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FOREWORD

This report was pared by Northrop Aircraft, inc, in conformance with
Contract No, AF33(038)-23273, and includes all performance Aata and pertinent
test results obtained during the twelve-month span of the project, This
work was initiated under Besearch and Devalomment Order No, b01-298, ®Develop-
ment of Protective Coatings for Magnesium? and was aiministered by the Materials
Laboratory, Wright Air Ysvelomment Center, with Capt Harold W, Lasch acting

as project engineer,
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ABSTRACT

Numerous proprietary and developmental organic coatings are screened
for relative corrosion protection of magnesium sheet alloy, with respect to
a current Government specification system. Superior primers and systems are
more fully evaluated for mechanical properties as well as corrosion protection.
Tt was found that air-dry vinyl systems offer optimum protection, considering
the systems tested. Developmental data and discussions of magnesium corrosion
inhibitors and galvanic cell test methods are included in the report.

PUBLICATION REVIEW

This report has been reviewed and is approved,

FOR THE COMMANDING GENERAL:

M. L ]
Colenel, USAF
Chief, Materials Laboratory

( f Directorate of Besearch
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PROTECTIVE COATINGS FOR MAGNESIUM
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The aireraft designer is continually searching for stronger and lighter
structural materials. Too frequentiy he must pay a penalty for the more
desirable materials, That penalty may be in availability, in processing,
fabrication or forming problems, or in service factors such as fatigue
resistance or corrosion susceptibility,

Magnesium and its alloys offer considerable promise to the designer be-
cause of outstanding strength to weight ratics. The raw material source
for magnesium is virtually inexhaustible, and processing and fabrication
problems have been minimized by development work of the past few years.
One of the primary factors delaying the wide use of magnesiimm for air-
craft structural parts is its corrosion susceptibllity. Since modern
aircraft are subjected to wide extremes of environmental conditions and
magnesium is inherently a highly active metal in the presence of water
or other corroding media, a durable and practical protective finish is
essential,

This project was initiated to investigate and consolldate reported data

on the efficiency of magnesium protection offered by existing or newly
developed organic finishes. It was hoped that general conclusions could

be derived that would contribute to the development of a finish system

to enable the use of magnesium alloys to be used in aireraft design with-
out concern as to corrosion. Obviously, such a comprehensive program of
evaluating corrosion protective properties must bhe limited by a number

of simplifying assumptions since the correlation of accelerated aging
tests and service life is highly opinionated and subject to many variables.

Since magnesium exhibits a highly electronegative potential with respect
to hydrogen in the so-called galvanic series, it is susceptible to corro-
sion or solution in water. The corrosion products formed apparently
show little tendency to passivate or inhibit this solvent action. As
corrosion progresses, small areas on the magnesium surface begin to show
differing electromotive potentials with respect to each other, and gal-
vanic currents flow which accelerate the corrosion or solution of the
anodic (more electronegative) surfaces. In many cases, high galvanic
currents may flow initially due to surface impurity inclusions, attach-
ment of other more cathodic metals to the magnesium surface, or to other
causes such as solution concentrations, oxygenation, etc.

Two fundamental approaches to magnesium corrosion protection become ap-
parent: (1), surround the magnesium with an impermeable film to com-
pletely exclude water, and (2), to include certain soluble or polarizing
materials in the protective film such that when water does penetrate,
polarization phenomena take place and galvanic or corrosion currents

are held to a minimum by the increased effective internal cell resist-
ance. It is believed that the more efficient and practical magnesium
coatings should incorporate some measure of each of these two protect-
ive mechanisms.

Bafore these two fundamental mechanisms can be translated into a success-
ful magnesium finish, consideration must be given to the essential film
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properties. These properties include: (1) electrical insulation,

either by dielectric mechanisms or by apparent polarization phencmena,
(2) alkali resistance, required by the highly alkaline hydrolysis of
magnesium, and (3) ﬁesion which is a prime factor of the coating
durability. For specific coatings, other properties may be of greater or
lesser importance, such as flexibility, hardness, ultra-violet radiation
resistance, water resistance, etc. It is apparent that relative evalua-
tions of roatings must consider all pertinent properties and screening
tests and their evaluations must be juiged accordingly.

