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INTRODUCTION

Corrosion is a major reason for the high cost of maintaining and repairing military equipment.
It can be minimized through the application of corrosion-inhibiting primers to all metallic substrates
before topcoating. These Drirners contain reactive pigments such as chromates, phosphates, oxides,
etc. that help to passivate metals and neutralize aggressive ions at the primer/metal interface. Many
military specifications have been written for the procurement of these materials. Eleven of the more
common specifications are giver. in Table 1. They differ in regard to composition and intended
application. This information can be obtained from the specifications. Table 2 lists the binder, resin,
and solvent systems of these materials. The purpose of the study is to give those who specify and
apply such materi3ls a guide to their comparative performance and limitations. For each specifi-
cation, a single primer was obtained directly from a qualified manufacturer. Their names and
product numbers have been withheld from this report, since it is not our intent to endorse any
proprietary formulation. The selection of a primer for a particular application should be based on
many factors including cost, performance, intended use, and environmental conditions. The
optimum material for one application may not be adequate for another. We hope that this report
will make the task of choosing the proper material somewhat easier.

PROCEDURE

With the exception of flexibility and filiform corrosion, all of the test properties were con-
ducted on 1010 carbon steel and 2024T3 aluminum alloy. The steel panels were pretreated with a
zinc phosphate coating in accordance with specification DOD-P-16232. The aluminum panels were
pretreated with a chromate conversion coating in accordance with specification MIL-C-5541 using
materials conforming to specification MI L-C-81706. The flexibility tests were conducted on 2024-0
aluminum alloy (annea!ed) thae was anodized in accordance with specification MIL-/.-8625, Type II.
Filiform corrosion was performed on Alclad 2024-T3 aluminum alloy panels which vere pretreated
with the above chromate conversion coating. The primers were mixed as prescribed by the manu-
facturer and applied by conventional air spray to a dry-film thickness of 1.0 to 1.5 mus. They were

then cured for seven days at room temperature before testing. The physical properties of each primer
were determined in accordance with test methods from the American Society for Testing and
Materials (ASTM) and Federal Test Method Standard (FTMS) No. 141B.

DRYING TIME (ASTM D1640)

The ta"k-free time is defined as the period of time from application until no tackiness is evident
to the touch. At this point, the primer is ready for topcoating. The dry-hard time is defined as the
period of time from application until the film cannot be permanently marred using firm thumb
pressure. At this point, items that receive only a coat of pri-ner are now ready to be handled.

ADHESION (ASTM D3359, ASTM D2197)

After 24 hours of water immersion, the crosshatch instrument was used to scribe 11 parallel
lines !1 mm apurt) through the film and again in a perpendicular direction, so that a grid of 100
squares was formed. A strip of 3M.250 masking tape was then applied over the grid with firm
thumb pressure and removed with one quick motion. Standards for evaluation of adhesion, based on
the area of primer removed, are given in the test method. Another means of determining adhesion
was the Arco Microknife. With this method, parallel cuts were made in th.e film through to the sub-
strate. These cuts were made closer and closer together until the primer between the cuts was sheared
from the panel. The adhesion rating was calculated from a formula that included the shearing force as
a variable.

3
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TABLE I. MATERIALS LIST

Specification Title

TT-P-664 Primer Coating, Synthetic, Rust-inhibiting, Lacquer-resistant

TT-P-1757 Primer Coating, Zinc Chromate, Low Moisture Sensitivity

MIL-P-23377 Primer Coatings, Epoxy-polyamide, Chemicai and Solvent Resistant

MIL-P-26915 Primer Coating, Zinc Oust Pigmented, for Steel Surfaces

MIL-P-52192 Primer Coating, Epoxy

"MI L-P-52995 Primer Coating, Synthetic, Corrosion-inhibiting, Lacquer-resisting,
Lead and Chromate-Free

"MIL-P-53022 Primer Coating, Epoxy, Corrosion-inhibiting, Lead and Chromate-Free

MIL-P-53030 Primer Coating, Epoxy, Water Reducible, Lead and Chromate-Free

MIL-P-85582 Primer Coatings, Epoxy, VOC Compliant, Chemical and Solvent
Resistant

MIL-P 87112 Primer Coating, Eiastomeric, Polysulfide, Corrosion-inhibit;ng

MI L-P-XXXXX* Primer Coatings, Pulyurethane, Elastomeric, Corrosion-inhibiting

"Orte-component, Polyurethane Primer

i
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TABLE 2. COMPONENTS OF THE PRIMERS EVALUATED

