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FOREWORD

This report was prepared by The Sherwin-Williams Company under USAP
Contract No. AF 33(616)-35. The contract was initiated undew Project No.
73121 (C) "™organic Protective Coatings?, and was administered under the
direction of the Materials Laboratory, Directorate of Research, Wright Air
Development Center with R. L. Stout acting as project enginser,
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ABSTRACT

The purpose of this investigatlonal work, which was to strive to de-
velop improved costings for the protection of magnesium, has been accomp-
1igshed. The recommended finlshing systems based on this work use a
vinyl toluene-ether ester vehicle in both the primer and the topcoat.

The primers are pigmented at 35% pigment volume concentration with zine
chromate and silicon dioxide. The solvent resistance of these systems
has been varisble. The two types used in the samples submitted for
evaluation show bad softening but falr recovery upon solvent evaporation.

Time consuming difficulties were encountered in establishing a satis-
factory test surface. Pretreatment of the magnesium according to MIL-M-
3171, Fype III, by e preferred comeercial processor and the use of repli-
cate tegt panels was the solution. Wash primers as pretreatments for
magnesium or as an addition to dichromate pretreatments show promise but
their performence is too variable to warrant inclusion in the recommended
system at this time. Improvements in wash primers included the use of
strontium chromate and silicon dioxide as the pigmentation and the re-
duction of mcid mctivator content to 25% of normal with simulianeous
control of water content.

several items were investigated briefly and showed enough promise
to warrant further study. These include polysulfide resins, furan
resins, a pilgment prepared from calclium sulfide and sammonium vanadate,
pigmentation changes in wash primers, and a method for determining the
permesbility of films to chloride ions.

This work was done by the Paint Research Department of The Sherwin-

Williams Company under contract AF 33(616)-35 from 23 March, 1952 to
1 June, 195k.

PUBLICATION REVIEW
This report has been reviewed and is approved.

FOR THE COMMANDER:

. R. WHITMIRE
Technical Director
Materials Laboratory
Directorate of Research
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INTRODUCTION

The purpose of this contract is to strive to develop improved
organic coatings for the protectiocn of magnesium parts of aircraft.
Such improvements may be in corrosion resistance, adhesion or weight.

T™e well known and generally excellent finishing system for
aluminue, Zinc Chromate Primer, MIL-P-688%e, followed by aluminized
lmcquer, MIL-L-7178, has been used by the Air Force on aluminum for
many years. With the introduction of magnesium into the comstruc-
tion of aircraft frames in comjunction with aluminum, this same
finishing system wvas adopted for magnesivm. Here the performance
has not been as favorsble and failures have been noted both in
adhesion and corrosiom.

These failures can be explained by the relatively high pH of the
corrosion products of magnesium and the presence of an active bi-
metallic couple at each magnesium-aluminum junction. The vehicle
of Zine Chromate Primer is either an alkyd or an alkyd-phenolic
dispersion resin combination. In either case the alkali resistance
can be rated only fair. In fact, the resistance of these vehicles
to a pH as high as that produced by magnesium oxide or hydroxlde
18 poor. Thus it showld be expected that any corrosion of mgnegiv
occurring at breaks in the costing system would tend to creep rapidly
under the specification painting system through destruction of the
primer vehicle at the paint-metal interface. This corrosion creep-
age in conjunction with the potential difference between aluminum
and magnesium that is present at each bimetallic couple, establishes
conditions favorable to severe corrosion.

On these premises, much of the effort of this project has been
directed toward developing a paint system utilizing an alkall re-
sistant vehicle. Alkali resistance alone, of course, is not the
whole story. The vehicle mast also act as a binder for the pigment
in such & way that there is a reservoir of pigment availsble for
inhibition of corrosiocn. Other attributes such as good adhesion,
rapid drying at room temperature, flexibility, bardness, and abrasion
resistance are also primery functions of the vehiele and were con-
gidered.
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Pigmentation also was given comsiderable attention, particu-
larly in the primer. Corrosion inhibitive pigments must be
avallable from the primer in certain rroportions over long periods
of exposure in order to be effective. Such prolonged availability
depends upon controlled agueous solubility and film permeability.
The former quality is an inherent characteristic of the individual
Pigments but much can be done concerning the latter quality by
proper manipulation of the pigment volume concentration or P'C.
Thue the relationship of PVC to eritical Pigment volume concen-
tration (CPVC) was studied in seversl instances.

Much of the investigation of the corrosion inhibitive proper-
ties of various pigments was done using a simple technique. This
consisted of exposing metal slips to saturated saline solutions of
the various pigments and observing the progress of corrosion
visually. All of the more promising pigments were evaluated sub-
sequently in actual coatings to substantiate the water tests.

Although pretreatment of the metal with inorganic chemicals
was not a part of the purpose of this contract, it was found neces-
sary to do considerable evaluation work on pretreatments in order
to obtain as uniform a substrate as possible. Consideration was
g€iven also to the use of a wash Primer, or an organic pretreat-
ment; as a replacement for or an adjunct to the regular dichromate
pretreatment.

Sixteen monthly reports and seven quarterly reports have been
prepared and submitted previously. This is the twenty-fourth and
final report and covers the work done during the entire period of
the contract, 29 March, 1952 through 1 June, 195Lk.
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SECTION I
TEST NETHODS

A. Panels

In any research and development work, it is axicamtic that
experimental data should represent variations in results that ocour
because of controlled variations in the experimental set up and not
because of .mcontrolled varistions. This is particularly difficult
in working with paints which are such complex mixtures of natural
and synthetic organic and inorganic materials. In addition to the
composition of the paint itself there are immerable possibilitles
for uncontrolled variatioms in the mature, cleaning and pretreatment
of the subsirate; the application, drying and aging of the films;
and in the test procedures. Amything that can be dons to minimize
these undesirable variatioms is well repaid by the increased re-
14iability of the experimental results. Therefore, considsrable
effort vas expended on the design, pretreatment and assembly of the
panels for this project.

At the direction of the Air Force FS-1H magnesium sheet was
selected for the main test surface. This sheet, .051 inches thick
was cbtained from Dov Chemical Company. Psnels were cut to the
specified size, drilled for riveting and bandling, and the edges
rounded and deburred prior to pretreatment. FS-1 is notable as a
magnesiwm alioy because of the relatively low conteat of aluminum
(3.0%) as compered, for instance, with J alloy (6.5%)}. This, coupled
with its high purity with respect to irom, nickel and copper, gives
FS-1 relstively good corrosion resistance.

It has been pointed out by Alsxander® that magoesivm alloys may
vary sufficiently in composition to affect their corrosiom rate
materially. Thus Alexander feels that magnesium alloys differ suf-
ficiently within their specifications to overshadow amy differences
in corrosion rate brought about by wide varismces im the quality of

applied orgsnic coatings.
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The Megnegium Division of Dow Chemical Company does not sgree
with this viewpoint. They feel that an alloy such as FS-1 had
tight enough specifications to give reproducible corrosion rates.
At the same time they concede that surface contamination from
rolling processes can and does very and that such variations affect
corrosion rates materially. De Long3 has suggested different
Pickling operations for the removal of various types of soil such as
graphite base lubricants, imbedded foreign materials and mill scale.
It has been suggested that even with proper surface conversion
treatment of magnesium as specified in MIL-M-3171 all surface con-
taminants are not removed in every case. These residual conteminants
then could cause the variation in corrosion rates found by Alexander.

At any rate it is no more than prudent to confine the megnesium
panels in an experiment to those from one lot of magnesium if possible.
To this end panels have been ordered in groups of 1000 for the 3 x 6
inch size and 250 for the 6 x 12 inch size. It was specified that
each batch of panels must be from sheet from the same lot of magneslum.
These sheets were acetic acid pickled by Dow before cutting into panels.
Even 80 they were sometimes given a second pickle prior to the pre-
treatment if there were any evidences of residual mill scale on other
contaminants remaining on the surface.

Again at the direction of the Air Force 2LST Alclad aluminum
was selected as the metal for use in couples where galvanic corrosion
was of interest. 2UST aluminum was chosen in preference to 758 even
though the latter is more prevalent in aircraft comstruction. This
was done with the thought that the use of 2LST would result in a more
nevere test in a couple with magnesium. Although there is no evidence
to support the existence of corrosion variances for aluminum similar
to magnesiwm, similar arrangements were made for the acquisition of
aluminum penels in relatively large batches from one lot. The alumi-
num panels were .032 incheg thick.

Most of the experimental work has been done on 3 x 6 inch or
6 x 12 inch panels. In cases where corrosion was of intere(i, such as
in salt spray tests and exterior exposure, an assembly was constructadd
in which a megnesium and an aluminum panel were lapped one inch along
the long edge and fastened with three 56S alumimm rivets conforming
to AN-QQ-W-298, ANMTOB L-4. Since it is difficult to rivet two thin
sheets of metal without some buckling of the sheets a speclial jig
was constructed to facilitate the riveting. In spite of this some
buckling occurred and as a consequence there was some applied stress
on the metal panels.
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B. Faint Application

Through conswltation with the project monitor, a standard
procedure was establighed at the begimaning of the contract for
coating the panels. Pretreated magnesium panels were primed with
two coates of primer with a two hour air drying interval. Aluminmm
pansls were given only ome coat of primer. After overnight drying
the panels were riveted together and the assexbly was given two
coats of topeoat with a two hour air drying interval. The panels
were allowed to age in the laboratory for h8 hours before being
subjected to test conditioms. All application was by spray. This
procedure was followed except where otherwise noted.

Since sach coat of paint was applied at about 0.5 mils thickness
the total film thickness on the exposed magnesium surface was shout two
mils and on the exposed alumimum surface, sbout one and a half mils.
™he lap Jjoint was separated with sbout ope and & balf mils of primer.
Electrical contzet hetween each pair of panels was checked with a
simple one and a half volt battery and bulb. Lighting of the bulb
with the coupled panel in the circult was considered evidence of
good electrical contact.

The edges of all assembled panels were protected by an additional
coat of a proprietary alkyd primer and a coat of a mixture of paraffin
vaxes., The primer was applied by a modified dipping method and
covered only about one eighth of an inch from the edge. The wvax was
applied by dipping and covered about one quarter of an inch from the
edge. Obviously the lapped edges could not be given this extra pro-
tection.

C. Evaluwation Test Methods

It was agreed both contractually and verbally that selt
spray testing would be the primary evaluation method with coafirmmtory
exterior exposures of the better coating systems. This scheme has
been followed. Since 3% salt spray was selected in preference to
20%, it was felt that humidity cabinet tests were of leas importance.
Actually with a salt comcentration as low as 3%, considerable informa-
tion on molsture resistance is obtained during the salt spray exposure.
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Normally a salt spray cabinet maintained at 20% salt and 95° F
is leass severe on paint coatings than is one maintained at the same
temperature but at 3% salt when the effect on coatings 1s considered.
This is felt to be primarily because of the greater osmotic effects
with the latter. It was found, however, that with the magnesium-
aluminum coupled panels used in this project, and probably with
other dissimilar metal couples, the 20% salt was considerably more
corrosive (See Section A, Teble 1 of the Appendix). Such an effect
with a dissimilar metal panel can be explained by the greater con-
ductivity of the 20% salt spray.

The question of which testing atmosphere was the more desirable,
3% or 20%, was considered in the light of these results. The slower
rates of corrosion in the 3% spray are more conducive to differenti-
ation between the performance of similar types of coatings. In a
research and development project such differentiation is important
for following trends and gaining information. Although the more
rapid failures in the 20% salt spray might be desirable in control
vwork or rough screening tests, it was not felt that they would be
valuable in a project of this type.

A standard Industrial Filter and Pump salt spray cabinet was
used in this project. Exposure panels were mounted at an angle of
15° from the vertical with the magnesium panel on top. The lapped
edges were placed in a horizontal position so that the salt solution
was shed over the magnesium panel onto the aluminum. The cabinet
was operated in accordance with AS™ specification B 117-49T with
the exception of the salt concentration.

In those few cases where a humidity test was used a specially
designed humidity cabinet using the cold wall principle was employed.
Actually there is no accepted standard humidity cabimet in the paint
industry. It is contended that any cabinet that does mot maintain
copious condensation on all parts of all panels all the time does
not operate continuously at 100% relative humidity. In order to
maintain 100% relative humidity a cabinet must be designed to intro-
duce more water into the atmosphere than is theoretically necessary.
This can be aceomplished by using a cold wall or by introducing drop-~
lets of water by means of & spray. In the cabinet used in this project
the cabinet walls were maintained at 90° F while the atmosphere was
at 110° F. Failures would be expected to be more severe than in a
bubbler type cabinet operated at 105° to 1100 F.
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Exterior exposures have been conducted on 6 x 12 inch panels
of magnetirm and aluminum finished and coupled as described previously.
They have been exposed in Florida at 45° south under the auspices of
contract AF 33(600)-22654. Ratings have been made monthly on such
characteristics as gloes and corrosion. Adhesion has been rated by
a knife scratch test or the tape test specified in MIL-P-6889a.
Other tedts that have been conducted, particularly solvent resistance,
have been run as specified in MIL-P-6889%a or MIL-L-T1T8.

Film thickness measurements were made during the early pert of
the contract on duplicate steel panels with a GE Maghegauge. How-
ever, during most of the project an Aminco Filmeter was available
for direct measurements with much greater accuracy. Gloss measure-
ments have been made on a 60° Photovolt gloss meter. Adhesion
measurements have been made for the most part by the knife scratch
test although some use has been made of the tape test. Unless other-
wise specified ratings have been made on an arbitrary basis of 10 - O,
with 10 representing perfect performance and O complete failure.

SECTION II
PANEL, PRETREATMENT
A. Inorganic Pretreatments for Magnesium
1. Evaluation of MIL-M-3171, Type III

At the start of this project it was agreed that
dichromate treatment, MIL-M-3171, Type III would be the standard pre-
treatment for magnesium panels. This has been carried out. However,
it was found that there was a good deal of wvariation in dlchromate
treated magnesium surfaces even though the specification was followed.
This led to considerable evaluation work, both of panels pretreated
in the laboratory and in commercial pretreeting establishments.

In all of the work on magnesium pretreatments close cooperation
wag maintained with personnel of the Magnesium Division of Dow
Chemical Company. A fundamental reason for difficulties with
dichromate pretreatments of FS-1 magnesium has been advanced by Dow;
namely, that the dichromate pretreatment was developed for the mag-
pesium alloys in existence prior to the introduction of FS-1. All
of these alloys contained substantislly higher concentrations of
alumimm (at least 100% higher). Since the deposition of chromate
on magnesium depends on the corrosion of magnesium by the acidic
chromate solution and since the lower aluminum content of FS-1
makes it less susceptible to such corrosion it can be seen readily
that chromate deposition on FS-1 magnesium would be more difflcult to
induce and to control.
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&. laboratory Pretreatment

Initial efforts were directed toward pretreatment
of meagnesium panels in the laboratory according to NIL-M-31T71,
Type III. All pretreatment was done in suitable four liter beakers.
Considerable difficulty was encountered in obtaining pretreatments
with wniformly good dichromate films. This was attributed, at
least in part, to the relativily large ratic of surface treated to
the volume of the solutions. "his comdition led to relatively
rapid depletion of the solution chemicals. One factor was estab-
lighed. The pH range allowed by the specification for the dichromate
bath was too high, 4.0 to 5.5. It was found that a pE of L.l to 4.6
was more satisfactory. This was confirmed by Dow personnel who
stated that the pH should be 4.2 to 5.0.

b. Commercial Pretreatment

Although a fairly satisfactory method for laboratory
dichromate treatment of magnesium panels was established it was
found that this operation was excessively time consuming. This was
duempsrttothemllacaleofthelabontorysetupmdinpart
to the necessity of repeating the operation in many instances. A
decision vas made tc have 500 panels pretreated by & comercial
establishment. XFollowing Dow's sdvice this was done by a Chicago
concern under the observation of one of the project's chemists ac-
cording to the procedure cutlined i{n Section B of the Appendix.
Although this comcern was apparently proficient im such pretreatment
operations the results were not satisfactory from either an appear-
ance standpoint or a performance test. (See Sectiom A, Table 2 of the
Appendix). Visual observation of the treated panels showed that the
marking ink om the magnesium had not been removed completely by the
cleaning operstion and now was present as a loose powder on the
surface of the magnesiwn. In addition the panels were generally
lighter im color than normsl and exhibited a slight greenish cast

after sging.

Sait spray tests were run on replicate panels of both the commercial
pretireated and laboratory pretreated panels using the specification
finishing system, MIL-P-6889a with MIL-L-T178, aluminized, The results
vere quite disappointing. (See Section A, Table 2 of the Appendix.)

The commsrcially pretreated panels allowed early blistering (2 to 48
hours) due to water sensitivity and relatively rapid severe failures

in corrosion. While the laborstory pretreated group of panels showed

no blistering and reasomable corrosion resistemce » neither group of

Paxels showed good reproducibility. The differences noted between
supposedly replicate panels were of such a megnitude that it was doubt-
ful if any significant differences could be detected im paint formulations.

WADC TR 54-373 -8-



¢. Variations to Increase the Reproducibility

For this reascm various means of imcreasing the
reproducibility of the test method vere investigated. The most
obvicus method would be to increase the number of test specimens
to & point vhere statistical analysis would apply. Another method would
be to increase the severity of the test to a point where differences
in pretrestment would become minor -- such sa removing the coating from
the lapped edges of the panels. A third possibility wvas to eliminate
the pretreatment of the magnesium or to eliminate some of the final
steps in the pretreatment of the magnesium -- such as the dichromate
trestment and the hydrofluoric acid treatment. A fourth, more drastic,
method vas also considered -- the elimination of the bimetallic couple
and the substitution of an alkali resistance test for the salt spray
test.

e latter method was dropped except as & last resort because
of the difficulty expected ln establishing the relationship of results
to actual performance. However, the other methods were evaluated by
finishing five test assemblies each with the specification coating
system and with an ether ester system using the following pretreat-
ments on the magnesium.

fl) Standard -- MIL-L-3171, Type IIX

2) Chromic acid pickle

) Chromic acid pickle plus a hydrofluoric
acld treatment

} MIL-M=3171, Type 1

) MIL-M-3171, Type II

) MIL-M-3171, Type III with the paint removed
from the lapped edge of the magnesium panel

Salt spray tests on these show that the bare magnesium panels,
ausbers (1) and (2), showed even more variation in resulis than did
the standard MIL-M-3171, Type III panels. This wae true for both
types of finishing systems (See Section A, Tables 3 and k, Appendix.)
Similariy, Types I and II of MIL-M-3171 showed inferior reproducibility
compared with Type III, especially when the latter was applied in the
laboratory (See Section A, Tables 5 and 6, Appendix.) However, it was
shown that increasing the severity of the test by removing the paint
film from the lapped edge of the magnesium panel did improve the
reproducibility. In addition it was shown that such an increase in
severity still allowed differentistion between paint systems, at least
when the differences were as great as between the specification system
and am ether ester system. (See Section A, Tables 7 and 8, Appendix. )
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The results thus far then indicated that MIL-M-3171, Type III
pretreated magnesium tended to give more reproducible results than
did either bare or other dichromate treated surfaces. Pickled
magnesium surfaces, particularly when treated with hydrofluorie acid,
tended to corrode quite rapidly and non-uniformly. Other dichromate
treated surfaces do not give as good salt spray resistance as does
MIL-M-3171, fior are they as uniform. This is at variance with the
view held by Dow that any dichromate deposit on the surface of mag-
nesium will be an effective inhibitor, but it does not necessarily
comtrovert the idea that properly prepared deposits also will serve
&s an excellent paint anchor.

In selecting the type of panels to be used during the remainder
of the project, both the reproducibility of the test results and the
degree of departure from practical systems was considered. From
these standpoints the continuation of an MIL-M-3171, Type III panel
was favored without any intentional dameging of the £ilm until the
test had progressed for some time. In order to increase the reli-
abllity of test results, therefore, the number of replicate panels was
increased to at least three panelg for each variatiom tested.

At this time another commercial concern was contacted for appli-
cation of the dichromate pretreatment on the advice of Dow personnel.
This concern pretreated a batch of panels using three different methods
of surface preparation, namely

(1) Mechanical buffing or satin finish -- to
reclaim unsatisfactorily pretreated panels

ga) Chromie acid pickle

3) Nitric acid pickle

Salt spray tests on magnesium-aluminum penel assemblies using
these pretreated magnesium panels with the specification finishing
system showed them to have appreciably better corrosion resistance
but relatively poor moisture resistance, particularly the nitric
acld pickled panels. The mechanically buffed panels were an excep-
tion in that they showed both good corrosion resistance and moisture
resistance. (See Section A, Table 9, Appendix.)
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Inasmuch as it appeared from these results that there may
have been excessive water solubles remaining on the pretreated
surface after the rinsing operation of the pretreatment, it was
decided to investigate the effect of additional rinsing operations.
Initisl salt spray tests using running tap wvater rinses of 30 min-
utes and eight hours duration, respectively, showed promise of
controlling blistering and greatly improving initial adhesion. Bow-
ever, this same test indicated that such rinsing operatiocns tended
to reduce the effectiveness of the dichromate pretreatment in cor-
rosion inhibition. Thus it appeared that the water solubles in
the original dichromate pretreatments not only served to increase
the blistering tendencies of subsequent paint films bui also acted
as corrosion inhibitors. (See Section A, Table 10, Appendix.) A
rechaeck on this experiment using two different ether ester finish-
ing systems as well as the specification system failed to confirm
these results. In fact this experiment indicated that additional
water rinsing of dichromate pretreatments tended to reduce the
moisture resistance of subsequent paint films. (See Section A,
Teble 11, Appendix.)

Another recheck was conducted using only the specification paint-
ing system but elaborating on the rinsing operations. Here a
distilled water rinse was added to the half hour tap water rinse;
a toluene rinse was added to the half hour tap water rinse, and
a toluene rinse was used alone. The latter showed the best performance but
even here the superiority over the control panels disappeared within
500 hours of salt spray exposure. (See Section A, Table 12, Appendix.)
From these results it was decided to incorporate a toluene rimnse into
the standard panel preparation procedure in the form of a spray rinse.

Since the mechanically buffed or satin finish panels evaluated pre-
viously were only a sample lot, another evaluation was run on a pro-
duction lot of this type of pretreated magnesium panel. Two different
types of magnesium panels were reclaimed in this lot, one that had
been inadvertently etched with a phenolic base cutting fluid and
another that had been dichrommte pretreated unsatisfactorily. This
production pretreatment was not satisfactory in contrast to the sample
lot in salt spray tests. (See Section A, Table 13, Appendix.) There-
fore these panels were not used for evaluation work.

Reagopable reproducibility was obtained through most of the project
using panels pretreated by the New York concern. The third lot of
panels received from this source obviously was not satisfactory.

Visual observation showed incomplete dichromate films, powdery di-
chromate films, and contamination with a yellow chromate. These
panels were rejected for evaluation work and & new lot was obtained.
However, there was no basis for refusing to accept these panels as
being inadequately treated, since the specification does not include
any check test.
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d. Cooperative Study With Dow Chemical

The disparity of results this laboratory obtained
with dichromate treatments on magnesium was discussed with the
Magnesium Division of Dow Chemical Compeany. Dow has not en-
countered such variations in similar work in their laboratories.

In order to determine why this difference in results existed,
duplicate tests on multiple panels were run in the two laboratories
using the same paints and the same lot of Pretreated magnesium
panels for checking adhesion. In this case the agreement between
laboratories was good but a definite advantage wvas discovered for

the paint system furnished by Dow although both paint systems
fulfilled the specifications. (See Section A, Table 14, Appendix.)
Since the main difference in paint formulations from the two sources
was the fact that the better primer was Type II and the poorer primer
was Type I, an additional test was conducted using similar primers
from the same producer. In this study it was shown again that better
adhesion and better uniformity of adhesion was obtained using a primer
that contained some phenolic dispersion resin, either MIL-P-6889a,
Type I Control or Type IL (See Section A, Table 15, Appendix.)

It should be pointed out that because of cost considerations any

bid on MIL-P-6889a, Type I will be filled with a primer that does

not include the phenolic dispersion resin.

2, Pretreatments Other Than Dichramate

At the request of the Air Force certain other types of
Pretreatments for magnesium have been evaluated briefly.

&. Caustic Anodize

A tentative specification, MIL-M-3171A, Type V
describes & magnesium pretreatment that comprises a hydrofluorie acid
treatment followed by anodizing in an alkaline solution with elther
direct or alternating low voltage current. Panels pretreated in
this mauner by the Materials Laboratory were evaluated for initial
adhesion and salt spray performance. A standard magne s ium-aluminum
couple was used with the specification finishing system, MIL-P-6880a
and MIL-L-T178. In general this evaluation, aleng with similar
evaluations in comparison with wash primer under vinyl systems, showed
that although caustic anodizing offered a good basze for the adhesion
of organic coatings it is not as good as dichromate Preireatments
for either corrosion or moisture resistance. (See Section A, Tables
16, 17, and 18, Appendix.)
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b. Iridite #15, Mag-Coat

Allied Research Products furnished a group of
magnesium panels pretreated with Iridite #15, Mag-Coat which is
a simple chemical pretreatment that can be applied by & single
dip or brush application. As such 1t was compared with MIL-M-31T71,
Type I, as well as with Type III. The test panels were finished
as standard magnesium-aluminum assemblies with the specification
system, MIL-P-6889a, Type I, and MIL-L-7178, Aluminized. Salt
spray tests showed the Iridite pretreated panels to be weak in
moisture resistance when compared with Type III pretresatment but
about exqual to Type I. In corrosion resistance the Iridite was
inferior to both the Type I and Type III. The initial adhesion
over the Iridite was good, actually better than that over Type III
and equal to that over Type I. The differences between Type I
pretreatment and Iridite were slight. (See Section A, Table 19,
Appendix.) It is not felt that the Iridite #15 pretreatment should
be accepted or rejected on the basis of this one evaluation test.

¢. New Anodic Pretreatment

A relatively new method of pretreating magnesium has
been developed by Dow Chemical Company, namely, Dow 17. This method
of treatment employs the use of applied electrical current and as
such resembles the tentative MIL-M-3171A, Type V and HAE procedures.
Dow furnished the contract with magnesium panels pretreated with
Dow #17 at two different voltages. Panels pretreated at 75 volts
were lighter colored and had a thinner coat than those treated at
90 volts. Dow admitted to certain shortcomings in flexibility with
Dow #17 pretrestments. However, they claimed that certain rela-
tively slow drying materials such as spar varnish would tend to
"lock" the pretreatment coating to the substrate. Actually it was
found that with the pretreatment applied at TS5 volts, good flexibility
was obtained regardless of the finishing system, while with the 90
volt pretreatment two relatively fast drying primers, MIL-P-6889%a,
Type I, and a styrenated ether ester, gave better flexibility than
did the spar varnish. {(See Section A, Table 20, Appendix.)

Comparisons of Dow #17 pretreatments at 75 and 90 volts with
MIL-M-3171, Type III pretreatments under a styrenated ether ester
system in salt spray tests show them all to be good. With a
specification finishing system the T5 volt Dow #17 pretreatment has a
slight advantage, both in uniformity of results and in the quality
of the protection given. (See Section A, Table 21, Appendix.) How-
ever, it was not considered that these advantages of Dow #l"( were
sufficient to justify changing the type of standard pretreatment for
thig contract.
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B. Pretreatment of Aluminmm

During the early part of this project the aluminum penels
were simply solvent spray cleaned. It was noticed thet adhesion
results on this type of surface were quite variable. For this
reason & switch was made to an alcoholic phosphorie acid etch with
no deposition of phosphate. This type of panel preparation gave
better and more uniform adhesion results and was used for the
remainder of the project.

Some work was done on the use of Alodine surface pretreatments
on aluminum under vinyl copolymer coatings to improve the adhesion.
This is discussed in more detail in the section on vehicles.

€. Organic Pretreatments for Magnesium

If an organic coating such as wash primer could be utilized
in place of inorganic chemical pretreatments of magnesium, it would
be quite beneficial. The organic coating would lend itself more
readily to field application and even in production it could very well
be more uniform and reliable than the present dichromate pretreataent.
With this in mind, & considerable effort was made to adapt wash primers
for the pretreatment of magnesium.

The wvash primer pretreatment for metals gemerally is considered
favorably by the cosatings industry over steel, galvanize and certain
other metals. Over magnesium, however, there have been difficulties
arising from the greater reactivity of the acid component with the
megnesium. This reactivity apparently lemds to the formation of
sufficlent hydrogen gas to form visible blisters that are trapped in
the dried wash primer film. Although such blisters have not been found
to cause significant degradation in performance s thelr presence prob-
ably is undesirable on aircraft skins from an aerodynamie standpoint
as well as from an appearance standpoint.

For the purposes of this project a wash primer has been considered
as an organie coating formmletion based on a basic rigment, a hydroxyl
containing resin and a polybasic acid. Most of the investigational
work has been done with formulations along the lines of MIL-C-15328a
vhich is based on basic zinc chromate, polyvinyl butyral and phosphoric
acid, Several lines of investigation have been followed in attempts
to eliminate or comtrol the residual blistering resulting from hydrogen
evolution.
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1. Hydrogen Evoluticn
a. Aging of Adtivated Wash Primers

It is well known that wash primers loge their effect-
iveness in attaining adhesion to metals within limited periods of time
after the acid activator has been added to the resin and pigment base®.
Presumably this results from certain reactions between these three
components’. One thought was that at scme pericd after tbe sddition
of the aeid component there might he a belance of reactivity so that
no blisters would result from hydrogen evolution while there would
still be sufficient reactivity to gain adhesion between the magnesium
and the wvash primer film., While it was found that sufficlent aging
of the activated wash primer (24 hours in one case) did eliminate all
visible blistering, it also was found that such wash primers had little
or no adhesion to magnesiwm. (See Sectiom A, Table 22, Appendix.)

b. Variation in Activator Content

One method of controlling the reactivity of wash primers
with magnesium substrates would be to reduce the activator content.
This was tried with a wvash primer with variations in the activator
content from 25% of normal to 175% of normal. Variations in hydrogen
evolution when applied over alkaline clesned magnesium were noted,
but these variations did not show any consistent relationship to the acid
concentration. (See Section A, Table 23, Appendix.)

Water content has been found to be eritieal in wash primers as fmr
as package stebility 1s concermed. Unleas the water content of wash
primers is kept between rather narrow limits gelation is apt to cccur
immediately upon reduction with the phosphoric acid activator. This
would indicate that water might play a very important role in the basic
vash primer reactions and conceivably could be critieal in the amount
of reaction with magnesium substrates. To investigate this the water
content of two different wash primers was varied from considerably
above normal to consliderably below normal over two different types of
magnesium surfaces. Over the more reactive magnesium surface (acetic
acid-nitrate pickle) it was found that about 75% water content based
on the phosphoric acid gave the least hydrogen evolution blistering.
These wash primers with 75% water (based on phosphoric acid) still
showed excellent adhesion to magnesaium. (See Section A, Tables 24,

25, and 26, Appendix.)
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This influence of water content on the activity of a wash primer
with magnesium led to a reconsideration of the activator content
of wash primers with a recognition of the total water content. Water
is introduced into wash primers through the use of solvents contalning
a small percentage of water, through the use of phosphoric acid and
through the addition of water as such to the formula. The wash primer
used in the initial activator study had sufficient vater in its pig-
mented base to account for half of its totel water content afier acti-
vation, or 50% based on the phosphoric acid. A wash primer fulfilling
gpecification MZIZL-C-15328a., on the other hand, had only one-tenth of
the total water in its base. Thus as the activator content of the
proprietary wash primer is reduced the ratio of water to acid increases
rapidly vwhereas as the activator content of the specification wash primer
is reduced this ratio increased relatively slowly. Since it is con-
gidered that this ratioc of water to acid can influence the rate of the
wash primer reaction considerably, the specification wash primer was
selected for further studies. It was found that over active (acetic
acid-nitrate pickle) and normal {sbraded) magnesium surfaces a con-
centration of 25% of the normal activator content gave little or no
hydrogen evolution blistering. At an activator contentration of 25%
of normal this wash primer had a water content of 150% based on the
phosphoric acid. (See Section A, Tables 27 and 28, Appendix.)

Salt spray tests with wash primers over bare magnesium using 25%
of the normal activator have shown varieble results. Generally such
a surface appears to offer poor moisture resistance. Early results
of the same wash primer over a dichromete treated surface indicated
considerable promise. (See Section A, Tables 29 and 30, Appendix.)
Repeat evaluations with such a double pretreatment again were contra-
dictory, sometimes improving corrosion and moisture resistance but
sometimes tending to degrade these characteristics. (See Section A,
Tables 31 and 32, Appendix.)

¢c. Effect of Film Thickness

At least two other investigators have suggested that
the hydrogen evelution blistering in wash primer films could be
eliminated by the use of very thin films. This laboratory did not
concur in these findings. Films were applied to bare magnesium by
spray at less than 0.1 mil thickness and blistering was still evident.
The blisters at such low film builds were quite small and difficult
to detect but they were not diminished in frequency. In another test
films were lald down by means of a wedge shaped drawdown gage which
varied from 0.0 to about 2.5 mils in wet film thickness. No sub-
stantial differences were noted in hydrogen evolution blistering.
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d. Effect of Atmospheric Molsture

A great deal of difference was noted from day to
day in the amount of hydrogen evolution blistering when wash primers
were applied to magnesium, even though conditions were held as
constant as practicable. One explanation for these differences was
the variation in relative humidity. In an attempt to substantiate
this theory wash primers were sprayed over bare magnesium surfaces
that bad beepn prs-wet with water by exposure in the humidity cebinet
which deposited droplets of water on the entire surface, and over
panels that had been dried in an oven. Ko significant differences
wvere noted in the amount of hydrogen evolution blistering. (See
Section A, Table 33, Appendix.) A repeat test with less drastic
conditions was conducted. Here the panels were pre-wet by cooling
them to -10° F and then exposing them to the atmosphere. Again
heated panels vere used as a control. Here also no significant
differences were noted in hydrogen evolution blistering. (See
Section A, Teble 34, Appendix.)

e. Effect of Alkyl Phosphats as Activators

Hydrogen dialkyl phosphates and dihydrogen alkyl
phosphates were investlgated as substitutes for the phosphorie
acid setivator in wash primers. The thought was that the reduced
acidity of these phosphates might eliminate the hydrogen evolution
blistering on magnesium while still maintaining an ability to gain
adhesion. A series of 1i alkyl phosphates with varying chain length
alkyl groups from methyl to lauryl was selected and investigated.
These phosphates were substituted for the phosphoric acid activator
in a wash primer on an equivalent basis. These vash primers were
then used in place of the MIL-M-31T1, Type III pretreatment over
magnesium for standard panel assemblies finished with an MIL-P-688%a,
Type I, - MIL-L-7178, aluminized, system.

It vas found that none of the alkyl phosphates caused sufficient
hydrogen evolution with megnesium to result in blistering of the film.
Although good adhesion was attained with the shorter chain length
alkyl phosphates it was found that all of the alkyl phosphate acti-
vated vash primers tended to blister to some extent during salt spray
testing. This would indicate the presence of more water soluble
materials from the use of alkyl phosphates than from the use of
phosphoric acid. The soluble materials could be either unreacted
alkyl phosphates or soluble reaction products. The best performance
was shown by mono ethyl acid ortho-phospbate activated wash primer,
but even this system showed blistering in the salt spray test. (See
Section A, Table 35, Appendix.)
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f. Use of Non-Oxldizable Solvent

Rosenbloom? has theorized that the alcohol solvents
in wash primers enter into a redox reaction in which the chromium
is reduced to some intermediate valency and the alcohol is oxidized.
The intermediate valency chromium ions tend to form complexes with
the polyvinyl butyral resin. This is, then, the main wash primer
reaction. If the alcohol solvents of normal wash primers were re-
placed with a less oxidizable solvent, such as tertiary amyl alechol,
then there would be much less chance for chromium to be reduced.
Such wash primers should be stable. Rosenbloom found no pH change
in such wash primers but he also found that they lacked the ability
to gain adhesion to metals. An attempt was made to duplicate his
work, since wash primers with reduced activity should be of interest
over magnesium. It was found that a wash primer based on MIL-C-15328a
but using tertiary butyl alcohol as the solvent gelled solid within
30 minutes after the addition of the activator.

g. Elimination of Residual Blistering

Since a method had not been found to control com-
sistently the amount of hydrogen evolution while still msintaining
adhesion and performance, a method was sought to eliminate the hydro-
gen from the wash primer film without leaving any disruptions in the
film, such as blisters. One avenue that was followed ws an attempt to
keep the wash primer film open until all of the hydrogen had escaped
from the film by the use of slower evaporating solvents such as butyl
alcohol. When this was tried the results were inconclusive since
nelther the control with normal solvents nor the test wash primer with
butyl alcohol showed sufficient hydrogen evolution to be visible.

Another possible means of dissipating the hydrogen would be to
change the surface characteristics of the wet film in such a way as to
facilitate the release of any bubbles that are formed. Silicone oils
are known to affect liquid surfaces very strongly. Therefore, a
methyl oil DC 200, 500 centistokes, was added to the specification wash
primer at varying concentrations (from 0.000% to 0.2% by weight). When
these wash primers were sprayed over bare magnesium the residusal hydro-
gen blistering decreased with increasing silicone content until at 0.2%
there was no visible blistering. This investigation was repeated to
confirm the results but in this case the control level of blistering
was too low to give conclusive results. Neither salt spray tests nor
adhesion checks have shown any major deleterious effeets from the use
of silicone oil. In no case was there any evidence of pock marking,
crawling, or other surface defects in either the wash primer, a speci-
fication zinc chromate primer applied over the wash primer or in a
subsequent alumimm lacquer topcoat. (See Section A, Tables 36 and
37, Appendix.)
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One theory a&s to why the comparatively large amount of silicone
oil in wash primers did not develop other problems, hinged on the
compatibility of silicome oil and polyvinyl butyral resin. If sili-
cone oil and polyvinyl butyral are compatible the silicone oil would
be distributed uniformly throughout the film. Most other resins are
incompatible with silicone oils, which tends to concentrate the oil
at the surface. I{ would seem that the actual concentration at the
surface would be the determining factor for adhesion or cratering
effects. A check on the compatibility of DC 200, 500 ctsk., with poly-
vinyl butyral, polyvinyl acetate-chloride copolymer, and am alkyd
at 0.2% DC 200 showed that all were incompatible to about the same
degree. It was necessary to use the Tyndall effect to detect the
incompatibility.

h. Discussion

It 18 obvious from the foregoing discussion of hydrogen
evolution blistering that all of the factors that affect wash primer
reactions are not understood. Thus variations occur between duplicate
experiments that cannot be explained with the present knowledge. In
spite of this, progress appears to have been made both in regulating
the amount of hydrogen evolved and in eliminating such hydrogen as is
generated without disrupting the wash primer film. A contingent
Problem was one of evaluating such wash primers to determine if they
offered any real advantages, either in place of or as an addition
to the dichromate pretreatment. The results in these latter cases
were not consistent. Generally, wash primers applied direetly over
bare magnesium show about the same corrosion resistance as MIL-M-3171,
Type TII, but somewhat poorer moisture resistance. When used over
dichromate treated magnesium surfaces wash primers uwsuslly increase the
corrosion resistance but may lower the moisture resistance.