1.7 As an aid in the development of this project, a "prior art" search was
made including a survey of opinions and products of many of the leading
paint and resin manufacturers and corrosion experts. while the response
to the circulated questiommaire was quite cooperative, it was apparent
that a wealth of information is available for ferrous metals, but sur-
prisingly little work has been done on corrosion mechanisms and protective
measures for the lighter metals, particularly magnesium. The survey ré-
sults themselves were useful in indication rields of further study, and
many of the ideas generated have been reflected in products and discus-
sion presented in the body of this report.

1.8 This report represents an attempt to tabulate the observed performance
propertiss of many proprietary and experimental msgnesium coatings and
to present some developmental data that may be of value for future work
in this field.

2. TEST METHODS

2.1 Corrosion Testing

2,1.1 From a laboratory viewpoint, accelerated aging tests are highly
desirable because they produce results in a relatively short time,
However, real benefit can be derived from accelerated tests only
if they closely simulate the service exposure conditions or if
they contribute better understanding of the aging (or corrosion)
mechanisms, Since magnesiwm is chemically so highly electronega-
tive, it has been assumed that corrosion is primarily a function
of galvanic current flowing either between electrically dissimilar
portions of the metal surface or bBetwser couples set up by attach-
ment of a more noble metal. The primary vest method relied upon
for screening and evaluation testing of magnesium finishes has
been the standard salt spray corrosion test cabinet because the
accelerated corrosion so obtained can be considered a major func-
tion of galvanic potentials. Salt spray corrosion test panels
were standarized in the following form:

v )

RN —T Formed angles of dissimilar metal

S— " were attached with 565 aluminum
8] alloy rivets after painting the

ORI l magnesium panel.

F—é'ﬁrl .051 magnesium F3-lh panel (Dow #7 dichromate
pre-paint treatment, unless otherwise specified).

WADC TR 52-99 2



2.1.2 The edges of the test panel were given a spray coat of the test
finish just prior to spraying the panel surface, and were not
otherwise protected, either by deburring (rounding) or by waxing.
The panels were suspended vertically, and the dissimilar metal
angles consisted of 245-T3Al1, top and bottam, cadmium plated steel,
and 755~T6Al, in most cases. The angles were varied in some tests
to determine effects with other metals such as copper or Type 302
stainless steel. The overall corrosion evaluation was affected
very little by these variances, although 302 stainless normally
caused the greatest attack, with 2/S aluminum and copper being
nearly as severe.

2.1.3 Since some finishes may be more affected by the high chloride ion
content of the salt spray than others, the salt spray evaluation
must be tempered, in marginal cases, by other test methods. Ac-
celerated outdoor weathering exposure was used for this purpose,
with small painted panels of magnesium alloy prepared with a
2L3-T3 formed angle attached as shown below.

—— " ——ni

T

0 o 5
¥

2.1.4 These panels were mounted 45° from the horizontal, facing south
on an outdoor stand, and natural sea water sprayed daily on the
panels. This method accelerated galvanic corrosion while expos-
ing the finish to the deteriorating effects of sunlight and con-
densing moisture. However, the benefits of the method could not
be fully utilized because of time limitations.

2,2 Film Properties

2.2.1 Sunlight and weathering effects were simulated by Atlas Twin-Arc
Weatherometer exposure. This test primarily shows the dependence
of the film protection on volatile, soluble, or oxidizable com-
ponents,

2.2.2 Humidity effects were tested in a standard humidity cabinet main-
taining 95¢ =+ 5% Relative Humidity at 100°F. Films with hygro-
scopic tendencies allow film softening, blistering, and corrosion.

2.2.3 Flexibility was determined by bending a panel, (.051 x 3 x 5)
coated with the test finish, over a 0,50 diameter mandrel. The
panel was bent 180° at room temperature and after aging at 200°F
for 48 hours. Rupture of the film on the tension side was con-
sidered to be failure primarily in flexibility, while rupture on
the compression side of the bend was considered primarily due to
adhesion failure.

2.2.4 Adhesion was not determined quantitatively, but on a relative
basis. Fingernail and knife scratching and peeling were observed.
For more critical determinations, parallel lines approximately
1/16 inch apart were scribed on the paint surface to form a grid.

