers as well as Corps standard
E-303d improved the performance of system 21 in salt water immersion. However,
two of the commercial epoxy systems in the current study exhibited a lower degree
of protection—in spite of their zinc-rich primer—than did system 21 without a zinc-
rich primer in the 1995 Boy and Race study.

Fresh Water Immersion
Rusting, Blistering, and Undercutting

Degree of rusting and blistering were determined for the test and control coatings
after 7, 60, and 120 days in fresh water immersion. Rust undercutting at the scribe
was measured after 120 days. The results are shown in Table 5, and the raw data
are presented in Appendix B. The composite score for each test panel is presented

in the last column of the table.

Composite Scores

With the exception of the two coatings that performed poorly in salt water immer-
sion, the commercial epoxy systems performed well in fresh water immersion.

" Table 6 compares the performance of five primers that were evaluated with both the

Table 5. 120-day fresh water immersion test results.

Coating System o »qust ; Blister : Undercut : Total
oo ‘ 10, . o .10. L 10 . . 300 S
Carboline o o 10 e 10 S 10 e - 00

Gavion 10 w0 a2 2
Keeler & Long 3 | 1‘(-) ‘. 2.0 " o 0 - 120 -
poly-Card S o v | 1,0 S - . 10 300
Sherwm-wmiah_.s. R 10 e 10 R e 10 S B, 3(,)0
21-AZ (control) T o T e T a0
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Table 6. Comparison of zinc-rich epoxy performance with commercial vs military specification topcoats in
fresh water immersion.

Coating System Rust ‘ Blister Undercut Total
MIL-P-24441 10 | 10 10 | 30
Ameron i : 1 - ; B
Commercial | 10 10 w8
MIL-P-24441 | 10 10 | 10 | 30
Carbo”ne L. S0 S Y e s i e s s e e e - o e e e
. Commercial ‘ 10 ‘ 10 3 10 : 30
e e ——— e [ b PSR S R
i MIL-P-24441 ‘ 10 : 10 § 10 | 30
Gavlon J T IR "‘:""' B - ,4‘ e e s e e e mminnmsare s s b s m i+ msmman s e mm e smen v m s ohm m i o e oo o
; Commercial ; 10 ; 10 | 4.2 242
'MIL-P-24441 | 10 10 ; 10 30
Keeler&Long P A U N e i i S E
. Commercial } 10 ‘ 2 ~ 0 : 12
-+ - b B e e B e S
'MIL-P-24441 ; 10 10 : 10 , 30
Poly-Carb w J T I e s e e ___4 e e e e e e e e
Commercial i 10 | 10 | 10 : 30

commercial and military specification topcoats. Again, as in the salt water test,
three of the fresh water exposed primers showed the same high level of performance
with both topcoats. Furthermore, the same two primers that performed poorly in
other tests also showed markedly inferior results with their own commercial top-
coats. As in other tests, the two poorly performing primer/topcoat systems did not
equal the performance of MIL-P-24441 without a primer; after 112-days system 21
had a perfect composite score of 30 (Race and Boy 1995).

Cyclic Corrosion Weathering
Rusting, Blistering, and Undercutting

Test panels were evaluated for rusting and blistering after 1, 2, 4, 8, 12, and 16
weeks. Rust undercutting at the scribe was measured at the completion of the 16
week test. The results are summarized in Table 7. Appendix B contains the raw
data for the cyclic corrosion testing.

Five of the six test systems had perfect blister and rust ratings at the completion of
the cyclic corrosion test. The control exhibited extensive blistering along the scribe,
but no surface rusting. All but one of the coating systems exhibited some degree of
undercutting at the scribe. The control system and one of the test systems were
undercut severely.
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Table 7. 112-day cyclic corrosion test results.

Blister i Total
29.8

28.7

Coating System Rust

E Undercut

- | 10 9.8

Carboline 10 - ~ 1—0 e [__ 8_7 —
e 10 10 a1 %7
Keeler & Long 0 T T T T T es
Poy-catp : 10 S 10 e 9 e 290 e

10 10 30.0
21-A-Z (control) 10

RN

Ameron - 10

Gavion

1
I
T S

S S

2.3 | 2.7 15.0

|
\

Composite Scores

In Race and Boy (1995), system 21 without a zinc-rich primer showed blistering (3.7)
and undercutting (4.3), and achieved a composite score of 18.1. In the current study,
all but one of the commercial epoxy systems performed better in cyclic corrosion
testing than did system 21 in Race and Boy (1995). Cyclic corrosion testing of the
zine-rich primers topcoated with MIL-P-24441 was also conducted previously. Table
8 compares the results of the previous tests with those from the current study.