Corrosion-Inh biting
Specification B~nder Pigments Solvent

TT-P-664 Phthalic Alkyd Iron Oxide, Zinc Chromate Organic

TT-P-1757 Phthalic Alkyd Zinc Chromate Organic

M I L-P-23377 Epoxy Strontium Chromate Organic

MIL-P-26915 Epoxy Zinc Organic

MIL-P 52192 Epoxy Iron Oxide, Basic Lead-SGIica Organic
Chromates

MIL-P-52995 Phthalic Alkyd Iron Oxide, Zinc Phosphate, Organic
Organo-Zinc Salt

MIL-P-53022 Epoxy Zinc Phosphate, Organo- Organic
Zinc S.,h

MIL-P-53030 Epoxy Iron Oxide, Zinc Phosphate, Water/Organic
Organo-Zinc Salt

MIL-P-85582 Epoxy Barium Chromate Water/Organ~c

MIL-P-87112 Polysulfide Chromates Organic

MI L-P-XXXXX Polyurethane Zinc Chromate Organic

5
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FLEXIBILITY (FTMS 6226, ASTM D2794, ASTM D1737)

The impact resistan-e of !he primer was measured with both the GE and Gardner instruments.
The results are given as the maximum percentage elongation (GE) or inch-pounds of energy
(Gardner) that the primer can withstand without cracking. Mandrel-bend tests were conducted over
1/8, 1/4, 1/2, and 1" mandrels. This test was performed at a temperature of -60* F. The smallest
mandrel around which the coatttd panel could be bent without cracking was recorded.

CORROSION RESISTANCE (ASTM 8117, ASTM G85, ASTM D2803)

Four sets of primed steel and aluminum panels were scribed in a figure "X" down to bare netal
and mounted iu 150 racks. Two sets were exposed in a 5% salt-spray cabinet for 1000 hours, Another
two sets were exposed in a S02/sat -spray cabinet for 400 hours. The panels were then observed for
undeTcutting at the edge of the scribe lines and blistering over the rest of the panel. Filiform tests
were conducted only on scribed Alclad aluminum panels that were primed and topcoated with
MIL-C-83286 polyurethane topcoat. Two panels for each primer were exposed to 12 t! hydrochloric
acid vapors for one hour to initiate the corrosion process. Then the panels were thoroughly rinsed
with distilled water and placed in a 85% RH. humidity cabinet for 500hoursat ambient temperature.
After this exposure, they were examined for filiform corrosion leading from the scribe lines.

FLUID RESISTANCE

The fluid resistance of the primers was evaluated by exposing the coated panels to three types
of fluids: hydraulic fluids, lubricating oils, and hydrocarbons. Resistance to hydraulic fluids was
determined by immersing the coated panels in specification MIL-H-5606 and MIL-H-83282 hydraulic
fluids for 24 hours at 1500F. The primers were then onserved for softening or other signs of film
degrautiot. Resistance to iubricating oils wat ascertaine.d by immersing the primed panels in
MI L-L,23699 lubricating oil for 24 hours at 250WF. Again, the primers were evaluated for film
st.ftening or degradation. Resistance to hydrocarbons was determined by rubbing a cloth rag soaked
in methvl ethyl ketone or specification MI L-T-5624, Grade JP-4 aviation fuel back and forth across
the surface of the primer about ten times. Complete removal of the coating from the panel repre-
sented failure in these tests.

VOLATILE ORGANIC COMPOUNDS CONTENT (ASTM D3960)

The volatile organic compounds (VOC) content of each primer was determined by diluting the
material with the recommended thinner to spray viscosity (18 seconds through a Zahn No. 2 cup).
The volatile components were then measured, and the results were recorded as the grams of VOC
per liter of paint (lie n water).

RESULTS AND DISCUSSION
I

The drying-time of the primers evu,•o d was recorded for both tack-free and dry-hard
conditions. These results are l•ted In Table 3. Tack-free times ranged from 15 minutes to three tJours
with the majority of materil's becoming tack-free in 30 to 45 minutes, Drying-time is a property
usually consudered during equipment proceming. Th@ tack-free time for a primer is generally the
minimum period after application before the material can be overcoated with either a sealant or
topcoat. If the qpipmont being painted is occupying valuabie space In a spray-booth or hangar,
shorter tack-free timos are desirable.