3
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Four lines in each direction were normally sufficient. When ad-
hesion was poor, the squares of paint would flake off during the
scribing. The ease with which the squares part from the panel
is a fairly critical measure of adhesion, if some consideration
is made of the degree of cohesion of a particular finish,

2.3 Fuel Resistance

2.3.1 S8pecimen panels, .051 x 3 x 5, roated with the test finishes
were immersed in jet engine fuel (JP-4) for four hours at an
approximate temperature of 70°F. (This fuel is a hydrocarbon
mixture with approximately 15% aromatics). The panels were
visually rated on the basis of film softening, loss of adhesion,
blistering, and appearance changes.

2.4 Water Resistance

2.4.,1 8pecimen panels, .051 x 3 x 5, coated with the test finishes were
immersed in tap water at room temperature for 24 hours. The panels
were visually rated on the basis of film softening, loss of adhe-
sion, blistering, and appearance changes.

2.5 Hydraulic Fluid Resistance

2.5.1 8pecimen panels, .051 x 3 x 5, coated with the test finishes were
immersed in mineral oil hydraulic fluid (Spec. MIL-0=5606) at
room temperature for 24 hours. The paneis were visually rated on
the basis of film softening, loss of adhesion, blistering, and
appearance changes.

2.6 Electrochemical Tests

2.6.1 Three fundamental test methods were used in the study of pigment
inhibition and ion permeability.

2.6.1.1 Simple evaluations of corrosion inhibiting properties of
pigments and soluble additives were made with an apparatus
as sketched below.

ELECTRICAL LoNNECTION

MAGNESIUM PANEL ALUMINUM PANEL

Fs-1H 245-T3AL
L]
Q. N NACL SOLN. = t ] G0 N NaCh. SOLN,
WITH INKIRITO R 1_;77— — M . WITH PRENOLPHTNAL BIN

Additives were placed in the anode or cathode solution,
as desired;, to form a saturated solution. Corrosion in-
hibition evaluation was based upon actual corrosion of
the anode (magnesium) and by observation of side effects
such as gas evolution of pH change at the cathode.

2.6.1.2 The change of corrosion current with time for a partic-
ular finish was measured by use of a zero-resistance
ammeter circuit so that the deterioration of the film
could be evaluated by the flow of galvanic current under
simulated short-circuit conditions. The apparatus was

WADC TR 52-99 b
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2.6.1.3

in accordance with the sketch below.

LV\?RM—*—/
@~ AMM—
-~ ©——

By adjusting the resistance, the potential differential
between anode and cathode compartments of the cell was
reduced to zero, sc that the current measured at A was
a function of the effective internal resistance of the
cell only. This condition simulates a corrosion test
panel where the dissimilar metal is riveted or fastened
directly to the magnesium with essentially zero contact
resistance.

This test method interposes the condition of immersion
in the electrolyte, which is normaliy not true for cor-
rosion specimens in accelerated aging test. However,

the permeability of a coating to ion conduction can be
easily observed, and, of particular interest, the change
in current with time on rupturing of a finish (such as
a scratch or puncture} can be plotted accurstely.

It is presumed that this "inhibition curve" demonstrates
the effectiveness of a finish additive in combating mois-
ture permeation or film rupture effects.

The particular apparatus used was capable of measuring
currents as low as 0.0l microamperes. For ease of hand-
ling and improved control of test conditioms, all data
were obtained by use of the isolated half-cells, For
this reason, the limiting current in the cell at short
circuit may have been restricted by the increased inter-
nal resistance due to the agar gel conducting bridge.
This influence was not considered to be too significant,
since relative effects and curve shapes were the primary
interest.

Cell potentials vs. cell current were plotted for mag-
nesium~aluminum cells to evaluate polarization phencmena
of various inhibiting pigments. Unpainted electrodes

were used in the same cell apparatus as described above
for the zero external resistance current measurements.
Anode and cathode potentials were measured with refer-
ence to a calomel half-cell, and absolute values convert-
ed to hydrogen electrode reference. Using the zero-resist-
ance ammeter circuit to vary the cell current from zero
(open~cirucuit) to maximum (short-circuit), potentials of
each electrode were measured in an external, potentio-
meter-bridges balanced, zero current circuit. Plots were
made of potential vs. current for various additives to
cathode, anode, or both, to graphically demonstrate the
polarization or depolarization effectiveness of the
additive,



2.7

2.6,2

Notes

2.7.1

2-7.2

Some of the inhibitors studied under methods (1) and (3) above
were milled into an experimental alkali resistant modified alkyd
resin and evaluated as a paint film. Panel test results reported
for Northrop - source finishes are of this nature. The resin used
was known to be permeaple to conducting ions when pigmented, as
evidenced ir preliminary testing by method (2) above., These fin-
ishes offered excsllent opportunity to evaluate films dependent
primarily upon inhibitive properties for protection.