2. Variations in Wash Primer Formulaticns

All of the work on wash primers discussed previously has been
based on essentlally the same formula, namely: one part of polyvinyl
butyral resin, XYHL; one part of pigment, basic zinec chromete; and
one-half part of phosphoric acid. Any varistions irn formulation have
Deen minor, such as solvent composition, per cent water or additives
in small percentages. Considerable work was dope also which encom-
passed major changes in the wash primer, such as pigmentation, type
of vehicle or a combination of these two. Initial work along these
lines was based on wash primer formuliations that had showm promise
over metals other than magnesium. These formulations generally were
developed by the resin menufacturer concerned.
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a. Special Wash Primer Formulations

One of these formulations was based on a polyvinyl
butyral resin with a lower polyvinyl alcohol content, Butvar B-76,
modified with Resimene 881. Such a wash primer has showm good per-
formance on aluminum. Another formlation was based on a polyvimyl
formal resin, Formvar F-T70, pigmented with basiec zinc chromate.
This formlation has somevbst better pot 1ife thah the specification
wash primer and should be less sensitive to water in its formlation.
Another formulation was based on polyvinyl butyral pigmented with &
chromium phosphate pigment. This type of primer uses only 40%
as much aclid activator as does the specification wash primer and as
such should be less reactive with magnesium. In addition it has
shown good package stability in the activated form. A fourth formu-
lation was based on a polyvinyl butyral resin XYHL, that had been
specially reacted with a mixture of chromic acid and phosphoric acid
according to Bakelite's formula XL 54Ll. This primer was pigmented
with basic zinc chromate and has shown fair package stability. No
additional acid is used in this formulation. (See Section C, 1 of
the Appendix.)

All of these special wash primers were evaluated over bare mmg-
nesium and over MIL-M-3171, Type III, treated magnesium. A standard
xagnesivm-alumimm couple was used with a specification finishing
system, MIL-P-6(8%a plus MIL-L-T178, Aluminized. In these tesis as
in many subsequent tests with wash primers the results of salt spray
exposures vere not comsistent. In the initial evaluation there ap-
peared to be a decided advantage for the one-package type of wvash primer,
the chrome phosphate pigment and the chromic-phosphoric acid treated
polyvinyl butyral resin. (See Section A, Teble 38, Appendix.) In a
repeat evaluation over bare mmgnesium this advantage was lost. At
the same time in an evaluation over dichromate treated magnesium,
the chromium phosphate pigmented wash primer gave cutstanding per-
formance. {(See Section A, Table 39, Appendix.)

The preceding tests on the chrome phosphate wash primer were
carried out with & sample of plgment that subseqguently was found to
be inferior. Therefore, additiomal work was done with pigments ob-
tained from du Pont &nd from the Sherwin-Williams Dry Color Department,
both of which had been found to be satisfactory in wash primers over
steel. These pigments were Incorporated into two different wash
primers, one based on a polyviamyl butyral resin, XYHL, and one on a
chromic acid-phosphoric acid treated polyvinyl butyral resin, XL Shlil.
(8ee Section C, 1, c and d, Appendix, for type formulations.) Each
of these four wash primers were tested over dichromated and bare mag-
nesium panels with the normal alumimm couple and specification finish-
ing system.
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Selt spray exposures showed those primers based on polyvinyl
butyral resin to be markedly superior to those based on treated
polyvinyl butyral resin in original adhesion, moisture resistance
and corrosion resistance. There appeared to be little to choose
from between the two chrome phosphate pigments. A specification
wvash primer, MIL-C-15328a, with 25% of the normal activator vas
included in this series for comparison purposes. Although it
shoved about as good corrosion resistance as the chrome phosphate
wash primers, its molsture resistance wvas relatively poor. Another
type of wash primer, based om polyvinyl butyral resin and a B stage
Phenolic resin, also was included. This wash primer showed poor
initial adhesion to dichromate treated magnesium and poor moisture
resistance over bare magnesium. (See Section A, Tables 40 and ki1,
Appendix.)

It should be pointed out that the chrome phosphate pigmented
polyvinyl butyral resin described above does not spray well at
normal reductions. In addition it was foumd in subsequent work that
the adhesion of such & wash primer to a dichromate treated magnesium
surface was not consistently good.

b. Variation im Polyvinyl Butyral Resin

MIL-C-15328a wash primer calls for a polyvinyl butyral
resin with a vinyl alcohcl content of 18-20% with a certain intrinsic
viscogity. Until recently there was only one commercial resin that
fulfilled these requirements, Bakelite's XYHL. There was another
commercial polyvinyl butyral resin on the market that could be uged
to prepare a satisfactory wash primer, Monsanto's Butvar B76-1. Other
investigators have found that wash primers made from this lower vinyl
alcohol content resin (11.5 - 12.5$§ gave better moisture resistance
over steel surfaces. With the thought that this improved moisture
resistance might be efféctive also on magnesium an evaluation vas car-
ried out on MIL-C-15328e type wash primers prepared from the two
resins, XYHL and Butvar B76-1. Both wash primers were applied to bare
magnesium with 25% of the normal acid activator. Both showed congider-
&ble hydrogen evolution blistering, with no advantage for either resin.
Eviluations were run on standard magnesium-aluminum eouples using a
specification finishing system, MIL-P-6809a, Type I - MIL-L-7178, Alumi-
nized. BSalt spray tests showed no advantage for the low hydroxyl
content resin. Actually the blistering was more severe with this wash
Primer while the corrosion was about the same for both wash primer
systems. Adhesion was excellent with either wash primer. (See
Section A, Table k2, Appendix.)
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A new polyvinyl butyral resin is available now which also ful-
fills the requirements of MIL-C-15328a for vinyl alcohol content
and intrinsic viscosity. It is Monsanto's Butvar B-50. The character-
igtics of this resin in comperison with XYEL. and Butvar B76-1 are
shown below.

Pol; 1 Acetate Polyvinyl Alecchol  Viscosity
Identification Sp. G. Maxiznm Min. Max . Cp.
Bakelite XYHL 1.12 0.3 18 20 13-18
Monsanto 1.10 1.5 10.5 13 ya3
Butvar B76-1
Monsanto 1.10 1.0 18 20 13-18
Butvar B-90

An initial evaluation on MIL-C-15328a type wash primers prepared
from these resins was run over bare magnesium using & standard megnesium-
aluminum couple finished with a styrenated ether ester system. Salt
spray tests showed the Butvaxr-B-90 primer to have an edge over XYHL
in moisture resistance, particularly in the early stages. Butvar B76-1
primers were even more deficlent than XYHL primers in this respect.
However, no differences in adhesionm or corrosion resistance were de-
tected. (See Section A, Table 43, Appendix).

In a repeat test using the XYHL and Butvar B-90 wash primers over
bare and dichromated magnesium surfaces under a styrenated ether ester
system and the specification system, a slight advantage was shown for
the Butvar B-90 wash primer in both moisture and corrosion, This ad-
vantage was B0 slight as to classify the two wash primers as about
equal in performance. The siyrenated ether ester system was sub-
stantially superior to the specification system and the dichromate
treated magnesium surface offered substantially better moisture and
corrosion resistance under all systems. (See Section A, Table Lk,
Appendix. )
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¢. B Stage Phenolic Resins

It was found that B stage phenolic resins mixed with
& polyvinyl butyral resin exhibited good compatibility as well as
good film character. Upon further investigation, it was shown that
shellac could be added to the mixture without impairing the com-
patibility. This three phase system gave better physical character-
istics in clear films. A mixture containing 90 parts of B stage
phenolic resin, 10 parts of polyvinyl butyral resin and 10 parts of
orange shellac was found to have the best broperties in clear films.
This and a similar mixture containing 25 parts of shellac were pig-
mented with strontium chromate and applied over bare and dichromste
treated magnesium and evaluated both as pretreatments and as normal
primers.

In general it was found that these primers were not promising.
It appeared that pigmentation of these formulations tended to detract
from their adhesion and flexibility, to a point where they were in-
ferlor to the specification wash primer in this respect. They also
showed no substantial advantage over a normal wash primer in moisture
resistance. Unfortunately, the formulation that showed the better
water resistance (10% shellac) also showed the poorest physical
characteristics. (See Section A, Table 45, Appendix.)

d. Pigmentation

As discussed in another section of this report certain
chromate pigments were found to be the better inhibitors of eorrosion
for magnesium out of about 25 types of common paint pigments, In
addition one inert pigment, silicon dioxide, showed unusual inhibitive
action on magnesium. MIL-C-15328a type wash primers were prepared in
which the various promising chromate pigments were used to replace
the basic zinc chromate on a volume basis and silicon dioxide was used
to replace the magnesium silicate, also on a volume basis. The chromates
were:

Zinc Chromate

Calcium Chromate
Strontium Chromate
Barium-Potassium Chromate
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These wash primers were spplied to bare magnesium panels which were
then used in s standard magnesium-aluminum assembly, finished with

the specification system MIL-P-6889a, Type I - MIL-L-7178, Aluminized.
A1l of these wash primers showed excellent adhesion to magnesium.

Salt spray tests showed a considerable advantage for the strontiwm
chromate pigmented primer in molsture resistance and reagonably good
corroeion resistance for all of the wash primers. The barium-potassium
chromate pigmented wash primer was slightly the poorest of the experi-
mental wash primers in corrosion resistance. In this case the silicon
dioxide showed no advantages éver magnesium silicate as the inert.
(See Section A, Teble 46, Appendix.)

3. Film Thickness

Normally wash primers are applied at film thicknesses of
0.2 to 0.5 mils. It was thought possible that increasing this
film thickness substantially might help to improve the moisture re-
sistance of wash primer systems over bare magnesium. To evaluate
this possibility panels were prepared with wash primer coats vary-
ing in film thickness from O.l to 2.0 mils. An MIL-P-6889a, Type I -
MIL-L-T178, Aluminized, system was used over the wash primers and
over dichromate treated magnesium as a control. In addition another
control was included using a O.4 mil film of wash primer over dichromate
treated magnesium under the same specification finishing system.

Checks on the adhesion of these systems showed little variation
over magnesium but a considerable decrease over steel as the film
thickness increased. Early salt spray results indicated that increas-
ing the film thickness of wash primers does improve the molsture re-
sistance of the system. As the salt spray tests progressed the ad-
vantages for the heavy wash primer films decreased untll only the
1.5 to 2.0 mil films were effective. The advantages that were
gained in moisture and corrosion resistance were not great and prob-
ably would not justify the extra film thickness. (See Section A,
Tables 47 and 48, Appendix.)

L. Performance

There have been a number of instances where the specification
wash primer with 25% of the normal activator content has been evaluated
as a magnesium pretreatment as a secondary purpose of a series. The
results of these evaluations will be reported here. In one instance
wash primer was evaluated in comparison with MIL-M-31T71, Type I1T and
with bare magnesium under a 50:50 VMCH:VAGH vinyl chloride-acetate
copolymer system, a 25:75 VMCH:VAGH system, & VAGH system, and a sty-
renated ether system. All finishing systems were used at three dif-
ferent £ilm thicknesses, four coats, two coats and one coat. In salt
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spray tests the wash primer pretreatment was as good as or better
than the dichromate pretreatment or the bare magnesium in cor-
rosion resistance and in most cases the same holds true for moisture
resistance. Particularly good moisture resistance was evident with
the 25:75 VMCH:VAGH finishing system. Adhesion also was excellent
with the wesh primers. (See Section A, Table L9, Appendix.)

In another instance a wash primer was used under a vinyl alkyd
gystem and the specification system. The initial adhesion was excellent
in both cases. The vinyl alkyd system showed fair to good corrosion
resistance but poor moisture resistance while the specification system
was just the reverse. (See Section A, Table 50, Appendix.) Furan
resin coatings have shown their best performance over wash primed mag-
nesium from an adhesion and corrosion resistance standpoint but such
a system is subject to early failures in moisture resistance. (See
Section A, Table 51, Appendix.)

In a comprehensive series of tests near the end of this project
designed to summarize the performence of the more promising systems
that had been developed, a number of wash primer systems were included.
These systems were varied. The wash primers were applied over bare
magnesium, dichromate treated magnesium, and over acid etched alumi-
mm. Finishing systems included the specification system, a vinyl
copolymer system, and an ether ester primer under a vinyl copolymer.
In general the performance of the wash primer systems was good when
they were applied over dichromate treated magnesium. The performance
under an unmodified vinyl copolymer system where the wash primer was
applied over both the dichromate treated magnesium and the aluminum
panels was particularly good. (See Section A, Tables 52 and 53,
Appendix.)
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SECTION ITI
VEHICLES

The organic binder or vehicle portion of any peint film could
be called the most important ingredient. In any paint film that
exhibits some degree of gloss, the vehicle is the outer layer and
thus is the portion that comes into direct contact with the sub-
strate and the atmosphere. In addition the vehicle forms arcund
each pigment particle a layer of tightly adsorbed molecules which
tend to determine the dispersion qualities of the pigment. Thus
from the time a paint is dispersed until it has deteriorated im the
film, the vehicle 1s surrounding, suspending and holding the pigment.
Certainly the pigment portion of a paint film is important from other
than esthetic angles, but the vehicle is primarily responsible for
such properties as adhesion, flexibility, and chemical resistance.

At the beginning of this project it was theorized that the
alkali resistance of magnesium primers should be a prime factor in
the performance of that primer. This was based on the high alka-
linity produced by the corrosion products of magnesium, the oxide
and hydroxide. With this in mind, vehlcles were selected for study
partly on the basis of their alkali resistance. This theory has
been substantiated as the project has progressed, i.e. vehicles
appear to perform as magnesium primers in proportion to their alkali
resistance.

One of the important considerations in studying vehicles is the
pigment volume concentration. For each combination of pigments and
vehicles there is a point in their relative values where there is
Just sufficient vehicle to satisfy the adsorptive capecity of the
Pigment and to f111 the voids between the pigment particles. Thi
has been called the critical pigment volume concentration or CPVCg.
Any additional vehicle merely serves to hold the pigment perticles
apart and has little effect on the permeability of the film. Any
additional pigment, on the other hand, will cause voids in the
film and will cause a rapid increase in permeability. Normally,
topcoats are pigmented with a PVC:0PVC ratio of considerably less
than one. Primers are pigmented with a PVC:CPVC retio approaching
one. Attention has been paid to this concept in studying primers.

WADC TR 54-373 -6 -



A. Systematic Study of Alkyd Primers

Although undoubtedly much work has been done on the use of
alkyd vehicles in megnesium primers, there are no published dats avail-
able which describe any systematic investigations. Therefore, at the
suggestion of the Project Engineer, such a program was undertaken.
Because a considerable amount of effort has gone into the development
of Sherwin-Williams proprietary alkyd for use in MIL-P-6889a, Type I,
this alkyd was chosen as the guide. The pattern of this alkyd was
followed as closely as possible with the only variations being those
under investigation and those that were necessary to give practical
coocking conditions and satisfactory physical characteristics to the
resulting vehicle.

1. Preparation

As the first step nine different drying olls were cooked
into alkyds. Although the alkyd guide has more than one oil in its
composition it was thought advisable to prepare each experimental
alkyd with only one oll. 'the drying oils included in this program were
as follows:

Linseed
Soya

Fish
Casgtor
Safflower
Olticica
Tung
Perilla
Varsoy

The alkyd guide is prepared with an excess of polyol of about 20%
baged on theoretical equivalents. This excess results in an acid
value of 25-30 in the standard cook. With the more reactive olls,
namely, oiticica and raw tung, it was found to be necessary to increase
the excess polyol content to about 30-35% to prevent premature gelation.
Even with this additional polyol these oils gave alkyds with relatively
high acid values. A high excess polyol content also was necessary with
perilla oil as the only available sample of this oil was one that had
been bodied. The less reactive oils, namely, linseed, soya, fish,
castor, and safflower, gave alkyds with relatively low acid values
vhen 20% excess polyol was used. (See Section A, Table 54, Appendix,
for the characteristics of these alkyds.)

Since there were no data available on whether an aclid value of
25.30 is the optimum, two batches of the gulde were prepared, one with
an acid value of 29 and one with an acid value of 38. (See Section A,

Table 54, Appendix.)
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Two polyols have been used extensively in alkyd preparation,
namely, glycerol and pentserythritol. Generally speaking, penta-
erythritol with its four reactive hydroxyl groups results in more
cross linking than does glycerol with its three hydroxyls. This
greater cross linking tends to give better chemical resistance
but less flexibility. An attempt was made to prepare alkyds vary-
ing from 100% glycerol to 100% pentserythritol in 25% steps. It
wag found to be impractical to prepare the 100% pentaerythritol alkyd,
and those alkyds with 50% or more pentaerythritol came out with rela-
tively high acid numbers. (See Section A, Table 55, Appendix.)

Another varisble in the preparation of alkyds is the ratio of oil
to glycerol phthalate. Variations in this ratio affect many properties
of alkyds. Among the most importent of these effects are chemical
resistance and flexibility. Generally speaking, the chemical resist-
ance is inversely proportional to the concentration of the cil, end
the flexibility is proportional to the concentration of the oil. To
investigate this veriasble of oil content for magnesium primers three
batches of the proprietary type alkyd were prepared; one with the
standard oil length, one with 10% additional oil and one with 10% less
oil. (See Section A, Table 56, Appendix.)

2, Primer Characteristiecs

These alkyds with different composition variables were
formulated into MIL-P-6889a, Type I, primers. They were examined for
characteristics such as viscosity, drying rates, film hardness, and
adhesion to dichromate treated magnesium. Some viscosity variations
were apparent but were not felt to be too significant. The greatest
variations resulted from changes in the type of oil and the type of
polyol. The soya alkyd was particularly slow in drying but eventually
gave a tough although somewhat soft film. The linseed, castor and
perilla alkyds gave soft films but were satisfactory otherwise. The
safflower alkyd gave the poorest film in that it tended to crumble rather than
ribbon when scratched with a knife. The oiticica, tung, and Varsoy alkyds
gave poorer adhesion to dichromate treated magnesium. (See Section A,
Table 57, Appendix.)

Replacing glycerol in the standard alkyd with pentaerythritol
tended to increase the brittleness of the resultant film as the penta-
erythritol content incremsed. It is probable that this effect could
be overcome by proper changes in oil type and length but such an in-
vestigation was not undertaken. (See Section A, Table 58, Appeadix.)
The only other significant effest with other types of alkyd variations
was the poor drylng rate of an isophthalic alkyd. (See Section A,
Tables 59, 60 and 61, Appendix.)
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3. Critical Pigment Volume Concentration

As discussed previously, the PVC:CPVC ratic is im-
portant in primers. Since apparently minor changes in wvehicle
can have a gross effect on the CPVC of6a. paint, the CPVC was de-
termined for each of the alkyd primers.” Actutally the CPVC's varied
very little from that of the primer made with the standard propri-
etarg alkyd. The determination of CPVC is subject to an error of
4+ 2%°. However, in the case of the oiticica primer, there had been
sufficient viscosity increase in the package to make the CPVC de-
termination difficult. This might have introduced an error of more
than 2% which could account for a relatively high CPVC with this
primer. The only other significant deviation is a tendency for
pentaerythritol containing alkyds to bhave lower CPVC's than do
straight glycerol alkyds. (See Section A, Table 62, Appendix.)
It was considered satisfactory to evaluate these primers without any
adjustments of PVC(held at 25% to 35%).

L. Salt Spray Results

All of the primers were subjected to salt spray tests
using a standard dichromate treated magnesium-sluminum panel assembly
with an MIL-L-7178, Aluminized, topcoat. With the alkyds prepared
from the various oils there was little significant difference in
performence, although linseed is favored somewhat. Actually the best
results were obtained with a production primer using the proprietary
alkyd. It would be expected that this proprietary alkyd on which a
considerable amount of development work has been done should give the
best results. However, it should be pointed out that this development
vork was done for aluminum primers. (See Bection A, Table 63, Appendix.)

From the series on variations in polyol content it was quite defi-
nite that high proportions of pentaerythritol favored the salt spray
performance. Thus the 75:25 pentaerythritoliglycerol gave considerably
better salt spray resistance than either the 50:50 or 25:75 pentaerythritol:
glycercl ratios. Acid value, at least within certain ranges, had no
effect on salt spray performance. There appeared to be a tendency for
better salt spray performance with increased oil length vehicles. Neither
& special metallic catalyst nor the use of lsophthalic anhydride im-
proved the salt spray performance materially. (See Section A, Tables
63-67 inclusive, Appendix.)
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B. Phenolic Vehicles

A resin supplier recommended to this project that certain
phenolic varnishes be evaluated in coatings for magnesium’. Two
vehicles were prepared and formulated into primers as per the sup-
plier's suggestions. These were a 25 gallon phenolic dehydrated
castor oil varnish using a 100% para phenyl phenol resin and a 15
gallon phenolic dehydrated castor oil varnish using a para tertiary
butyl phenol resin. The primers were formulated using a pigmentation
of 85% zinc chromate and 15% magnesium silicate at pigment volume
concentrations of 50%. Over standard dichromate treated megnesium-
aluminum panel assemblies these primers showed some promise, exhibit-
ing excellent moisture and corrosion resistance in salt spray tests.
However, both also showed a tendency to be brittle. (See Section A,
Table 63, Appendix.)

The same two vehicles were reformulated into primers at a PVC
of 40%. These primers showed better flexibility but tended to gain
hardness very slowly during the drying period. Two additional
varnishes were prepared, using a different para tertiary butyl phenol
resin, into 15 and 25 gallon dehydrated castor varnishes. Again
primers were formulated at 40% PVC. As cbserved previously, all of
these primers plus one formulated at 50% PVC showed excellent corrosion
resistance in a salt spray test. However, their moisture resistance
was poor. (See Section A, Table 69, Appendix.)

Since it was thought that this excessive blistering might be
the result of equipment failure rather than primer deficiencies this
evaluation was repeated. Again the moisture resistance was found
to be poor while the corrosion resistance was good. (See Section A,
Teble 70O, Appendix.) In view of these unfavorable results and the
slow curing of the flexible type of phenolic primers no further work
was undertaken.
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C. Polyvinyl Chloride-Acetate Copolymer Vehicles

At the beginning of this contract it was noted that vinyl
chloride-vinyl acetate copolymer based coating systems had been found
to offer the most promise for masgnesium protection by at least three
independent laboratories, namely Northrup Aircraft, Inc .8 s Naval
Alr Experimentsl St.a.t:l.omé » and Dow Chemical Companylo. In general
these investigators concluded that the favorable results with vinyl
type coatings were due primarily to the impermeability of vinyl
films to molsture along with their excellent inherent chemical
resistance. The Sherwin-Williams Company, independent of this
contract, had developed two magnesium primers based on vinyl resins
plus modifying resins which had shown outstanding performance in
salt spray tests. These combined factors led to & considerable
amount of effort during the course of the project toward developments
with vinyl copolymer resins.

l. Acrylic and Methacrylic Modifiers

Initial tests comparing two modified vinyl copolymer
systems with a specification MIL-P-6889a/MIL-L-T178 system and
several ether ester systems were encouraging, not only for the vinyls
but also for the ether esters. In salt spray tests all of these
alkali resistant systems rated 8-9 for corrosion resistance in
contrast to 1-5 for the specification control system. (See Section A,
Table 71, Appendix.)

In the investigation of vinyl copolymer coatings under this
project 1t was considered probable that chemical resistance played a
more important role than impermeability in performance over magnesium.

Because of this belief it was decided to limit the modifying resins
and plasticizers to those known to possess excellent chemical resist-
snce of themselves. 1In this class are the various acrylate, meth-
acrylate and acrylate-methacrylate copolymer resins and the chlorinated
diphenyl plasticizers. Actually it was known that excellent coatings
can be prepared from vinyl copolymer resins with no modificstion other
than plasticizer. Such coatings can give excellent adhesion to properly
prepared metal surfaces but this adhesion is sometimes difficult to
cbtain. The primary function of the modifying resin or resins wvas
thought to be to increase the probability of good adheslon to dichromate
treated magnesium and to aluminum.
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The first step in investigating acrylic and methacrylic esters
vas to determine their compatibility with vinyl resins. Bakelite's
VMCE vas selected as the vinyl resin. VMCH is a copolymer of vinyl
acetate and vinyl chloride modifled with a small percentage of maleic
anhydride to give the resin polarity. Rohm and Haas's and du Pont's
acrylic and methacrylic esters were investigated for compatibility
at a 1:1 ratio with one-third part of a chlorinated diphenyl plasti-
cizer, Monsanto's Aroclor 1254. 'The following results were obtained:

Resin Supplier Compatibility
"Lucite" HG-41 - Methyl du Pont C
~ Methacrylate
"Lucite" HG-24 - Ethyl du Pont c
Methacrylate
"Lucite'li - n-butyl Methacrylate du Pont I
"Lucite"5- Isobutyl Methacrylate du Pont I
"Lucite'6- 50/50 copolymer du Pont I
n-butyl/Iscbutyl Methacrylate
Acryloid A-10 - Copolymer of Rolm and Haas c
Acrylic and Methyl-Acrylic Esters
Acryloid B-T2 - Similar to A-10 Rohm and Haas c
Acryloid B-82 - Similar to B-T2 Rohm and Hass C
Acryloid C-10 - Similar to A-10 Rohm and Haas I

The compatible resins were formulated into primers maintaining
the same ratio of resins in the vehicle and using strontium chromate
as the active pigment. 2Zinc chromate was avoided because of the
known catalytic action of zinc on vinyl resins. Even with strontium
chromate it was found that a differential speed two roll rubber mill
could not be used for dispersion because the resultant chip was in-
solubilized. A pebble mill was used instead. Even with this type
of dispersion one of the methacrylate modified vinyl primers (Acryloid
C-10) gelled before it could be used. (See Section C, e, Appendix,
for formula.)
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The physical characteristics of the primer containing Lucite HG 41
were the best in this group, particularly for aged films. This,
coupled with good salt spray performance over a standard magnesium-
aluminum panel assembly, indicated considerable promise for this primer.
(See Section A, Tables T2 and 73, Appendix.) Several repeat evaluations
of vinyl copolymer systems have shown that although this coating has
good performance in salt spray tests, once it starts to fail it fails
quite rapidly. This can be explained at least in part by its rela-
tively high degree of impermeability and its tendency to have only
falr adhesion. At any rate it has been found repeatedly that vinyl
copolymer coatings may maintain excellent salt spray resistance for
a period but once failure starts it progresses rapidly. {See Section A,
Tables 52, T4, 75 and 76, Appendix.)

It wes thought at one time that the reason for this peculiar
bebavior of vinyl finishing systems could be attributed to the fact
that they formed such an impermeable envelope around the pigment
particles that inhibitive pigments could not become effective. How-
ever, leaching tests in water at room temperature on a number of primer
Tilms over glass showed a vinyl copolymer to allow subgtantially more
leaching of chromate color than did other films which showed a normal
progression of corrosion.

2. Alkxyd Modifiers

Vinyl copolymer coatings modified with alkyd resins
have found some favor as coatings for magnesium. A primer based on
the vinyl alkyd MIL-P-1593% and an aluminized topcoat based on the
same vehicle were evaluated as a system over a standard wash primed
magnesium-aluminmm panel assembly. MIL-P-15934 has a vehicle composed
of 35 parts of a hydroxyl modified vinyl copolymer, VAGH, and 65 parts
of a long oll soya alkyd which is plgmented with zinc chromate and
magnesium silicate. Salt spray tests showed the vinyl alkyd system
to be weak 1n moisture but somewhat superior in corrosion resistance
when compared with the alkyd-lacquer system. No further work was
undertaken with this vehicle. (See Section A, Table 50, Appendix.)

3. Pretreatment of Aluminum

The Naval Air Experimental Station at Philadelphla has
reported that vinyl copolymer coatings over bare aluminum have shown
poor molisture resistance. For instance, they found that after a
rainstorm a vinyl film could be stripped easily from a 2 x 3 foot
aluminum panel, whereas after 24 hours recovery the adhesion again
was excellent. Pretreatments of the phosphate type have been claimed
to overcome this deficiency in moisture resistance.
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Since vinyl copolymer coatings were considered as possible
superior coatings an evaluation was made of two pretreatments for
aluminum that could be applied in the fleld. These treatments
were an amorphous phosphate type and a mixed metal oxide type.

The control surfaces were wash primed and phosphoric acid etched
aluminum. No magnesium couples were employed. Two different
types of vinyl finishes were used, a polyvinyl butyral wash primer
and & vinyl copolymer system.

The panels were immersed in water at room temperature for 24
and 48 hour periods. In no case did the vinyl systems fail by
blistering, but there was considerable loss in adhesion. As the
complexity of the pretreatment increased, the loss of adhesion
decreased. Thus the mixed meial oxide pretreatment was found to
be excellent. (See Section A, Tebles 77 and 78, Appendix.)

4. Curing of Hydroxyl Containing Vinyl Resins

One of the shortcomings of thermoplastic resins in
general is their lack of solvent resistance. This is true of the
vinyl copolymer resins. With the thought that if a certein amount
of curing or cross linking could be brought about the solvent re-
sistance would be improved, an investigation was mede of the effect
of butyl titanate.

Esters of titanates such as butyl titanate are kmown to hydro-
lyze very readily in the presence of water. Such hydrolysis also
will take place with alcohols even though the alcochols are very
high in molecular weight, such as the tripolymer of vinyl chloride-
vinyl acetate-vinyl alcohol, VAGH. Tt 1s possible that titanium
esters could serve to cross link VAGH sufficlently to increase the
solvent resistance substantially. XYHL, the polyvinyl butyral resin
containing 18-20% polyvinyl alcohol was also included in this study.

Preliminary work was done using VAGH in a mixture of xylene,
methyl iscbutyl ketone, and anhydrous ethyl alcohol, and with XYHL
in anhydrous ethyl alcohol. It was found that the addition of only
three per cent of butyl titanate, based on the weight of the resin,
caused immediate gelation of both the VAGH and the XYHL solutions.
By diluting the catalyst with a solvent that was compatible with
both the resin and the catalyst the rate of gelation was ygreatly re-
duced. Further reduction in gelation rates was obtained by replacing
the ethyl aleohol in part or completely with butyl cellosolve. How-
ever, it was found that resins cast from solutions containing from
0.5 to 3.0% butyl titanate showed only slight improvement in solvent
resistance. Work was discontinued on this approach.
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D. Bisphenol-Epichlorchydrin Condensates

Resins formed by the condensation of epichlorohydrin and
the sodiwm salt of bisphenol recently have gained a prominent place
in the coatings industry because of their excellent chemical resist-
ance, adhesion and fiexibility. The chemical resistance of these
resins, commonly called ether resins, could be predicted from their
composition and structure. Ether linkages are known 40 be relatively
inert, showing no reactivity with sodium, phosphorus trichloride or
sodium hydroxide. The reactive hydroxyl and epoxide groups are widely
spaced along the chain so that cross linked polymers of such ether
resins show good flexibility and chemical resistance. Thus esters of
ether resins with fatty acids should possess better chemical resistance
than alkyds because the relatively weak ester linkages are spaced further
apart. Such has been found to be the case.

Fther resins can be cross linked or cured through the use of amine
reains such as urea or melamine formaldehyde or phenolic resins but con-
siderable heat is required. Since the Air Force has stipulated room
temperature drying for ailrcraft finishes this type of cure was not
considered. Curing can also be accomplished in ether resins through
the use of moncmeric polyamines, titanium esters, polyamide resins, and
other catalytic or cross linking agents. Some investigational work was
done along these lines but an extended cure time and limited pot life
has hampered these developments. Ether resins are polyalcohols and as
such they can be substituted for part or all of the polyol in alkyds
with subsequent improvement in chemical resistance. Here again some
investigational work has been done.

The bulk of the investigations concerning ether resins has been
on the ether ester type. The rate of cure of these esters can be
improved by the copolymerization of the fatiy acids with vinyl aryl
compounds such as styrene or vinyl toluene. This avenue has been in-
vestigated extensively.

1. Ether Esters

Previous work by this laboratory, independent of this
project, had indicated that soya and dehydrated castor fatty acids
with Shell Chemical's Epon 1004 gave the most promising ether ester
vehicles. Therefore these were investigated using two proprietary
vehicles.

Te first step was the determination of the critical pigment
volume concentration. It was found that the castor ester had a CPVC
of about T0% while the soyea ester had a CPVC of about 46%. On this
basis primers were prepared with zinc chromate at PVC's of 60 and
65% with the castor ester and 38 and 42% with the soya ester.
Formilations also were prepared at PVC's of 60 and 65% for the soya ester
in order to show the effect of using an excess of pigment. In addition,
formulations were included with both esters at PVC's of 28% to correspond
with the control specification primer. Sprayouts on dichromated magnesium
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and aluminum panels showed that all of the dehydrated castor ether
esters showed considerably better drying than did the soya esters.

Salt spray tests on coupled panels showed a slight advantage for

the lowest PVC soya ester in corrosion resistance with the lowest

PVC castor ester second best. Blistering tended to follow its normal
trend, increasing with decreasing PVC. The two higher PVC soya ester
paints were relatively poor, as expected. All of the ether ester systems
were superior to the specification control. (See Section 4, Tables T1,
79, and 80, Appendix and the photograph on the following page.)

The soya ester formulation contained 0.1% cobalt and 0.05%
manganese as driers. Various additives and drier variations were
tried to speed up and improve the cure of this s0yas ether ester.
Doubling the original drier content, orthophenanthroline, and tetra-
butyl titanate showed little if any benefit. The most promising
additives were 0.2% calcium octoate and 4.0% of a very short linseed
phenolie varnish. Although these additives did not clear up the residual
tack they did impart better recoatability at two hours and at 2k hours.
(See Section A, Tables 81, 82, and 83, Appendix.) No explanation was
found for the tendency for the recoatabllity to be poorer on the alumi-
num substrates, as shown in the tables. Some work was done on the
effect of extended storage of samples of the various substrates in
individual samples of the wet primer but no positive results were
obtained.

Although excellent recoatability was observed in these tests it
was found in subsequent work that 1lifting still would occur on occasion,
when the soya ether ester primers with the Phenolic varnish additive
were recoated after overnight dry. For this reason some work was done
with a dehydrated castor ether ester, since it had shown better drying
in the initial tests. The following drier combinations with percentages
based upon reein solids by weight, were tried in attempts to improve
the drying characteristics of MIL-P-6889a, Type I, primers containing
this vehicle:

(1) 0.5% lead naphthenate

(2) 0.1% cobalt 4 0.05% manganese (standard)
(3) 0.5% lead + 0.05% cobalt + 0.05% manganese
(4} 1.0% orthopbenanthroline 4 0.1% manganese
(5) 1.5% orthophenanthroline & 0.1% manganese
(6) 2.0% orthophenanthroline 3+ 0.1% manganese
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Over aluminum substrates all of these primers, with one exception,
showed congidersble softening when topcoated after 24 hours drying.
The exception was the primer with the number (3) drier combination.
Since lead 1s known to be a good drier for through drying these re-
sults are not surprising. It has been reported that ether esters
will precipitate lead driers. However, a check on clear formulatlons
with the mmber (3) drier combination did not show any turbidity with
either & castor or a soya ether ester.

Salt spray tests were run on the castor ether primer containing
drier number (3) along with the same primer containing the standard
drier plus 4.0% of a short linseed phenolic varnish, and a styrenated
soya ether ester primer containing 0.4% lead and 0.05% cobalt. The
same vehicles, aluminized, were used In the topcoats. The results
showed excellent performance for all of the systems with an advantage
for the styrenated system in moisture resistance and a slight ad-
vantage for the castor ether esters in corrosion resistance. (See
Section A, Table 8ii, Appendix.)

Both the soya and the castor ether esters that have been used in
this work have had acid values of less than two at 50% solids. Higher
acid values have been found to lower the alkali resistance of such
vehicles. However, it was thought the higher acid values might also
result in better dArying characteristics and improved adhesion. A
castor ether ester was prepared with an acid value of 5.5. Adhesion
and hydrocarbon resistance tests favored the original ester with the
lower acid value. (See Section A, Table 85, Appendix.)

A serious deficiency exists in ether resins for exterior usage;
namely, a marked tendency to exhibit rapid chalking. This has been
cited by Shell as & favorable method of paint film fallure since 1%
leaves a good repaintable surface. The effect of aluminizing an ether
composition is under study but these tests are not mature. After four
months Florida exposure at 459 gouth no chalk was reported for alumi-
nized ether esters. It was thought to be desirable, therefore, to
develop & topcoat for ether esters. MIL-1.-7178 type topcoats are not
satisfactory directly over ether ester primers. Apparently the in-
compatibility of nitrocellulose and ether esters leads to poor inter-
coat adhesion between coatings hased on these resins.