The dry-hard time Is generally the minimum period after Voslication before equipment can be
handled without risk of easily damaging the coating. The materials tested had dry-hard times ranging

S
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from 30 minutes for TTP-664 to eight hours for MIL-P-87112. Most coatings were dry-hard in two
to four hours. If critical space and time are being wasted while waiting for a primer to dry, a
material with a quicker cure is desirable. For example, at many rework facilities, aircraft are
stripped of all paints, and corrosion is removed. The aircraft is then cleaned, and a fresh coat of
primer is applied for corrosion protection during the rework process (which may last several
months). The next step in the process cannot begin until the primer is dry-hard in order to mini-
mize possible damage to the ccating.

Adhesion of the primer to military equipment is of great importance. This is especially true
when considering the operational environment of the equipment. In many cases, the climate is
harsh and demanding (such as on aircraft carrier). Also, the conditions of use are severe. Army and
Marine Corps vehicles may be driven off the road through dirt and water. When not in operation,
they are frequently walkid on or scraped by tools causing mechanical damage to the coatinq. In
areas where the coating has been chipped, the underlying m.tal is expozed to the environment,
and the corrosion process is initiated. Therefore, a durable and adherent film is necessary.

Adhesion was measured by the wet cross-hatch and microknife methods. The results of these
tests are listed in Table 3. Cross-hatch results for all primers on the a:uminum specimens was 5B,
which indicates excellent adhesion. On steel specimens, all primers exhibited 58 adhesion except
MI L-P-85582 and MI L-P-53022 (28) and M I L-P-23377D (3B). Figure 1 illustrates that the latter
results are only fair in comparison to a 58 rating. It must also be considered that this test was
performed after 24 hours of immersion in water. Therefore, it was influenced by the water
resistance of the primers.

Microknife adhesion results ranged from 1.6 to 3.0 on steel and 1.2 to 3.8 on aluminum (the
lower numbers indicate better adhesion). This test was performed at ambient conditions. There
is no correlation between these and the cross-hatch resu;ts. However, the cross-hatch results showed
no difference between many of the coatings, while the microknife results indicated fine differences
in the adhesive strength of the primers tested. Fcr instance, TT-P-664 and MIL-P-52192 both had a
58 adhesion on aluminum; but TT-P-664 yielded 1.2 in the microknife, and MIL-P-52192 yielded a
2.5, indicating that the former is more adherent. Cross-hatch and microknife results are empirical
and should only be used as an indication of the trend of adhesive strengths of the primers tested.

The impact flexibility of' thb primers on O-temper, aluminum ipecimens was measured at
ambient conditions by two methods: the GE impact test and the Gardaer test. The GE impact
test indicates the maximum elongation of the coating before cracking occurs. The Gardner test
yield; the highest impact energy applied to the specimen before the coating cracks. The results oi
these tests are presented in Table 3. The GE results ra&ige from 0.5% for M IL-P-26915 to 60% for
the one component, urethane coating. The Gardner results range from 10 inch-pounds to greater
than 160 inch-pounds. These results, in some cases, are lower than specified requirements. This is
suspected to be due to the surface characteristics of the specimens. However, all of the primers
were applied to the same batch of specimens, and the results can be used on a comparative basis.
Figure 2 is a graph comparing the results from the two tests. This graph shows some agreement
between the two methods. However, there is more variation in the Gardner results. For Instance,
there are four primers which have a GE impact of 20% elongation; but the Gardner results on these
materials range from 20 to 110 in-lbs, showing a differentiation between materials.

Impact flexihility is necessary if a coating ia on a substrate which is ofter, flexed or Impscted.
As previously mentioned, ground vehicles are frequently impacted with tools and other hard
objects. This property indicates the likelihood of the protective coating being damaged by rcugh
handling.