All finish evaluations reported herein were conducted on magnes-
iwm alloy FS-IH. Most of the panels were fabricated from .051
sheet stock, although some corrosion test panels were made from
+0LO sheet. The corrosion performance of these two thicknesses
appeared to be identical.

All evaluation finishes were applied by spray technique, with
the finish thinned and handled in accordance with the vendor's
recamendations. No control could be exercised by this con-
tractor over the vendor application spray technique or equip-
ment; however, Northrop application involved use of the DeVil-
blss Touch-up Spray Gun for screening tests, and the American
Brake Shoe Gun, Model S-70, for evaluation tests of screened
materials., Both guns were operated at 35 lbs. air pressure.

WADC TR 52-99 6



3. TEST RESULTS

2.1 Part 1 - Screening Tests

3.1.1 Commercial and experimental primers and finishes were screened
for corrosion protection of magnesium by 120 hour exposure to
salt fog in a standard salt spray cabinet (Industrial Filter
and Pump Mfg. Co., Type CA3). Salt concentration was 20% and
the temperature was controlled at 98 ¥ 2°F,

3.1.2 The test results are presented in tabular form for more conven-
ient reference. Each panel tested is listed by parel number.
The numbering system has no particular significance except as
an aid to laboratory personnel in maintaining records.

3.1.3 The source (or manufacturer) of each finish is given by number
only. The identification of a number with a particular vendor or
manufacturer is given on a Finish Key list furnished as a
separate appeniix to this report.

3.1.4 Finishes are pigmented and air dried unless otherwise stated.

3.1.5 Evaluation ratings are from 1 (very poor, failure) to 10 (excellent).

TAELE 1
VINYLS AND MODIFIED VINYLS
EVALUATICKN
NO. OF OVER- | (SALT SPRAY, 120 HRS.
NO. OF|FINISHES ALL COR~
COATS |E.G. FRIM- | FINISH|ROSION
PANEL BOURCE|INCLUD|ER-TOP COAT| SYSTEM|RESISTHADHE-| BLIST-
NO. (X FGJ|PRIMER ETC. THICK. |ANCE [SION | ERING REMARKS
[
(s.C.5) 3 2 . 0015 3 9 9 Specification Control System
9
(s.C.5) 3 2 . 0015 5 9 9 Specification Control System
] Suspended Horizontally
1 T [ 1 1 [ 3 5 5
2 1 2 2 .0020 5 5 7
3 1 2 2 . 0020 5 5 T Panel scratched between angles
A 13 2 1 . 0020 5 7 9
5 13 2 1 .0020 5 7 9 Panel scratched between angles
10 13 2 1 .C010 8 9 7 Pigment modified #4,
1n 13 2 1 .0010 6 8 8 #10, except phosphate pre-paint
treatment
12 13 2 1 .0015 4 7 8 #10, no pre-paint
13 19 2 1 .0015 7 7 8
14 19 2 1 .0020 6 6 8 #13, phosphate pre-paint
15 19 2 1 .0030C 6 6 g #13, no pre-paint
21 1 2 2 0050 6 7 8
22 1 2 2 . 0020 6 7 8
29 11 2 1 .0020 6 8 8 No pre-paint
30 11 2 1 L0020 | 6 g 8 #29, Dow #7 pre-paint
WADC TR 52-99 7



VINYLS AND MODIFIED VINYLS

TAHE 1 (Cont'd.)