Two avenues were followed in arriving at a more satisfactory system
with ether ester primers. First the use of a chemically resistant top-
coat with good exterior performance was tried directly over the ester primer.
A vinyl copolymer topcoat was used in this case. It was found that with
the solvents normally used, the vinyl topcoats caused lifting of the
primer. This lifting tendency was overcome by using more volatile
solvents in the vinyl topcoat. Even here there was a marked softening
of the primer that remained for several days.
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The second method tried utilized a styrenated ether ester primer,
which will be discussed later, in a sandwich coat system. That is,
& thin coat of a primer that showed good intercoat adhesion with both
the ether ester and the nitrocellulose films was Placed between the
primer and the topcoat. This system showed good physical character-
istics and fair solvent resistance. Such a gystem would be predicted
to give better salt spray performance than a straight specification
system betause of better alkali resistance where the system is in
contact with the metal.

After about 1000 hours of salt spray exposure the ether ester
primer-vinyl topcoat system and the sandwich coat system were both
much superior to the specification system in corrosion resistance,
with some advantage for the former. The ether ester-vinyl system
did show relatively weak moisture resistance. '"This is probably an
effect of the retained solvents in the primer film. (See Section 4,
Teble 86, Appendix.)

2. Vinyl Aryl Ether Esgters

The difficuliies with lifting upon recoating and the

probable exeessive chalking upon exterior exposure of ether ester based
coating systems, pointed to further modification of these vehicles.
One possibility would be the copolymerization of the fatty acid portion
with vinyl aryl compounds such as styrene or vinyl toluene. This would
be expected to promote more rapid curing, and, by dilution, less sensi-
tivity to chalking. Considerable work was done along these lines.

Styrenated products such as alkyds and drying oils have gained a
Place for themselves as commercial products in the coating field in
the past few years. Styrenation of these drying type vehicles has
offered the advantages of more rapid drying rates and improved hardness.
In many instances they also offer improved scap, water, and alkali
resistance. However, they suffer from a sensitivity to solvents, poor
mar resistance, and decreased flexibility. The copolymerization of
fatly acids with vinyl aryl compounds and the esterification of this
product with ether resins has shown indications of overcoming some of
these deficiencies while at the same time maintaining the desirable
characteristicsll,12,

In particular, the styrenated ether esters have shown good flexi-
bility if the proportion of styrene is kept at a reasonsbly low level
(less than 33%). At the same time the mar resistance has been found to
be satisfactory. Although there has been evidence that the styrenated
ether esters retain the inherent poor resistance to hydrocarbons it
appears possible to circumvent this drawback by certain combinations of
vinyl toluene modified ether esters. Actually no difficulty was en-
countered in recoating of vinyl aryl modified ether esters at the pre-
scribed intervals.
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There are, of course, innumerable variations that could be
investigated in connection with vinyl aryl ether esters such as:

(1) Type and concentration of vinyl aryl component

(2) Type and concentration of the fatty acid.

(3) Type and concentration of epoxy-bisphencl condensate.
(4) Type and concentration of the styrenation catalyst.
(5) Reaction procedures such as time, temperature, method

(solvent or fusion), and order of introducing
the ingredients.

In the initial work on this phase six vehicles were prepared
and evaluated, including four modified with styrene and two with
vinyl toluene. The compositions and characteristics of these
vehicles were as follows:

Type and Concentration Acld Viscosity Cure Color
Vinyl Aryl Fatty Acid Ether Egter Value G-H Sec, Gerdner
Styrene-40 Linseed-40 Epon 1004-60 2.90 v 2 T
Styrene-L0 Linseed- Epon 1004-60 1.13 0 8 7
Soya.-40

Styrene-40 Soya-40 Epon 1004-60 0.52 N 24 T
Styrene-13 Benzoic-9 Epon 1004-60 2.80 Y 6

Dehydrated

Castor-20
Vinyl Linseed-4oO Epon 1004-60 1.39 v 3
Toluene -46
Vinyl Soya-40 Epon 1004-60 1.18 X 18
Toluene -46

These vehicleg were incorporated in MIL-P-6889a, Type I, primers by sub-
stituting for the alkyd on an equal volume basis. No consideration was
given to critical pigment volume concentration at this time.

These primers showed good physical characteristics with the excep-
tion of adhesion in some cases. Over MIL-M-3)71, Type III, treated
magnesium panels the linseed and dehydrated castor vehicles showed
somewhat weak adhesion. In these cases the failures, both by scratch
iest and in a conical mandrel bend test, were between the dichromate
and the metal rather than between the primer and the substrate. Salt
spray tests of these primers over siandard magnesium-aluminum assemblies
under an MIL-L-7178, aluminized, topcoat showed all of the primers to
have excellent corrosion and good moisture resistance. (See Section A,
Tebles 71, 87 and 88, Appendix and the photograph on the following page.)
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In a number of subsequent tests & styrenated soya fatty acids
ester of Epon 1004 with a ratio of LO:40:60 styrene: fatty acid:
ether resin was found to show sufficient promise to warrant recom-
mending this vehicle for the most promising system at the conclusion
of the first year of this project. (See Section A, Tables 21, 31,

49 and 89, Appendix.) Consequently, it wes deemed advisable to check
this vehicle for conformance to all of the tests specified in MIL-P-
6889a and MIL-L-7178. This was done using a primer based on the

Type I control formmla for MIL-P-6889a with the styrenated ether ester
vehicle replacing the alkyd only on an equal volume of solids basis,
and & topcoat based on MIL-L-T178, Aluminized, with the styrenated
ether ester replacing both the nitrocellulose and the alkyd on an
equal volume of solids basis.

Two vinyl copolymer primers also were included in these tests as prom-
ising coatings. Both were pigmented with strontium chromate and modified
with a methacrylate resin, HG 4l. One wae based on a carboxyl modified
vinyl copolymer, Bakelite VMCH, and the other on a hydroxyl modified
copolymer, Bakelite VAGH. They were designed for use over dichromste
treated magnesium and wash primed magnesium, respectively.

The styrenated ether ester primer passed all of the eritical
specification tests with the exceptions of 3.5.3 and 3.5.4. These
are a hydrocarbon resistance test and an anchorage (tape) test, respectively.
Even in these tests the primer tested alone passed in every case. It was
only when topcoats were used that failures occurred. In some cases
these failures could be attributed directly to poor intercoat adhesion
with the lacquer topcoat. However, a styrenated ether ester system,
primer and topcoat, gave poor results in the hydrocarbon resistance
tests.

Two systems designed to improve the intercoat adhesion over styre-
nated ether ester primers and possibly the hydrocarbon resistance were
included in these two critical tests. One of these was an alkyd enamel,
MIL~E-T729, used directly over the styrenated ether ester primer, which
gave excellent Intercoat adhesion. The other was based on a sandwich
coat of the alkyd primer, MIL-P-6889a, between the styrenated ether
ester primer and the lacquer topecoat, MIL-L-7178. Again the intercoat
adhesion was good. In each case the anchorage (tape) test wes passed
but the hydrocarbon resistance test was poor. (See Section A, Table 90,
Appendix.)

The vinyl coatings passed all of the critical specification tests
with the exceptions of 3.5.1, 3.5.2, and 3.5.4. These are a lacquer
resistance, primer absorption test; a water resistance test; and an
anchorage (tape) test, respectively. The failure in the lacquer re-
sistance test was in surface appearance and was not considered serious
since a nitrocellulose lacquer topcoat was used. The incompatibility of
vinyl copolymer resins and nitrocellulose would be expected to lead to
poor results here. The water resistance and anchorage tests, however,
are serious failures. (See Section A, Tables 91 through 100 inclusive,
Appendix. )
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Prior to the time that these specification tests were completed,
a pllot plant batzh of a styrenated ether ester vehicle was made.
This was done to check laboratory procedures in larger equipment
since this type of vehicle had not been produced commerclially. (8ee
Section D, Appendix for cooking procedure.) At about this same time
it was found that there is a certain degree of incompatibility be-
tween the styrenated ether ester vehicle and the phenolic dispersion
resin. This incompatibility is evidenced by difficulty in the grind-
ing operation. A third point in question at the same time was the
durability of styrenated ether ester topcoats in comparison with alkyd
topcoats. These three points for evaluation were combined into one
series and a repeat evaluation was made on the effect of the phenclic
dispersion resin in a second series. Both salt spray and Weather-
Ometer (Atlas Twin Arc) tests were rum.

An examination of the results showed that the pilot plant batch
was slightly better than the laboratory batch of styrenated ether ester
in salt spray performance, while theé t$wo wvehicles were about equal
in Weather-Ometer durability. In the Weather-Ometer it was Interesting
to note that the specification alkyd-lacquer system showed greater
initial drop off in gloss but that the styrenated ether ester system
showed an abrupt drop to a still lower gloss between 700 and 850 hours
of exposure. The phenolic dispersion resin was not found to be eriti-
cal from a performance standpoint In the styrenated ether ester primer.
The alkyd topcoat over the styrenated ether ester primer improved the
Weather-Ometer durability but did not improve the hydrocarbon resist-
ance and was relatively weak in corrosion resistance. (See Section A,
Tables 101 through 104, inclusive, Appendix.)

Since the system of styrenated ether ester primer-specification
lacquer topcoat with a thin sendwich coat of the alkyd specification
primer did show good intercoat adhesion and a little better solvent
resistance, an attempt was made to increase the hydrocarbon resistance
still more by increasing the drying period of the primer and/or the
sandwich coat. This was found to be effective but the recoat times
of 24 hours were too extensive to be practical. (See Section A, Table
105, Appendix.) 'This is interesting, however, in that it suggests
that ultimate solvent resistance is possible if the proper rate of
cure can be attained. TFurther efforts to attain solvent reslistance
in this menner were not undertaken.
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The next approaches to solvent resistance with vinyl aryl type
ether esters were through cooking methods and variations in the
vinyl aryl component. A total of about 36 hours cooking time was
required to prepare the styrenated ether esters discussed pre-
viously, including both the styrenation of the fatty acid and the
esterification of the ether resin. Two laboratory cocks were made in
which these two reactions were carried out simtaneously. One cook
required 20 hours of cooking time and the other 16 hours because
of slight variations in procedure. In both cases solvent resistance
and corrosion resistance were improved but moisture resistance was
impaired as determined by hydrocarbon resistance on aluminum panels
and salt spray tests on standard magnesium-aluminum assemblies.

(See Section A, Tables 106 and 107, Appendix.)

The variation in vinyl aryl component consisted of a substitu-
tion of vinyl toluene and divinyl benzene for the styrene. In this
case the copolymerization reaction is carried to a point of apparent
gelation. The resulting vehicle, however, can be cut with normal
solvents. Two vehicles were cooked by this technique, both of which
were hazy because of gel particles. Both were formulated into MIL-P-
6889a, Type I, type primers and MIL-L-7178, Aluminized, type topcoats.
These systems exhiblted good solvent resistance over aluminum panels
and excellent corrosion resistance but poor moisture resistance in
salt spray tests. (See Section A, Tables 106 and 107, Appendix. )

In view of the relatively poor moisture resistance of the pre-
vious batches of vinyl toluene ether esters, another cook was made.
In this case the ratio of vinyl toluene/fatty acid was reduced from
40/40 to 23/40. A primer patterned after MIL-P-6889a, Type I, and a
topcoat patterned after MIL-L-7178, Aluminized, were mede from this
vehicle. In general this system gave excellent results. Hydrocarbon
resistance and water sosk tests were satisfactory. Both corrosion and
moisture resistance were excellent after 1000 hours of salt spray
exposure. A repeat cook of this vehicle gave comparable results in
& complete system and also gave excellent results in a sandwich coat
system using an alkyd specification primer between the vinyl toluene
ether ester primer and a nitrocellulose specification topcoat. (See
Section A, Tables 108, 109, and 110, Appendix.)

Still another variation on vinyl toluene ether ester vehicles
was prepared in which gum arabic was included. The thought was that
the gum arabic would aid in the dispersion of the small gel particles
that have been present in all batches of this type of vehicle. This
vehicle was not successful in that the gel particles still remained
and in that it could not be ground into a suitable primer.
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In spite of the fact that solvent resistance had been gained
with vinyl toluene ether ester systems, there still remained a
need for a different type of topcoat because of the questionable
chalk resistance for exterior exposure. A series was instigated
for the purpose of screening a variety of topcoats for sultable ap-
plication over vinyl aryl ether ester primers, with particular em-
phasis on intercoat adhesion.

The following primers were included in this study:

1. MIL-P-6889%a, Type I, proprietary

2, Castor fatty acids ether ester

3. Styrenated soya fatty aclids ether ester

. Vinyl toluene-soya fatty acids ether ester

Each of the following topcoats were applied over each of the
primers:

1. MIL-L-7178, aluminized

2, MIL-L-T178, aluminized (rich ketone free solvent)
3. MIL-L-7178, aluminized (lean ketone free solvent)
L. Hydroxyl modified vinyl copolymer

5. Acryloid-alkyd

6. Vinyl alkyd (proprietary)

7. Vinyl-alkyd (52 R 13)

In general the alkyd specification primer took the topcoats

the best, but in specific instances, particularly with the propri-
etary vinyl alkyd, excellent systems were obtained with the other
primers. The vinyl aryl ether ester primers softened under all of

the topcoats but recovered to give satisfactory to excellent adhesion
in some cases. The Acryloid-alkyd topcoat gave excellent leafing with
aluminum but tended to 1ift the ether ester primers more than any
other topcoat. (See Section A, Table 111, Appendix.)

From this test the proprietary vinyl alkyd was selected for
further evaluation over all of the primers. In thls case the nitro-
cellulose specification topcoat was used as the control. Water re-
sistance tests favored both of the vinyl aryl ether ester primers
while solvent resistance tests favored the alkyd specification primer
and the ether ester primer. (See Section A, Teble 111, Appendix.)
Salt spray tests showed that the styrenated ether ester primer with
the proprietary vinyl alkyd had the best moisture resistance, while
the vinyl toluene ether ester primer with the same topcoat had the
best corrosion resistance. (See Section A, Table 112, Appendix.)
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If vinyl aryl ether ester systems are degired for any colors
other than aluminum the use of a topcoat such as vinyl alkyd
probably would be desirable. Weather-Ometer tests were run on Glossy
Sea Blue formulations using two vinyl aryl ether ester vehicles and a
lacquer for a control. Both of the ether ester formulations showed
poor gloss retention after 700 hours of exposure. (See Section 4,
Teble 113, Appendix.) It was found in the preparation of these
enemels that a drier combination of lead and cobalt caused agglom-
eration. A change of driers to cobalt and manganese corrected this
condition.

It wvas considered desirable at this point to prepare a pilot
plant batch of vinyl toluene-ether ester in order to determine if
the cook was practical for full scale production. The most promising
formulation was used, namely; 60 parts of Epon 1004, 40 perts of soya
fatty acid, 23 parts of vinyl toluene and k& parts of divinyl benzene.
(see section D,2, Appendix, for details of procedure.) The physical
characteristics of this batch compared very closely with those of
the previous laboratory batches. Salt spray tests on primer-topcoat
systems from this batch also showed good results. (See Section A,
Tables 114 and 115, Appendix.) However, hydrocarbon resistance tests
on aluminum panels were very poor. A% the same time it was found that
vinyl toluene-ether ester systems that had been prepared from laboratory
batches of the vehicle also had poor solvent resistance. A ently
gsome change had taken place during aging of the primer and/or of the
vehicle in the package for little more than one month which caused
poor development of solvent resistance.

Immediately two laboratory batches of this vehicle were prepared
using, in one case, the same raw materials as used in the plent batch
and, in the other case, the same raw materials as used in the previous
laboratory batches. Here the latter batch showed satisfactory solvent
resistance vhile the former did not in primer-topcoat hydrocarbon re-
sistance tests. However, a recheck on this solvent resistance after
only one week's aging of the coatings in the package showed poor
solvent resistance in both cases. Again there is evidence of rapld
loss of the ability to attain solvent resistance during aging of coat-
ings in the package. An aged vinyl toluene-ether ester .coating system on
an aluminum panel retained good solvent resistance for at.least one month.

A number of drier variation studies were instigated. These gave
veriable results, partly, it is presumed, because of changes upon
aging of the wet coatings but partly because of the vagaries of paint
testing. The most promising drier additives appeared to be calcium
octoate and iron. Even these did not give good hydrocarbon resist-
ance after short periods of aging in the package. (See Section A,
Tables 116, 117, and 118, Appendix.)
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Since the vinyl toluene-ether ester cook is of the solvent type
using vinyl toluene as the solvent, there is & possibility that
some vinyl toluene monomer remains in the completed vehlele. If so
this could explaln the loss of the ability to develop solvent resist-
ance upon aging of wet samples. The vinyl toluene monomer would
evaporate fram films laid down from fresh coatings. On the other
hand the vinyl toluene mopomer would tend to polymerize to a poly-
vinyl toluene in aged coatings. The polyvinyl toluene, not being
volatile, would remain in films laild down from such aged coatings
and would wesken the solvent resistance. On these hypotheses,
another vinyl tcluene-ether ester was prepared in the laboratory using
the same procedure as for the pillot plant batch, but Including sieam

sparging.

The hydrocarbon resistance of this vehicle in a primer-topcoat
system was found to be relatively good. A few blisters occurred along
the edge of the panel and the entire £ilm softened somewhat. Recovery
was rapid since it depended primarily on sclvent evaporation. Further
testing with this vehicle and a similar one cooked to a lower cure (10
seconds compared with 30 seconds) showed them to undergo somewhat the
same loss of solvent resistance upon aging in the package as did un-
sparged cocks. (See Section A, Table 154, Appendix.)

Presumably & reduction in total vimyl aryl content in an ether
ester vehicle would also result in increased hydrocarbon resistance.
To this end, a cook was made using 13 parts of vinyl toluene, 20 perts
of fatty acid, 60 parts of ether resin and G parts of benzoic acid.
(See Section D,3, for details on the cooking procedure.) Again it was
found that a primer-topcoat system prepared from this vehicle had good
hydrocarbon resistance. In this case there were no blisters even on
the edges and the film softened opnly while in {the solvent. This vehicle
alsc showed some loss of solvent resistance upcn aging in the package in
each of two cooks. (See Section A, Table 15k, Appendix.)

Both the sparged type of vehicle and the low vinyl aryl content
vehicle showed good corrosion reslastance in limited salt spray tests.
The sparged vehicle showed relatively poor water resistance on salt
spray but excellent water resistance on an immersion test. Both vehicles
showed good adhesion. (See Section A, Tables 154 and 155, Appendix.)

It is consldered that, in spite of some shortcomings in solvent
resistance, the vinyl toluene modified ether ester offers the most
promise for megnesium coatings for the Air Force. Primers and topcoats
based on a sparged ether ester (Section D,2, Appendix) and a low vinyl
aryl content ether ester (Section D,3, Appendix) are being submitted to
the Air Force for evaluation. Both vehieles are being included since
there has been relatively little test work on low vinyl aryl content

type.
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3. Room Temperature Curing of Ether Resins

Ether resins of the type represented by Shell's
Epon resins contain epoxide and hydroxyl groups. It is through the
reactivity of these groups that curing is effected. This reacti~
vity can be utilized at room temperature through the use of certain
catalysts or cross linking agents.

The catalysts normally used are acidie in nature. Sulfonic
acids are favored because of their activity without destructive
action on organic materials. Such acids as, for instance, p-toluene
sulfonic acid, serve to break the epoxide ring and encourage further
polymerimation through condensation. This Polymerization is rapid
even at room temperatures. However, previous workers have found the
subsequent films to be brittle in nature.

Either alechols or amines can be used as cross linking agents
but the amines seem to be more effective at room temperature. In
order to cobtain suitable three dimensional Polymers polyamines must
be used. Ethylene diamine and its homologues such &s diethylene
triamine or triethylene tetramine appear to be particularly useful
in this respect.

Titanium esters alsc should be useful in curing hydroxyl
resins because of their tendency to hydrolyze even with such high
alcohols as the ether resins.

In selecting the ether resin for investigations with cross link-
ing agents, therefore, attention should be given to both the epoxide
and hydroxyl concentration. Normally it is accepted that monomeric
polyamines cure ether resins primarily through the epoxide groups.
From this it would be expected that the lower the molecular weight
the faster would be the cure since epoxide groups appear only at the
end of the molecules of ether resins. On the other hand, the curing
with titanium esters should be more effective with the higher molecu-
lar weight resins which contein more hydroxyl groups. This discussion
suggests the employment of combinations of Polyamines and titanium esters
with all but the simplest possibie ether resin. This has been done
along with some work on various rolyamine-ether resin combinations.

a. Polyamines

Two polyamines, ethylene diamine and diethylene
triamine, were tried at 6 and 12 parts per hundred parts of resin
with four different ether resins in clear films. T™e resins were
Epons 828, 834 and 1001 and an experimental Sherwin-Williams resin
with a somewhat different composition. All combinstions were found
to dry within six hours with the exception of those containing Epon 828.
This was unexpected since Epon 828 1is the lowest molecular weight of
the Epon resins. A recheck on snother lot of Epon 828 confirmed these
results. Recoating of these films at 24-U8 hours with a lacquer re-
sulted in very poor adhesion to the substrate. Blends of Epon 828 and
1001 with 6 PHR of ethylene diamine also were unsuccessful. (See -
Section A, Tables 119 and 120, Appendix.)
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b. Polyamine-Titanium Ester Blends

Various proportions of diethylene triamine and
butyl titanate, including 100% amine and 100% titanate, were tried
with clear solutions of Epon 1001. Little difference was found in
drying rates but high amine ratios were more favorable from the
standpoint of solvent resistance (recoat adhesion)} and moisture
resistance {water immersion). High titanate ratios favored package
stability. (See Section A, Table 12]1,Appendix.) It was noted in
this work that heavier films tended to improve the adhesion after
recoating with a lacquer. At the same time it was found that the
higher boiling alcohol solvents aided package stability more than
the lower alcochols. With ethyl alcohol, for instance, immediate
precipitation of gel particles occurred upon the addition of the
cross linking blend of amine and titanate. Diacetone alcohol was
found to give the most favorable solvent blends but even when films
1.0 mil thick were sprayed they failed to give good recoat adhesion.
(See Section A, Tables 122 and 123, Appendix.)

¢. Ether Modified Alkyds

In investigations separate from this project it has
been found that replacing a part of the polyol in alkyds with an
ether resin results in improved chemical resistance and especially
improved alkali resistance. Using a proprietary alkyd resin designed
for use in MIL-P-6889a three different ether modified alkyd resins
were prepared. The first, in which a simple substitution of 10%
of the glycerol by Epon 1004 was made, an excessively high acid value
resulted. In the second, 10% Epon 1004 and 10% glycercl were added to
the normal alkyd formulation. Here a more nearly normal acid value
was obtained but it was still high. In the third, the reactive oil
in the alkyd was replaced with linseed and 10% of the glycerol was
replaced with ether resin. All three vehicles were formulated into
MIL-P-6889a, Type I, primers and evaluated over standard dichromate
treated magnesium-aluminum panel assemblies under an MIL-L-T7178,
aluminized lacquer. None of these primers showed any promise. They
exhibited good solvent resistance but a weakness in corrosion and/or
moisture resistance in salt spray tests. (BSee Section A, Tables 124
and 125, Appendix.)

E. Furan Resins

Furan resins have been used in the chemical industry as tank
linings. For this application the resins are used to impregnate fiber
glass and generally are cured by heat. They can be cured at room
temperature by the use of acid or basic cross linking agents. The
aclds bave been used more extensively. Strong mineral acids such as
ECl or H2sou are the most effective curing agents while acids such as
oxalic, maleic and phosphoric increase the package life and exert
gome curing action. Furan resins have been investigated for this
project to some extent.
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A commercial coating reputedly based on furan resins was evalu-
ated over bare, wash primed, and dichromate treated magnesium. Salt
spray tests on standard magnesium-aluminum assemblies showed superior
corrosion resistance for this coating but & tendency to blister after
only 2k hours exposure. (See Section A, Tables 126 and 127, Appendix.)

A number of commercial furfuryl alechol resins were investigated
also. These included:

F-1003, supplied by the Haveg Corporation

Durez 14383, by Durez Plastics and Chemicals, Inc.
Jet-Kote, Type X-3M, by Furane Plastics, Inc.
X-5A, by Furane Plastics, Inc.

Resistojet, by Furane Plastics, Inec.

Durez 157389, Durez Plastics and Chemicals, Ine.

I P, e e, e,
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Of these the Jet-Kote and Durez 14383 were the most promising. Resin
X-5A requires baking at 330° to 500° F for complete curing. Resistojet
was similer to Jet-Kote. Durez 15789 is a high molecular weight resin
which it wes hoped would form a film without catalyst slmply by solvent
evgporation. Actually it regquired several days to form a tack free
film. F-1003 did not form a good film under any of the conditions
tried.

The catalysts investigated included oxalic acid, phosphoric acid,
hydrochloric acid, mono ethyl acid orthophosphate, mono octyl acid ortho-
phosphate, and carbamide-phosphoric acid. The results with oxalic ecid
were poor. Phosphoric acid was a faster cetalyst for F-1003 and Jet-
Kote than for Durez 14383. Actually the phosphoric acid catalyzed
Durez 14383 was still fluid in the package after more than three weeks,
whereas the other resins gelled after one week. Although Durez 14383
was slower in curing, the cured film was found to be more resistant
to methyl isobutyl ketone than were the other resins.

Hydrochloric acid cured all resins in about 30 minutes and caused
instability in the package within 16 hours. Mono ethyl phosphate and
mono octyl phosphate were used with Jet-Kote only. As expected, the
lower alkyl phosphate was the better catalyst and gave a much tougher
film. Both gave extended package stability.

Jet-Kote and Durez 14383 were pigmented with titanium dioxide to
give light brown films. Salt spray tests using a proprietary catalyst,
Furane's Z-1A, with Jet-Kote and a mixture of sulfuric acid and iso-
propyl acetate with Durez 14383, gave poor results with both resins.
(See Section A, Tablel28,Appendix.)

No further work was done on furan resins.
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F. Polysulfide Polymers

Pigmentation studies described under Section IV have shown
some unusual effectiveness of sulfide compounds in inhibiting the
corrosion of magnesium. With the thought that sulfide groups in
vehicles might also be effective, a cursory evaluation of one sulfur
bearing vehicle, Thiokol LP-3 was undertaken. Thiokol LP-3 is &
poly-functional mercaptan with reactive SH terminal groups. Follow-
ing a formulation suggested by Thiokol Corporation, LP-3 was blended
with Epon 828 at & ratio of 2:3. This blend vas pigmented with
titanium dioxide and catalyzed with tetra ethylene pentamine at a rate
of six parts per hundred of resin. (See Section C,f, Appendix.)

This finish was used directly over dichromate treated magnesium-aluminum
panels s both primer and topcoat. The adhesion and general £ilm
character were good. Salt spray tests gave excellent results, actually
better than & vinyl toluene-ether ester system, in both corrosion and
moisture resistance. (See Section A, Table 129, Appendix.) This type
of formulation suffers from & limited package stability after the
addition of the amine and from a relatively slow curing rate. Never-
theless it merits further investigation.

SECTION IV
PIGMERTATION

The study of pigmentation of magnesium coatings has not received
as much attention as the study of vehicles. This probably results
from two factors; first, thet vehicles were taken up first and thus
received a greater impetus, and second, that more improvement was
found from vehicle changes than from pigment changes. The work done
on critical pigment volume concentration and on the pigmentation of
wash primers was reported in previous sections. This section is con-
cerned with a gcreening test, with the evaluation of the better plgments
from this test and with a particularly promising pigment combination,
caleium sulfide-ammonium vanadate.

A. Screening Test

At stages in the project where vehicle selections had not
been made, it was deemed desirable to check a number of pigments
for their effects on the corrosicn of magnesium. These tests were
conducted using water as the vehicle. The tests consisted of completely
immersing weighed metal strips in saturated solutions of the various
plgments in distilled water and in 3% NaCl solutions. The relative
inhibition of corrosion for each pigment was judged on visual gradings
and actual weight losses. Three different types of metal were used,
namely:
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1. FSIH magnesium that had been alkali cleaned and
chromic acid pickled.

2., FS1H magnesium that had been MIL-M-3171, Type III
treated in the laboratory.

3. FS1H magnesium that had been MIL-M-3171, Type III
treated in the laboratory and coupled to a 24S
aluminum panel with a 565 aluminum rivet.
(Evaluated in water solutions only. )

Even in the early stages of this test it was apparent that none
of the plgments under investigation were giving complete protection.
At first the corrosion in the distilled water and NaCl solutions was
about equal, if anything, somewhat more severe in the distilled water
solutions. As the experiment progressed the rate of corrosion in the
KaCl solution increased more rapidly. This suggests that the salt
accelerated corrosion of the magnesium Primarily because of the in-
creased conductivity which it imparted to the environment. Such
conductivity could have been less important at the beginning of the
corrosion when the anodes and cathodes tended to be small and rela-
tively close together. Then as corrosion Proceeded and the anodes and
cathodes increased in size the distances that the corrosion currents
had to flow would be increased and conductivity would have become more
important.

Chromate pigments, particularly the more soluble ones, appeared
to be the best inhibitors for megnesium corrosion. ILead pigments on
the other hand acted as accelerators for this corrosion. Inerts
generally were neutral but silieon dioxide appeared to be about as
effective an inhibitor as the better chromates.

Other pigments showed a variable performance. Zinc oxide caused
very rapid corrosion in salt water but had very little effect in plain
water solutions. Chromium phosphate » In spite of previocus indicatdons
of good results in wash primers, was only fair to poor in these tests.
It was proved definitely that not all fluorides are good inhibitors
for magnesium, as was hypothesized by some investigators. Sodium
silico fluoride, for instance, caused severe corrosion in all of the
enviromments. Both magnesium oxlde and zine sulfide dropped off from
an original rating of good to a rating of fair. Lampblack was rela-
tively poor.

Control tests using plain distilled water and NaCl solutions with-
out the pigments showed relatively little corrosion in the water but
considerable corroeion in the NaCl solution with elther bare or dichromate
treated magnesium. Thie compared with a certain group of pigments which
was classified as "Inactive." The pigments that reduced the corrosion
in NaCl solutions without any deleterious effects in water solutions
were classified as "Inhibitive" while those that allowed apprecisable
corrosion in water solutions or increased corrosion in NaCl solutions
were classified as "Accelerators.” A listing of this order is ghown below:
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Inhibitive Pigments
Strontium Chromate

Zine Chromate

Silicon Dioxide

Calcium Chromate
Barjum-Potassium Chromate

Inactive Pigments

Fibrous Magnesium Silicate
Diatomaceous Silica
Calcium Carbonate
Magnesium Silicate

Zinc Sulfide

Barium Chromete

Magnesium Oxide

Basic lead Silico Chromate

Accelerating Pigmenis
Caleium Plumbate

T tanjum Dioxide - R-510
Chromium Phosphate

Mica

Lampblack

Iead Chromate

Titanium Dioxide - R-610
Red Lead

Zine Oxlide

Basic Silicate White Lead
Sodium Silieo Fluorlde

Lead Cyanamid
B. Evaluation of the Better Pigments

Mese results were used in the preparation of four experi-
mental MIL-C-15328e type wash primers and five MIL-P-6889a type
styrenated ether ester primers. In all cases each of the four
"Inhibitive” chromate pigments were used to replace the regular
chromate pigment and silicon dioxide was used to replace the regular
magnesium silicate inert, both on a volume basis. Salt spray tests
with the wash primers showed the corrosion resistance of all of the
systems to be sbout egual to one using MIL-C-15328a. The strontium
chromate wash primer had an advantage in moisture resistance. (See
Section A, Table 46, Appendix.) In the styrenated ether ester primer
calcium chromate was slightly superior to the regular zinc chromate
in corrosion resistance but somewhat inferior in moisture resistance.
Strontium chromate and barium potassium chromate were poor in both
corrosion and moisture resistance. The replacement of the inert by
silicon dioxide was definitely beneficial in both corrosion and moisture
resistance. (See Section A, Table 130, Appendix.)
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C. Inhibitive Pigments in Vinyl Copolymer Vehicles

As discussed in Section ITI, C, primers based on vinyl
copolymer vehicles show good salt spray resistance for a period
but once failure starts it proceeds quite rapidly. For this
reason it was thought that inhibitive Plgments are not as effective
in vinyl vehicles as in other types of vehicles, such as alkyds or
styrenated ether esters. To investigate this, two primers were
prepared from vinyl copolymer vehicles, one pigmented with iron oxide
and one with strontium chromate. These primers along with a propri-
etary vinyl primer pigmented with iron oxide and a modified vinyl
copolymer pigmented with strontium chromate were sub jected to salt
gpray exposure on standard megnesium-aluminum test panels under an
aluminized vinyl topcoat. In both cases the iron oxide plgmented
Primers were somewhat better in corrosion resistance and moisture
resistance. This served to confimm the theory. (See Section A,
Teble 131, Appendix.)

D. Ammonium Vanadate-Calcium Sulfide as Magnesium Corrosion
Inhibitor

Emerson and Cuming Compeny have reported that a combination
of ammonium vanadate with calcium sulfide is an excellent corrosion
inhibitor for magnesiumi3. This combination was evaluated first st two
different concentrations in an MIL-P-6889a type primer using a
styrenated ether ester vehicle. In one case sll of the pigment was
replaced on a volume basis with the ammonium vanadate-calcium sulfide
vhile in the second case only 5% of the pigment by volume was replaced.
In both cases salt spray results were disappcinting. The 100% sub-
stitution was very poor in both corrosion and moisture resistance while the
5% substitution was scmewhat deficient in moisture resistance and only
equal in corrosion resistance to the standard zinc chromate -magnesium
silicate pigmentation. (See Section A, Table 132, Appendix.)

The calcium sulfide-asmonium vanadate combination was then checked
in a sereening test as described previously. Here the inhibition was
ocutstanding. Essentially complete prrotection was given to magnesium-
alumimum couples for six days in a 3% NaCl solution. Calcium sulfide
by itself was good but definitely inferior to the cambinstion. Other
pigments and pigment combinations that were tried were all poor in the
3% NaCl solution. These were as follows:

Strontium chromate plus caleium sulfide
Ammonium venadate

Zireconium fluoride

Potassium zirconium fluoride

Zinc chromate

Strontium chromate

Silicon dioxide

Magnesium silicate

Blank - control
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Tt was evident that there was a synergistic effect from the
combination of ammonium vanadate with calcium sulfide and that
caleium sulfide is the most active of the two components. (See
Section A, Table 133, Appendix, and the photograph on the follow-

ing page.)

The exceptional corrosion inhibition for magnesium by ammonium
vanadate-calcium sulfide combinations shown here led to further in-
vestigations. First the critical pigment volume concentration was
determined. The Asbeck-SW CPVC cell was not adapteble for use with
the styrenated ether resin and gloss readings on a PVC ladder were
not clear cut so permeability studies were investigated. By this
method it was determined that the CPVC of an ammonium venadate-
calcium sulfide pigmented styrenated ether ester primer based on
MIL-P-6889a, Type I, was between 75 and 80%. Such primers were then
prepared at PVC's of 80 and 85% and used both as normal primers and
as sandwich coats between a zinc chromate pigmented styrenated ether
ester primer end an aluminized styrenmated ether ester topcoat. Salt
spray tests again were disappointing. Moisture resistance was very
poor and corrosion resistance was slightly inferior to a standard
system. (See Section A, Table 134, Appendix.)

Since the application of topcoats over highly pigmented primers
does affect the permeability of such primers, the calcium sulfide-
ammonium vanadate primer with the 80% FVC was tried as the complete
system on standard magnesium-aluminum couples. Salt spray tests
using & bare couple as the control showed relatively weak protection
from such a system. (See Section A, Table 135, Appendix.)

An opalescent film was noted on aluminum-magnesium couples that
had been immersed in saline solutions of calcium sulfide-ammonium
vanadate combinations. The possibility that such a film might be a
good pretreatment for painting was investigated. Several methods of
obtaining such films were tried including immersion of coupled and
individual megnesium end aluminum penels in water and 3% saline
solutions of calcium sulfide-ammonium vanadate combinations, and using
a low voltage direct current on similar set-ups in which the magnesium
was made the anode and aluminum the cathode. Salt spray tests of
standard test assemblies using these pretreated panels did not show
any promising results. (See Section A, Tables 136 and 137, Appendix. )

A ratio of 43:57 calcium sulfide:ammonium vanadate was used in all
of the tests described previocusly. Various ratios of these two compo-
nents were evaluated by the screening test method. These tests
favored increased calcium sulfide content up to '?5%. (See Section A,
Teble 138, Appendix.)
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A number of additional screening type tests were carried out
in efforts to determine the mechanism by which the coambination of
calcium sulfide and ammonium vanadate inhibit the corrosion of
magnesium. The following conclusions were reached:

(1) The alkalinity of calcium sulfide is not the explanation.
Sodium sulfide and celcium hydroxide tests showed poor
inhibitive effects.

(2) The formation of ammonium sulfide may be a partial
explanation but ammonium sulfide by itself appeared
to be exhausted during screening tests.

(3) Of the individual ions calcium, sulfide, ammonium and
vanadate the sulfide is the most critiecal.

(4) 2zinc sulfide, cadmium sulfide and antimony sulfide
do not show the inhibitive action of calcium suifide
either by themselves or in combination with ammonium
vanadate.

(5) The reaction product of calcium sulfide and ammonium
vanadate, even when thoroughly water washed shows
almost as good inhibitive action as the mixture of the
components.

(See Section A, Tables 139 through 143 inclusive, Appendix.)

Following these results, four different lots of pigments were
prepared from the reaction product of calcium sulfide and ammonium
vanadate using slightly different methods and two different ratios
of calelum sulfide to ammonium vanadate. Sereening tests showed the
lot prepared from a 1:1 ratio of CaS:NH),VO; with no aging of the
precipitate in the liquor to be slightly the best in inhibitive
action. Again the inhibitive action was almost equal to the mixture
of calcium sulfide and ammonium vanadate. (See Section A, Table 144,
Appendix.)