Analysis of Variance

Standard deviations were computed for each performance attribute (i.e., rusting,
blistering, undercutting, and total), paint system, and test exposure. Table 9 lists
these values.

Table 8. Comparison of zinc-rich epoxy performance with commercial vs military specification topcoats in
cyclic corrosion. :

| Rust | Blister . Undercut Total
MIL-P-24441 10 ‘ 10 10 | 30
' Commercial 10 ‘ 10 ; 9.8 29.8
MIL-P-24441 10 10 10 e 30
Carboline r RN T, : . SO JO O VO - .‘ e e s e e w_ e meen mmva— + wmmnn ann s =
: Commercial ! 10 10 i 8.7 ! 28.7
:MIL-P-24441 10 ; 10 " 9 29.0
Commercial 10 10 6.7 26.7
MIL-P-24441 | 10 | 10 | 10 30
“Commercial | 10 ? 4.3 : 2 16.3
MIL-P-24441 10 ; 10 10 30
Commercial 3 10 10 : 9 : 29.0

Coating System

Ameron

Keeler&Long

Poly-Carb
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Table 9. Standard deviations for salt water (SW) , fresh water (FW), and cyclic corrosion (CC) tests.

Rust Blister Undercut Total

Coating System SW/FW/cC SW/FW/CC SW/FW/cC SW/FW/cc
A;‘nrer_qu 0/0/0 0/0/0 0/0/0.41 0/0/0.41
Car?ql_i_ne" - 0/0/0 0/0/0 0/0/1.03 0/0/1.03.
G;;/Iorl ” ) 0/0/0 286/0/0 0.75/.41/.82 2.9/.41/.82
-I;e”c;Jer- ;I..;ng 0/0/0 0/0/1.75 0.75/0/1.67 0/0/327
l;c;is-/-Carb 0/0/0 0/0/0 0/0/1.55 0/0/1.55
Sherw;nWllhams 0/0/0 0/0/0 0/0/0 0/0/0 )
21AZ(controI) 052/0/0 0/0/1.03 0/0/1.03 0.52/0/1.26

There is very little variance in the rusting data, primarily because rusting was
detected on only one coating system in one test exposure. There is also little vari-
ance in the blistéring data, again because very few paint systems exhibited any
blistering. In general, the more severe the blistering (lower score) the lower the
variance. The relatively high blistering variances noted for two samples were coin-
cidental with the onset of blistering, which can vary significantly from panel to
panel in its early stages. These differences tend to level out over time. Undercut-
ting was by far the most variable performance attribute measured, especially in the
cyclic corrosion test. There also does not appear to be any correlation between
degree of undercutting and the magnitude of the standard deviation. In other
words, the observed variability in degree of undercutting does not appear to be time-
dependent (as appears to be the case for blistering). Significant variability also was
noted for the composite (total) scores, especially for the cyclic corrosion test.

Significance Testing and Rank Order Performance

Salt Water Test

The t-test was used to determine the significance of the test results. For salt water
immersion there was no observed degradation or variance for the best four coating
systems. The observed differences between these products and each of the other
materials are significant at the 99.9 percent confidence level. The rank order per-
formance, then, is Ameron = Carboline = Poly-Carb = Sherwin-Williams > 21-A-Z >
Gavlon > Keeler&Long. This rank order correlates perfectly with that derived from
the composite scores. The 120-day test is not long enough to be able to identify dif-
ferences between the better products, although poor products are readily identified
within this period. A longer exposure period is needed to qualify the performance
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of coatings for use in salt water immersion, but 120 days is considered adequate to
determine fitness for purpose.

Fresh Water Test

For fresh water immersion, as for salt water immersion, there was no observed
degradation or performance variance among the four best coating systems. The
observed differences between these products and each of the other materials are sig-
nificant at the 99.9 percent confidence level. The rank order performance is Ameron
= Carboline = Poly-Carb = Sherwin-Williams = 21-A-Z > Gavlon > Keeler&Long.
This rank order correlates perfectly with that derived from the composite scores.
The 120-day test was not long enough to be able to identify differences between the
better products. Poor products are readily identified in 120 days. A longer exposure
period is needed to qualify coatings for use in fresh water immersion, but 120 days
is considered adequate to determine fitness for purpose.