$
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Low-temperature (-60'F) flexibility was measured by performing a 180 degree bend over
1/8, 1/4, 1/2, and 1 inch mandrels with primed, 0-temper, aluminum specimens. Table 3 lists
the smallest mandrel on which the coated specimen could be bent without cracking. MIL-P-26915
failed over all the mandrels. MI L-P-53022 and TT-P-1757 passed the 1/2 inch mandrel, while
MIL-P-22377D passed the 1/4 inch mandrel. All other primers passed the 1/8 inch mandrel. This
is an indication of how these primers will perform when ' ;xed at low temperatures. Aircraft are
exposed to such temperatures during high-altitude flight

The results for the fluid resistance tests appear in Table 3. All eleven primers passed immersion
in standard aircraft hydraulic fluids (MI L-H-5606 and M IL-H-83282) at 150F (66'C). No softening
occurred on any of the panels tested, althougit the one-component, urethane primer and the TT-P-
1757 did discolor slightly. Immersion in MIL-L-23699 lubricating oil at 250OF (121°C) softened
both MI L-P-52995 and Ml L-P-26915 to the point where the coatings could be removed by wiping
with a cloth using slight pressure. The MI L-P-26915 was also softened in the vapor phase section of
the specimen (exposed above the fluid), such thai the coating could be wiped off the panel with
slight pressure. Except for some discoloration, all of the other primers were unaffected by the
lubricating oil.

The results for the solvent resistance test appear ii; Table 3. Most of the coatings exhibited
good resistance to methyl ethyl ketone (MEK). However, three of the coatings (TT-P-664, MIL-P-
52995, and MIL-P-52192) were softened and removed when wiped with a cloth soaked with MEK.

The results for the fuel resistance test appear in Table 3. TT-P-664 and MIL-P-52995 primers
had small amounts of the coating removed when wiped with a cloth soaked in JP4 aviation fuel.
The rest of the primers were unaffected.

The fluid resistance, fuel re-istance, and solvent resistance tests are designed to test the
chemical resistance of a coating. Most of the primers performed well in these tests. MI L-P-52995
failed all three tests Pnd should not be used in any area where chemical resistance is a requirement.
TT-P-664 failed both fuel resistance and solvent resistance tests, and MIL-P-52192 failed the solvent
resistance test. Therefore, these primers should not be used in areas around fuel tanks where they
may be exposed to hydrocarbons. MI L-P-26915 failed the lubricating oil exposure in both the
immersed and vapor phase and, therefore, should not be used in any area where lubricating oils are
present (such as aircraft engine compartments). Any of the other primers could be used in these
-areas, and all of the primers evaluated could be used in areas where hydraulic fluids a(e present.

The volatile organic compounds (VOC) of the subjnct primers were measured at standard, air-
spray viscosity (18 seconds through a Zahn No. 2 cup), and the results appear in Table 3. Most of
the primers have a VOC in the range of 525 to 625 grams per liter. The values for MIL-P-53030 and
M I L-P-85582 are 315 and 325 grams per liter, respectively. These are low because the two primers
are water-borne, while the rest are solvent-borne. The one-component, urethane primer has a VOC
of 780 grams per liter.

The VOC of a coating represents the amount of organic vapor emitted to the atmosphere
during and after application. Since most organic vapors are hazardous to the environment, their
concentration during coating application is often limited. An example of this is South Coast Air
Quality Management District Rule 1142 for the Los Angeles area. Water-borne primers or exempt
solvents (such as trichloroethane) must be used to meet solvent emission limitations. Where these
laws do not exist, any of the primers could be used.

11
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Three corrosion tests were performed during this study: 5% salt-spray, S0 2/salt-spray, and
filiform corrosion. Salt-spray and S02 tests were performed on both steel and aluminum. Filiform
testing was performed only on aluminum. All test specimens were first inspected with the coating
intact and then after the coating was chemically remoed from the subucrate. Similar results were
observed on the coated panels and the stripped panels.

The results of the 5% salt-spray tests appear in Figure 3. Steel specimens exposed to 1000
hours of 5% salt-spray are shown in Figures 4 and 5. These results indicate that iron oxide pigment
systems generally inhibit corrosion of steel better than other inhibiting systems. Strontium chro-
mate and the zinc phosphate/organo-zinc salt systems also performed well. Coatings with just zinc
or zinc chromate inhibitors pfrformed poorly. It should be noted that the inhibitor is only one
phase of the corrosion protection of a primer. The resin system provides a physical barrier against
the corrosive environment. If the resin cannot withstand the environmental exposure, the coating
can fail regardlesss of the pigment system.

Aluminum specimens exposed to 1000 hours of 5% salt-spray appear in Figures 6 (painted)
and 7 (stripped). These results show that under salt-spray conditions, chromates provide the best
corrosion protection for aluminum, with zinc phosphate and iron oxide systems providing fair
protection. Again, this is only true if the resin system can withstand the environmental conditions,
It was observed that the zinc pigmented primer (MI L-P-26915) performed well when initially
exposed to the salt-spray environment. During this time, white corrosion products (probably
zinc oxide) formed on the surface. After 200 hours, these products diminished, indicating a
depletion of zinc. During the additional exposure period, corrosion of the substrate occurred.