Another lot of pigment was prepared by the better method with
a 1:1l ratio of CaS: NHLV03. Again screening tests showed excellent
results. This pigment was incorporated in both a styrenated ether
ester vehicle and a vinyl toluene-ether ester vehicle to make MIL-P-6889a,
Type I, primers. Salt 8pray tests on these primers over standard
magnesium-aluminum test assemblies under aluminized topcoats with
the respective vehicles showed good moisture resistance but corrosion
resistance only equal to that of zinc chromate. ({See Section A,
Tables 145 through 147 inclusive, Appendix.) There was not sufficient
time to conduct further studies.
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SECTION V
MISCELLANEOUS
A. Vinyl Tape

The Navy has developed a special system for the protection
of magnesium-aluminum couples using a vinyl tape between faying sur-
faces. The McDonnell Alrcraft Corporation of St. Louis has issued a
set of instructions which were followed in this investigation. These
instructions encompass the application of three coats of MIL-P-6389a
on aluminum and four coats on magnesium followed by vinyl tape along
the faying surfaces and extended at least one-eighth inch beyond the
1sp. A normal topcoat was used. Minnesota Mining and Manufacturing
Company 's #470 Vinyl Tape was used. As controls a standard number of
prime coats (one on aluminum and two on magnesium) and double this
number of prime coats were used without the tape. Salt spray tests
showed no advantage for the tape in either case. (See Section A,
Teble 143, Appendix.) It is quite possible that tape systems would
show better relative performance on normal exterior exposures. In
salt spray tests the panels are continuousgly wet with the 3% salt
solution. This allows practically continuous bridging of the vinyl
tape with an electrolyte and in effect negates the usefulness of the
tape. Under other conditions of exposure where bridging of the tape
would not be as prevalent, considerably more benefit could be obtained
from the use of the tape.

B. Red Oxide Primer

Excellent performance has been reported by other investigators
for MIL-P-1141k, Red Oxide Primer, over magnesium. Salt spray tests of
this primer over standard dichromate treated magnesium-aluminum test
assemblies under MIL-L-T7178, Aluminized, showed it to be &bout equal
to MIL-P-6889a, Type I, in performence. (See Section A, Tables 149 and
150, Appendix.) It is not the purpose of this project to develop lower
cost primers for megnesium nor to develop zinc chromate conservation
formulations, but rather to develop improved coatings. Therefore these
results were not conducive to further work.

C. Reduction in Total Film Weight

For obvious reasons there is a continuous desire on the part of
the Adir Force to reduce the weight of aircraft structures. Paint systems,
too, add an appreciable weight, to a point where it would be advantageous
to eliminate as many coats as practical and still maintain adequate cor-
rosion resistance. 'The more alkaline resistant coatings discussed in
the section on vehicles were thought to offer possibilities along this
line. For this reason various vinyl copolymer combinations, styrenated
ether ester, and the specification were applied cover dichromate treated,
wash primed and bare magnesium in the following coatling systems:
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(1) Two coats primer with two coats topcoat on the
magnesium and one coat primer with two coats
topeoat on the aluminum

(2) One coat primer with one coat topcoat on both
the magnesium and aluminum

(3) No primer, one coat topcoat after assenmbly of
the panel

Fallures in salt spray tests were very rapid in all cases where
only one coat of topcoat was used as was expected where the faying
surfaces were not peinted. With one coat of primer and one coat of
topcoat (total of 1.0 mil) the specification system and vinyl systems
were still relatively poor. The styrenated ether ester system was
reasonably good, actually slightly better than two coats of primer and
two coats of topcoat with the specification system. With two coats of
primer and two coats of topcoat the styrenated ether ester system again
was superior, while the vinyl copolymer was good during the early
stages of the test but only fair at the end of the test. (See Section A,
Table 49, Appendix.) This investigation indicated that styrenated ether
ester coatings are slightly better than the specification system for
corrosion resistance at about one-half of the coating weight.

Another possible method of applying coatings over aircraft where
dissimilar metal couples occur would be to prime only the faying
surfaces plus a one inch overlap and then topcoat the entire surface.
This was tried with the same systems used in the previous tests over
the same types of pretreatment on magnesium and aluminum. Again salt
spray tests showed early fallures in those areas where only one coat
of topcoat was used, regardless of the type of paint. (See Section A,
Table 151,Appendix.) Thus it is not considered feasible to use only
a partial primer coat on any portion of an aircraft.

D. Permeability of Films to Chloride Ions

Kéttleberger and Elml¥ along with Maynel’5 have suggested that
raint films inhibit corrosion by acting as ion barriers » particularly
chloride and sulfate ions, rather than as barriers to oxygen or water.
Kittleberger and Elm have reported that phenolic films have a very low
diffusion rate of sodium chloride. Work done by the project has found
rhenolie coatings good resistors toward corrosion but deficient in other
properties such as flexibility and solvent resistance. With this ap-
parent confirmation of previous results, it was decided to investigate
the diffusion of sodium chloride through various films that were of
interest to this project.

WADC TR 5h-373 .-



Tnitial tests have been made on phenolic and vinyl toluene -ether
ester films. The procedure was to form an unsupported film by the
familiar technique of application on a tin substrate and removal by
amalgamation. These films were placed between ground glass surfaces of
a two section U tube. A 3% sodium chloride solution was placed on one
gide of the f£ilm and distilled water on the other. By following the
decreage in resistance of the distilled water a measure of the diffusion
of ions through the film was obtalned.

The phenolic £ilm showed an initial lag period the first hour of
the test and then s steady, even increase in specific conductivity.
The vinyl toluene-ether ester film was almost identical to the phenolic
film in specific conductance measurements. The initial lag in diffusion
can be attributed to the f£ilm thickness. Thus a steady rate of diffusion
was attained only after the film reached a state of equilibrium with
respect to sodium chloride. Time did not permit further investigation
of this technique but it appears to have some possibilities.

E. Emerson & Cuming Recommended Magnesium Primer

The Emerson & Cuming Company has recommended a primer based
on Epon 1001, pigmented with strontium ghroma.te and caleium sulfide,
end catalyzed with diethylene triaminel®. They have designated this
primer as Primer 8553. (See Section C,g, Appendix, for formulation. )
This primer showed excellent adhesion to mmnesium, excellent solvent
registance and good water resistance in an immersion test for 24 hours.
Salt spray tests, however, were not as favorable. Here moisture re-
sistance was only fair and corrosion began after less than 300 hours of
exposure. In these respects the specification system MIT.-P-6889%a -
MIL-L-7178, was about equal to Primer 8553. A vinyl toluene-ether ester
system included in this test showed no corrosion on any panels and falr
to good resistance to moisture. (See Section A, Tables 152 and 153,
Appendix. )
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SUMMARY AND CONCLUSIONS

The purpose of this contract was to strive to develop improved
organic costings for the protection of magnesium, particularly when
in contact with dissimilar metals. This has been done. The culmi-
nation of these efforts will be embodied in five gallion samples of
primer and aluminized topcoat which will be furnished to the Materials
Lsboratory, Wright Air Development Center. The final selection of the
vehicle for these coatings has been made and consists of two types of
vinyl toluene-ether esters as described in Sections D,2, and 2 of the
Appendix. The primers will be plemented with zinc chromate and sili-
con dioxide at a PVC of 35%. The topcoats will be pigmented with
aluminum at the same PVC as MIL-L-7178, Aluminized. (See Section c,

h and i, Appendix, for detailed formulation.)

Standard test methods including panel construction, paint appli-
cation and conditions of exposure were esteblished during the early
part of the contract and were followed throughout except where other-
wige noted. In this connection, considerable difficulty was en-
countered in establishing = satisfactory dichromate treated magnesium
surface. By direction this dichromate treatment was applied as gpeci-
fied in MIL-M-3171, Type III. Laboratory pretreatment of test panels
was found to be too time consuming and non-uniform. Commercial pre-
treatment varied considerably from one Processor to ancther and even
the best was not uniform from lot to lot. In order to minimize the
possibility of errors from non-uniform substrates at least three and
usually four replicate panels were used for salt spray tests.

A number of other types of inorgenic Pretreatments were investi-
gated. These included MIL-M-3171, Types I, II and V, Dow #17, and
Iridite #15, Mag-Cost, on magnesium as well as Alodine pretreatments
on aluminum. None of these showed any outstanding advantages over
the standard pretreatments.

Organic pretreatment of magnesium surfaces with wash primer type
coatings gave variable results. Apparently certain unknown factors
were not being controlled. It appeared that a reduction of the
phosphoric acid activator to 254 of normel with coincidental control
of the water content offered promise in reducing the amount of blis-
tering due to hydrogen evolution when wash Primers were applied over
bare magnesium. This move coupled with the use of a small Percentage
of silicone oil in the wash primer and the application of thin films
of wash primer should eliminate problems of hydrogen evolution. The
performance of wash primers was variable. In general over bare mag-
nesium they showed corrosion resistance at least equal to that of
dichromate treatment, and over dichromate treatments they improved
the corrosion resistance. However, their moisture resistance was not
always satisfactory in either case. This moisture resistance was the
main variable in performance.
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Certain variations in wash primer formulations looked particu-
larly interesting. These included one based on a chrome phosphate
resin in a polyvinyl butyral resin and one based on MIL-C-15328a
but using strontium chromate and silicon dioxide as the pigmentation.
Thegse formulations, particularly the latter, are worthy of further
investigation. Another method of improving the molsture resistance
of wash primers was the use of a more impermeable system, such as
aluminized vinyl copolymer topcoats over a vinyl primer.

Alkali resistance was established as a prime factor in the per-
formance of vehicles in coatings over magnesium. This was hypothesized
at the beginning of the project on the basis of the high alkalinity of
magnesium corrosion products. Thus a systematic variation of alkyd
vehicles failed to show any marked increase in the performance of
coatings based on these alkyds. But the use of vinyl chloride-
vinyl acetate copolymer paints or systems based on epichlorchydrin-
bisphenol condensates showed marked improvement.

It was found that the latter type of system gave better protection
against corrosion creep, possibly because of a combination of better
adhesion and better use of inhibitive pigments. Of the various types
of vehicles based on epichlorohydrin-bisphenol condensates the fatty
acid esters were found to be the most promising. Copolymerization of
the Atty aclds in the esters with vinyl aryl compounds was necessary
to get proper curing. Solvent resistance of such vinyl aryl ether
esters was improved by the substitution of vinyl toluene for styrene
but the improvement was found to be somewhat temporary. Further re-
finements in cooking procedures and composition have given indications
of imparting satisfactory solvent resistance to coatings made from
this type of vehicle.

Other types of vehicles evaluated included phenolic varnishes,
furan resins, and polysulfide resins. The phenolics showed surprisingly
good corrosion resistance but suffered from a lack of flexibility or
slow drying and from poor solvent resistance. Their relative im-
permeability to chloride ions may be an explanation of their corrosion
resistance. Experimental furfuryl alcohol resin formulations did not
show any promise as magnesium coatings but one proprietary coating
was excellent for corrosion resistance although weak in moisture
resistance. Limited work on a polysulfide resin-epoxy resin formula-
tion gave very promising results as a magnesium coating. The necegsity
for a two compartment package was a disadvantage but further work is
recommended on this type of formulation.
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Near the end of this project a comprehensive study of the more
promising types of coatings was conducted in one series. The best
coating systems from this series were selected for a repeat evalu-
atlon. Both of these series served to confirm the selection of
the vinyl toluene-ether ester vehicle. Salt spray results are il-
lustrated in the four photographs on the following pages. In the
first pair of photographs each panel is representative of four
replicate panels. Number 4 is the vinyl toluene-ether ester system
over dichromate treated magnesium-aluminum. In the second pair of
photographs four replicate panels are shown for each system. "A"
designates the vinyl toluene-ether ester system. Detalled identi-
fication of these photographs is given in Section A, Tebles 52 and
75 respectively, Appendix.

Pigmentation investigations were not as fruitful as vehicle
investigations. Certain chromates such as strontium and calecium
showed some advantages over zinc chromate but these were not con-
sistent enough nor of sufficient magnitude to justify replacing
zine chromate. A decided advantage was found, however, for silicon
dioxide over magnesium silicate as the inert in primers. Consider-
able work was done with calcium sulfide and ammonium vanadate mixtures
and the reaction product of these two compounds. Excellent corrosion
inhibition was found for magnesium-aluminum couples immersed in saline
solutions saturated with such a mixture or pigment. However, no way
was found to incorporate this mixture or the pigment into a paint
film and to retain the excellent inhibition of corrosion. The excel-
lent results in immersion tests are sufficiently encouraging to warrant
further study of these inhibitors.

Other studies brought the following conclusions:

1. The Navy's system of vinyl tape on faying surfaées shows
no advantages in salt spray tests but this method of test
may not be a fair representation of performance.

2. The Red Oxide Primer, MIL-P-11L1k, shows performence about
equal to the Zine Chromate Primer, MIL-P-6889a.

3+ One coat of a styrenated ether ester primer and one coat
of & topcoat based on the same vehicle are equal to or
slightly better in salt spray performance than two prime
coats and two topcoats of the specification system.

(Turn to page 65)
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L. A method has been devised to measure the permeability
of paint films to ions. Application of this method
with chloride ions may be an indication of the per-
formance of coatings over magnesium. Further work
along these lines should be rewarding.

5. The amine-epoxy primer recommended by Emerson & Cuming
does not give as good salt spray performance as vinyl

aryl ether esters. It is particularly weak in moisture
resistance.
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APFENDIX
A. Detailed Resulis

Table I

3% Vs. 20% Salt Spray Testing

Film Thickness ___ Corrosion Rat
Primer Topcoat 25 Hours 100 Hours 225 Hours
Mils Mils 3 2 35 20% _3b _20%
1.0 1.0 10 6 9 k 8 2
1.0 1.0 10 T 7 2 4 1
1.0 0.9 10 E 7 2 b 1
0.9 0.9 9 5 i 3 0
Table 2

Commercial Vs. Laboratory MIL-M-3171 Pretreatments

Film Salt Spray Performance - Corrosion
Identification Thickness 24 hr. B hr. 72 hr. 165 hr. 216 hr. 312 hr.

Commercial 2.2 10 10 9 8 5 2
MIL-M-31T71, 2.2 10 10 10 10 8 7
Type III 2.2 10 10 9 5 3 1
2.2 10 10 T k 3 1
2.1 10 10 9 7 5 2
2.1 10 9 6 3 3 1
laboratory 2.1 10 10 10 10 8 8
MIL-M-3171, 2.1 10 10 9 7 b 5
Type 1II 2.1 10 10 10 g 8 8
2.2 10 10 8 T " b
2.2 10 10 10 8 6 5
2.2 10 10 10 10 8 8

WADC TR 5k-373 1A



Table 3
Ether Ester System Over Bare Magnesium Surfaces

Surface 3% Salt Spray Performance - Corrosion
Preparation Adhesion 216 hr. 336 hr. L32 hr. 672 hr. B8K0 hr. 936 hr.
Iaboratory 8 10 10 10 8 8 T
MIL-M-3171, 8 10 10 10 9 9 8
Type II1I 8 10 10 10 9 9 9

8 10 10 9 9 9 9
8 10 10 10 8 8 8
Cr03 - NOj Treated 6 10 10 9 8 7 i
6 10 10 10 8 8 6
6 10 10 10 9 9 8
6 10 10 10 8 8 8
6 10 10 10 9 9 9
Cr02 - NO., Treated 2 9 7 5 4 2 1
+ H.; Treated 2 10 10 9 5 3 2
2 10 9 9 5 5 5
2 10 9 9 L 3 3
2 10 10 9 7 8 8
Table 4

Specification System Over Bare Magnesium Surfaces

Surface 3% Salt Spray Performance - Corrosion
Preparation Adhesion 24 hr. 96 hr. 192 hr. 336 hr.
Laboratory 9 10 10 10 &
MIL-M-3171, 9 10 10 8 5
Type III 9 10 10 10 8

9 10 10 10 9
g9 10 10 10 9
Cr03 - N03 Treated 9 9 9 8 2
9 10 10 10 8
g 10 10 10 8
9 10 9 9 8
9 10 9 8 2
Cr04 - NO, Treated 2 10 10 10 8
4 H§ '.i‘rea‘éed 2 10 9 8 3
2 10 9 9 8
2 i0 10 10 8
2 10 9 9 8
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Table

Ether Ester System Over
Variocus Chromate Treated Hegnesium Surfaces

Surface 3% Salt Spray Performance - Corrosion
Preparstion Adhesion 215 br. 336 hr. k32 hr. 672 hr., oh0 hr., 936 hr. 110% hr,
MIL-M-31T1, 9 10 9 9 8 T 5 3
Type I 10 10 9 8 7 6 5

10 10 9 8 7 7 6
10 10 9 8 7 7 7
10 10 9 8 8 T 7
Commercial T 10 10 5] T 6 § 2
MIL-M-3171, 10 10 10 8 8 7 "
Type III 10 10 10 8 8 8 b
10 10 9 8 8 8 8
10 9 9 T 5 5 3
Laboratory 8 10 10 10 8 8 i T
MIL-M-3171, 10 10 10 9 9 8 8
Type IIT 10 10 9 9 9 9 8
10 10 10 9 9 9 9
10 10 9 8 8 8 8
MIL-M-3171, 8 10 10 9 8 8 7 7
Type II 10 10 9 8 8 T 6
10 10 9 9 S 9 9
10 10 9 8 8 7 b
10 10 10 9 9 9 9
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Table 6

Specification System Over
Various Chromate Treated Magnesium Surfaces

Surface 3% Salt Sp: Performmnce - Corrosion
Preparation Adhesion 24 hr. hr. 192 hr. 336 hr.
MIL-M-3171, 9 10 10 10 8
Type 1 10 9 9 T

9 9 8 5
10 9 9 6
10 9 7 3
Commercial 9 10 9 8 3
MIL-M-3171, 10 10 9 3
Type IIT 10 9 9 I
10 Q9 8 3
10 b 10 7
Laboratory 9 10 10 10 9
MIL-M-3171, 10 10 10 S
Type IIL 10 10 10 7
(Mottled) 10 10 10 8
10 10 10 8
Iaboratory 9 10 10 10 8
MIL-M-3171, 10 10 8 5
Type ITI 10 10 10 8
(Good ) 10 10 10 9
10 10 10 9
MIL-M-3171, 9 10 10 10 9
Type II 10 9 9 5
10 9 9 >
10 9 9 bl
10 9 9 5
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Teble T

Ether Ester System With Gross Film Discontinuities

Surface 3% Salt Sp Performance - Corrosion
Preparation Adhesion 168 hr. 216 hr. 336 hr. II--32 hr. 672 hr. ok0 hr. 936 hr.

Commercial T 10 10 10 8 T 6 Iy
- MIL-M-317T1, 10 10 10 10 8 8 T
Type III 10 10 10 10 8 8 8
10 10 10 10 8 8 8
10 10 9 - 9 7 6 5
Commercial T 9 8 T 2 1 1 1
MIL-M-31TL, 9 8 7 3 1 1 1
Pype III 8 T 6 2 1 l 1
Edge Scratched 8 T 6 2 1 1 1
Table 8
Specification System with Gross Film Diacontinuities
Surface 3% Salt Sp Performance - Corposion
Preparation Adhesgion 2L hr. hr., 160 hr. 336 hr.
Commercial 9 10 9 8 3
MIL-M-3171, 10 10 9 3
Type III 10 9 g b
10 9 8 3
10 10 10 T
Commercial 9 10 8 T 3
MIL-M-31T71, 10 6 5 2
Type III 10 5 5 2
Edge Scratched 10 6 5 2
10 6 5 3
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Table 9
Performance of Commercial Pretreatment Dichromated Panels

3% Salt Spray Performance

2% hr, 9 hr, 216 hr. 336 ar. 504 hr, 672 hr.
Identification Blis- Blis- Blis- Blis- Blis- Blis-
of Pretreatment Cor. ter Cor. ter Cor. ter Cor. ter Cor. ter Cor. ter
Commercial #2 100 10 9 8 9 7 9 2 7 1 3 2
Stapdurd Trest- 10 10 10 9 10 7 g & 9 L 9 2
ment 10 10 10 5 9 2 9 1 7 1 by 2
10 10 10 5 9 6 9 1 9 1 9 2
10 10 9 9 T 6 5 5 3 i 2 2
Commercinl #2 10 10 9 2 T 1 6 1 b 1 3 1
HNO3 Pickled 10 10 10 2 10 1 9 i 9 1 7 1
10 10 9 3 9 1 9 1 9 1 8 1
10 10 9 2 8 1 T 1 6 1 b 1
10 10 9 2 9 1 9 1 9 1 g 1
Commercial #1 10 10 9 9 9 7 9 6 8 2 b 1
10 10 9 9 8 7 7 6 5 2 3 1
10 10 10 g 10 8 9 7 7 2 S 1
10 10 9 9 9 6 3 5 3 3 2 1
10 10 9 3 8 1 6 1 4 i I 1
Comsercial #2 10 10 10 10 10 10 10 10 9 9 ]
Satin Finish 10 10 10 10 10 10 10 9 9 9 9
Panels
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Table 10

Effect of Additional Rinsing Operations
on the Performance of Dichromate Treated Magnesium,#1

3% Salt Spray Performance

2L hr. 96 hr. 192 hr. 360 hr, 1032 hr.

Blis- Blis- Blis- Blis- Blis-

Tdentification Adh. Cor. ter Cor. ter Cor. ter Cor. ter Cor. fter
Commercial #2 7 10 10 110 10 9 8 9 I 6 1
Eight Bour Water 10 10 1 10 10 8 9 I 8 1
Rinse 10 10 10 10 1 8 9 I 5 1
10 10 10 10 10 T 9 h 8 1
10 10 10 10 9 8 9 L 5 1
Commercial #2 9 10 10 10 10 8 100 7 3 L 1
30 Minute Water 0 10 1 10 10 10 9 3 6 1
Rinse 10 10 10 10 9 100 9 3 5 1
10 10 8 10 6 10 6 3 5 1
10 10 11 17 9 2 9 2 9 1
Commercial #2 2 10 10 10 1 9 1 9 1 T 1
As Receilved 10 10 10 1 10 1 9 1 8 1
10 10 10 1 10 1 9 1 8 1
10 10 100 1 10 1 9 1 9 1
10 10 0 1 10 1 9 1 9 1

WADC TR 54-3T3
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Table 11

Effect of Additional Rinsing Operations

on the Performance of Dichromate Treated Magnesium, #2

Salt Spray Performance
___sts_gp_;m hr. 168 nr. 0L hr. 740 hr,
Ident:lficatiﬁon Adhe - Blis- Blis- Biis- Blis-

Pretreatment Primer gslon Cor. ter Cor. ter Cor. ter Cor. ter
Commercial #2 Ether Ester (f 9 T 8 6 6 5 4 2
30 Minute 4 Calcium 10 9 9 5 9 5 8 2
Water Rinse 10 8 9 T 8 5 5 2
10 1 9 'Y 9 'y 8 2

Commercial #2 Ether Egter 8 10 5 9 5 9 5 9 3
As Received 4 Calcium 9 [ 9 4 9 5 8 2
9 5 9 y 8 5 Y 2

10 5 9 3 9 b 8 2

Commercial #2 Ether Ester 9 9 5 9 b 8 3 i 2
30 Minute + Phenolice 9 5 8 5 T 3 3 2
Water Rinse 10 9 9 8 9 7 8 3
9 8 8 8 T T 5 3

Commercial #2 Ether Ester 7 10 9 9 7 [ 6 5 k
As Received 4 Fhenolic 10 9 9 8 T 7 5 b
10 9 9 7 T T 5 b

10 9 9 8 9 6 8 5

Commercial #2 MIL-P-6889a 3 10 b 9 3 10 2 9 1
30 Minute Type I 10 2 9 2 10 2 9 1l
Water Rinse 9 2 9 2 9 2 9 1
10 3 9 2 9 2 9 1

Commercial #2 MIL-P-6889a 1 9 7 9 6 6 b 3 3
As Recelved Type I 8 5 8 3 8 3 5 2
9 6 9 L 9 3 5 2

9 6 9 3 9 3 6 2

WADC TR 54-373 ~BA-



on the Performance of Dichromate Treated Magnesium, #3

Dichromate
Treatment

Table 12

Effect of Additional Rinsing Operations

Salt

T hr.

2

Performance

hr.

hy.

Adhe -

Rinse sion Cor.

Blias-
ter

Cor.

Blis-
ter

Cor.

Blis-
ter

Commercial #2

Commercial #2

Commercial #2

Commercial #2

Commercial #2

Commercial #1

None 8

Tap Water 8

Tap Weter and 8
Distilled
Water

Tap Water - 3

Toluene

Toluene 9

None 6

WADC TR 54-373 -9A-
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Table 13
Performance of Mechanically Reclaimed Magnesium

Salt Performance
Pilm Thickness hr. 160 hr, 0 hr. 376 hr.
(mils) Adhe- Blis- Blis- Blia- Biis-
Tdentification Primer Topeost sion Cor. ter Cor. ter Cor. ter Cor. ter
Eiched Magnesium, 1.1 1.0 5 10 T 10 & 9 1 9 1
Mechanically 10 T 10 3 8 1 8 1
Cleaned, Dichromate 10 i 10 3 8 1 T 1
Treated 10 & 0 2 7 1 7 1
Dichromated Mag- 1.2 1.0 3 10 L 10 h 9 1 8 1
nesivum, Mechan- 9 3 8 3 2 1 i 1
ically Cleaned, 10 3 10 L 9 1 8 1
Bichromate Treated 10 3 10 L 9 1 9 1
Pickled Magne- 1.2 1.0 6 10 10 10 10 9 5 9 5
siwm, Dichromate 10 10 10 10 9 5 9 5
Treated 10 10 10 10 9 8 2 8
10 10 10 10 9 8 8 8
Tabls 14
Comparison of Paint Systems Frowm
Different Sources Over Dichromate Mreated Magnesium
Source Type Source
of of of Adhesion Ratings
Paint Systen Results 10 9 g 7 6 5 E 3 2 1
Dow Primer Dow y 3 3
Chemical and Contract 5 1 3 1
Topcoat
Contract Primer Dow 1 2 2 1 1 3
and Contract 3 & 2
Topcoat
Dow Primer Dow 2 2 1 1
Chemical Omly Contract 2 1 =2
Contract Primer Dowr 2 1 2 1
Only Contract 1 2 1 1
WADC TR 54-373 -10A-



Primer
Formulation

Effect of Primer Formilation on

Table 1

Adhesion to Dichromate Treated Magnesium

Topcoat

Film ‘thickness

Total

Adhesion

Mg Al

Fe

MIL-P-6889a,

Type I,
Production

MIL-P-6889a,
Type I,
Control

MIL-P-6889a,
Type 1I,

Control

MIL.-P-68389a,
Type I,
Production

MIL-P-6839a,

Type I,
Control

MIL-P-6389a,
Type II,

Control

MIL-L-7178,
Aluminized

MIL-L-T178,
Aluminized

MIL-L-T178,
Aluminized

Teble 16

1.0

0-9

1.0

2.0
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109
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Evaluatlion of Caustic Anodize as a Magnesium Pretreatment

3% Salt Spray Performance

WADC TR 54-373

160 hr. 300 hr. 600 hr. 1006 br.
Magnesium Finighing Adhe- Blis- Blig- Blis- Blis-
Pretreatment System sion Cor, ter Cor. ter Cor. ter Cor. ter

Dichromate MIL-P-6889a T 9 9 9 4 7 2 7 2
Treatment MIL-L-T1i78 9 9 9 b T T 6 2
MIL-M-31T1 Aluminized 10 9 9 b 8 6 8 2
Type III 10 9 9 y 8 8 8 2
1 9 6 L h 8 4 2
9 9 9 2 T 1 2 2
Caustic MIL-P-6889a 9 9 7 9 3 T 2 3 2
Anodize MIL-L-T178 5 T 3 3 3 2 2 2
MIL-M-31T71A Aluminized 9 T 9 3 T 2 3 2
Type V 6 T b 3 3 2 2 2
8 T 8 3 5 2 2 2
9 T T 3 2 2 2 2



Table 17

Comparison of Caustic Anodize With
Wash Primer as a Magnesium Pretreatment

3% Salt Performance
hr. 192 hr, 312 hr. 400 hr.

Magnesium Finishing Adhe- Blis- Blis- Blis- Blis-
Pretreatment System sion Cor. ter Cor, ter Cor. ter Cor. ter
Wash Primer Acrylate-VYHH- 6 9 9 8 9 8 9 7 9
Pretreatment VMCH Primer } 9 9 9 9 7 9 7 9
MIL-C-15328a  Aluminized 9 9 9 9 8 9 7 9

VYEH Topcoat 9 9 8 9 7 g 7 9
Caustic Acrylate-VYHH- 9 9 9 8 8 7 8 T 8
Anodized " VMCH Primer + 9 9 9 8 T 8 6 8
MIL-M-3171A Aluminized 9 9 7 8 6 8 L 8
Pype V VYHH Topcoat g 9 7 8 6 8 i 8
Table 18
Comparison of Caustic Anodize With
Wash Primer as a Magnesium Pretreatment With Reduced Paint Loading
Salt Performance
hr. 160 hr. Q hr.

Megnesiwm Finishing Adhe- Blis- Blie- Blis-
Pretreatment System sion Cor. ter Cor. ter Cor. ter
Wash Primer Acrylate-VYHH- O 10 10 10 9 9 9
MIL-(-~15328a VMCH Primer 4 10 10 9 9 9 9

Aluminized 10 10 10 9 g 9
VYHH Topcoat
Wash Primer Acrylate-VYHH- 8 9 9 9 9 8 9
MIL-C-15328a, VMCH Primer 4 9 9 9 9 T 9
Aluminized 9 9 g 9 1 9
VYHH Topcoat
Caustic Ano- Acrylate~VYHH- 9 10 9 9 8 8 T
dize MIL-M- VMCE Primer 4 10 9 8 8 8 7
3171A Type V Aluminized 9 9 9 8 T 7
VYHH Topcoat

WADC TR 54-373 -12A-



Evaluation of Iridite #15, Mag-Coat

Table 19

3% Salt Spray Performance

T2 hr. 336 hr. 504 hr.
Paint Adhe- Blis- Blis- Blis-
Pretreatiment System sion Cor. ter Cor. ter Cor. ter
MIL-M-3171, MIL-P-6859a, 6 10 8 8 i 8 L
Type IXX MIL-L-71.78 10 7 8 5 7 5
100 8 8 I 1 "
10 10 8 3 8 3
MIL-M-31T71, MIL-P-6889a, 9 10 N 9 1 8 1
Type I MIL-L-7178 10 &4 9 1 8 1
10 3 9 1 6 1
10 b 8 1 7 1
Iridite #15, MIL-P-6889%, 8 10 4 6 2 6 1
Mag-Coat MIL-L-7178 10 & 6 2 5 1
10 5 6 2 5 1
10 5 6 2 > 1
Table 20
Flexibility Tests of Dow #17 Pretreatments
Dow #17 Filn Bump Test
Application Thickness Adhe- 32 in./1b. Conical
Volts Paint Coating in Mils sion Intrusion Extrusion Mandrel
75 MIL-P-6889a, Type I 1.2 9 9 7 8
90 MIL-P-6889a, Type I 1.2 7 6 5 5
5 Styrenated Ether 1.3 9 9 6 9
Egter Primer
90 Styrenated Ether 1.3 7 6 b 6
Egter Primer
75 Fhenoliec Varnish 0.65 6 L 3 7
90 Phenolic Varnish 0.65 5 b 3 5
75 -~ -- -- 9 6 8
90 -- -- -- 7 3 2
WADC TR 54-373 -13A-



Table 21

Salt Spray Tests on Dow #17 Pretreatments

3% Salt Spray Performence

120 hr. 304 hr. 816 hr.
Film Adhe- Blis- Blis- Blis~
Pretreatment Paint Coating Thick. sion Cor. ter Cor. ter Cor. ter
Dow #17 - MIL-P-6889a, 1.7 9 8 8 5 7 2 6
75 Volt Type 1 8 8 3 T 2 T
MIL-L-7178, 8 9 5 9 3 8
Aluminized 8 9 b 8 2 9
Dow #17 - MIL-P-6889a., 2.2 8 9 4 8 h L 3
90 Volt Type I 8 iy 3 L 2 3
MIL-L-T1T76, 8 b 6 n 3 3
Aluminized 9 i 8 i - -
Dow #17 Styrenated 1.9 9 10 10 9 10 8 10
75 Volt Ether 10 10 9 10 7 10
Ester 10 10 9 19 6 10
System 10 10 9 10 8 10
Dow #17 Styrenated 1.9 8 9 10 8 10 7 10
90 Volt Ether 9 10 9 100 7 10
Ester 10 10 9 10 7 10
System 10 10 9 10  -- -
MIL-M-31T71 MIL-P-638%e., 1.8 9 8 k 5 3 3 2
Type II1 Type I 9 3 5 3 3 2
MIL-L-T178, 8 2 7 2 6 2
Aluminized 9 3 5 1 3 1
MIL-M-3171 Styrenated 1.9 9 10 10 9 10 8 9
Type III Ether 10 9 9 10 8 8
Ester 10 10 9 10 8 9
System 10 10 9 10 8 9
MIL-M-3171A  Styrenated 1.9 9 10 10 9 10 8 8
Type V Ether 10 10 g 10 8 8
Ester 10 10 9 10 8 8
System 10 10 9 10 8 8
WADC TR 54-373 -1ka-



Table 22

Bffect of Aging After the Addition of
the Acid Diluent on Wash Primers

Age of Initial 100% RH, 96 hr. 3% Salt Spray, 96 hr.
Base 4+ Acid Adhesion Blistering Blistering Adhesion Blistering Adhesion
1 hr. T 3 10 5 10 8
4 hr, 6 3 6 b 9 6
2h hr. L 10 2 1 10 3
Table 23

Effect of Acid Concentration on
Hydrogen Evolution With a Wash Primer

Parts of Initial _100% RH, 96 hr. 3% Salt Spray, 96 hr.
Acid Adhesion Blistering Blistering Adhesion Blistering Adhesion

Kone 8 10 5 1 3 3

1/8 8 3 L 3 10 8

1/k 8 8 6 3 10 8

3/8 8 5 5 2 10 8

1/2 - Formal 8 5 10 n 10 8

5/8 9 8 9 5 9 9

3/4 9 ) 10 6 9

7/8 9 b 10 5 10 9

WADC TR 54-373 -15A-



Table 2k
Effect of Water Concentration on a Proprietary Wash Primer
Amount of Blistering

Per Cent Water Based From Hydrogen Evolution
on Phosphorle Acld General Activated Areas Comments

Not too sensitive

to activated magnesium
but some general blis-
tering. Gels in sbout
30 minutes.

165

00— O\ Q0=

Bad reaction with
megnesium, both
general and
activated.

105

Best of group,

especially for
general blistering.

7

Sensitive to acti-
vated magnesium,
Gels in about 15
minutes.

50

WWwWww—i~1 VOOV EDOm CONONC\E\U
A CGFEFOR 10OV WHWNONN X~ oo

WADC TR 54-373 -16A-



Table 25
Effect of Water Concentration on e Specification Wash Primer

Anmount of Blistering From

Per Cent Water Based ___Hydrogen Evolution
On Phosphoric Acid Adhesion General Actlvated Areas
120 9 10 8
10 8
105 9 10 9
10 3
93 9 9 8
g b
85 9 5 L
5 4
11 9 9 6
9 9
Table 26

Effect of Water Concentration on a Specification Wash Primer
Over Magnesium Surfaces With Varying Activity

Amount of Blistering From
Per Cent Water Based Type of Adhe- Hydrogen Evolution
on Phosphoric Acid Magnesium Treatment sion General Activated Areas

120 Acetic - Nitrate L 1 9
4 1 9
8 2 9
5 2 9
7 Acetic - Nitrate 5 1 9
9 5 9
9 9 6
9 9 3
120 Chromic - Nitrate 8 2 9
9 2 9
i Chromic - Nitrate 9 T 2
9 8 2

WADC TR 54-373 ~1TA-



Table 2

Effect of Activator Conceniration on Hydrogen Evolution
of Specification Wash Primers Over Active Magnesium*

Amount of Blistering From

‘er Cent of Activator ___Bydrogen Evolution
Basgsed on Normal Adhesion General Activated Areas

10 9 7 10

8 10
25 9 9 10

9 10
ko 9 8 10

8 10
25 9 8 10

8 10
T0 6 9 10

9 10
85 T 8 10

" 8
100 T y 9

b 9
15 T 5 T

b 6
130 7 5 8

3 9

*Acetic acid-nitrate pickled

WADC TR 54-373 -18A-



Table 28

Effect of Activetor Concentration on Hydrogen Evolution of
Specification Wash Primers Over Normally Active Magnesium*

Per Cent of Activator Blistering Cver Normally
Based on Normal Active Magnesium

25 10
10

100 | 1
1

130 1l
1

#*Scratched areas on MIL-M-3171, Type III treated penels

Table 29
Performance of Wash Primers Over Bare Magnesium

3% Salt Spray Performance
300 hr. 552 hr. 720 hr. 016 hr.
Adhe- Injitial Blis- Blig- Biig- Blis-
Pretreatment sion Blistering Cor. ter Cor. ter Cor. ter Cor. ter

MIL-M-3171, 5 10 10 L 10 1 10 1 10 1
Type III 9 8 9 3 9 2 9 2

9 7 8 8 n 8 3 2
MIL-P-15328 9 9 9 ) 9 3 9 3 9 3
Normal T 9 y 3 3 3 3 3
Activator 7 9 L 3 3 3 2 3
MIL-P-15328 9 10 9 8 8 5 8 7 T N
25% Normal 8 9 8 5 5 T 5 4
Activator 10 9 9 5 5 8 8 3

WADC TR 54-373 ~19A-



Table 30

Performance of Wash Primers Over
Bare and Pretreated Magnesium - Specification System

3% Salt Spray Performence
~ T2 hr, 240 br, 490 hr. 658 hr.