Cyclic Corrosion Test

For the cyclic corrosion test there were no significant differences in the performance

" of the four highest scoring materials at the 95 percent confidence level. At the 95
percent confidence level the materials are ranked Ameron = Carboline = Poly-Carb
= Sherwin-Williams > Gavlon > Keeler&Long > 21-A-Z. At the 70 percent confi-
dence level the rank order comes closer to approximating that given by the com-
posite scores: Sherwin-Williams > Ameron > Poly-Carb = Carboline > Keeler&Long
> 21-A-Z. The 112-day test period is adequate to determine the differences between
poor and good performing products. The differences between the highest-performing
paints are not statistically significant. The data suggest that a minimum composite
score of 27 to 28 would be an appropriate acceptance criterion for qualifying coating
systems of the type evaluated in this study by these test methods.

Modes of Degradation and Failure

Early blistering at the scribe in all three exposures correlates well with poor overall
performance. Blistered panels also have the lowest (worst) undercutting scores.
Undercutting without blistering was observed for one system in salt water, one
system in fresh water, and four systems in cyclic corrosion.
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4 Conclusions and Recommendations

Conclusions on Coatings Systems

For the fresh and salt water immersion exposures, most commercial systems tested
in this study performed well. The top-performing commercial products are equal to
or better than the standard Corps coating system 21-A-Z. The better commercial
systems perform as well with the commercial topcoats as they do with MIL-P-24441.
The better commercial and standard Corps systems should provide similar long-term
performance in fresh and salt water immersion applications.

The top commercial systems performed significantly better than system 21-A-Z in the
cyclic corrosion test. However, system 21-A-Z performed much worse than in a pre-
vious study, achieving a composite score of just 15.0 in the current test as compared
to 30.0 in the earlier one. These differences are probably due to the relatively low
primer and total system thicknesses applied in this study (1.7 and 8.2 mils, respec-
tively) compared to those in the previous study (3.1 and 11.1 mils, respectively).
Batch variations also may have been a factor in the reduced cyclic corrosion resis-
tance of the control samples. MIL-P-24441 is produced by a number of different
manufacturers, and significant variations in material quality and composition have
been noted by USACERL when conducting quality-control tests for Corps field
activities. Nevertheless, it is concluded that the better commercial systems tested
in this study are suitable alternatives to Corps system 21-A-Z for atmospheric
exposures in corrosive environments.

The four top-performing commercial coating systems exhibited superior performance
in all three test exposures. The other two commercial systems performed poorly in
all test exposures. The uniformly good results for the four top performers in both
immersion and atmospheric exposures is encouraging because most Corps
applications for these materials involve structural components that are simulta-
neously immersed in water and exposed to the atmosphere.
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Conclusions on Test Methods

Tt is concluded that the test methods and evaluation procedures used in this study
are capable of distinguishing between the adequate and inadequate coating systems
at or above the 95 percent confidence level. Because fitness for purpose correlates
well with the presence or absence of early blistering on test panels, the experimental
results support the overall finding that each test method was adequate for deter-
mining minimum performance requirements. Poor performers are readily identified
or screened out by the test methods. However, it must be noted again that the 120-
day immersion tests are not long enough to determine the actual long-term dura-
bility of the coating systems in these exposures, nor are they long enough to distin-
guish between the better-performing products. Laboratory exposures of a year or
longer would be useful in identifying differences among the higher-performing
products, but, longer exposures are impractical from the standpoint of qualifying
coatings based on their performance.

Recommendations

It is recommended that field tests of the most promising commercial systems
(Amercoat, Carboline, Sherwin-Williams, Poly-Carb) be conducted to determine the
long-term performance of these products under real-world conditions. Field test
applications should include structures exposed to the same exposure conditions
simulated in this laboratory test.

It is recommended that, upon field verification of these laboratory tests, the test and
evaluation procedures reported here should be used to develop a performance-based
criteria document for a commercial zinc-rich epoxy primer/epoxy topcoat system.
Such a document should be issued as a commercial item description by the General
Services Administration.
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Appendix A: Manufacturers of Coatings
Tested in This Study

Ameron—-Protective Coatings Group
201 N. Berry St.
Brea, CA 92622

Carboline Co.
350 Hanley Industrial Court
St. Louis, MO 63144

Sherwin-Williams Co.
101 Prospect Ave. NW
Cleveland, OH 44115-1075

Gavlon Industries, Inc.
10531 W. Little Yonk Rd.
Houston, TX 77041

Keeler & Long, Inc.
856 Echo Lake Rd.
Watertown, CT 06795

Poly-Carb, Inc.
33095 Bainbridge Rd.
Cleveland, OH 44139
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Appendix B: Raw Data for In-Laboratory
Coating Tests
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