The final results for the S0 2/salt-spray tests on steel and aluminum specimens were taken
after 400 hours of exposwre. These results appear in Figure 8. Periodic evaluations of the specimens
were performed throughout the test. These evaluations indicated that the specimens which showed
signs of corrosion first were the most corroded specimens in the final evaluation. All of the
specimens exposed had corrosion in the scribe, indicating the severity of the test conditions. The
steel specimens from this test appear in Figures 9 (painted) and 10 (stripped). These results indi-
cate that the zinc phosphate/organo-zinc salt inhibitor system and the iron oxide inhibitor pro-
vided the best protection on steel under these conditions. Chromate inhibitors again provided very
little protection for steel. The aluminum specimens from the S02/salt-spray test appear in Figures
11 (painttj) and 12 (stripped). These results indicate that the zinc phosphate/organo-zinc salt
inhibitor system and the iron oxide inhibitor system and the iron oxide inhibitor provided the
best corrosion inhibition on aluminum. Strontium chromate and zinc inhibitors also provided
fair protection on aluminum. The rest of the chromate inhibited primers, however, were not
very effective in providing protection against the S02/salt-spray environment. This can be seen
dramatically with M I L-P-85582 and M I L-P-87112 primers. These materials provided excellent
protection for 1000 hours of regular salt-spray, while both materials performed poorly in less
than 400 hours of S02/salt-spray exposure.

The results of the filiform corrosion test appear in Figure 13. Fillform corrosion appears as
filament-shaped or threadlike corrosion products leading away from the scribe lines. This type
of corrosiun usually occurs in acidic and humid environments. As these corrosive conditions become
more severe, the process can tend to go from filiform to other forms of localized corrosion. Figures
14 (painted) and 15 (stripped) show the filiform test specimens, These results indicate that the
chromate inhibitors and zinc provided the best protection against the environment. The zinc
phosphate/organo-zinc salt inhibitor system also provided fair protection.

12
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Figure 4. Steel Specimens (Painted) From 5% Salt-Spray Teot
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Figure 5. Steel Panels (Stripped) From 5% Salt-Spray Test
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Figure 6. Aluminum Panels (Pointed) From 5% Solt-Spray Test
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Figure 9. Stf~s Panel (Painted) From SO2/Salt-Spray Test
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Figure 10. Steel Panels (Stripped) From S02/Shlt.$proy Test
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Figure 12. Aluminum Panels (Stripped) From S02/Shlt-Spray Test
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Figure 14. Aluminum Panels (Painted) From Filiform Corrosion Test
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Corrosion protection is one of the primary functions of a primer and is, therefore, a property
of great importance when selecting a material for a particular application. This selection should be
made only after con.,idering the substrate to be protected and the surrounding environment. The
application can vary from one piece of equipment to the next. Therefore, a material suited to the
particular substrate should be used. Some materials perform better on steel, while others perform
better on aluminum. In some cases, both substrates are present; and this requires a material that
works well on both. In addition, the severity of the environment dictates the degree of protection
that is required. These results are only an indication of the ability of these primers to prevent
corrosion. There is little correlation between different corrosion tests, because of the unique
conditions of each test. The S0 2/salt-spray test Is a better corrosion test for aircraft carrier environ-
ments or highly industrialized areas where stack exhaust gases are prevalent. The regular salt-spray
test represents general conditions for corrosion. The filiform corrosion test covers highly humid
and acidic environments where equipment could be susceptible to this type of corrosion.

SUMMARY

The objective of this investigation was to evaluate various primers available for military equip-
ment and provide comparative performance information to designers and engineers who specify
and apply these materials. The eleven primers evaluated varied in perfoiniance fr(,m poor to
excellent in corrosion protection, flexibility, adhesion, and chemical resistance. The corrosion re-
sistance and adhesion varied between steel and aluminum substrates. In addition, these materials
differed in composition (affecting not only physi-,al properties but, also, application and cure).

Military equipment is constructed of various materials and is subjected to a wide variety of
operational environments. The designer must consider these operational factors when specifying
a coating system. He also must consider the ipplication environment and scenario. The information
provided in this report can then be used to determine the most effective primer for the intended
use. By this process, equipment operational readiness and life-times can be increased.
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