Adhe- Blig- Blis- Blis- Blis-

Substrete Pretreatment sion Cor. ter Cor. ter Cor. ter Cor. +ter
Bare Dichromate 8 10 10 10 8 8 " 6 1
Magnesium 1o 6 9 i 8 2 3 1
10 8 9 5 8 3 7 1
10 10 9 7 g 3 7 1
Dichromate Wash Primer 9 10 9 10 9 10 9 9 8
Treated c 9 9 9 9 9 9 8
Magnesium 10 9 10 9 8 9 3 8
10 9 9 9 9 9 8 8
Bare Wash Primer 9 10 5 10 5 9 1 7 1
Magnesium 10 5 9 5 9 1 8 1
10 6 10 6 8 2 8 2
10 5 10 5 5 1 4 1

Table 31

Performance of Wash Primers Over
Bare and Pretreated Magnesium - Styrenated Ether Ester
Byatem #1

3% Salt Spray Performance
192 hr. B40 hr. 1608 hr,
Film Adhe- Blig- Blig- Blig-
Pretreatment Primer Topeoat Phick. sion Cor. ter Cor. ter Cor. ter

MIL-M-3171, Styremated Styrenmated 2.0 8 10 10 9 9 6 8
Pype III Ether Ester Ether Ester 10 10 9 9 4 8
10 10 9 9 7 9

100 10 8 9 L 8

MIL-C-15328a Styrenated Styrenated 2.1 8 1 2 - - - -
Ether Ester Ether Eater 10 2 - - - -

10 2 - - - -

w0 2 - - - -

MIL-M-3171  MIL-C-15328a Styrenated 1.8 8 g 10 8 9 7 8
Pype ITI Plue Ether Egter 9 9 9 T 6 5
Styrenated 9 T - - - -

Ether Ester 9 8 9 6 3 3

MIL-M-3171  MIL-P-6389a MIL-L-T178 2.0 8 7 9 4 9 2 T
Type III Type I Aluminized 9 3 k 2 2 1
10 6 - - - -

10 8 6 8 3 2

WADC TR 54-373 ~20A-



Table

Performance of Wash Primers Over Bare and

Pretreated Magnesium - Styrenated Ether Ester System #2

WADC TR 54-373

-21A-

3% Salt Performance
jgo ’4324!1‘. 7 _hr- 1104 hr. lhIlO_h!‘.
Netal Bliis- Blis- Blis- Blis- Blis-
Treatment Paint Systems Cor. ter Cor. ter Cor. ter Cor. ter Cor. fter
Alkali MIL-C-15328a with 10 2 10 2 g 2 9 2 8 2
Cleaned Styrenated Ether 10 2 10 2 9 2 9 2 8 2
Ester Primer and 10 2 10 2 9 2 g 2 T 2
Topcoat, Alwminized 10 2 10 2 9 2 8 2 7 2
MIL-M-317), MIL-C-15328a with 10 8 9 5 9 5 8 5 7 5
Type IIX Styrenated Ether 10 9 8 6 e} € § 8 8 5
Ester Primer and 10 9 10 5 9 5 8 5 8 p;
Topcoat, Aluminized 10 10 10 10 9 9 9 9 9 8
Alkall MIL-C-15328a with 10 5 9 S 8 L 5 'S Y 4
Cleaned Styrenated Ether 10 & 9 5 8 b 5 3 'S 3
Ester Topcoat, 10 6 10 5 8 i 5 3 L 3
Aluminized 10 5 10 5 8 3 6 3 g 3
MIL-M531T71, MIL-P-6589a, Type 10 b 8 3 5 3 b 2 2 2
Type IXI I and MIL-L-T178, 10 5 8 3 6 3 5 2 3 2
Aluminized 10 T 10 T 8 5 T i y 2
10 T 8 T T T 6 5 3 3
Table
Effect of Surface Moisture on Hydrogen Blistering #1
Type of Type of Type of Bligter
Cleaning Pretreatment Wagh Primer Rate
Alxali Clean Bumidity With 1
Cabinet Activator l
Alkali Clean Humidity With 2
and Cabinet Activator 2
Acetic Acld-
Nitrete
Alkali Clean Bven 115° F With 1
Activator 2
Alkali Clean Oven 115° F With N
and Activator 4
Acetlc Acid-
Nitrate



Table 34

Effect of Surface Moisture on Hydrogen Blistering, #2

Type of Type of Type of Type of Blister
Cleaning Pretreaiment Appiication Wash Primer Rate
Alkaldl Freezer Spray With 3
Clean -100 F Draw Down Activator 1
Alkali Clean Freezer Spray With 5
and -10° F Draw Down Activator 4
Acetic Acid-
Nitrate Pickle
Alkall Oven Spray With 2
Clean 115° F Draw Down Activator 2
Alkali Clean Oven Spray With L
and 115° F Draw Down Activator 6
Acetlic Acid-
Nitrate Pickle
WADC TR 54-373 -22A-



Table 35

Performance of Wash Primers
Various Alkyl Phosphate Activators

3% Salt Spray Performance

— 2L or, 58 hr. 9% hr. 168 hr,
Identification Adhe- Blis- Blis- Blis- Blis- Adhe-
Acid Activator sion Cor. ter Cor. ter Cor. ter Cor. ter sion
Control - 8 9 10 9 10 8 10 3 10 9
MIL-M-3171,
Type III
CHpE, PO, T 10 5 9 5 7 4 3 2 3
(cH3), H PO, 7 100 10 9 10 9 8 T 2 7
(CH3), HpPROy 8 100 10 10 9 10 7 T 2 7
CoHg Hp PO, 9 10 10 10 10 120 9 9 L] 9
(CoHs ) H POy 8 10 9 10 9 8 9 6 3 7
(Co H5)p Hp PaO7 5 0 9 9 9 8 8 3 8 8
CyHy By POy 5 10 7 9 7 9 6 7 2 2
(CyHg)p E PO, 2 10 10 10 10 7 10 & 6 2
CsHyy Hy POy 2 10 10 10 10 9 10 6 4 3
CgHy7 Hy POy 3 9 100 9 0 7 10 3 5 2
CgHy7 By PO, 2 9 10 9 0 8 9 6 7 2
(CgHy7)p Hp PRO7 2 10 10 8 9 8 8 7 3 3

Ci2 Hps Hp PO, Acid Activator Insoluble in Primer
(C12 Bp5)o HPO, 9 0 10 9 100 7 9 3 2 8

WADC TR 54-373 -23A-



the Performance of Wash Primers, #1

Table 36

Effect of Silicone 0il on

_ Salt Performence
Silicone Residual 2 hr. 264 hr. 504 hr, 1 hr.
Content of Finishing Blister of Intercoat Blis- Blia- Blis- Blis-
Wash Primer System Wash Primer Adhesion Cor. ter Cor. ter Cor. ter (Cor. ter

0.0% MIL-P-688%a 6 9 10 10 9 6 8 L 7 2
MIL-L-T178 6 10 10 9 3 8 3 7 2
Aluminized 8

0.0004%  MIL-P-6889a & 9 10 10 9 6 & 5 8 2
MIL-L-7178 " 10 10 g 6 8 5 8 3
Aluminized 5

0.004% MIL-P~6889a 5 9 10 10 9 6 8 5 8 2
MIL-L-T178 5 10 10 9 [ 8 5 8 2
Aluminized 6

0.02% MIL-P-6889a 9 9 10 100 9 8 8 8 8 i
MIL-L-T178 9 10 10 9 8 8 7 8 k
Aluminized 9

0.04% MIL-P-6889a. 9 9 10 10 9 8 8 6 7 3
MIL-L-7178 9 10 10 9 7 8 5 6 3
Alumninized 9

0.2% MIL-P-6889s, 10 9 10 10 9 8 8 6 6 3
MIL-L-T178 10 10 10 9 7 8 5 6 3
Aluminized 10

WADC TR 5L-373

-2hA-



Table 37

Effect of Silicone 0il on

the Performence of Wash Primers, #2

3% Salt Performance
Silicone Residual 24 hr. 4 hr.
Content of Finishing Blister of Intercoat Blis- Blis-
Wash Primer System Wash Primer Adhesion Cor. ter Cor. ter
0.0% MIL-P-6589a 9 9 10 K 10 5
MIL-L-T178 9 10 9 0 7T
Aluminized 9 10 7 10 &
9 10 5 10 6
0.0004% MIL-P-6889a 10 9 10 5 10 b
MIL-L-T178 10 10 6 10 3
Aluminized 10 10 5 9 3
10 10 & 10 4
0.004%  MIL-P-6889e 9 9 10 L 10 3
MIL-L-T178 10 10 & 10 2
Aluminized 10 10 s 10 2
10 10 & 9 3
0.02% MIL-P-6889% 9 9 10 6 10 &
MIL-L-T178 9 10 7 9 5
Aluminized 10 10 7 10 6
10 0 7 0 7
0.04% MIL-P-68869a 10 9 10 5 10 h
MIL-L-T178 10 10 & 9 3
Aluminized 10 10 & 10 3
10 10 7 10 6
0.2% MIL-P-685%a 10 9 10 8 10 7'
MIL-1-T178 9 10 7 10 5
Aluminized 9 10 T 10 &
9 1 9 9 8
WADC TR 54-3T3 -25A-



Table ﬁ

Evaluation of Wash Primers, #1
3% Salt Spray Performence

2h hr, Te nr. 192 hr.
Adhesion Blie- Blis. Blis-
Description Mognesium Aluminmum Cor, ter Cor. ter Cor. ter
Proprietary 9 9 5 10 3 10 1 y
Wash Primer
Butvar B-T6 9 9 8 10 3 10 1 10
Resimene 881
Wash Primer
Formal F-T70 6 9 5 10 1 10 1l T
Wash Primer
Chromium Phosphate & 9 9 10 9 10 6 9
© Wasgh Primer
Chromic Acid - b 9 9 10 9 3 8 3
Phosphoric Acid
Treated Butyral
Wash Primer
Control System T 9 3 10 2 1 1l 1l
Over Bare Magnesium
Control System 6 9 8 10 7 10 7 6

Over Dichromate
Treated Magnesium

WADC TR 54-373 -26A-



Teble 39

Evaluation of Wash Primers, #2
3% Selt Spray Performance

Lapped 2k hr, 100 hr, 175 hr., k25 hr.
Bdge Blig- Blis- Blis- Blis-
Deseription Treatment Cor. ter Cor. ter Cor. ter Cor. ter
MIL-M-3171, Type III Dip Coated 8 9 3 9 3 9
(Control
Proprietary Wash Dip Coated 9 8 5 8 5
Primer
Chromium Phosphate Dip Coated 9 9 3 8 h 8
Chromic Acid - Dip Coated 8 8 5 6 " 5
Phosphoric Acid
Treated Butyral
Butvar B-o -- Pip Coated 10 5 9 5 7 5
Resimene 881
MIL-M-3171, Type III Uncoated 6 9 3 9 2 9
(Controls
Proprietary Wash Uncoated 5 Q 3 9 2 9
Primer
Chromium Phosphate Uncoated 6 9 by 8 2 6
Chromie Acid - Uncoated 5 8 3 5 2 y
Phosphoric Aeid
Treated Butyral
Butvar B-76 - Uncoated 4 6 3 6 2
Resimene 881
MIL-M-3171, Type JII Coated and 10 8 9 5 9 6 3 5
+ Proprietary Removed

Wash Primer

MIL-M-3171, Type III Coated and 10 T 10 6 10 6 9 6
+ Chromium Phosphate Removed

MIL-M-3171, Type III Coated and 10 7 10 6 9 6 3 b
+ Chromic Acid- Removed
Phosphoric Acid
Treated Butyral

WADC TR 54-373 ~2TA-



Table ko

Chrome Phosphate Pigmented Wash Primers

Film Thickness

(mils) Adhesion
Substrate ldentification Mg Al Mg CRS
Dichromate Treated du Pont Chrome Phosphate 2.0 1.5 h 8
Magnesium in XL Shhl
Bare Magnesium " " 2.h 1.5 10 8
Dichromate Treated S-W Chrome Phosphate 2.2 1.4 2 8
Magnesium in XL 5441
Bare Magnesium " " 2.5 1.5 10 8
Dichromate Treated du Pont Chrome Phosphate 2.0 1.5 9 8
Megnesiua in XYHL
Bare Magnesium " " 2.6 1.k 10 8
Dichromate Treated 5-W Chrome Phosphate 2.2 1.5 10 8
Magnesium in XYHL
Bare Magnesium " " 2.6 1.6 10 8
Dichramate Treated MIL-B-15328a 2.2 1.5 T 8
Magnesivs 25% Normal Activator
Bare Magnesium " " 2.5 1.6 7 8
Dichromate Treated None 2.2 1.6 3 b
Magnesium
Dichromate Treated XYHL - B Stage Phenclic 2.2 1.5 1 1l
Magnesium
Bare Magnesium " " 2.5 1.6 10 1

WADC TR 5L4-373 _o8A-



Chrome Phospbate Pigmented Wash Primers Performance

Table Ll

3% Salt Spray Performsnce

2“" hr- 96 l-l.r- 360_111‘. 696_th
Blis- Blis- Blis- Blis~
Substrate Identification Cor. ter Cor. ter Cor. ter Cor. ter
Dichromate du Pont Chrome 10 10 10 10 8 3 8 1
Treated Fhosphate in 10 10 9 10 5 3 3 1
Magnesium XL skl 10 10 8 10 L 6 1 1
10 10 9 10 5 8 1 1
Bare du Pont Chrome 10 10 6 7 1 1 1 1
Magnesium Phosphate in 10 10 9 7 1 1 3 1
XL Shk] 10 10 9 6 8 1 6 1
10 10 10 6 4 1 1 1
Dichromate S-W Chrome 10 10 9 10 8 1 6 1
Treated Phosphate in 10 10 10 10 8 1l 6 1
Magnesium XL skh1 10 10 9 9 T 1 6 1
10 10 9 T 8 1l T 1l
Bare 5-W Chrome 10 10 9 5 8 1 6 1
Magnesium Phosphate in 10 10 9 5 8 1l 4 1
XL 5441 10 10 9 L 5 1 3 1
10 10 9 L T 1 2 1
Dichromate du Pont Chrome 10 10 10 10 9 10 y 9
Treated Phosphate 10 10 g9 10 9 9 9 8
Magnesium in XYHL 10 10 10 10 6 10 2 8
10 10 9 10 5 10 3 8
Bare du Pont Chrome 10 10 8 10 3 10 1 9
Magnesium Phosphate 10 10 9 10 9 9 8 9
in XYHL 10 10 10 10 5 10 6 9
10 10 8 10 3 10 1 9
Dichromate S~W Chrome 10 10 10 10 9 8 8 3
Treated Phosphate 10 10 9 10 9 8 8 2
Magnesium in XYHL 10 10 10 10 9 6 8 3
10 10 10 10 9 2 8 1
Bare S-W Chrome 10 10 9 10 L 9 1 5
Magnesium Phosphate 10 10 9 10 T 9 3 5
in XYHL 10 10 9 10 T 9 2 5
10 10 9 10 8 9 6 8
(cont. )
WADC TR 54-373 -29A-



B

3% Salt Spray Performance

2L hr. 96 hr. 360 hr. 696 hr.
Blis- Blis- Blis- Blis-
Substrate Identification Cor. ter Cor. ter Cor. ter Cor. ter
Dichromate MIL-C-1532Ca 9 10 9 9 9 2 7 1
Treated 25% Normal 9 0 9 6 7 1 N 1
Magnesium Activator 9 10 9 8 9 6 6 1
9 10 9 9 9 2 7 1
Bare MIL-C-15328a 9 10 9 b 9 1 T 1
Magnesium 25% Normal 9 10 9 b 9 1 7 1
Activator 9 10 9 L 8 1l 6 1
9 10 9 h g9 1 5 1
Dichromate None 10 10 9 10 1 1 1 1
Treated 9 10 8 10 8 1 1 1
Magnesium 10 10 T 10 2 3 1 1
10 10 9 10 2 2 L 1
Dichromate XYHL - B Stage 9 10 9 10 9 5 4 4
Treated Phenolic 9 10 8 10 8 9 2 8
Magnesium 9 10 10 10 5 5 6 b
10 10 8 10 2 8 3 8
Bare XYHL. - B Stage 9 10 9 5 2 2 1 1
Magnesgium Phenolic 10 10 9 5 9 2 5 1
10 10 9 5 9 1 2 1
10 9 9 5 8 1 1 1
Table 42
Effect of Varying Vinyl Alcohol Content of
Polyvinyl Butyral Resins in Wash Primers
3% Salt Spray Performance _
24 hr. 120 hr. 268 hr. 528 hr.
Finishing Adhe- Biis- Blis- Blis- Blis-
Pretreatment System sion Cor. ter Cor. ter Cor. ter Cor. ter
MIL-C-15328a  MIL-P-6889a, 9 10 110 8 8 7 6 L 5
With MIL-L-T178 10 10 9 8 8 6 8 b
High Eydroxyl Aluminized 10 10 9 8 8 b 8 3
Butyral Resin 10 10 9 4 8 L L 2
MIL-C-15328a  MIL-P-68389a, 9 10 9 9 3 8 2 7 1
With MIL-L-T7178 10 9 9 3 8 2 T 1
Low Hydroxyl Aluminized 10 9 9 3 8 2 8 1
Butyral Resin 10 9 9 3 8 2 5 1

WADC TR 54-373
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Table 43

Evaluation of Wash Primers Prepared from
Different Polyvinyl Butyral Resins, #1

3% Selt Spray Performance

48 hr. 2]énbr. 345 hr. 552 hr. 88§_Lhr
Wash Primer Blis- Blis- Blis- Blis- Blis-

Tdentification Mils Cor. ter Cor. ter Cor., ter Cor. ter Cor. ter
Bakelite 0.20 10 10 10 9 10 8 10 8 9 8
XYHL 10 10 10 8 10 5 10 8 & 8
10 10 10 9 10 6 10 6 g 5

10 10 10 9 10 T 10 T g9 5

Monsanto 0.20 io 10 10 4 9 " 9 i 8 L
Butvar B76-1 10 110 10 3 10 3 10 3 9 3
10 10 10 3 9 3 9 3 8 3

10 10 10 3 10 3 10 2 9 2

Monsanto 0.24 10 10 10 1 10 9 9 8 9 8
Butvar B-90 10 10 1 10 10 9 0 7 9 6
10 10 10 10 10 9 g9 g9 8 8

10 10 10 10 10 9 10 8 9 8

WADC TR 54-373 -31A-



Teble Lk

Evaluation of Wash Primers Prepared From
Different Polyvinyl Butyral Resins, #2

3% Salt Spray Performance

96 hr. 32 hr. 600 hr. (68 hr.
Finishing Blis- Blis- Blis- Blig-
Pretreatment Resin System Cor. ter Cor. ter Cor. ter Cor. ter
Alkall Butvar Styrenated 10 2 10 2 9 2 9 2
Cleaned B-90 Ether Ester 10 3 9 3 9 3 9 2
System 10 3 9 3 9 3 9 3
10 3 10 3 10 3 9 2
MIL.M-3171 Butvar  Styrenated 10 8 10 6 10 6 9 5
Type IIT B-90  Ether Ester 10 9 9 8 9 8 9 8
System 10 5 1o 4 10 n 9 b
10 3 10 2 10 2 0 2
Alkali Butvar MIL-P-6889a 9 2 6 2 5 2 3 2
Cleaned B-90 Type I plus 10 3 8 3 7 3 6 3
MIL-L-T178, 9 3 T 3 6 3 5 2
Aluminized 10 3 9 3 ) 3 T 3
MIL-M-31T71 Butvar MIL-P-6830a 10 T 9 5 8 5 7 5
Type III B-90 Type 1 plus 10 7 10 7 9 6 9 6
MIL-L-T178, 10 6 9 6 9 6 8 6
Aluminized 10 T 9 i 8 7 T T
Alkali XYHL Styrenated 10 2 8 2 8 2 7 2
Cleaned Ether Ester 10 2 10 2 9 2 8 2
System 10 2 10 2 10 2 9 2
10 2 9 2 9 2 9 2
MIL-M-31T71, XYHL Styrenated o 9 9 3 9 3 9 3
Pype III Ether Ester 10 5 10 3 10 3 10 3
System 10 8 10 4 9 i 9 k
0 9 10 6 9 6 9 6
Alkali XYL MIL-P-6889a 8 3 5 3 h 3 3 3
Cleaned Type I plus 9 3 6 3 5 3 L 3
MIL-L-7178 g 2 8 2 7 2 b 2
Aluminized 10 3 7 3 6 3 L 3
MIL-M-31T71, XYHL MIL-P-6389a, 10 6 9 3 8 3 7 3
Type III Type I plus 10 5 10 3 10 3 10 3
MIL-L-T178, 10 5 10 3 10 3 9 3
Aluminized 10 6 9 3 9 3 8 2
MIL-M-3171 No Wash MIL-P-6889s 10 i 8 3 7 3 6 2
Type III Primer ‘Type I plus 10 8 8 2 7 Z 6 i
MIL-L- 10 8 6
Mmintod 19 § 8 3 7 3 7 7
WADC TR 5L4-373 -324-



Table 45
B Stage Phenolic Coatings

3% Salt Spray Performance
9% br. 264 hr, 432 hr. 760 hbr.,

Wash Primer Film Adhe- Blis- Blis- Blis- Blis-
Pretreatment Ty pe Thick. sion Cor. ter Cor. ter Cor. ter Cor. ter

Alkaline MIL-C-15328a 2.25 9 10 6 10 5 10 2 8 2
Cleaned 10 7 10 5 10 2 9 2
FS1¥ Mag. 10 7 10 5 10 2 8 2
10 T 10 5 0 2 8 2
Alkaline Phenolic- 2.25 L 10 7 10 6 9 3 6 3
Cleaned Polyvinyl 10 8 10 8 9 5 6 "
FS1E Mag. Butyral 10 7 100 7 9 b 6 3
Plus 10 T 10 T 9 i 7 3

10% Shellac
Alkaline Phenolic- 2.20 8 10 [ 10 5 8 1 5 1
Cleaned Polyvinyl 10 8 8 T 7 2 3 2
¥S1H Meg. Butyral 10 8 9 i 9 5 7 3
Plus 10 7 9 T 7 3 1 2

25% Shellac
Alkaline Phenolic- 2.20 8 10 T 10 6 10 2 10 2
Cleaned Polyvinyl 10 7 9 6 8 2 6 1
FOIH Mag. Butyral 10 7 10 6 8 3 8 1
- No Shellac 10 7 10 6 9 2 5 1
MIL-M~-3171 Phenolic- 2.25 6 10 10 10 9 10 8 9 8
Type III Polyvinyl 10 10 10 9 16 9 9 8
Butyral 10 10 10 9 10 8 9 8
Plus 10 10 10 g9 10 9 9 8

10% Shellac
MIL-M-31T1 - 2.03 9 10 10 10 10 10 9 8 8
Type III 10 10 10 10 10 9 9 8
10 10 10 10 10 9 9 8
10 10 10 10 10 9 8 8

WADC TR 5k-373 -33A-



Table 46

Various Chromate .Pigments in Wash Primer

3% Salt Spray Performance

24 hr. 192 hr. 336 hr. 528 hr.,
Blis- Blis- Blis- Blis-
Pretreatment Pigmentation Cor. ter Cor. ter Cor. ter Cor. ter
Wasb Primer Besic Zinc 9 8 9 2 8 1 6 1
MIL-C-15328a Chromate 9 6 9 2 8 1 7 1
Magnesium 9 6 9 1 8 1 6 1
Silicate 9 5 9 1 8 1l 8 1
Wash Primer Basic Zine 10 7 9 2 7 1 6 1
MIL-C-15328a Chromate 10 7 9 1 7 1 6 1
Silicon 10 i 9 2 8 1 T 1
Dioxide 10 7 9 2 6 1 5 1
Wash Primer Zine Chromate 10 T 9 2 T 1 i 1l
MIL-C-15328e Silicon Dioxide 10 T 9 2 8 1l 8 1
10 T 9 2 T 1 T 1
10 T 9 1 8 1 T 1
Wash Primer Calcium Chromate 10 8 9 5 8 2 T 2
MIL-C-15328a Silicon Dioxide 9 6 9 1l 8 1 8 1
9 8 9 5 8 2 7 2
10 8 9 h 8 1l T 1l
Wash Primer Strontium 9 9 8 8 6 7 3 6
MIL-C-15328a Chromate 10 8 10 T 9 6 8 5
Silicon Dioxide 10 8 10 7 g 6 8 5
10 8 g9 T 9 6 8 6
Wash Primer Barium-Potassium 10 8 9 1 8 1 6 1
MIL.-C-15328a Chromate 10 8 9 2 7 1 5 1
Silicon Dioxide 10 8 8 1 T 1 3 1
9 8 5 1 4 1 1 1
Dichromated Standard 10 9 8 i T 2 5 1
Magnesium ¢ 8 9 6 I 3 2 1 1
MIL-P-6889a 8 9 3 5 1 2 1 1
9 9 8 5 8 2 8 1
WADC TR 54-373 -3hA-



Table L7

Variations in Film Thickness of Wash Primers
Physical Characteristics

Film Adhesion
Substrate Pretreatment Thickness Meg. Steel
Dichromate Wash Primer 0.k 9 9
Treated
Magnesium
Bare Wash Primer 0.4 9 9
Magnesium
Bare Wash Primer 0.7 8 8
Magnesium
Bare Wash Primer 1.0 8 8
Magnesium
Bare Wash Primer 1.5 8 9
Magnesium
Bare Wash Primer 2.0 9 T
Magnesium
Bare Dichromate - 9 5
Megnesium

WADC TR 54-373 -35A-



Variations in Film Thickness of Wash Primers

Table L8

Performance
3% Salt Spray Performance
24 nr, 96 hr. 408 br. 69 br.
Blis- Blia- Blie- Blis-
Substrate Pretreatment Cor. ter Cor. ter Cor. ter Cor. ter
Dichromate Wash Primer 10 10 10 10 9 4 7 1
Treated 10 10 10 10 10 T 8 1
Magnesium 10 10 10 10 8 L 7 1
10 10 10 10 9 6 1 1
Bare Wash Primer 10 9 10 3 3] 1 4 1
Magnesium 10 9 10 3 T 1 4 1
10 9 10 3 8 1 5 1
10 9 10 3 8 1 5 1
Bare Wash Primer 10 10 10 i 8 3 3 1
Magnesium 10 10 10 L 8 3 L 1
10 10 10 b 9 3 6 1
10 10 10 i 6 3 2 1
Bare Wash Primer 10 10 10 I 9 3 T 1
Magnesium 10 10 10 4 9 3 S 1
10 10 10 b 9 3 5 1
10 10 10 N 9 3 5 1
Bare Wash Primer 10 10 g 6 9 5 8 3
Magnesium 10 10 10 6 9 5 T 3
10 10 10 6 9 5 8 2
10 10 10 5 9 5 7 2
Bare Wash Primer 10 10 10 6 9 7 7 3
Magnesium 10 10 10 T 9 T T 3
10 10 10 7 9 8 8 I
10 10 10 6 9 6 8 3
Bare Dichromate 10 10 10 10 8 8 6 1
Magnesium 10 10 10 10 9 9 6 1
10 10 10 10 9 8 T 1
10 10 10 9 6 8 2 1
WADC TR 54-373 -36A-



Table 49

Comparison of Various Coatings,
Coating Weights and Pretreatments

3% Salt Spray Performance*

Nusber Total 24 hr. 192 hr. 360 hr. 600 hr.
Preireat- Finishing of Film Adhe - Blig- Blis- Blis. Blis-
ment System Coats Thick, giom Cor. ter Cor. ter Cor. ter Cor. ter
MIL-M-3171 Speci- L 2.2 [ 10 8 9 7 8 5 6 5
Type IIT fication 2 1.0 7 9 7 6 7 i 6 2 6
1 0.k 2 b 9
MIL-M-3171 VMCH b 2.4 b 9 5 9 5 8 3 7 3
Type IIT Resin 2 1.1 5 9 8 8 5 6 3 5 2
Bare VMCH 4 1.8 9 10 10 9 9 9 i 6 3
Magnesium  Resin 2 1.0 9 10 0 8 T 6 3 3 3
1 0.3 T 3 10
MIL-M-3171 VMCH/VAGH L 1.8 3 100 8 9 6 8 2 7 2
Type III 50/50 2 0.9 b 10 7 9 b 7 2 b 2
by weight 1 0.h 2 3 9
MIL-C- VMCH/VAGH " 1.8 5 10 10 9 9 9 9 7 1
15328a 50/50 2 1. 7 10 10 9 10 8 7 6 i
by weight 1 0. 2 6 10
Bare VMCH /VAGH i . 5 10 8 9 7 8 3 6 3
Magnesim  50/50 2 8 10 8 9 5 7 3 Ly 3
by weight 1 7 3 2
MIL-M-3171  VMCH/VAGH L 3 9 6 8 5 7 1 by o1
Type III 25/75 2 3 9 5 7 L 4 1 1 1
by weight 1 2 6 7
MIL-C- VMCH/VAGH b 8 8 10 10 9 10 8§ 9 6 9
15328a 25/75 2 3 8 10 10 9 9 6 8 5 8
by weight 1 8 3 9 9
Bare VMCH/VAGH b .8 5 0 7 8 5 6 1 b1
Magnegium  25/75 2 .9 6 9 8 7 7 T 2 2 2
by weight 1 3 7 3 9
MIL-M-3171 VAGH h 2.4 2 0 9 9 6 8 2 6 2
Type IIX Resin 2 1.3 2 100 ¢ 8 4 6 2 h 2
1 0.4 2 3 g9
(Cont.)

WADC TR 54-373 -37A-



3% Salt Spray Performance*

Fumber Total 2h hr. 192 hr. _ 360 br. 600 hr.
Pretreat- Finishing of Film Adhe - Blis- Blis- Blis- Blis-
ment . System Coats 'Thick. sion Cor. ter Cor. ter Cor. ter Cor. ter
MIL-C~ VAGH i 2,k 9 10 10 9 9 T i b 6
15328a Resin 2 1.5 8 10 10 8 10 T 9 h 8
1 0.7 2 9 9
MIL-M-3171 Styrenated I 2.3 6 10 9 g 7 9 5 8 5
Type III Ether 2 0.9 8 0 8 9 7 8 6 T &
Ester 1 0.3 i 3 8
MIL-C- Styrenated L 2.5 8 10 10 9 L 8 2 T 2
15328a Ether 2 1.7 9 10 10 9 4 8 2 7 1
Ester 1 0.7 [ io L
Bare Styrenated i 2.5 9 10 10 9 T 8 3 T 2
Magnesium  Ether 2 1.0 9 20 9 9 6 8 2 a 2
Bster 1 0.6 9 5 8
*Bach figure under salt spray perfém.nce represents the average
performance of four replicate panels.
Table 50
Evaluation of a Vinyl Alkyd System
3% Saelt Spray Performance 3
Finishing  Adhesion - Mg 24 hr, 96 _hr. 26k hr. 672 nr.
Pretreatment System After Blis- Blis- Blis- Blis-
Orig. Fxp., Cor. ter Cor. ter Cor. ter Cor. fter
MIL-C-15328a MIL-P-6889a, 9 5 10 5 10 5 9 b b b
Type I 10 5 9 5 6 5 2 L
MIL-L-7178 10 6 9 5 9 5 2 b
Aluminized, 10 T 10 7 8 5 3 b
MIL-C-15328a  MIL-P-1593h 9 3 10 5 10 3 9 2 7 1
Aluminized 10 5 10 3 9 2 7 1
Vinyl Alkyd 10 6 10 3 9 2 8 2
Topeoat 10 5 10 3 9 2 6 2
WADC TR 54-373 -36A-



Table 51
Evaluation of a Furan Resin Coating
3% Salt Spray Performance

24 _hr. 240 hr. _ 576 br. 1152 hr. 1920 ar. 2800 hr.
Magnesium Blis- Blis- Blis- Blis- Blis- Blis-
Pretreatment Cor. ter Cor. ter Cor. ter Cor. ter Cor. ter Cor. ter
Kone 10 6 9 6 ki 5 - -- - - - -
10 6 10 [ g 5 6 3 4 2 3 1
10 6 10 6 9 5 6 3 b 2 3 2
Wash Primer 10 T 9 1 9 é -— -- - - - -
10 7 10 7 9 6 9 6 9 5 9 5
0 7 10 7 9 6 9 6 8 5 8 5
HL"M"3171 10 9 9 7 8 7 - - - - - -
Type III 10 9 9 7 9 K 9 5 9 b 9 1
10 9 9 7 9 7 9 5 9 by 8 2
Table 52

Summation of the Promising Megnesium Finishing Systems, #1

System Magnesium Alvuainum
FNumber Pretreatment Pretreatment Primers Topcoats
1 MIL-M-31T71 Acid-Etched  MIL-P-6859a, MIL-L-7178,
Type III Type I, Aluminized
Proprietary
2 MIL-M-3171 Acid-Etched Dehydrated Hydroxyl Modified
Type III Castor Fatty Vinyl Copolymer
Acid Ether Ester
3 MIL-M-3171 Acid-Etched Styrenated Soya Styrenated Soya
Type III Fatty Acid Fatty Acid
Ether Ester Ether Ester
'} MIL-M-31T71 Acid-Etched Vinyl Toluene- Vinyl Toluene-
Type III Soys Fatty Acld Soya Fatty Acid
Ether Ester Ether Ester
(Cont.)
WADC TR Sh-3T3 -39A- N



System Magnesium Alvarimum
Number Pretreatment Pretreatment Primers Topcoats
5 MIL-M-3171 Acid-Etched Styrenated Ether MIL-L-7178
Type II1 Ester and MIL-P-
6889a, Type I,
Proprietary
6 MIL-M-3171 Acid-Etched  Vinyl Toluene- MIL-L-T178
Type 111 Ether Ester and
MIL-P-6889a,
Type T, Proprietary
7 MIL-M-31T71 Acid-Etched Vinyl Hydroxyl Modified
Type III Copolymer Vinyl Copolymer
8 MIL-M-31T71 Acid-Etched Vinyl Toluene- Vinyl Alkyd
Type IIY Soya Fatty Acld
Fther Ester
9 MIL-M-31T71 Acid-Etched Vinyl Toluene- Acryloid Alkyd
Type III Soya Fatty Acid
Ether Ester
10 MIL-M-3171 Acid-Etched Phenolic- MIL-L-7178
Type III Dehydrated Castor
11 MIL-M-3171 Acid-Etched  MIL-P-6889a, MIL-L-7178
Tyve III plus Type I,
MIL-C-15328a Proprietary
12 MIL-M-3171 Acid-Etched Dehydrated Hydroxyl Modified
' Type III plus Castor Fatty Vinyl Copolymer
MIL-C-15328a Acid Ether Ester
13 Alkaline De- Acid-Etched  MIL-P-6889a, MIL-L-7178
greased plus Type I,
MIL-C-15328a Proprietary
14 Alkaline De- Acld-Etched Dehydrated Castor Hydroxyl Modified
greased Plus Fatty Acid Vinyl Copolymer
MIL-C-15328a Ether Ester
15 MIL-M-3171 Acid-Etched Vinyl Copolymer Hydroxyl Modified
Type III Plus Plus Vinyl Copolymer
MIL-C-15328a MIL-C-15328a
16 MIL-M-3171 Acid-Etched Vinyl Copolymer Hydroxyl Modified
Type III Plus Mixed Vinyl Copolymer
Metal Oxide

WADC TR 54-373
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Table 53
Summation of the Promising Megnesium Finishing Systems, #2

3% Salt Spray Performance

24 hr. ikhk hr. 216 hr. 408 hr. 576 hr. 700 hr.
System* Blis- Blis- Blis- Biis- “Blis- Blis-
Number Cor. ter Cor. ter Cor. ter Cor. ter Cér. ter*™ (Cor. ter

1 10 10 8 9 T 8 6 T 6 T 6 6
10 10 8 10 8 9 7 9 7 5 7 L

10 10 ] 10 8 9 7 9 7 y T N

10 10 8 8 T 5 7 3 7 3 7 3

2 10 10 10 10 10 9 10 5 10 i 9 i
10 10 10 9 10 7 10 3 10 3 10 3

10 10 10 9 10 T 10 3 10 3 9 3

10 10 10 9 9 6 9 Iy 9 i 9 4

3 10 10 10 9 9 8 9 8 8 6 8 6
10 10 10 9 10 8 10 8 9 6 8 6

10 10 10 9 9 8 9 8 8 6 8 6

10 10 10 7 10 6 9 6 9 k 9 b

L 10 10 10 10 10 10 9 10 8 2 8 2
10 10 10 10 10 10 9 10 9 2 g 2

10 10 10 10 10 10 g 10 8 2 8 2

10 10 10 10 10 10 9 10 9 2 9 2

5 10 10 9 10 8 9 T 9 6 6 6 6
10 10 9 10 9 10 7 9 7 6 6 6

10 10 9 10 8 10 7 9 7 6 7 6

10 10 9 10 9 9 8 9 6 6 6 6

6 10 9 9 9 9 8 8 8 7 6 7 6
10 T 8 7 8 T 7 7 T 6 6 6

9 7 8 T 7 7 6 T 6 6 6 6

10 7 9 7 9 T 8 6 T 3 T 3

7 10 10 10 10 9 10 9 9 8 9 8 8
10 10 10 10 9 10 8 9 8 6 T 6

10 10 10 10 10 10 9 10 8 6 8 6

10 10 10 10 10 10 8 9 8 7 7 7

8 10 10 9 10 8 10 8 9 8 9 8 9
10 10 10 10 10 10 9 10 9 10 8 9

10 10 9 10 9 10 8 10 7 10 7 9

10 10 9 10 9 9 8 9 T 9 T 9

(Cont.)

WADC TR 54-373 -41A-



3% Salt Spray Performance

24 hr. 1L4 hy. 216 hr. 400 hr. 576 hr. 700 hr.
System#* Blis- Blis- Blig- Blis- Blis- Blia-
Number Cor. ter Cor. ter Cor. ter Cor. ter Cor. ter® C(Cor. ter
9 10 9 9 8 8 7 8 7 7 7 6 7
10 8 9 7 9 6 8 6 7 5 5 5
10 T 10 7 10 T 8 7 8 7 7 7
10 9 9 8 9 7 7 7 [§ 7 T 6
10 9 10 9 10 9 10 8 10 8 6 8 6
10 10 9 10 9 10 8 10 T 6 T 6
10 10 9 10 9 10 8 10 8 6 7 5
10 10 9 10 9 10 8 9 8 2 8 2
11 10 10 10 8 10 8 8 5 8 5 7 L
10 10 9 8 9 8 7 L 7 3 7 3
10 10 8 8 8 8 7 5 7 3 6 3
10 10 8 7 8 7 T L T 3 1 3
12 10 10 10 10 9 8 9 6 9 i 9 L
10 10 10 10 10 8 10 6 10 L 9 L
10 10 10 9 10 8 10 6 9 b 8 i
10 10 10 10 10 8 9 6 9 4 9 b
13 10 10 9 [ 8 7 T 5 6 3 5 3
10 10 g T 9 5 [t 3 6 3 6 3
10 10 8 7 7 6 6 3 5 3 Iy 3
10 10 9 8 8 7 6 6 5 3 5 3
14 10 10 10 9 10 8 9 8 8 7 8 T
10 10 10 8 10 T 9 6 9 6 8 6
10 10 10 8 10 7 10 6 g 6 8 5
10 10 10 9 9 8 8 7 8 7 7 6
15 10 10 10 10 10 10 9 10 9 8 8 8
10 10 10 10 9 10 9 10 8 8 8 8
10 10 10 10 10 10 9 9 8 8 8 8
10 10 10 10 9 10 9 9 3 8 8 7
16 10 10 10 10 9 9 9 9 8 8 8 7
10 10 10 10 9 9 8 9 7 7 T 7
10 10 10 10 9 9 8 9 T 7 7 7
10 10 10 10 9 9 8 9 8 6 T 6

*Jdentifications of system mumbers are shown in Table 52.

**Jt appears that at sometime around 500 hours exposure time on this
series the controls falled to funetion properly. Probably the
thermostat allowed the temperature to rise considerably above the
95° F held during normal operation. At any rate all of the panels
on exposure at that time showed abnormally severe blistering. This
is particularly evident with system #i. The blister results beyond
the 408 hour reading have not been considered in interpreting the

resulis.

WADC TR 54-373 -h2A-



Table 5k

Alkyds With Various 0ils

Characteristics
Excess
011 Alecohol Cooking Acid Cure Viscosity Color
Type Per Cent Time, Hr. Value Sec. G-H Gardner
Guide 1 17 3 38 14 X 12
Guide 2 20 3 29 16 Y 12 4
Linseed 20 5-1/2 8 10 Z 91
Soys. 20 5 8 1 Z, 9 %
Fish 20 h-1/2 12 12 Y-Z 13
Castor 20 4-1/3 13 13 Zy 4 9
Safflower 20 k-2/3 8 16 Zy-Zo 7
Oiticica 30 h-3/4 5k 20 2-2, 12
Tung 34 p) 50 25 v 11
Perilla 30 5 22 12 Z5-2¢ 15 +
Table 55
Alkyds With Varying Polyol
Characteristics
Per Cent Excess Cocking
Per Cent Penta- Alcohol Time Acid Cure Viscosity Color

Glycerine erythritol Per Cent Hr. Value Sec. G-H Gardner

100 0 20 3 29 16 Y 12 §

75 25 26 3 35 15 Z)-Zp 12

50 50 26 2-1/3 Lo 14 Zo 12

25 75 20 2.1/4 56 15 225 11 4

WADC TR 54-373 ~43A-



Table 56
Alkyds With Varying 01l Length

Characterisgtics
Excess
0il Alcchol Cooking Acld Cure Viscosity Color
Content Per Cent Time, Hr. Value Sec. G-H Gardner
10% less 20 3 32 ik Z-21 12 4
Standard 20 3 29 16 Y 12§
10% Excess 20 2-1/2 28 13 X-Y 12 4
Table 57
Alkyds With Various Cils
Primer Characteristics
Viscosity Drying -
#3 5.W Cup Set.to-touch F{im Pencil Adhesion
01l Type in Seconds Settling Clear Pigmented Character Hardness to Mg
Proprietary 9
{Production)
Proprietary L5 9 50! <5' Tough, flexible HB 9
{Laboratory)
Proprietary s 8 k2 <5 Tough, flexible HB 9
(Laboratory)
Linseed 1k 9 L1 <5 Soft, flexlible 5B 9
Soya, 9 9 35 O'nite Slow drying 2B 9
but tough
Fish 8 T 8h <5 Tough, flexible B 9
Castor 188 10 38 <5 Soft, flexible 5B 9
Safflower 11 9 67 <5 Soft, ermbles B 9
Oiticica * 9 81 <5 Tough, flexible F 3
Tung 159 9 3L <5 Tough, flexible HB 5
Perilla * 10 20 <5 Siightly soft, 3B 9
flexible
Varsoy * 9 27 <5 Tough, flexible EHB y

¥Too heavy to measure.

WADC TR 54-373 ~hha-



Table 53

Alkyds With Varying Polyol
Primer Characteristics

Viscosity Drying -
Per Cent #3 S-W Cup Set-to-touch Film Pencil  Adhesion
Glycerol 1in Seconds Settling Clear Pigmented Character Hardness to Mg
10 b5 9 451 <5' Tough, flexible HB 8
(& 92 9 37 <5  Tough, slightly HB 9
brittle

>0 (&) 9 36 <5  Tough, slightly HB 7
brittle

25 * 10 26 <5  Hard, crumbles  HB 6

*Too heavy to measure.

Table 59

Alkyds With Varying Acid Value
Primer Characteristics

Viscosity Drying - '
Identi- #3 S-W Cup Set-to-touch Film Pencil Adhesion
ficatlon in Seconds Settling Cleax Pigmented Character Hardness to Mg
Production 9
Control
Laboratory 9
Control
AV 38.3 45 9 <5' Tough, flexible HB 9
AV 29.4 s 8 50" <5  Tough, flexible HB 9

WADC TR 54-373 ~h5A-



Tsble 60

Alkyds With Varying Oil Length
Primer Characteristics

Viscosity Drying -
oil #3 8-W Cup Set-to-touch Film Pencil Adhesion
Content in Seconds Settling Clear Pigmented Character Bardness to Mg
10% Less 5k 9 38! &5' 'Tough, flexible HB g
Standard Ls 9 L5 <5 Tough, flexible HB 9
10% Excess 28 9 39 <5 Tough, flexible HB 9
Table 61
Miscellaneous Alkyds
Primer Characteristics
Viscosity Drying -
Identi- #3 8-W Cup Set-to-touch Film Pencil  Adhesion
fication in Seconds Settling Clear Pigmented Character Hardness 1o Mg
Standard 45 9 b5t <£5' Tough, flexible HB 9
Metallic 26 9 29 <5 Tough, flexible HB g
Catalyst
Isophthalic 6 9 - O'Nite Tough, flexible 2B 9
WADC TR 54-373 “L6A-



Table 62

Critical Pigment Volume Concentration of Alkyd Primers

Identification CPVvC

Proprietary Alkyd - high acid value b1 41
Proprietary Alkyd - normal acid value Lo 41
Linseed Alkyd b1 31
Soya Alkyd 38 11
Fish Alkyd 41 41
Castor Allkyd 3941
Safflower Alkyd 3941
Oiticica Alkyd Ls 41
Tung Alkyd 3941
Perilla Alkyd 3841
Varsoy Alkyd ko $1
25% Pentaerythritol/75% Glycerol 3B i1
50% Pentaerythritol/50% Glycerol 3541
75% Pentaerythritol/25% Glycerol 3T+ 1
Proprietary Alkyd ~ 10% Less Oil 341
Proprietary Alkyd - 10% Excess 0il 3941
Proprietary Alkyd - Metallic Oxide 3731

Catalyst
Isophthalic Alkyd b2 11

WADC TR S54-373 -4 TA-



Table 63

Alkyds With Various Oils
Salt Spray Performance

3% Salt Spray Exposure - Corrosion

Tdentification 2L hr. 72 hr. 144 hr. 240 hr. K58 nr. 504 hr.
Production Control 10 10 10 10 9 8
Laboratory Control 10 10 8 T 3 3
Laboratory Control 10 9 8 8 5 b
Linseed Alkyd 10 10 9 5] 8 8
Soya Alkyd 10 10 9 8 N 3
Fish Alkyd 10 10 7 7 4 3
Castor Alkyd 9 8 5 b 1 1
Safflower Alkyd 10 10 8 T k I
Oiticica Alkyd 8 6 b 3 2 2
Tung Alkyd 10 10 8 T 3 3
Perilla Alkyd 10 10 8 6 2 2
Varsoy Alkyd 10 9 6 5 3 2
Table 64

Alkyds With Varying Polyol
Salt Spray Performance

3% Salt Spray Performance - Corrosion

Identification 24 hr. 96 hr. 264 hr. 504 hr.
Laboratory Control 10 10 8 5
25% PE/75% Glycerol 10 10 7 2
50% PE/50% Glycerol 10 10 5 1
75% PE/25% Glycerol 10 8 9 T

WADC TR 54-373 -48A-



Table 65

Alkyds With Varying Acid Value
Salt Spray Performance

3% Salt Spray Performance - Corrosion

Jdentification 24 hr., 96 hr. 168 hr. 264 hr. 432 hr. 504 hr.

Production Control 10 7 6 3 2 1

Laboratory Control 10 9 8 T It 3

Control Alkyd - AV 39 10 8 T 5 3 2

Control Alkyd - AV 29 10 10 9 6 3 2
Table 66

Alkyds With Varying 0il Length
Salt Spray Performance

34 Salt Spray Performance - Corrosion

TIdentification 24 hr. 96 hr. 264 hr. 504 hr.

Laboratory Control 10 9 6 I

Proprietary Alkyd - 10 8 T 4
10% Less 0il

Proprietary Alkyd - 10 10 9 T

10% Excess 0Oil

Table 67

Migcellaneous Alkyds
Salt Spray Performance

3% Salt Spray Performance - Corrosion

Identification 24 hr. 96 hr. 264 hr. 5SO4 hr.
laboratory Control 10 9 9 8
Metallic Catalyst 10 10 T 5
Isophthalic 10 10 9 7

WADC TR S4-373 ~h9A-



Table 68
FPhenolic Primers at 50% PVC

3% Salt Spray Performance
95 hr. 50% hr. 780 hr. 948 hr.  _1k52 hr.
Film Blig- Blis- Blis- Blis- Blis-
Primer Vehicle Thick. Cor. ter Cor. ter Cor. ter Cor. ter Cor. ter

25 gal. Phenolic 1.9 g 10 9 10 8 9 8 9 5 g
DCO Varnish 10 10 9 10 9 10 8 10 7 9
9 10 9 10 8 9 8 9 7 9
10 10 g 9 8 9 8 9 T 8
15 gal. Phenclic 2.0 10 10 9 8 9 7 8 7 7 7
DCO Varnish 10 10 9 9 9 7 8 7 7 7
10 10 9 9 8 T 8 7 7 T
9 10 9 T 8 6 8 6 6 6
Specification 1.9 8 2 7 2 [ 2 b 2 2 2
Alkyd 8 2 7 2 6 2 N 2 2 2
8 T 6 6 5 5 b 5 2 4
8 b 5 3 3 2 3 2 1 2

WADC TR 54-373 -50A-



Table 69
Phenolic Primers at 40% PV, #1

3% Salt Spray Performaace

Potal Film 96 hr. 26L hr. 768 hr. 1272 hr.
Thicknegs Blis- Blig- Blis- Blis-
Primer Vehicle (mils) Cor. ter Cor. ter Cor. ter Cor. ter
Specification 2.10 10 9 9 5 6 b 3 3
Alkyd 10 9 10 5 6 3 3 3
10 9 10 5 6 3 'l 3
10 9 10 5 6 3 3 3
25 gal. DCO 2.10 10 10 10 6 9 3 9 2
Varnish With 10 10 10 6 9 3 9 3
Pare Phenyl 10 9 10 5 9 3 9 3
Phenol Resin 10 10 10 6 9 3 9 3
(50% PVC)
15 gal., DCO 2.00 10 10 10 5 9 3 9 2
Varnish With 10 10 10 5 9 3 9 3
Proprietary Pars 10 10 10 5 9 " 9 i
Tertiary Butyl 10 10 10 5 9 3 8 3
Phenol Resin
(k0% PVC)
25 gal. DCO 2.05 10 10 9 6 9 L 9 3
Varnish With 10 10 10 6 9 L 9 3
Proprietary Para 10 10 9 6 9 4 9 3
Tertiary Butyl 10 10 9 6 8 b T 3
Phenol Resin
(Lo% Pvc)
25 gal. DCO 1.95 10 10 10 5 9 L 9 L
Varnish With 10 10 10 5 9 b 9 b
Para Phenyl 10 10 10 5 9 b 9 3
Phenol Resin 10 10 10 5 9 L 8 4
(40% PvC)
15 gal. DCO 1.95 160 10 110 6 9 5 9 N
Varnish With 10 10 10 5 9 5 9 b
Para Tertiary 10 10 10 5 9 5 9 'y
Butyl Fhenol Resin 10 10 10 6 9 5 9 '}
(k0% PVC)
WADC TR 54-373 -51A-



Table 70

Phenolic Primers at 40% PVC, #2

3% Salt Spray Performance

Mfotal Film 2 hr. 240 nr. LOS br. 576 hr.
Thickness Blis- Blis- Blis- Blie-
Primer Vehicle (mils) Cor. ter Cor. ter Cor. ter Cor. ter
Specification 2.00 9 9 8 6 6 5 5 4
Alkyd 10 9 9 6 6 5 5 5
10 10 10 8 10 8 9 8
10 10 9 9 8 g 8 8
25 gal. DCO 2.00 10 9 9 9 9 8 7 8
Varnish With 10 10 10 9 g 8 8 T
Para Phenyl 10 10 10 9 10 8 9 6
Phenol Resin 10 10 10 9 10 T 9 T
(50% pve)
15 gal. DCO 2.00 9 10 9 9 9 8 8 5
Varnish With 9 10 9 10 9 g 8 7
Proprietary Para 9 10 9 10 g9 9 3 7
Tertiary Butyl 10 10 9 9 8 8 8 6
Phenol Resin
(40% PVC)
25 gal. DCO 2.05 10 10 10 8 g 6 9 5
Varnish With 10 10 10 9 9 5 9 5
Proprietary Para 10 10 10 10 10 9 9 5
Tertiary Butyl 10 10 10 9 10 5 9 5
Phenol Resin
(40% PVC)
25 gal. DCO 2.15 10 10 9 10 9 9 9 T
Varnish With 10 10 9 10 9 8 9 6
Para Phenyl 10 10 9 10 9 9 9 6
Phenol Resin 10 10 9 10 9 9 9 6
(40% PVC)
15 gal. DCO 2.10 10 10 10 9 10 8 9 6
Varnish With 10 1 9 9 9 8 9 7
Para Tertiary 10 10 9 9 9 8 9 7
Butyl Phenol Reein 10 10 10 9 9 8 9 7
(40% PVC)
WADC TR 54-373 ~52A-



Table Tl
Alkall Resistant Vehicles

3% Salt Spray Performence

Identification Hours of Exposure  Corrosion Rating
Control System with 825 5
Styrenated Ether Esters

Control System with Ether Esters 800 1
Control System With Vinyl TOO 2
Copolymers

Styrene/Linseed Ester of 825 8
Epon 1004

Vinyl Toluene/lLinseed Ester 825 8
of Epon 100k

Dehydrated Castor Ester of 800 8
Epon 1004

Soya Ester of Epon 1004 800 8
Acrylic Ester Modified 700 8
Vinyl Copolymer

Ratural Resin Modified TOO 9
Vinyl Copolymer

WADC TR 54-373 -53A-



Table

Acrylic and Methacrylic Modified Vinyls
Physical Characteristics

Package _ Filz Character
Stebility Set-to- Initial 30 Day
Visc- Set- Touch 2 hr. Pencil Adhe- Tough- Adhe- Tough-
Modifying Agent osity tling Min. Recoat Hard. sion  ness sion ness
Acryloid B-82 0K 6 <5 K 2B 3 7 3 5
Acrylate
Copolymer
Acryloid C-10 Gels 6 {5 -- 3B Y 5 -- --
Acrylate
Copolymer
Lucite HG 24 0K 2 <5 X 2B T 6 b 2
Ethyl
Methacrylate
Lucite HG 41 oK 2 <5 oK 2B 8 6 8 8
Methyl
Methacrylate
Aeryloid A-10 0K 6 <5 K 2B 9 3 9 6
Aerylate
Copolymer
MIL-P-6889a oK 9 <5 OK 2B 9 8 9 5
Type I
WADC TR 54-373 -5hA-



Table 73

Acrylic and Methacrylic Modified Vinyls

8alt Spray Performance

Salt Performance _
T2 hr. 160 hr. 2580 hr. 504 hr. 672 hr.
Blis- Blis- Blis- Blis- Blis-
Modifying Agent Cor. ter Cor. ter Cor. ter Cor. ter Cor. ter
Acryloid B-82 10 10 10 10 1 1 11 110 9 1
Acrylate 10 10 10 10 10 10 1o+ 10« 8 10
Copolymer 10 10 10 10 1 10 10 11 9 10
Lucite HO 24 10 1 100 10 1 110 10 9 9 9
Ethyl 10 10 1 10 1.0 10 1o 9 T 9
Methacrylate 10 10 1 10 1 10 10 9 9 7
lucite B3 41 10 1 10 10 10 10 110 10 10 10
Methyl 10 10 10 10 10 10 0% 110 7 9
Methacrylate 10 1 10 10 110 11 110 10 11 10
Acryloid A-10 0 1 10 10 1.0 10 10 9 9 8
Acrylate 10 10 10 0 1 10 10 9« 8 &
Copolymer 10 1 10 10 10 10 10 9 9 T
MIL-P-6889a 10 7 10 T 100 7 9 6 9 2
Type I 10 7 10 6 10 6 gt Sx 6§ 2
10 7 10 6 10 6 9 5 9 2

#Me coating was removed fram one balf of each lapped

edge on the magnesium panel during this reading.

WADC TR 54-373 -55A-



Table Th

Recapitulation of Vinyl Copolymer and Ether Ester Systems

3% Salt Spray Performance

_ 2% nr, 168 hr. 504 hr. 980 hr.
Adhe- Blis- Blis- Blis- Blis-
Primer Topcoat glon Cor. ter Cor. ter Cor. ter Cor. ter
Acrylate-  Acrylate Vinyl L 10 10 10 10 10 10 9 9
Vinyl Copolymer 10 10 10 10 10 10 9 9
Copolymer 10 10 10 10 10 10 9 9
Acrylate-  MIL-L-T178, 3 10 10 10 9 10 9 9 6
Vinyl Aluminized 10 10 10 i 9 2 9 1l
Copolymer 10 10 10 9 8 8 8 6
Soya- Soya-Epon 1004 8 10 10 10 6 8 Yy 6 3
Epon 1004  Ester 10 10 10 8 8 6 7 8
Ester 10 10 10 7 8 ) 7 3
Soya.- MIL-L-T178, T o -- 10 3 9 3 T 1
Epon 1004  Aluminized 10 - 9 3 8 2 5 1
Ester 10 - 10 T 8 3 8 1
Styrenated Styrenated 8 10 10 10 10 8 10 8 10
Soya- Soya-Epon 1004 10 10 10 10 8 0 7 10
Epon 1004k  Ester 10 10 10 10 8 10 5 10
Ester
Styrenated MIL-L-T178, 8 10 10 9 10 8 10 8 10
Soya.- Aluminized 10 10 10 10 8 10 8 10
Epon 1004 10 10 9 10 8 10 8 10
Ester
MIL-P-6889a, MIL-L-T178, 5-9 10 10 9 8 8 3 7 1
Type IT Aluminized 10 10 9 8 8 3 3 1
10 10 9 8 8 3 7 1
WADC TR 54-373 -56A-



Recapitulation of Better Magnesium Finishing Systems

Adhe-
System sion

Table 75

Film Characteristics

Solvent Resistance

Water Resistance

1l hr. 24 hr.

Recovery Recovery Tape Test

Adhesion
24 hr. Recovery

Vinyl Toluene-
Ether Ester
System

Vinyl Copoly-
mer System

Vinyl Toluene
Primer-Acryloid

Alkyd Topcoat
System

Standard Alkyd

Nitrocellulose
Control

WADC TR 54-373

6 7 10

-5TA-

8



Teble T6

Recapitulation of Better Magnesium Finlshing Systems
Salt Spray Performance

% Salt Spray Performance

T2 hr. 168 hr. 336 hr. 500 hr. 672 hr. 336 hr.
Blis-~ Blig- Blis- Blis- Blis- Blis-
System Cor. ter Cor. ter Cor. ter Cor. ter Cor. ter Cor. ter
Vinyl Toluene- 10 10 10 10 10 9 10 8 10 3 10 3
Ether Ester 10 10 10 10 10 10 10 9 9 3 9 3
Primer- 10 10 10 10 10 10 10 9 9 3 g 3
Aluminized 10 10 10 10 10 10 10 9 10 3 10 3
Topcoat

Vinyl 10 8 10 8 9 8 8 6 8 6 T 5
+ Copolymer 10 9 10 9 9 9 9 T 9 7 7 6
System 10 9 lo 9 9 9 9 T 9 7 8 5
10 9 10 9 9 9 9 6 8 6 T 5

Vinyl Toluene- 10 8 10 B 9 8 9 8 8 8 T 6
Primer- - 9 9 9 9 9 9 9 9 8 8 8 6
Acryloid Alkyd 10 9 10 9 9 g 9 7 8 L 7 L
Aluminized 10 9 9 9 9 9 8 9 8 g T 9

Topcost
MIL-P-6889a, 10 9 9 9 9 8 g 6 8 5 8 5
Type I plus 9 9 9 9 9 9 8 6 T 6 7 6
MIL-L-T178, 10 8 10 8 9 8 9 3 9 2 8 2
Aluminized 10 8 10 8 9 8 T T 6 7 6 7
WADC TR 5L4-373 -58A-



Teble 77

Pretreatments on Aluminum Surfaces, #1

Original 24k hr. Water Tmmersion
Pretreatment Type of Coating Adhesion Adhesion Blister
Solvent Spray Vinyl Copolymer T 7 10
Solvent Spray Wash Primer 9 8 6
H3PO]+ Etch Vinyl Copolymer T T 10
H3PO) Etch Wash Primer 9 8 7
Amorphous Vinyl Copolymer 8 8 10
Phosphate
Amorphous Wash Primer 8 6 8
Phosphate
Mixed Metal Vinyl Copolymer g 9 10
Oxide
Mixed Metal Wash Primer 9 9 9
Oxide
Table 78

Pretreatments on Aluminum Surfaces, #2

Water Immersion

Original 24 hr. L8 hr.

Pretreatment Type of Coating Adhesion Adh. Blister Adh. Blister
Solvent Spray Vinyl Copolymer T T 10 5 10
H3P04 Etch Vinyl Copolymer T T 10 5 10
Amorphous Vinyl Copolymer 8 8 10 7 10

Phosphate
Mixed Metal Vinyl Copolymer 9 9 10 Q 10

Oxide

WADC TR 5hk-373 ~59A-



Table 79

Ether Ester Systems - Characteristics

Film Thickness

Description (Primer Cnly)

Per Cent Drying Mils Adhesion
Fatty Acid CPVC_ PVC Mg Al Mg AY Mg Al
Isoline 70 28 10 10 0.9 0.5 9 8
Isoline 70 60 10 10 0.8 0.5 9 8
Isoline 70 65 10 10 0.7 ok 9 8
Soya L6 28 8 L 0.7 0.h 7 8
Soya. L6 38 9 L 0.7 0.4 10%  10%
Soya L6 L2 9 6 0.7 0.4 8 9
Soya L6 60 7 4 0.7 0.4 9 10%
Soya. 46 65 5 L 0.8 0.5 10%  10%
Control 35 ko 10 10 0.8 0.5 10% 8
Alkyd

*The rating 10, in this case denotes excellent
adhesion but is not meant to denote "Perfect”

adhesion.

WADC TR S54-373

-60A-



Table 80

Ether Ester Systems - Salt Spray Performance

3% Salt Spray Performance

25 hr. 150 hr. 225 hr. 350 hr. 500 hr.
Blis- Blis- Blis- Blis- Blis-
Fatty Acid Cor. ter Cor. ter Cor. ter (Cor. ter Cor. ter
Isoline 10 9 9 8 8 7 8 6 8 6
Iscline 10 10 10 9 9 8 7 6 T b
Isoline 10 10 10 110 9 9 8 8 7 7
Soye. 10 7 10 T 10 6 10 6 9 6
Soya 10 10 9 10 8 10 8 10 8 9
Soys. 10 10 9 10 9 1o 7 9 T 9
Soya. 9 10 9 9 8 8 7 7 6 6
Soya 9 10 6 10 5 10 & 8 L 7
Control 10 10 ) 10 7 g & 9 3 9
Alxyd
WADC TR 54-373 -61A-



Table 81

Effect of Additives on the Drying of
a Soye Ether Ester Primer

Additive

Tack Free Rating

One Hour

Two Hour

One Coat

Pwo Coats

One Coat

Two Coats

None

0.1% Co
0.05% Mn (vehicle
Solids)

0.2% Ca
{Vehicle Solids)

0.13% Orthophenan-
throline (Total
Volume )

4,0% Linseed-
phenolic varnish
(Total Volume)

6.0% Tetrabutyl-
T{tanate (Vehicle
Solids)

(MIL-P-6889a,
Type I)

WADC TR 54-373 .

6
6

6 6
6 6

-624-

6
6



Table 82

Effect of Additives on the Recoatability of
& Soya Ether Ester Primer

_ _Recoatability

Lifting at Two Hr. Lifting at 24 Hr.
Additive Mz Al Fe Mg Al Fe
None 1 1 3 1 1 2
0.1% Co 1 1 3 1 1 2
0.05% Mn (Vehicle
Solids)
0.2% Ca (Vehicle 10 10 10 10 10 10
Solids)
0.13% Orthophenan- 10 8 10 10 6 10
throline (Total
Volume)
4.0% Linseed 10 10 10 10 10 10
Phenolic Varnish
(Total Volume)
6.0% Tetrabutyl 10 3 9 10 3 10
T™tanate (Vehicle
Solids)
(MIL-P-6889a, 10 10 10 10 10 10
Type I)

WADC TR S5k-373 -63A-



Teble 83

Effect of Additives on the Physical Characteristics
of a Soya Ether Ester Primer

Standard System Characteristics at 24 Hr.

Magnesium Aluminum Steel

Additive Adh. Flex. Adh. Flex. Adh. Flex.

None 5 8 3 8 5 8

0.1% Co 7 7 6 T 5 7
 0.05% Mn (Vehicle

Solids)

0.2% Ca {Vehicle 9 8 8 8 7 8

Solids)

0.13% Orthophenan- 9 8 8 8 7 8

throline (Total

Volume)

4.0% Linseed- 9 8 T 8 8 8

FPhenolic Varnish

(total volume)

6.0% Tetrabutyl- 6 8 0 -- 8 8

Titanate (Vehicle

Solids)

(MIL-P-6889a, 3* 8 1% 8 1% 8

Type 1)

*Thig same batch of primer has shown excellent
adhesion to all three metals.

WADC TR 54-373 ~6l4A-



Table 84

Dehydrated Castor Fatty Acid Ether Ester

Total 3% Salt Spray Performance
Film 360 hr. 525 hr. 936 hr. 1272 hr. 1604 hr.
Primer Driers Thick. Blis- Blis- Blis- Blis- Blis~
Vehicle Used (Mils) Cor. ter Cor. ter Cor. ter Cor. ter or. ter
Styrenated 0.4% Pb 1.95 10 10 g 10 g io 8 10 8 10
Soya Ether 10 10 9 10 9 10 T 10 T 10
Ester 9 10 8 0 7 10 6 0 6 10
9 10 8 10 7 10 6 10 6 10
Dehydrated 0.5% Fb 1.90 10 10 9 9 9 8 9 6 8 6
Castor 0.05% Co 10 10 9 9 9 8 8 6 7 6
Ether Ester 0.05% Mn 10 10 10 9 10 8 g 6 g 5
10 10 10 9 ‘10 8 9 6 T 6
Dehydrated 4.0% Lin- 1.90 10 10 9 10 9 9 8 7 7 6
Cagtor seed 10 10 g9 10 9 9 9 6 8 6
Ether Ester FPhenolic* 10 10 9 9 8 8 8 6 7 &
0.05% Mn 10 10 9 9 8 9 8 6 7 6
0.1% Co
*#4,0% linseed phenolic varnish based upon total volume
Table 85
Eff'ect of Acid Value on Ether Esters
Hydrocarbon Resistance
Total Film Inmediately 24 hr.
Acid Thickness After After
Vehicle Value (mils) Adhesion Tmrersion  Immersion
Castor 1.2 1.6 8 6 T
Ether Ester
Castor 5.5 1.5 1 i 6
Ether Ester

WADC TR 5k-373 654



Table 8

Topcoats for Ether Ester Primers
Salt Spray Performance

Total 3% Salt Spray Performance
Film 1L hr. 503 hr. TWk hr. 1000 hr.
Thick. Blis- Blis- Blis- Blis-
System (mils) Cor. ter Cor. ter Cor. ter Cor. ter
MIL-P-6889a, Type I 2.00 9 9 7 9 6 8 5 8
Proprietary-MIL-I.- 10 9 9 9 8 9 6 8
7178, Aluminized 10 9 8 9 7 8 5 8
10 9 8 9 6 8 5 7
Ether Ester Primer- 1.90 10 8 9 3 9 3 9 2
Vinyl Topcoat, 10 T 10 3 9 3 9 2
Aluminized 10 8 10 3 10 3 9 2
10 9 10 3 10 3 9 2
Sandwich Coat 2.05 10 10 9 9 9 9 9 9
System* 10 10 g 9 8 g 8 9
10 10 9 9 9 8
10 10 9 9 g 9 8 3

*Styrenated ether ester primer with a thin intermediate
coat of MIL-P-6389a, Type I, and a topcoat of MIL-L-T178,
aluminized.

WADC TR 54-373 -66A-



Vinyl Aryl Ether Ester Primers

Table 87

Characteristics
Film Thickness

Mg Al Total Adhesion
Description Drying Mils Mils (Mg) Mils Mg Al Fe
Styrensted Alkyd 10 1.0 0.6 2.3 7 8 8
Styrenated Linseed 10 1.1 0.6 2.4 5 7 8
Ether Bster
Styrenated Linseed- 10 1.1 0.6 2.5 8 7 8
Soya Ether Ester
Styrenated Soya- 10 1.0 0.4 2.2 9 9 9
Ether Ester
Styrenated Castor- 10 1.0 0.5 2.4 5 8 8
Benzolc Ether Ester
Lingeed Ether Ester
Vinyl Toluene- 10 1.0 0.6 2.4 9 T 8
Soya Ether Ester
Control 10 1.0 0.4 2.2 9 9 8

MIL-P-6889a, Type I

WADC TR 54-373

-6TA-



Tgble 88

Vinyl Aryl Ether Ester Primers
Salt Spray Performance

3% Salt Spray Performance

35 Hours 200 Hours 350 Hours
Desgeription Corrosion Blister Corrosion Blister Corrosiocn Blister
Styrenated Alkyd 10 10 6 8 5 8
Styrenated Linseed 10 10 9 9 9 9
Ether Ester
Styrepated Linseed 10 10 9 g 9 9
Soya Ether Ester
Styrenated Soya 10 10 5 T 5 8
Ether Ester
Styrenated Castor- 10 10 8 9 9 T
Benzoic Ether Ester
Vinyl Toluene- 10 10 9 9 9 T
Lingeed Ether Ester
Vinyl "Toluene- 10 10 8 9 9 9
Soya Ether Ester
Control 10 10 9 9 T 6

MTL-P-6889a, Type I

WADC TR 5L-373

-65A-



Teble 89

Review of Previously Selected Systems

3% Salt Spray Performance

~ 2L hr. 168 hr. 504 hr. 980 hr.
Adhe - Blis- Blis- Blis- Blis-
Primer ‘Topcoat glon Cor. ter Cor. ter Cor. ter Cor. ter
Aerylate- Acrylate Vinyl 4 10 11 10 1 110 10 9 9
Vinyl Copolymerx 10 10 10 10 10 10 9 9
Copolymer 10 10 10 10 10 10 9 g
Acrylate- MIL-L-T178, 3 10 10 10 9 10 9 9 6
Vinyl Aluminized 10 10 10 L 9 2 9 1
Copolymer 10 10 10 9 8 8 8 6
Soya- Soya-Epon 1004 8 10 10 10 6 8 L 6 3
Epon 100k Ester 10 10 10 8 8 6 T 8
Eater 10 10 10 T 8 b 7 3
Soya.- MIL-L-T178, 7 0 -~ 10 3 9 3 7 1
Epon 1004 Aluminized 10 ~-- 9 3 8 2 5 i
Ester 10 - 10 T 8 3 8 1
Styrensted  Styrenated 8 10 110 1 w0 8 10 8 10
Soya- Soya-Epon 100k 10 10 110 110 8 10 7T 10
Epon 1004 Ester 10 10 10 10 8 10 5 10
Ester
Styrenated MIL-L-T178, 8 10 10 9 10 8 10 8 10
Soya- Aluminized 10 10 10 10 8 10 8 10
Epon 1004 10 10 9 10 8 10 8 10
Eater
MIL-P-6889a, MIL-L-T178, 5-9 10 10 9 8 8 3 ¥ 1
Type II Aluminized 10 10 9 8 8 3 3 1
10 10 9 8 8 3 7 1
WADC TR 54-373 ~69A-



Table 90

Adhesion and Hydrocarbon Resistance of
Styrenated Ether Ester Systems

Hydrocarbon
Primers Topcoats Adhegsion Reslstance Recovery
MIL-P-6869a  MIL-E-TT29 7 10 10
Styrenated MIL-E-T729 8 1 1
Ether Ester
Styrenated MIL-L-T178 9 2 9
Ether Ester-
MIL-P-6889s
Table 91
Primer Viscosities, 3.3.h4

Primer Identification Viscogity - #1 Zahn - Sec.

MIL-P-6889a, Type I Control Sk

Styrenated Ether Ester 69

Carboxyl Modified Vinyl Copolymer 9k

Hydroxyl Modified Vinyl Copolymer 128

WADC TR 54-373 -TOA-



Table 92
Primer Adhesion Tests, 3.4.6, 3.4.7 and 3.5.4

Metal Coating Anchorage
Anchorage  Anchorage (Tape)
Primer Ydentification 3.k.6 3.4.7 3.5.k4
MIL-P-6889a, Type I Control T 8 9
Styrenated Ether Ester 7 5 6
Carboxyl Modified Vinyl Copolymer 9 9 1l
Hydroxyl Modified Vinyl Copolymer 9 9 2

Table

lacquer Resistance, Primer, Absorption, 3.5.1

Time Interval
Between Primer Surface
Primer Jdentification and Topcoat Appearance Adhesion
MIL-P-6889., 10 Minutes 5 8
Type I, Control 1 hour 6 8
6 hours 8 8
16 hours 10 8
48 hours 10 8
Styrenated Ether 10 minutes 9 8
Ester 1 hour 10 8
6 hours 10 8
16 hours 10 8
48 hours 10 8
Carboxyl Modified 10 minutes 6 8
Vinyl Copolymer 1 hour T 8
6 hours T 8
16 hours 6 8
48 hours 7 8
Hydroxyl Modified 10 minutes 5 9
Vinyl Copolymer 1 hour 7 9
6 hours 7 9
16 hours 6 9
48 hours [ 9

WADC TR 5k-373 -T1A-



Table 9k

Water Resistance of Primers, 3.5.2

Primer Identification Topcoat Substrate Adhesion Blistering
MIL-P-6889a.,
Type I, Control None Acld Etched Al 9 10
" Wash primed Al 9 10
" Wash Primed Mg 9 9
" Dichromated Mg 9 8
Test Lacquer Acid Btched Al T 6
" Wasgh Primed Al T 9
" Wash Primed Mg 8 10
" Dichromated Mg 8 10
Styrenated None Acid Etched Al 9 10
Ether Ester " Wash Primed Al 9 9
" Wash Primed Mg 9 8
" Dichromated Mg 9 8
Test lacquer Acid Etched Al 4 10
" Wash Primed Al 6 10
" Wash Primed Mg 6 10
" Dichrometed Mg T 10
Carboxyl Modified None Acld Etched Al T 3
Vinyl Copolymer Test lacquer Acid Btched Al 3 3
Hydroxyl Modified None Wash Primed Al 7 5
Vinyl Copolymer Test lacquer Wash Primed Al L 3

WADC TR 5k-373 ~T2A-



Table 95
Hydrocarbon Resistance of Primers, 3.5.3

Primer Identificatlon Topcoat Substrate Adhesion Blistering

MIL-P-6889a, None Acid Btched Al
Type I, Control " Wash Primed Al
" Wash Primed Mg

" Dichromated Mg

Test Iacquer Acid Etched Al

" Wash Primed Al

" Wash Primed Mg

" Dichromated Mg

Styrenated None Acid Etched Al
Ether Ester " Wash Primed Al
" Wash Primed Mg

" Dichromated Mg

Test Lacquer Acid Etched Al

" Wash Primed Al

" Wash Primed Mg

¥ Dichromated Mg

Carboxyl Modified None  Acid Etched Al
Vinyl Copolymer Test Lacquer Acid Etched Al

gl & o NG
%6276 o566

o0

Bydroxyl Modified Nope Wash Primed Al
Vinyl Copolymer Test lacquer Wash Primed Al

OO WOy NEFEFFOOOEe OO0 D@
=3

*Cracked and peeled upon removal from test solution.

Table

Topcoat Viscosities, 3.6.3

Topcoat Identification Viscosity - #3 Ford-Seec.
MIL-L-T178 40
Styrenated Ether Ester 20
Vinyl Copolymer (VYEH) T1

WADC TR 54-373 -T3A-



Table 97

Topcoat Adhesion Tests, 3.7.2 and 3.9.h4

Primer Topcoat Time TInterval Adhegion
Identification Identification Between Topcoats Lifting 43 hr. 1 Mo.
MIL-P-6889a, MIL-L-T178, 4 hr. 10 8 9
Type I, Control Aluminized T hr. 10 8 9

2h hr, 10 9 9
MIL-P-6889a, Styrenated 4 hr. 10 5 8
Type 1, Control Ether Fster, T hr. 10 5 8
Alurinized 2k hr. 10 7 8
Styrenated MIL-L-TL78, 4 hr. 10 6 8
Ether Ester Aluminized T hr. 10 6 8
2k nr. 10 7 8
Styrenated Styrenated L nr. 10 5 8
Ether Ester Ether Ester, 7 hr. 10 5 8
Aluminized 24 hr. 10 6 8
Carboxyl Modified Vinyl k hr. 10 9 9
Vinyl Copolymer Copolymer T hr. 10 9 9
VYHH 24 hr. 10 9 9
Hydroxyl Modified Vinyl 4 nr. 10 9 9
Vinyl Copolymer Copolyner T hr. 10 9 9
VYEH 24 hr. 10 9 9
Table 98
Flexibility of Primer-Topcoat Systems,
3.9:6 and 3.9.6.1
Primer Topcoat Cold
Identification Tdentification Flexibillty Cracking
MIL-P-6889a MIL-L-7178, 8 3
Aluminized
Styrenated Styrenated 9 9
Ether Ester Ether Ester
Carboxyl Modified Vinyl Copolymer 8 2
Vinyl Copolymer VYHH
Hydroxyl Modified Vinyl Copolymer 8 1
Vinyl Copolymer VYHH
WADC TR 54-373 ~TUA-



Table 99

wWater Resistance of Topcoat Systems, 3.10.1

Primer Topcoat
Identification Identification Blistering Adhesion
MIL-P-6839a MIL-L-7178, 10 7
Aluminized
Styrenated Styrenated 10 5
Ether Ester Ether Ester,
Aluminized
Carboxyl Modified Vinyl Copolymer 3 2
¥inyl Copolymer (VYHH)
Hydroxyl Modified Vinyl Copolymer 2 2
Vinyl Copolymer (vYEH)
Table 100
Hydrocarbon Resistance of Topcoat Systems, 3.10.2
Primer Topeoat
Identification Tdentification Blistering Adhesion
MIL-P-6889a MIL-L-T178, 10 8
Aluminized
Styrenated Styrenated 1 3
Ether Ester Ether Ester,
Aluminized
Carboxyl Modified Vinyl Copolymer 10 g
Vinyl Copolymer (VYHH)
Hydroxyl Modified Vinyl Copolymer 10 9
Vinyl Copolymer (VyHER)
WADC TR 54-373 -T5A-



Table 101

Styrenated Ether Ester Systems
Salt Spray Performance

(Pilot Plant Vs. laboratory)

3% Salt Spray Performence

Glossy Hydro-~ __ 96 nr. 360 hr. ook hr. 1200 hr.
Sea Blue Adhe- carbon Blis- Blis- Blis- Blis-
Primer Topcoat sion Resist. Cor. ter Cor. ter Cor. ter Cor. ter
MIL-P-6689a MIL-L- T 8 10 9 9 9 8 9 T 9
Type I 78 10 9 10 9 8 9 8 9
Proprietary 10 8 10 8 9 8 9 8
10 8 10 8 9 T 8 T
Styrenated Styre- 9 5 10 10 9 10 8 10 8 10
Primer nated 10 10 g 10 8 10 8 10
With 10 10 9 10 6 10 6 10
Phenolie
Styrenated Styre- 9 5 io 10 10 10 8 10 T 10
Primer nated¥ 10 10 8 10 3 10 2 10
Without 10 10 10 10 8 10 T 10
Phenolic#* 10 10 9 10 8 10 T 10
Styrenated Styre- 9 T 10 10 10 10 9 10 9 10
Primer nated 10 10 10 10 10 10 9 10
Without 10 10 10 10 9 10 9 10
Phenolic 10 10 10 10 9 10 9 10
Styrenated  MIL-E- 6 6 9 10 8 10 6 8 b 6
Primer T729 ) 10 8 10 T 8 6 6
Without 9 10 8 10 7 9 6 8
FPhenolie 9 10 g9 10 T 9 6 8

*This styrenated ether ester vehicle was a laboratory
In all other cases the styrenated vehicle was

batch.

made in the pilot plant.

WADC TR 54-373
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Styrenated Ether Ester Systems

Table 102

Weather-Ometer Tests

(Pilot Plant Vs. Laboratory)

Glossy
Sea Blue Gloss Re 8, 60° Photovolt
Primer Topecoat Initial 126 hr. 237 hr. 350 hr. 526 hr. 706 hr. 851 hr.
MIL-P-6889a, MIL-L- B84 38 39 Lo 4o Y] 43
Type I 178
Proprietary
Styrenated Styre- 98 91 85 88 8l 82 8
Primer nated
With
Phenolic
Styrenated Styre- 100 75 90 88 90 87 b
Primer nated*
Without
Phenolic*
Styrenated Styre. 100 87-88 8h 88 84 83 12
Primer nated
Without
Phenolic
Styrenated MIL-E- 87 81 82 80 73 T4 75
Primer T729
Without
Phenolic

*This styrenated ether ester vehicle wvas a laboratory batch.
In all other cases the styrenated vehicle wes made in the

pilot plant.

WADC TR 5k-373
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Table 103

Styrenated Ether Ester Systems -
Effect of Phenolic Dispersion Resin

Total 24 hr. Recovery
P1lm Thick. Water Hydrocarbon
Primer (mils) Adhesion Resistance Resistance
Styrenated 1.45 8 6 5
Primer
With
Phenolic
Styrenated 1.40 9 8 8
Primer
Without
Phenolice
Table 104
Styrenated Ether Ester Systems -
Effect of Phenolie Dispersion Resin
Salt Spray Performsnce
3% Salt Spray Performance .
264 hr. 432 hr. 760 hr. 936 hr. 1172 hr.
Blis- Blis- Blis- Blis- Blis~
Primer Cor. ter Cor. ter Cor. ter Cor. ter Cor. ter
Styrenated 10 10 9 10 8 10 5 . 10 L 10
Primer 10 10 10 10 9 10 8 10 6 10
With 10 10 10 10 9 10 7 10 6 10
Phenolic 10 10 9 10 8 10 5 10 4 10
Styrenated 10 10 9 10 8 10 6 10 5 10
Primer 10 10 9 10 9 10 T 10 5 10
Without 10 10 9 10 8 10 6 10 5 10
Phenolic 10 10 9 10 9 10 T 10 by 10
-T8A-
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Table 105

Drying Times With a Sandwich Coat System

Adhesion -
Recoat Time - Recoat Time - Hydrocarbon 24 hr.
Sandwich Coat Topcoat Adhesion Resistance Recovery

25 nn, 24 hr. 6 7 3

6 hr. 18 hr. T hx 2

24 hr. 72 hr. 8 g 7

*5mall blisters formed.
Table 106
Variations in Vinyl Aryl Ether Ester Vehicles, #i
3% Salt Spray Performance
T2 nr. 168 hr. 336 nr. 50L hr. 1176 hr.
Solwvent Blis- Blis- Blis-~ Blis- Blis-
Vehicle Registance Cor. ter Cor. ter Cor. ter Cor. ter Cor. ter
Styrenated 2 10 10 10 10 10 10 10 10 8 9
Ether Egter- 2 10 10 10 10 10 10 Q9 10 T 9
Pilot Flant 10 10 9 10 g 10 9 10 6 9
Batch-Control 10 10 9 10 9 10 8 9 5 8
Styrenated 6 10 g 10 3 10 2 10 2 9 2
Ether Ester- 6 10 8 10 2 0 2 9 2 9 2
Reduced Cook- 10 8 10 2 10 2 g 2 9 2
ing Time 10 8 10 3 10 3 9 3 9 3
(20 hr.)
Vinyl Toluene- 8 10 10 10 5 10 3 10 2 9 2
Divinyl Benzene 8 10 9 10 8 9 5 9 o) 9 2
Ether Vehicle 10 9 10 8 10 L 9 o 9 2
"Gel" Technique 10 9 10 8 9 & 9 2 8 2
WADC TR 54-373 -T9A-



Table 1

07

Variations in Vinyl Aryl Ether Ester Vehicles, #2

3% Salt Spray Performance

~ 72 hr. 108 hr. ol hr. 816 hr. 1162 nr.
Solvent Blis- Blis- Blis- Blis- Blis-
Vehicle Resist. Cor. ter Cor. ter Cor. ter Cor. ter Cor. ter
Styrenated 6 10 10 10 10 10 10 9 10 8 9
Ether Ester 6 10 10 10 10 10 9 g 9 9 8
Pilot Plant 10 10 10 10 9 10 9 9 8 9
Batch-Control 10 10 10 10 9 10 9 10 8 9
Styrenated 8 10 9 10 2 9 2 8 2 5 2
Bther Ester 8 10 9 10 2 9 2 9 2 7 2
Reduced 10 10 10 by 8 L 7 3 L 3
Cooking Time 10 10 9 T T ly 6 IR 3 3
(16 hr.)
Vinyl Toluene 8 10 10 10 9 8 9 8 8 T 4
Divinyl Benzene 8 10 10 10 9 10 9 10 8 9 4
Ether Vehicle 10 10 10 9 10 9 9 8 8 b
"Gel" Technique 10 10 10 i 9 6 8 2 7 2
WADC TR 54-373 -80A-



Table 108

Reduced Vinyl Toluene Content Ether Ester, #1

3% Salt Spray Performance

T2 hr. 150 hr. 400 hr. 430 hr.
Blis- Blis- Blie- Blis~

System Cor. ter Cor. ter Cor. ter Cor. ter
Sandwich 9 1o 9 10 8 9 8 9
Coat¥* 10 10 10 10 g9 10 9 10

10 10 10 10 9 10 9 10

10 10 10 10 8 9 8 9
Vinyl Toluene 10 10 10 10 9 10 9 9
Primer - 10 10 10 10 10 10 9 10
Aluminized 10 10 10 10 9 10 9 10
Topcoat 10 10 10 10 10 9 9 8
Styrenated Ether 9 10 9 10 8 10 8 10
Ester Primer- 10 10 10 10 8 10 8 10
Aluminized 10 10 10 10 10 10 10 10
Topcaat 10 10 10 10 9 10 8 10
MIL-P-6889a, 9 9 8 9 T 9 1 8
Type 1, 8 9 8 9 T 9 6 9
Proprietary- 9 10 8 10 7 10 7 9
MIL-L-T178, 9 10 9 10 [ 9 T 9
Aluminized

*Vinyl Toluene Primer with an intermediate coat of
MIL-P-6889a, Type I, and a topcoat of MIL-L-TL78,
aluninized.

WADC TR 5L4-373



Table 109

Reduced Vinyl Toluene Content Ether Ester, #2
Film Characteristics

Solvent Resistance Water Resistance
Original Adhegion Adhesion

System Adhesion Blister 24 hr. Recovery Tape Test 24 hr. Recovery
Sandwich 8 10 8 10 8
Coat System
Vinyl Toluene T 10 T 10 T
Ether Ester
System
Styrenated 6 5 6 10 6
Ether Ester
System
Standard 9 10 9 O* 9
Alkyd Nitro-
cellulose
System

*An abnormal result. This system is expected to
give perfect performance on this test.

WADC TR 54-373 -82A-



Table 110

Reduced Vinyl Toluene Content Ether Ester, #2
Salt Spray Performance

3% Salt Spray Performance

~ 72 hr. LGOS hr. 430 hr. 672 hr. BL0 hr. 1008 hr,
Blis-~ Blis- Blis- Biis- Blis- Blis-

System Cor. fer Cor. %er Cor. ter Cor. ter Cor. ter Cor. ter
Sandwlch 9 10 8 9 8 9 7 8 7 6 7 6
Coat¥ 10 10 9 10 9 10 8 9 8 6 7 6

10 10 9 10 9 10 8 9 8 6 8 6

10 10 8 9 a 9 7 8 T 6 T 6
Vinyl Toluene 10 10 9 10 9 g 8 9 8 6 7 6
Primer- 10 10 10 10 9 10 9 10 8 6 8 6
Aluminized 10 10 g 10 9 10 8 10 8 6 8 6
Topcoat 10 10 10 9 9 8 9 T 8 5 8 5
Styrenated 9 10 8 10 8 10 7 9 7 8 T 8
Ether Ester 10 10 8 10 8 10 7 10 T T T 7
Primer-Alu- 10 10 10 10 10 10 9 10 8 7 8 T
minized 10 10 9 10 8 10 8 10 7 8 T 8
Topcoat
MIL-P-6889a., 9 9 T 9 T 8 5 7 5 L b 4
Type I 8 9 7 9 6 9 5 8 5 5 5 5
Proprietary 9 10 7 10 T 9 6 9 5 5 5 5
MIL-L-T178, 9 10 T 9 7 9 7 8 6 5 6 5
Aluminized

*Vinyl toluene primer with an intermediate coat of
MIL-P-6889a, Type I and MIL-L-7178, Aluminized

WADC TR 54-373 -83A-



Table 111
Topcoats for Ether Ester Primers

Water Resistance Hydrocarbon Resistance

Age of Recovery Recovery

Primer Topcoat System 0 hr. 24 hr. 0 hr. 24 hr.
MIL.-P-638%a, MIL-L-7178 L8 nr. 1 9 9 9
Type I 30 days 0 9 9 9
MIL-P-6889a, Vinyl-alkyd 43 hr. 1 9 6 6
Type I {Proprietary) 30 days 1 9 6 8
Dehydrated MIL-L-T178 48 nr. 1 8 8 9
Casgtor Fatty 30 days 1 9 T 8
Acld Ether
Ester
Dehydrated Vinyl-Alkyd L8 hr. 2 9 5 T
Castor Fatty (Proprietary) 30 days 1 9 6 8
Acid Ether
Ester
Styrenated MIL-L-T178 48 nr. g 9 8 8
Soya Fatty 30 days 9 9 T 8
Acids Ether
Ester
Styrenated Vinyl-Alkyd 48 hr. 9 9 1 3
Soya Fatty (Proprietary) 30 days 9 9 3 7
Acids Ether
Fster
Vinyl Toluene- MIL-L-7178 48 nr. 9 9 e 8
Soya Fatty 30 days 9 9 3 8
Acids Ether
Ester
Vinyl Toluene- Vinyl-Alkyd 48 hr. 9 9 1 3
Soya Fatty (Proprietary) 30 days 9 9 2 8
Aclds Ether
Ester
Vinyl Toluene- Acryloid- L8 hr. 9 9 T 9
Soys Fatty Alkyd 30 days 8 9 7 9
Aclds Ether
Ester

WADC TR 54-373 -8ha -



Table 112

Topcoats for Ether Ester Primers

Salt Spray Performance

3% Salt Spray Parformance

Total Film 72 hr. 154 hr. 312 hr. 720 nr,

Topcoat Thickness Blis- Blis- Blis- Blis-

Primer (Aluminized) (Mils) Cor. ter Cor. ter Cor. ter Cor. ter
MIL-P-6889a., MIL.L-T178 2.00 9 10 9 9 8 8 3 €
Type I 9 10 8 9 8 9 T 7
(Proprietary) 10 10 10 10 10 9 9 7
10 10 10 10 9 9 6 8
MIL-P-6839s., Vinyl-Alkyd 2.05 8 10 6 2 5 2 2 2
Type I (Proprietary) 9 10 9 9 7 T 2 2
(Proprietary) 9 10 9 g 8 T L 2
9 10 9 8 6 T 2 2
Dehydrated MIL-L-7178 2.10 10 10 9 10 9 8 6 L
Castor Fatty 10 10 10 9 10 6 9 2
Aclds Ether 10 10 10 10 10 8 9 T
Ester 10 10 10 10 10 8 9 7
Dehydrated Vinyl-Alkyd 2.00 g 10 g 9 9 3 8 2
Castor Fatty {Proprietary) 9 10 9 9 9 3 9 2
Acids Ether 9 10 9 9 9 3 9 2
Ester 10 10 10 9 10 3 10 2
Styrenated MIL-L-T178 2.15 9 10 9 10 9 10 6 9
Scya Fatty 9 10 8 10 8 10 b 9
Acids Ether 9 10 9 10 9 10 5 9
Eater 9 10 9 10 9 100 6 9
Styrenated Vinyl-Alkyd 2.10 g 10 9 10 9 10 T g
Soya Fatty (Proprietary) 9 10 9 10 9 100 8 10
Acids Ether 9 10 9 10 9 10 8 10
Ester 9 10 9 10 g 10 8 10
Vinyl Toluene- MIL-L-7178 2.10 10 10 9 10 9 10 9 6
Soya Fatty 10 10 9 10 9 9 9 N
Acids Ether 10 10 10 10 10 8 9 3
Ester 10 10 10 10 10 9 9 3
Vinyl Toluene- Vinyl-Alkyd 2.15 10 10 10 10 10 8 g 4
Soya Fatty (Proprietary) 10 10 10 10 10 10 9 7
Acids Ether 10 10 10 10 10 6 9 N
Ester 10 10 10 8 10 i 9 3
Vinyl Toluene-  Aeryloid-Alkyd 1.85 10 8 g 8 9 8 8 b
Soya Fatty 10 8 9 8 9 7 9 b
Acids Ether g9 T 9 T 9 T 8 4
Ester 10 8 10 8 Q T 9 4

WADC TR 54-373 -854-



Table 11

Glossy Sea Blue Vinyl Aryl Ether Ester Topcoats

Glossy Sea Blue

Weather-Ometer

Gloss Readings¥*

System Original 86 hr. 207 hr. 387 hr. 700 hr.
Vinyl Toluene- 86 68 60 57 2
Ether Ester System
Styrenated Ether a7 95 90 88 1
Ester System
Standard Alkyd 89 86 86 80 63
Nitrocellulose
System

*Taken on & 60° Photovolt Gloss Meter.
Table 114
Reduced Vinyl Toluene Content Ether Ester Vehicles
Characteristics
Vehicle #1 #2 #3 #4 #5
Solids Content 50% 50% 50% 50% 50%
Body U-v U+ X-Y U3 T
Acid Value 0.7 0.9 0.9 0.6 0.6
Cure 8 sec. 8 sec. 8 sec. 12 sec. g sec.
Color 6 hazy 5-6 T hazy S hazy 5 hazy
hazy
Wt./Gal. 7.99 1b. 7.97 1b. 8.01 1b. 7.96 1b. B8.00 1lb.
WADC TR 54-373 -86A-



Vinyl Toluene-Ether Ester Systems
Pilot Plant Batch

Table 11

3% Salt Spray Performance

2L nr. 192 hr. 360 hr. 525 hr. 696 hr. 364 hr.
Blis- Blis- Rlis- Biis- Blis- Blis-
Vehicle Cor. ter Cor. ter Cor. ter Cor. ter (Cor. ter Cor. ter
Vinyl Toluene-Ether 10 10 10 9 9 8 9 8 9 8 9 8
Ester Vehicle #2 10 10 10 9 10 g 10 9 9 g 9 9
10 10 10 10 10 9 10 9 8 8 9 B
10 10 10 10 10 7 10 T 9 6 9 5
Vinyl Toluene-Ether 10 10 10 10 10 9 10 8 10 7 10 7
Ester Vehicle #3 10 10 10 10 10 7 10 7 10 6 10 6
(Pilot Plant Batch) 10 10 10 10 10 9 10 8 10 7 10 7
10 10 10 10 10 T 10 7 10 6 10 6
120 hr. 168 hr. 336 hr. 504 hr.
Vinyl Toluene-Ether 10 10 10 10 10 5 9 5
Ester Vehicle #4 10 10 10 10 10 6 10 6
10 9 10 9 10 5 10 5
10 10 10 10 10 6 10 6
Standard Alkyd 9 9 9 9 8 8 8 7
Nitrocellulose 9 9 9 9 9 8 8 7
Vehicle- 9 10 9 9 8 8 T 8
Control 10 T 9 6 8 5 T 5

WADC TR 54-373
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Table 116

Vinyl Toluene-Ether Ester Vehicles

Drier Study #1

Driers in Driers in _Solvent Resistance
Primers Topcoats O br. Recovery 24 hr. Recovery
0.4% Po 0.1% Co 1 2
0.05% Co 0.05% Mn
(Naphthenates)* (Naphthenates)*
0.4% Pb 0.1% Co 2 3
0.05% Co 0.05% Mn
(Naphthenates)}* (Naphthenates)*
1hr.@180°F 1hr. @ 180° F
0.4% Pb 0.1% Co 5 6
0.05% Co. 0.05% Mn
(Naphthenates)*  (Naphthenates)*
Lbhr. @ 180°F 4 hr. @ 180° F
0.4% Pb 0.1% Co 1 2
0.05% Co 0.05% Mn
(Acetates) (Acetates)
0.4% Po 0.1% Co 7 8
0.05% Co 0.05% Mn
(Naphthenates }*¥* (Naphthenatesg )%*
0.4 Zn 0.1% Co 6 7
0.05% Co** 0.05% Mn
{Naphthenates) (Raphthenates )**
0.4% Ca 0.1% Co 6 T
0.05% Cox¥* 0.05% Mn
(Naphthenates) (Naphthenates )**
0.4% Ca 0.1% Ca 5 6
0.05% Co** 0.1% Co**
(Naphthenates) (Raphthenates)
0.4% Pb 0.1% Co L 6
0.05% Co 0.05% Ma
(Octoates) (Octoates)
0.4% Ca 0.1% Co b 6
0.05% Co 0.05% Mn
(Octoates) (Octoates)
(cont. )
WADC TR 54-373 -88A-



Driers in Driers In Solvent Resistance
Primers Topcoats 0 hr. Recovery 24 hr. Recovery
0.4% Ca 0.1% Ce b 5
0.05% Co 0.1% Co

(Octoates) (Octoates)

0.4% Pb 0.1% Co 1 2
0.05% Co 0.05% Mn

(Naphthenates)* (Naphthenates)**

0.4% Pb 0.1% Co 9 9
0.05% Co 0.05% Mn

(Raphthenates)* (Naphthenates)#*

1 hr,. @2500F 1 hr. @ 250° P

0.4% Pb 0.1% Co 9 9

0.05% Co 0.05% Mn

(Naphthenates)* (Naphthenates)*

L hr. @ 250° F

4 hr. @ 250° F

*Purchased driers
*¥Sherwin-Williams driers

Table 11
Vinyl Toluene-Ether Ester Vehicles
Drier Study #2
Primer Naphthenate Topcoat  Naphthenate Solvent Resistance
Vehicle Briers in Vehicle Driers in Recove
Nunber Primers Number Topcoats 0O hr. 24 hr.
1 0.4% Po* -- - 1 3
0.05% Co*
2 0.4% Po* -- -- 1 3
0.05% Co*
L 0.4% Po* -- - 8 8
0.05% Co*
l{' Ooh’% Pb** - - 8 8
0.05% Cox*
4 0.4% Zn - - 8 8
0.05% Co¥*
b 0.4% Ca - - 8 8
0.05% Co¥*
.- -- 2 0.1% Co* 6 8
0.05% Mn*
{cont.)

WADC TR 54-373

~-89A-



Primer Naphthenate Topcoat  Naphthenate Solvent Resistance
Vehicle Driers in Vehicle Driers in Recove
Fumber Primers Number Topcoats 0 hr. 24 hr.
- e k 0.1% Co¥ 1 2
0.05% Mn*
- - b 0.1% Co¥* 1 2
0.05% Mn**
- -- b 0.1% Ca 5 6
0.1% Co¥*
1 0.4% Po* 5 0.1% Co** 1 2
0.05% Co* 0.05% Mn¥**
2 0.4% Po* 2 0.1% Co* 3 5
0.05% Co* 0.05% Mn*
2 0.4% Po* 5 0.1% Co¥* 1 2
0.05% Co¥* 0.05% Mn¥**
Y 0.4% Pb* b 0.1% Co* 1 2
0.05% Co* 0.05% Mn*
L 0.4% Po** L 0.1% Cow* 1 2
0.05% Co** 0.05% Mn**
L 0.4% Zn b 0.1% Co** 1 2
0.05% Co¥** 0.05% Mn**
4 0.4% Ca h 0.1% Co¥** 3 6
0.05% Co¥** 0.05% Mn¥**
it 0.4% Ca L 0.1% Ca 5 7
0.05% Co¥* 0.1% Co**
5 0.4% Pb¥* 2 0.1% Co* 5 7
0.05% Co** 0.05% Mn*
5 0.4% Po¥w* 5 0.1% Co** 3 5
0.05% Co¥*¥* 0.05% Mn**
MIL-P-6889a, 0.3% Pb -- -- 9 9
Type I, 0.03% Co
Proprietary
(Cont.)

WADC TR 54-373
~90A-~



Primer Naphthenate Topcoat  Naphthenate Solvent Registance
Vehicle Driers in Vehicle Driers in Recove
Number Primers Number Topcoats Q hr. 24 hr.
-- - MIL-L-T1T78 - 9 9
5 0.k Pox* -- -- 9 9
0.05% Co¥**
- - 5 0.1% Cow+ 9 9
0.05% Mn**
*Purchased driers
#*Sherwin-wWilliams driers
Vehicle #1 -- Initial laboratory batch of 60:40:40:4% Epon 100k:
soya fatty acids:vinyl toluene:divinyl benzene
Vehicle #2 -- Repeat laboratory cook of vehicle #1
Vehicle #4 -- Repeat laboratory cook of vehicle #1 using
plant raw materials
Vehicle #5 -- Repeat laboratory cook of vehicle #1 using

lsboratory raw materials.

Table 118
Vinyl Toluene-Ether Ester Vehicles
Drier Study #3
Solvent Reslistance
Driers in Primer Driers in Topcoat Recove
(Pilot.Plant Vehicle) (Pilot Plant Vehicle) 0 hr. 24 hr.
0O.4% Pb 0.1% Co 1 2
0.05% Co 0.05% Mn
0.4% Po 0.1% Co 1 2
0.05% Co 0.05% Mn
0.05% Mn
0.4% Ca 0.1% Co 1 2
0.1% Co 0.05% Mn
0.4% Ca
0.4% Ca 0.1% Co 1 2
0.05% C 0.05% Mn
0.05% Mn 0.4% Ca
(cont.)
WADC TR 54-373 -91A-
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0.05% Mn
0.1% Sn

0.1% Co
0.1% Fe
0.1% Co
0.05% Mn
0.1% Co
0.05% Mn
.1% Co
.05% Mn
4% Ca
{Cont.)
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Solvent Resistance

Driers in Primer Driers in Topecat Recover)[’+

(Pilot Plant Vehicle) {Pilot Plant Vehicle) 0 hr. 24 hr.

0.3% Po 0.1% Co 2 3

0.1% Co 0.05% Mn

0.2% Ca* C.U% Ca

0.4% Fb 0.1% Co 2 3

0.05% Co 0.05% Mn

0.1% Fe* 0.1% Fe

0.4% Pb  0.05% Co* 0.1% Co  0.05% Mn 1 2

0.1% Fe 0.2% Ca 0.1% Fe  0.2% Ca

0.4% Po 0.1% Co 1 2

0.05% Co 0.05% Mn

0.05% Zr#* 0.05% Zr

0.4% Fb 0.1% Co 0.05% Mn 1 2

0.05% Co 0.1% Fe 0.1% Sn

0.1% Sn*

¥Ball mill dispersions
Table 119
Polyemine Curing of Epoxide Resins
Viscosity Peneil
Cone. (#4 Ford-Sec.) Adhesion Hardness

Resins Polyamine PHR 1l hr. 6 hr. 72 hr. 72 hr, 72 hr.
Epon 828 Ethylene Diamine 6 12 16 Gel - --

" Diethylene Triamine 6 12 13 Gel - <8
Epon 83k  Ethylene Diamine 6 16 35 Gel 9 F

" Diethylene Triamine 6 16 ko Gel 5 2H
Bpon 1001 Ethylene Diamine 6 18 35 Gel 2 F

" Diethylene Triamine 6 19 32 Gel 3 E

" Ethylene Diamine 12 17 35 Gel T 2H
Experi- Ethylene Diamine 6 17 25 Gel 5 F
mental Diethylene Triamine 6 17 28 Gel I b2

WADC TR 54-373 -93A-



Table 120
Epon 828 - Epon 1001 Blends With Polyamines

Viscosity - Sec.

_#4 Ford @ 75° F Foil Drying
Tnitial 5 24 U Adhesion /2 1 L 6 24 L& 5 1L
Resin {Hours) 7 Days {Hours ) {Days)
100 Epon 828 12 17 Gel -- - 0 C o 0 0 0 0 o0
90 Epon 828/ 13 26 Gel -- - 0 6 3 3 5 5 5 5
10 Epon 1001
75 Epon 828/ 1h ks Gel -- 9 0 1 5 8 10 -- -- --
25 Epon 1001
50 Epon 828/ 18 112 Gel -- 9 0 1 6 10 == == == --
50 Epon 1001
25 Epon 828/ 18 82 Gel -- 5 3 3 6 10 -~  «-  a- a-
75 Epon 1001
100 Epon 1001 22 65 171 Gel 5 3 3 6 10 -=  -=  -- -
Table 121
Various Amine:Titanate Ratlos With Epon 1001
Moisture Viscosity - Sec
Resistan - 2ec.
ﬁ 'Foil 2! 21!}& g g eiashr_ce o #}_‘_ Ford @ 750 F
Amine to o~ 3 H A8 B83s T : 4 . ¢ 4
memste $3g & £ TEd 288 8 4o §. % o5 B E o3 &
Ratio L?.S S H N ™ &ég %g'{_{fz § §'§§ ._9.2 g + & N @ 73
60/L0 7 ¢ 5 6 10 2H 8 9 1 7 186 19 20 38 Gel --
23/77 5 ¢ 5 6 10 H 2 2 L 1 18 19 19 19 19 20
23/77 7 0 5 6 10 2H 3 9 3 2 18 19 19 24 L7 Gel
50/50 7 0 3 6 10 oH L 10 1 2 18 19 19 24 55 Gel
67/33 7 0 3 5 10 2H 7 9 2 5 18 19 19 30 Gel --
33/67 7 0 5 6 10 2H 3 7 4 3 18 19 19 21 29 58
100 Amine T 1 3 k4 10 2H 8 0 1 8 18 20 24 69 Gel --
100 i 1 5 6 10 H 2 6 5 N 18 19 19 19 19 19
Tltanate

WADC TR 54-373 -O4A-



Table 122

Effect of Solvent Blends on Package Stability
of Amine-Titanate Treated Epon 100) Solutions

Solvents
(Per Cent of Solvent Mixture)
Dlacetone Butyl
MIBK Toluene Alcohol Alcohol Cellosolve Stabllity
50 50 - “— -- Gel particles immediately.
by 7 Lk .6 10.7 - -- Gel particles immediately.
All gel in two weeks.
4o Lo 20 - -- Gel particles immediately.
35 35 30 -- -- Gel particles immediately.
Soft gel in two weeks.
b, 7 .6 -- 10.7 - Gel particles immediatedy.
40 4o - 20 - Gel particles immediately.
35 35 -~ 30 -- Gel particles immediately.
- - -—- 50 50 No gel.
h5 k5 -- - 10 Gel particles immediately.
ko 40 -- - 20 Gel particles immediately,
but less then ahove,
35 35 -- -- 30 Gel particles immediately,
but less than last two.
- 50 -- - 50 No gel.
-- 33-1/3 -- 33-1/3 33-1/3  No gel.
25 25 -- 25 25 No gel.

WADC TR 54-373 -95A-



Table 123

Effect of Solvent Blends on Adhesion
of Amine-Titanste Treated Epon 1001 Solutions

Solvent Composition Film Thickness Adhesive Characteristics
Diacetone Butyl (mils) Undercoat  With
MIBK Toluene Alcohol Cellosolve  Panel #1  Panel #2 Alone Topcoat
40 4o -- 20 1 1 7 2
35 35 -- 30 1 1 8 3
- 50 - 50 0.7-0.9 0.5-0.7 9 L
-- -- 50 50 0.3-0.5 0.k-0.6 b 4
- 33-1/3  33-1/3 33-1/3 0.8 0.8 L 3
as 25 25 25 1 0.9 6 2
Table 124

Ether Modified Alkyd Vehicles, #1

3% Salt Spray Performance

2 hr, 168 nr. 264 hr. 336 hr. 50} hr,

Film Thick. Blis- Blis- Blig- Blis- Blig-

Identification Primer Total Cor. ter Cor. ter Cor. ter Cor. ter Cor. ter
10% Epon 1004 re- 1.17 1.80 10 8 10 8 9 7 9 7 T 5
placing glycerol 10 7 9 7 9 6 8 6 T 6
in standard alkyd 9 8 8 8 7 7 6 7 6 6
10% Epon 1004 and 1.25 1.96 8 9 6 9 6 8 5 T 5 7
10% Glycerol added 9 9 7 8 T 8 6 7 6 7
to standard alkyd 9 8 7 8 7 7 6 7 6 7
10 g 8 9 8 8 1 7 7 7
Standard Alkyd 1.25 1.95 10 9 8 & 8 8 7 7 7 7
10 8 10 7 10 7 9 7 9 7
10 9 9 7 9 7 g 7 8 T
10 9 9 T g 7 8 7 8 7

WADC TR 54-373 ~96A-



Table 125
Ether Modified Alkyd Vehicles, #2

3% Salt upray Performance

T2 hr. 168 hr. 336 hr. 504 hr. 672 hr. Sh0 hr.
Solvent Blis- Blis- Blis- Blis- Blis- Blis-
Vehicle Resist. Cor. ter Cor. ter Cor. ter Cor. ter Cor. ter Cor. ter
10% Epon 1004 8 10 10 10 3 8 2 7 2 6 2 6 2
in 100% Linseed 8 10 10 10 5 8 2 T 2 6 2 5 2
011 Alkyd Vehicle 10 10 10 3 9 2 8 2 7 2 6 2
10 10 10 7 10 2 10 2 9 2 9 2
Standard 9 9 10 9 10 9 10 8 9 8 9 7 8
Alxyd 9 9 10 9 10 g9 10 9 g 8 9 8 8
Control 9 10 9 10 8 g 7 8 T 8 6 T
9 10 9 10 9 10 9 9 8 9 7 7
Styrenated 2 10 10 10 10 10 10 9 10 9 ] 8 g9
Ether 2 10 10 9 10 9 10 9 9 8 9 8 9
Ester 10 10 10 10 10 10 9 10 g9 =] 8 9
10 10 10 10 o 10 9 10 9 9 8 9
Table 126
A Commercial Furan Resin Coating
Over Various Pretreatments
3% Salt Spray Performance
2k hr. 240 hr. 576 hr. 1152 hr. 1920 hr. 2800 hr.
Magnesium Blis- Blis- Blisg- Blis- Blis- Blis-
Pretreatment Cor. ter Cor. ter Cor. 4%ter Cor. ter Cor. ter Cor. ter
None 10 6 9 6 T 5 -- - - - - -
10 6 10 6 9 5 6 3 L 2 3 1
100 6 1 6 9 5 6 3 b 2 3 2
Wash Primer 10 T 9 T 9 6 -- -- -- - - -
10 7 10 7 9 6 9 6 9 5 9 5
10 7 10 7 9 6 9 6 8 5 8 5
MIL-M-3171 1c 9 9 T 8 T -- - - -- - -
Type IIT 10 9 9 7 9 7 9 5 9 b 9 1
10 9 9 T 9 T 9 5 9 b 8 2
WADC TR 54-373 -97A-



A Commercisl Furan Resin Coating

Table 127

Over Wash Primed Magnesium

3% Salt Spray Performance

Film T2 hr. _ 50% hr. 912 hr, 1548 hr, 180 hr.
Magnesium Thick. Blis- Blis- Blis- Blis- Blig-
Pretreatment (Mils) Cor. ter Cor. ter Cor. ter Cor. ter Cor.' ter
Wash Primer 1.85 10 8 10 7 9 7 9 6 8 6
10 8 10 7 10 7 9 6 8 6
10 8 10 7 10 7 9 2 9 5
10 8 10 7 9 7 9 6 8 5
Table 128
Corrosion Resistance of Furan Coatings
3% Salt Spray Performance
Total Film 24 hr. 192 hr. 360 hr.
Thickness Blis- Blis- Blis-
System (mils) Cor. ter Cor. ter Cor. ter
MIL-P-6889a, 2.00 10 10 9 9 9 9
Type I, propri- 10 10 9 9 9 9
etary - 10 10 10 9 10 9
MIL-L-T7178, 10 10 10 9 10 9
Aluminized
Vinyl Toluene- 2.30 10 10 10 10 10 9
Ether Ester 10 10 10 6 10 3
Primer and 10 10 10 9 10 9
Topcoat 10 10 10 g 10 9
Jet-Kote- 2.25 9 10 T 8 - -
Without 9 10 7 8 — -
Catalyst 9 10 7 8 - -
9 10 7 9 - --
Jet-Kote- 2.25 9 9 9 7 8 5
With 9 9 8 7 8 5
Catalyst 9 9 9 7 T >
9 9 8 6 T >
Durez 1L4383- 2.30 8 9 5 9 The films cracked
With 9 9 5 9 within 240 hours
Catalyst 9 9 5 9 of salt spray
9 9 5 9 exposure .
WADC TR 54-373 -98A-



Teble 129

Thiokol LP-3 With Epon 828

Total 3% Salt Spray Performance

Film Adhe- 2k hr. 192 hr. 528 hr. 056 hr. cbl hr,

Thick. sion Blis- Blis- Blig- Blis- Blia-
System (Mils) Cor. ter Cor. ter Cor. ter Cor. ter Cor. ter
MIL-P-6889a, 2.00 9 10 110 9 9 8 9 6 8 5 8
Type I, Propri- 10 10 9 9 8 8 T 8 6 6
etary- 10 10 10 9 10 8 9 T T T
MIL-L-T178, 10 10 10 9 9 9 8 8 7 7
Aluminized
Vinyl Toluene 2.30 8 10 10 10 10 10 9 9 9 9 8
Ether Ester 10 10 10 6 10 2 9 2 8 2
Primer and 10 10 10 9 10 3 9 2 9 2
Topcoat 10 10 10 9 9 T g 5 8 "

72 hr. 240 hr, 568 hr. 736 hr. 904 hr.
Thickol- 2.30 8 10 10 iQ 10 10 10 9 10 9 10
Ether Resin 10 10 10 10 10 10 9 g 9 9
Catalyzed 10 10 10 10 10 10 9 9 9 9
With an 10 10 10 10 10 10 9 10 9 10
Amine
WADC TR 54-373 -99A-



Table 130

Various Chromate Pigments in
Styrenated Ether Ester Primers

3% Salt Spray Performance

264 hr. 432 hr. 560 hr. 1064 hr. 1600 hr.
' Blis- Blis- Blis- Blis- Blis-
Identification Cor. ter Cor. ter Cor. ter Cor. ter Cor. ter
Strontium Chromate- 10 9 9 8 8 5 5 4 4 2
Silicon Pioxide, 9 10 8 9 7 8 2 6 1 L
Styrenated Ether 10 10 9 9 8 8 3 T 2 L
Ester 9 10 9 9 8 1 by 6 3 N
Barium-Potassium 9 10 9 10 8 9 5 8 3 5
Chromate-Silicon 9 10 9 10 8 9 7 9 6 5
Ploxide, Styre- 10 10 9 10 8 9 5 8 2 6
Hated Ether Ester 10 10 8 10 7 9 3 7 1 6
Calcium Chromate- 10 10 10 10 10 10 9 9 9 8
Silicon Dioxide, 10 10 10 10 10 10 8 T 7 7
Styrenated Ether 10 10 10 10 10 10 8 8 8 8
Ester 10 10 10 10 9 9 9 9 9 8
Zinc Chromate- 10 10 10 10 10 10 9 9 8 9
Silicon Dioxide, 10 10 10 10 10 10 10 9 9 9
Styrenated Ether 10 10 10 10 g 10 8 9 T 9
Ester 10 10 9 10 9 10 7 g i 9
Zine Chromate- 10 10 10 10 9 9 8 9 6 8
Magnesium Silicate, 10 10 10 10 10 10 9 9 8 9
Styrenated Ether 10 10 10 10 9 10 9 9 8 8
Ester 10 10 10 10 8 10 8 9 8 8
Zine Chromate- 10 9 9 9 9 9 7 8 b 8
Silicon Dioxide 10 9 8 9 7 9 5 8 L 7
Alkyd 10 9 9 8 8 8 T 7 2 T
10 9 6 9 5 9 L T 3 T
MIL-P-6809a, 6 5 6 5 5 5 2 2 2 2
Type I 5 5 6 5 5 3 1 2 1 2
7 6 9 6 9 5 i 3 2 3
T 6 6 5 5 3 1 2 1 2

WADC TR 54-373

-100A-



Table 131

Effectiveness of Inhibitive Pigments in
Vinyl Copolymer Vehicles

3% Salt Spray Performence

Film 72 hr. 168 hr. 132 hr. 840 hr.

Thick., Adhe- Blig- Blis- Blis- Blis-

Pretreatment - Primer (Miis) sion Cor. ter Cor. ter Cor. ter Cor. ter
MIL-M-3171 Proprietary 2.1 7 10 9 10 g 9 8 9 8
Type III Ircon Oxide 10 9 10 9 9 9 8 7
Vinyl 10 10 10 10 9 9 9 7
Copolymer 10 10 9 10 9 8 9 8
MIL-M-3171 Iron Oxide 2.0 6 10 3 10 3 8 2 8 2
Type ITI Vinyl 10 5 9 5 9 3 6 2
Copolymer 10 2 9 2 9 2 8 2
10 5 9 5 8 b 6 2
MIL-M-3171 Strontium 2.0 8 10 g 9 8 8 7 7 3
Type III Chromate - 9 7 7 6 7 L 5 2
Vinyl ' 10 10 10 9 8 T 5 3
Copolymer 10 9 10 6 L k 8 2
MIL-M-3171 Strontium 2.1 6 10 2 9 2 8 2 5 1
Type III Chromate- 10 3 g 3 8 2 5 1
Modified 10 2 0 2 8 2 3 1
Vinyl 10 2 9 2 8 2 6 1

Copolymer

Note: All panels were topcoated with an aluminized
vinyl copolymer topecosat.

WADC TR 54-373 -101A-



Table 132

Emluation of Ammonium Vanadate and Calcium Sulfide
in a Styrenated Ether Ester Vehicle

3% Salt Spray Performance

styrenated ether ester finish.

WADC TR 54-373

-102A-

Film 24 hr. 16G hr. 452 hr, 956 hr.
Thick. Adbe- Blis- Blis- Blis- Blis-

Pretreatment Primer (Mils) si.: Cor. ter Cor. ter Cor. ter Cor. ter
MIL-M-3171 Styrenated 1.9 8 10 10 10 10 9 10 6 10
Type III Ether Ester 1 10 10 10 9 10 T 10
10 10 10 10 8 10 8 10

10 10 10 10 9 10 - -

MIL-M-3171 Styrenated 2.0 8 10 10 10 9 8 9 6 9

Type ITI Ether Ester 10 10 9 9 9 9 8 9

5% NH), VO3 10 10 9 9 8 9 T 9

4 Cas 10 10 10 10 8 10 6 10

MIL-M-3171 Styrensted 2.1 8 10 10 8 2 7 1 2 1

Type IIT Ether Ester 10 10 8 2 6 i 2 1
100% NH), VO, 10 10 8 2 6 1 -- -

+ CasS 10 10 8 2 T 1 1 1

Note: All panels were topcoated with an aluminized



Table 133
Calcium Sulfide-Ammonium Vansdate Screening Tests

3% NeCl Water _ _ Distilled Water
MIL-M-31T71 MIL-M-3171
Type III Type III
MIL-M-3171 Bare Mg Coupled to MIT-M-3171 Bare Mg Coupled to
Pigments Type 111 F81H 248 A1 Type IXI FS1H 248 Al
Ammonium Vansdate 10 10 10 10 10 10
Plus
Calcium Sulfide
Strontium Chromate 10 10 2 10 10 T
Plus
Calcium Sulfide
Calcium Sulfide 10 g 8 10 9 g
Ammonium Vanadate 8 6 0 8 T 9
Zirconium Fluoride 5 5 0 6 6 5
Potassium Zir- 3 0 9 9 8
conium Fluoride
Zinc Chromate 8 8 0 10 10 10
Strontium Chromate 8 7 0 10 10 10
Silicon Dioxide 7 5 0 9 9 9
Magnesium Silicate T 3] 0 10 10 10
No Pigment - T 6 0 10 10 10
Control

WADC TR S5k-373 -103A-



Calcium Sulfide-Ammonium Vanadate Primers

Table 134

at PVC's Above the CPVC

3% Salt Spray Performance

8L hr. 72 hr. 2LO0 hr. LOS hr.
Blia- Blis- Biis- Blis-
Coating System PVC Cor. ter Cor. ter Cor. ter Cor. ter
Sandwich Coat Between  80% 9 3 9 2 8 1 8 1
Styrenated Ether Ester 9 3 9 2 8 1 8 1
Primer and Aluminized 9 3 9 2 8 1 8 1
Topcoat 9 3 9 2 8 1 8 1
Sandwich Coat Between  85% 9 9 9 7 8 5 8 5
Styrenated Ether Ester 9 9 9 7 8 5 8 5
Primer and Aluminized 9 9 9 6 8 5 8 I
Topcoat 9 6 9 L 8 4 8 4
As Primer Coating 804 9 5 9 b 8 L 8 i
With Styrenated Ether 9 6 9 3 8 3 8 3
Ester Aluminized 9 6 9 h 8 I 8 i
Topecoat 9 5 9 i 8 4 8 4
As Primer Coating 85% 9 8 8 6 8 5 8 5
With Styrenated Ether 9 9 9 6 8 5 8 5
Eater Aluminized g 9 9 6 8 5 8 5
Topcoat 9 9 9 6 8 5 8 5
Styrenated Ether Ester 35% 10 10 10 10 10 110 9 9
Primer and Aluminized 10 10 10 10 10 10 10 9
Topcoat - Control 10 10 10 10 9 10 9 9
10 10 10 10 9 10 9 9
Standard Alkyd - 35% 10 9 10 9 9 9 9 9
Control 10 ¢ 10 8 9 8 9 8
10 9 10 8 10 8 9 8
10 9 10 8 8 8 7 8
WADC TR S54-373 =10LA-



Table 135

Calcium Sulfide-Ammonium Vapadate
80% PVC Primer as the Entire Protective Coating System

3% Selt Spray Performance

2 hr. 160 hr. 336 hr. 504 hr. 55 hr.

Panel Coating Corrosion Corrosion Corrosion Corrosion Corrosion
Calcium Sulfide- 9 8 8 T 7
Ammonium Vanadate 9 8 7 1 T
Pigmented Coating 9 8 T T T
9 8 8 7 T
Unpainted Panels T 5 1 - -
T 6 3 - -
[ 5 2 - --
T p 3 -~ --

WADC TR 54-373

-105A-



Table 1

Evaluation of Pickle Film Formed From

Calcium Sulfide-Ammonium Vanadate Solutions

L 3% Salt Spray Performance
T2 hr. 168 hr. 336 hbr. 504 hr,
Magnesium FMim Blis- Blis- Blis- Blis-
Type Formed by Cor. ter Cor. ter Cor. ter Cor. ter
Alkald Immersion in 10 3 9 3 8 3 7 2
Cleened Distilled 10 3 9 3 9 3 g 2
Water Solution 10 ly 9 b 8 L T 3
10 & 9 L 9 L 8 3
MIL-M-3171 Immersion in 10 5 10 5 9 5 9 5
Type III Distilled 10 b 9 4 9 i 8 4
Water Solution 10 ) 10 4 9 4 8 L
10 k 10 L 9 b 9 N
Alkali Immersion in 8 3 6 3 5 3 L 3
Cleaned 3% NaCl 9 2 8 2 6 2 5 2
Solution 10 2 9 2 8 2 8 2
, 10 2 T 1 5 1 5 1
MIL-M-3171 TImmersion in 10 k 8 k 8 N 7 &
Type III 3% NaCl 9 b 9 " 8 b 8 i
Solution 9 3 9 3 9 3 8 3
10 3 10 3 9 3 8 3
Alkali Magnesium as 9 3 9 3 9 3 8 3
Cleaned Anode ~-Aluminum 10 3 10 3 9 3 8 3
as Cathode 8 3 7 3 7 3 T 3
10 3 10 3 9 3 9 3
MIL-M-3171 Magnesium as 10 2 10 2 9 2 9 2
Type III Anode -ATuminum 10 2 10 2 9 2 9 2
as Cathode 10 3 10 2 9 2 8 2
10 3 10 2 9 2 9 2
Alkali No Pretreatment 9 3 9 3 8 3 8 3
Cleaned Control 9 3 9 3 8 3 7 3
10 & 9 L 8 3 8 3
9 3 8 3 8 3 7 3
MIL-M-3171 No Pretreatment 10 9 8 9 8 8 8 8
Type IIT Control 10 5 9 3 8 3 8 3
9 8 8 7 8 5 8 5
9 9 8 8 7 8 7 7
WADC TR 54-373 ~106A-



Table 137

3% Salt Spray Performance

Evaluation of Caleium Sulfide-Ammonium Vanadate
Pickle Film Formed by Electrical Means

_ 12 hr, 168 hr., 336 hr. 504 hr.
Applied Blis- Blis- Blis- Blis-
Voltage Time Cor. ter Cor. ter Cor. ter Cor. ter
0.8 1 min. 9 T 8 I 8 4 T L
10 8 10 5 10 5 9 b
10 3 10 2 9 2 9 2
10 i 10 3 9 3 8 3
0.65 S min. 10 9 10 7 10 T 9 T
9 9 8 T 8 7 8 [
9 9 8 8 8 7 T T
9 5 9 i 8 3 7 3
0.7 30 min. 9 9 8 T 8 6 7 6
10 9 9 9 8 9 8 8
10 9 10 8 9 8 8 8
10 10 10 9 9 9 8 9
0.1 30 min. 9 10 8 5 8 5 8 5
10 g 10 N 10 [ 10 L
g 10 8 N 8 h 8 4
10 9 10 6 10 6 10 5
1.5 5 min. 9 9 8 7 T T T T
10 9 9 7 8 T 8 7
10 9 9 8 8 T 8 T
10 9 9 8 8 8 8 8
1.5% 30 min. 10 k 9 L T I T 4
9 4 8 4 T h 7 4
10 b 9 l 7 b 7 I
10 4 9 L 7 L T y
Control 10 g 10 7 8 T 8 T
Fo Pickle 10 9 9 T 9 7 8 T
Film Formed 10 9 10 6 10 6 9 6
10 9 9 7 8 T 8 T

¥This set contained alkaline degreased magnesium panels,
All others were pretreated according to MIL-M-3171,

Type III.

WADC TR 54-373

~10TA~



Table 138
Ratio of Calcium Sulfide to Ammonium Vanadate

Couple Performance .
Calcium Ammonium  Length of Magnesium-Aluminum Individual Panel in Couple

Sulfide Vanadate Test ' Couple Magnesium Aluminum
0 100 6 Days 2 0 3
10 90 6 Days 3 2 L
25 5 27 Days 5 5 6
b3 57 50 Days 6 6 7
50 50 50 Days 9 8 9
[F] 25 50 Days 9 9 9
90 10 27 Days 8 8 9
100 0 6 Days h b 5
Table 13

Screening Tests on Calcium Hydroxide,
Sodivm Sulfide and Ammonium Sulfide
(8ix Days Immersion in 3% Salt Solution)

Magnesium-Aluminum Individual Panel in Couple

Inhibitor Couple Magnesium  Alvminum

No Pigment 2 1 3
Calcium Hydroxide 2 0 h
Sodium Sulfide 2 10 ¢]
Ammonium Sulfide 5 5 9
Calcium Sulfide 7 7 9
Calcium Sulfide % 10 10 10

Ammonium Vanadate

WADC TR 54-373 -1084-



Table 140

Screening Tests on Individual Yons and Their Combinations
(Six Days Immersion in 3% Salt Solution)

Tons Magnesium-Aluminum  Individual Panel in Couple
Inhibitor Present Couple Magnesium  Aluminum
Calcium Hydroxide Catt 2 1 4
Hydrogen Sulfide 5-- 7 7 9
Ammonium Hydroxide (NHh)'} 1 1 1
Vanadium Pentoxide (vo3)- 2 0 3
Caleium Hydroxide ¢ ca*d, (mg,)* 1 0 2
Ammonium Hydroxide
Hydrogen Sulfide 4 s--, (v03)- 8 8 8
Vanadium Pentoxide
Ammonium Sulfide (Nﬁhﬁ, g-- g 9 9
Calcium Sulfide catt, s-- 7 7 9
Calcium Vansdate catt, (vo3)- 2 0 2
Ammonium Venadate  (NH,)Y, (Vog) 2 1 L
Calcium Sulfide $ catt, g--, 9 9 9
Amoniun Hydroxide  (Nm,)*
Caleium Sulfide 4 Catd, 5--, 10 9 10
Vepadium Pentoxide (v033‘
Calcium Hydroxide + Catt, (Nm,)* 6 7 7
Ammonium Vanadate (V035'
Ammonium Sulfide +  {NH,)*, 57, 9 9 10
Ammonium Vanedate (V03)'
Calcium Sulfide } catt, 57, 10 10 . 10
Ammonium Vanadate (NHLLS‘P , (V03)'
None None 2 1 3

WADC TR 54-373 -109A-



Table 141

Ammonium Sulfide Exhaustion in Screening Tests
(six Days Immersion in 3% Salt Solution)

Explanatory Magnesium-Aluminum  Individual Panel in Couple
Inhibitor Remarks Couple Megnesium  Aluminum
Ammonium Sulfide Ammonium Bydroxide 7 6 8
Added T2 hr.
Ammonium Sulfide Hydrogen Sulfide g 9 10
Added T2 hr.
Ammonium Sulfide Ammonivm Sulfide 8 T 9
Added T2 hr.
Ammonium Sulfide Couple Removed T2 hr. 10 9 10
Ammonium Sulfide Couple Removed 96 hr. 9 9 10
Ammonium Sulfide Couple Removed 1l nr. 9 9 10
Ammeonium Hydroxide 2 1 2
Hydrogen Sulfide T 7 T
None 2 1 3

WADC TR 54-3T73 -110A-



Table 142

Various Sulfides in Screening Tests
(Six Days Immersion in 3% Salt Solution)

Corrosion Performance

Magnesium-Aluminum Individual Panel in Couple

Inhibitoxr Couple Magnesium  Aluminum

Zinc Sulfide 1 1 1

Zinc Sulfide Plus 2 0 3

Ammonium Vanadate

Antimony Sulfide 2 0 3

Antimony Sulfide Plus 2 o 3

Ammonium Vanadate

Cadmivm Sulfilde 1l 0 1

Cadmium Sulfide Plus 2 0 3

Ammonium Vanadate

Thiourea Plus 8 7 8

Ammonium Vanadate

Calcium Sulfide Plus 10 10 10

Ammoniun Vanadsate

None 2 1 3
Table 143

Scereening Tegts on the Reaction Product
of Caleium Sulfide and Ammonium Vansdate
(Six Days Immersion in 3% Salt Solution)

Corrosion Performance

Inhibitor Magnesium-Aluminum Individual Panel in Couple
Couple Magnesiuvm  Aluminum

Calcium Sulfide Plus 10 10 10

Ammonium Vanadate

Control

Light Brown Precipitate 9 9 9

Dark Brown Precipitate 1 0 1

Filtrate 1l 0 1

Precipitate Dried 6 6 7

and Washed

Precipitate Dried, 8 8 8

Unwashed

WADC TR 5k-373 -111A-



Table 1hl
Screening Tests on Pigments Prepared From
Calcium Sulfide and Ammonium Vanadate, #1
(Bight Days Immersion in 3% Salt Solution)

3% Salt Solution Slurry Performance

24 hr. L5 hr. 192 hr.
Inhibitor Mognesium Aluminum Magnesium Aluminum Magnesium Aluminum
None 0 8 0 6 0 2
Zine Chromate T 9 0 8 0 3
CaS } NH, VO 10 10 10 10 8 9
1-1 ratio, ubaged
CaS 4 NH, VO3 ° 10 10 10 10 7 9
1-1 ratio, aged
CaS } NH), VO3 10 10 10 10 8 9
1.5-1 ratio, unaged
CaS + NH), VO3 10 10 10 10 5 8
1.5-1 ratio, aged
CasS % NHh YO 10 10 10 10 10 10
Fresh Mlxturg

Table 145

Screening Test of a Pigment Prepared From
Calcium Sulfide and Armonium Vanadate, #2
(Seven Days Immersion in 3% Salt Solution)

Magnesium-Aluminum Individual Panel in Couple

Inhibitor Couple Magnesium Alumimmm
Zine Chromate 2 0 2
CaS-NH, VO3 Prepared 9 9 9
Pigment

CaS 4+ NH) VO.,, 10 10 10
Fresh Mixtur

WADC TR 5h-373 -112A-



Teble 146
Evaluation of a Calcium-Vanadium Pigmented Primer, #1

3% Salt Spray Performance

48 hr. 144 hr, 240 hr. LOG hr. 576 hr.
Vehicle Primer Blis- Blis- Blis- Blis- Blis-
in System Pigment Cor. ter Cor. ter Cor. ter Cor. ter Cor. ter
Vinyl Reacted 10 10 10 9 10 8 9 T 9 T
Toluene- Calcium 10 10 10 7 9 6 9 6 9 6
Ether Ester Sulfide- 10 10 10 10 10 T 10 5 g 5
Ammonium 10 10 10 10 9 9 9 T 8 T
Vanadate
Styrenated  Unreacted 10 10 10 8 10 2 10 2 9 2
Ether Ester Calcilum 10 10 10 ] 10 2 9 2 8 2
Sulfide- 10 10 10 8 10 2 9 2 9 2
Ammonium 10 10 10 9 10 2 9 2 8 2
Vanadate
Vinyl Zinc 100 10 9 T 9 6 9 b 8 3
Toluene- Chromate 10 10 10 i 10 6 9 y 9 I
Ether Ester 10 T 10 7 9 T 9 6 8 6
10 10 10 9 10 8 10 5 g 5
Table 147

Evaluation of a Calcium-Vanadium Pigmented Primer, #2

3% Salt Spray Performance

96 hr. 6% hr. k32 hr. 500 hr. 68 hr, 936 hr.

Blis- Blis- Blis- Blis- Blis~ Blia-

Primer Pigment Cor. ter Cor. ter Cor. ter Cor. ter Cor. ter Cor. ter
Reacted 10 10 9 9 9 8 9 8 8 7 T 7
Calcium Sulfide- 10 10 10 8 10 7 9 T 8 6 T 6
Ammonium Vanadate 10 10 10 8 10 8 10 7 9 6 8 6
10 10 10 7 9 6 9 6 8 5 T 5
Unreacted 10 10 10 10 9 8 9 T 8 7 7 T
Caleium Sulfide- 10 10 g 10 g 8 9 6 8 5 7 5
Ammonium Vanadate 10 10 10 10 10 7 9 L 9 n 8 h
10 10 10 10 9 5 9 4 8 L 7 b
Zinc Chromate 10 9 10 g 10 in 10 2 10 2 g 2
10 10 9 10 9 6 9 2 8 2 8 2
10 10 10 10 10 6 10 2 9 2 8 2
10 10 10 10 10 5 10 2 9 2 8 2

WADC TR 54-373 -113A-



Table 148

Evaluation of Insulative Vinyl Tape on

Magnesium-Aluminum Faying Surfaces

3% Salt Spray Performance

96 hr. 26L hr. 504 hr. S40 hr. 1104 hr.
Type of Blis- Blis- Blis- Blis- Blis-
Coatings Systen Cor. ter Cor. ter Cor. ter 4 Cor. ter Cor. ter
MIL-P-6889a, 1 coat Al 10 10 10 8 9 2 9 2 7 2
Type I,Plus 2 coats Mg 10 9 10 2 9 2 9 2 T 2
MIL-L-T7178, No tape 10 10 10 6 9 2 9 2 T 2
Aluminized
MIL-P-6889s, 1 coat Al 10 7 9 7 9 T 8 2 6 2
Type I, Plus 2 coats Mg 10 T 10 T 10 2 9 2 T 2
MIL-L-T7178, FPlus Tape 10 8 10 7 9 T g 2 7 2
Aluminized
MIL-P-6859a, 3 coats Al 10 8 10 6 9 y 9 2 8 2
Type I, Plus 4 coats Mz 10 8 10 7 9 y 8 2 7 2
MIL-L-T7178, No Tape 10 8 9 7 9 L 7 2 T 2
Aluminized
MIL-P-6869a., 3 coats A1 10 7 10 3 9 3 8 2 8 2
Type I, Plus 4 coats Mg 10 7 10 6 10 5 9 2 9 2
MIL-L-7178, Plus Tape 10 T 9 6 9 3 9 2 9 2
Atuminized
As Above With 3 coats Al 10 10 10 9 9 3 8 2 T 2
Soya Bther L coats Mg 10 10 10 9 g L 8 2 7 2
Ester as No Tape 10 i0 9 9 9 2 8 2 T o
Vehicle

-11ha-

WADC TR 5h4-373



Table 1u

Red Oxide Primer, MIL-P-1141L
Physical Characteristics

Film
Thickness
Identification  Substrate Topeoat (Mils) Adhesion
MIL-P-11h414 Dichromate Treated MIL-L-7178 2.5 2
Megnesium
MIL-P-6889a Dichromate Treated MIL-1-T178 2.5 3-8
Megnesium

Table 150

Red Oxide Primer, MIL-P-1141k
Salt Spray Performance

3% Salt Spray Performance

24 hr. 1656 hr. hiaj_hr. 832_hr.
Blis- Blis- Blis- Blis-
ldentification Cor. fter Cor. ter Cor. ter Cor. ter
MIL-P-1141k 10 10 10 9 9 7 6 1
10 10 10 9 9 8 6 5
10 10 S 9 9 7 > 3
10 10 10 9 9 T 6 3
10 10 10 9 8 T 6 1
MIL-P-6889a 10 10 9 9 9 8 7 1
10 10 9 9 9 8 3 1l
10 10 9 g g 8 T l
10 10 9 9 9 T 7 1
10 10 9 9 9 8 i 2

WADC TR 54-373 -115A-



Table 151

Evaluation of Varlous Coatings at Reduced Coating Weights

3% Salt Spray Performsnce

Total 24 hr. 26L hr. 130 hr. 600 hr.
Finishing Film Adhe- Blis- Blis- Blis- Blis-
Pretreatment System Thick. sion Cor. ter Cor. ter Cor. ter Cor. ter
MIL-M-3171, Specifi- 2.1 8 10 6 6 6 3 6 1 6
Type IIY cation
MIL-M-31T71, VMCH Resin 1.5 3 10 10 9 8 8 6 6 6
Type III
Bare VMCH Resin 1.5 5 10 10 9 6 7 5 5 N
Magnesium
MIL-M-3171, VMCH/ VAGH 1.3 3 10 10 9 b 7 b 6 3
Type III 50/50 by wt.
MIL-C-15328a  VMCH/VAGH 1.3 g 10 10 8 8 7 8 6 6
50/50 by wt.
Bare VMCH/VAGH 1.7 b 10 10 9 6 7 3 2 2
Magnesium 50/50 by wt.
MIL-M-31T1, WICH/VAGH 1.4 2 10 0 9 6 8 5 7 5
Type IIT 25/75 by wt.
MIL-C-15328a  VMCH/VAGH 1.6 7 10 10 8 8 6 7 3 T
25/75 by wt.
Bare VMCH/VAGH 1.7 N 10 9 8 3 6 3 3 2
Magnesium 25/75 by wt.
MIL-M=31T71, VAGH Resin 1.4 2 10 10 8 5 6 L 5 2
Type IXI
MIL-C-15328a  VAGH Resin 1.7 8 9 10 7 8 5 5 L 3
MIL-M-3171, Styrenated 2.0 7 10 10 10 i 8 L 8 4
Type III Ether Ester
MIL-C-15328a  Styrenated 1.7 8 10 10 9 2 7 1 5 1
Ether Egter
Bare Styrenated 1.5 9 10 10 9 2 7 2 6 2
Magnesium Ether Ester

Note:

All primers were applied to the faying surfaces plus a

one inch overlap only.
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Table 152

Emerson & Cuming Amine Catalyzed Epon
Physical Characterlstics

Total Film
Identification Thickness Water Solvent
of System (Mils) Adhesion* Resistance®* Resistance
Specification 2.10 9 1 10
MIL-P-6889a, Type I
MIL-L-7178, Aluminized
Vinyl Toluene- 2.20 9 9 2
Ether Ester,
Pilot Plant Batch
Amine Catalyzed 2.10 g 9 9

Ether Resin
With SrCrQy + CaS

*Over magnesium after about 30 days aging.
*¥Adhesion by tape test after 24 hours immersion.

Table 153

Emerson & Cuming Amine Cetalymed Epon
Salt Spray Performance

3% Salt Spray Performance

2L hr, 72 hr. 312 hr.
Identification Blis- Blis- Blis-
of System Cor. ter Cor. ter Cor. ter
Specification 10 10 10 6 8 3
MIL-P-6389e, Type I 10 10 10 T 8 i
MIL-L-7178, Aluminized 10 10 10 6 8 3
10 10 10 6 10 3
Vinyl Toluene- 10 10 10 10 10 6
Ether Ester, 10 10 10 10 10 6
Pilot Plant Batch 10 10 10 9 10 6
10 10 10 10 10 6
24 Hr. 192 hr. 264 hr.
Amine Catalyzed ‘ 10 T 10 5 9 3
Ether Resin 10 6 10 b 9 3
With S¥Cr0), + CaS 10 6 10 4 9 3
10 6 10 L 9 3
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Table 154%

Physical Characteristies of
Final Vinyl Toluene Ether Ester Systems

Solvent Resistance

Fresh Paints Aged Paints* _Water Resistance

Recovery Recovery 24 Hr. Adhesion
System OEr. 24 Br. O Hr. 24 Hr, Tape Test Recovery Orig. 20 Days
Vinyl Toluene- 8 8 L 5 8 9 7 9
Benzolc Acid-
Ether Ester
System
(Low vinyl
aryl content)
Vinyl Toluene- 7 8 2 3 9 9 T 9
Divinyl Benzene )
Ether Ester
System
(sparged)

*Paints aged 11 days at 135° F

Table 155
Salt Spray Evaluation of
Final Vinyl Toluene Ether Ester Systems
3% Selt Spray Performance
Film 2k hr. % nr. 26l hr, 535 hr.
Thick. Blis- Blis- Blis- Blis-
System (Mils) Cor. ter Cor. ter Cor. ter Cor. ter
Vinyl Toluene- 2.00 10 10 10 10 10 10 10 10
Benzoie Acid-Ether 10 10 10 10 10 10 10 10
Ester System 10 10 10 10 10 10 9 10
(Low vinyl aryl 10 10 10 10 10 10 10 10
content )
Vinyl Toluene- 2.00 10 10 10 10 9 h 9 3
Divinyl Benzene- 10 10 10 9 10 3 10 3
Ether Ester 10 10 10 g 10 5 10 3
System 10 10 0 7 9 3 9 2
(Sparged)
~-118A-
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B. Comnercial Pretreatments

1. Chieago Concern

This pretreatment was done by a Chicago concern under the
observation of one of the project chemists. Since the procedure
varied somevhat from MIL-M-3171, Type III it is ocutlined as follows:

1.

Trichlorethylene degrease

Hot alkali clean {dubois Cleaner, 10 to 15 minutes
immersion followed by a cold water rinse)

Hydrofluoric acid dip (21% HF at room temperature.
Five minute dip followed by & cold water dip)

Chromic acid dip. (10 pounds CrOy in 50 gallons
of water with the pH held below 3. Three minute
dip followed by a cold water rinse.)

Hydrofluoric acid dip. (21% HF at room tempera-
ture. Two minute dip followed by hot water rinse.)

Dichromete treatment. (1.5 pounds NepCrpO7 per
gallon of water plus sufficient Ca Fp in a bag to
maintain an essentially saturated solution. Forty
five minute dip at room temperature followed by a
cold and & hot water rimse.)

2. New York Concern

This was the initial lot done by this concern and included
three variations In pretreatment, as follows:

1.

2.

3.

Mechanical buffing or satin finish
Chromic acid pickle

Nitric acid pickle
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C. Formulations
l. Wash Primers

8. Butyral - Melamine Vehicle

Base Composition Weight

Butvar B-76 40,5 gm
Resimene 881 31.5 gm
Bagic Zinc Chramate 54.0 an
Celite 266 22.5 gm
Methyl Ethyl Ketone 162.0 am
Ethanol, 95% 153.0 gm

Acid Diluent

85% Phosphoric Acid 35.0
Normal Butanol 43.0

BE

b. Polyvinyl Formal

Base Composition Weight
Basic Zine Chromate 54.0 gm
Mica 9.0 gm
Formvar F-TT0 58.5 gm
Normal Butanol 166.5 gn
Xylene 216.0 gm

Acid Diluent*

85% Phosphoric Acid 4.5 gm
Normal Butanol 48.0 em
Xylene 8.0 gm

*Use one volume of diluent per two volumes of base.

¢. Chrome-Phosphate Pigment

Base Composition Weight
Polyvinyl Butyral, XYHL 45,0 gm
Chromium Phosphste 45.0 gm
Talc T-0 gm
Isopropanocl 272.5 gm
80.5 gm

Methyl Isobutyl Ketone
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Acid Diluent Weight

85% Pnosphoric Acid 9.0 gm
Water 2.0 gnm
Isopropanol 2.0 gn

d. Chrome-Phosphate Butyral Resin Solution

Composition Welght
Chrome -Phosphate Butyral Resin

Solution 365.0 gm
Basic Zinc Chromate 43.0 gm
Talc T.0 gm
Normal Butanol 85.0 gm

e. Methacrylate Modifled Vinyl Copolymer Primer

Strontium Chromate 313 gm
Bakelite VAGH 281 gm
Aroclor 1254 89 gm
Magnesium Silicate 313 gm
Lucite HG-L1 299 gm
Butyl Cellosolve 86 gm
Toluene 1061 gm
Xylene 390 gm
Methyl Ethyl Ketone 304 gm
Methyl Isobutyl Ketone L52 gm

f. Polysulfide-epoxy Coating

Epoxy resin base:

Ti0o, Rutile, Non-Chalking 100 gm
Lampblack 3
Epon 834 258 gm
Xylene 160
Total 521
Polysulfide Resin Base:
Thiockol LP-3 170 gm
Beetle 216-8 4 gm
Tetraethylene pentamine 26 gm

Total 200

These two bases are mixed together in the above proportions
Just prior to use.
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g. Emerson & Cuming Primer 8553

Physical Constants

Welght per gAllon -------cecmemomommooo 10.2 1b.
Per cent 50lids -------emmmmemmmeeeeee e 53.5%
Resin 80lids ~~-w-eecesnnaa Lhy
Fpon 100l =cocmcmmmcmaoan 97%
Beetle 216-8 —cecmcacaaa- 3%
Non-Resin s0lidg w---a--wa- 56%
Inhibitive pigment ------ 84%
SrCroy, --«-=--- T0%
CaS w-cemmaccana . 30%
Extender, ete. ~---cecec-aa-a 16%
Per cent solvent ---v-ceccecccmccccoaaa- 46,5

Thinner composition
Methyl isobutyl ketone -- 50%
Toluene w-———w-——accemeca-- 50%

Accelerator Composition

Diethylene triamine (Tech.) ---c-e-vcene 50%
Toluene -----—--—ccacccmccccccrecccccccea- 50¢

Reduction and Application

For application mixture add accelerator to primer in
ratio 1 ml. accelerator to 30 g. primer. Mix well by
ghaking. Apply by spray within 4 hours. Thin as necessary
with MIBK/toluene (1/1}, using minimum amount of thinner.

h. Vinyl Toluene-Ether Ester Primer

Zinc Chromate 969 gm
Silicon Dioxide 165 gm
Iead Naphthenate 24% 12 gm
Cobalt Naphthenate 6% 6 o
Xylene 480 gm

Vinyl Toluene Ether Ester, 50% NWM 1446 gm
Xylene ™ e

i. Vinyl Toluene-Ether Ester Topcoat

Vinyl Toluene Ether Ester, 50% NVM 185 gm
Manganese Naphthenate, 6% 0.8
Cobalt Naphthenate, 6% 1.5
Toluene 124
Aluminum Paste, Std. 32
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D. Vehicle Cooking Procedures
l. Styrenated Ether Ester (Pilot Plant Batch)

In a 100 gallon stalnless steel kettle equipped with
agitator, gas inlet tubes, thermometer, condenser and water sepa.-
rator 143 1b. of soym fatty acids were copolymerized with 143 1b.
of monameric styrene. This addition requires 14 hours, during
which time 4250 F is meintained. An inert gas blanket is turned on
at the end of the copolymerization. The mixture is cooled to 350° F
and 71 1b. of Epon 1004 1s added. When this resin melts out end
350° F 1s reached another 71 1b. of Epon 1004 is added. This
procedure is followed once again so that three Tl 1b. additions of
Epon 1004 are made. The processing temperature is then raised to
400° F end an inert gas blow of 3 cfm is begun. Then the mixture
is held for 1 hour at 4200 F. Finally the batch is heated to L70° F
and held until the acid value is below 1, the viscosity (at 50% in
xylol) is L-N (Gardner-Holdt tube) and the cure is 20 seconds maxi-
mum. When these characteristics are achieved the batch is thinned
with xylol to 50% solids.

Final Characteristics

Base Yield 430 1v.

Xylol 430 1b. (50%)

Output 860 1b. (107 gal.)
Viscosity L-N (Gardner-Holdt Tube)
Color 9 max. (Gardner)

AV (NWM) 1 max.

Wt./Gal. 7.97

Cure (sec.) 20 max.

Over-all batch time Approx. 28 hours

2. Vinyl Toluene-Ether Ester {Pilot Plant Batch)

In & 100 gallon stainless steel kettle equipped as for
1., heat 157-3/W 1b. of soya fatty acide to 350° F under an inert
gas blanket. Add 236 lb. Epon 100k in three equal increments, melt-
ing the resin and heating back to 350° F before each addition. After
these additions begin adding a mixture of 92 1b. of vinyl toluene,
13-1/% 1b. of 20-25% divinyl benzene and 1 1b. of &i tertiary butyl
peroxide. This addition requires 2 hours with the batch temperature
at 350° F. (The inert gas blanket is discontinued during this addi-
tion.) The batch is held 30 minutes at 350° F aBter the addition.
The mixture 1s then heated to 470° F. At this point a 1 efm inert
ges blow is begun. After one hour the blow is increased to 2 cfm
and one hour later to 3 cfm. The mixture is then held at 470° F
with the 3 cfm blow until the acid value is below one, the viscosity
is T-V and the cure is 10 seconds maximum. When these characteristics
are obtained the batch is cut with xylol to 50% solids.
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Final Characteristics

Base Yield

Xylol

Output

Viscosity

Colorx

AV (NVM)

Wt./gal.

Cure (Sec.)
Over-all batch time

3.

L6k 1v.

L6k 1b. (50%)

928 1b. (116 gal.)

P-V (Gerdner-Holdt Tube)
6 max. (Gardner)

1 max.

7.97

10 max.

Approx. 12 hours

Vinyl Toluene-Ether Ester (Increased Epon Content)

In & 100 gallon stainless steel kettle equipped as for 1 and
2 heat 300 1b. of Epon 1004 and 44 1b. of technical benzoic acid to

470° F under an inert gas blanket.

for 1-1/2 hours. Then 100 1b. of

This temperature is maintained
dehydrated castor fatty acids are

added and the batch temperature is brought to 470° P and held until

an acid value of L-5 is reached.

The mixture is cocked to 350° F

and a mixture of 66.6 1b. of vinyl toluene and 1 lb. of di tertiary

butyl peroxide 1s added over a three hour period.
At this point a 1 cfm inert gas

ature is then raised to h4Q° F.

The batch temper-

blow is begun. These conditions are maintained until a 6 second cure

and acid value of 3 maximum is attained.

When these characteristics

are achieved the mixture is thinned with xylol to 50% solids.

Final Characterigtics

Bage Yield

Xylol

Output

Viscosity

Color

AV (Nw)

Wt./gal.

Cure (Sec.)
Over-all batch time
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480 1b.

480 1b.

960 1b. (116 gal.)

V-X {Gerdner-Holdt Tube)
6 max. (Gardner)

3 max.

8.15

8 max.

Approx. 12 hours