EVALUATION
NO. OF OVER- (SALT SPRAY, 120 HRS)
NO.OF | FINISHES ALL COR~
COATS [|E.G. PRIM- | FINISH| ROSION|

PANEL| SOURCE | INCLUD; ER~TOP COAT| SYSTEM| RESIST-ADHE{BLISTY

NO. | (MFG.)|PRIMER “ETC. THICK | ANCE | SION|ERING REMARKS

31 n 2 1 .0015 ) 8 8 Special pre-paint treatment

35 11 2 1 . 0015 3 8 8 Vapor-blast clean. no pre~paint

43 -9 1 1 . 0005 5 6 ¢ Scratched to bare metal. Coating
baked at 300°F for 20 min,

L 9 1 1 ~U015 4 4 5 #.3, no pre~paint

45 9 1 1 0005 3 b 4 No pre-paint. Coating baked at
350°F for 30 min,

L6 9 1 1 .0010 L 5 9 #4.5, Dow #7 pre-paint. Coating
baked at 350°F for 30 min.

L7 9 2 2 .0010 L L 9 No pre-paint, top coat baked
30 min at 350°F,

48 9 2 2 - 0005 b 10 {10 No pre-paint, top ccat baked 30
min. ab 350°F.

L9 9 2 2 .0010 5 7 8 No pre-paint, top coat baked 20
min. at 350°F.

50 11 2 1 . 0025 8 8 9 Dow #7 pre-paint

51 11 2 1 . 0035 8 10 9 Dow #7 pre-paint

52 11 2 1l 0030 6 8 8 Dow #7 pre~paint

53 13 2 1 .0015 4 5 4 Special vendor pre-paint

54 13 2 1 - 5 I 8 Special vendor pre-paint

55 13 2 1l . 0010 5 4 8 Special vendor pre-paint

56 13 2 1 — 5 5 8 Speclal vendor pre-paint

60 n 2 1 L0025 | 8 10 |9 Dow #7 pre-paint

é1 11 2 1 . 0030 8 10 9 Dow #7 pre-paint

62 22 2 1 . 0005 L 5 8 Dow #7 pre-paint

63 22 2 1 L0005 | 4 5 |8 Dow #7 pre-paint

LA 22 2 2 0015 7 8 8 Dow #7 pre-paint

65 22 2 2 L0015 7 8 8 Dow #7 pre-paint

70 11 2 1 L0035 7 6 8 Dow #7 pre-paint

7L 11 2 1 - 9 10 8 Dow #7 pre-paint

72 11 2 1 - 10 9 9 Dow #7 pre-paint

73 11 2 1 -_ 8 8 5 Vapor Blast pre-paint

78 11 2 1 — 10 8 9 Dow #7 pre-paint

79 2 < 2 0025 6 8 8 Chrome pickle pre-paint

80 2 2 2 0025 8 8 8 AN-M-12A Type 1 chromate pre-paint

8 2 2 2 . 0050 5 8 8 AN-M-12A Type 1 chromate pre-
paint, top coat baked 30 min.
at 200°F, then 15 min. at 350°F,

a2 2 2 2 . 0025 5 8 8 AN-M-124A Type 1 chromate pre-~
paint

a3 11 2 1 — g 4 8 Dow #7 pre-paint

84 11 2 1 -— 10 5 8 Dow #7 pre-paint

P 85 13 1 1l . 0010 5 7 8 Dow #7 pre-~paint
WADC TR 52-99 8



TABLE 1 (Cont'd)

VINYLS AND MODIFIED VINYLS

EVALUATION
NO. OF OVER- (_S_ALT SPRAY, 120 HRS
NO. OF |FINISHES [ALL  |COR-
COATS [E.G. PRIM- | FINISH [ROSION
PANEI} SOURCE| INCLUD. {ER-TOP COAT| SYSTEM RESIST4ADHE4BLIST-
NO. | (MFG. )| PRIMER ETC. THICK. JANCE [SION [ERING REMARKS
86 13 2 1 0015 6 7 8 Dow #7 pre-~paint
g7 | 13 3 1 0020 | 6 7 8 Dow #7 pre-paint
91 11 2 1 e 6 7 8 Dow #7 pre-~paint
92 hak 2 1 e 9 7 8 Dow #7 pre-paint
93 11 2 1 .0010 6 7 8 Dow #7 pre-paint, clear resin
9l i1 2 1 . 0025 8 8 8 Dow #7 pre-paint, clear resin
100 4 2 2 — 8 7 6 Dow #7 pre-paint -
101 4 2 2 — 8 7 6 Dow #7 pre-paint
102 22 2 1 m 7 5 6 Dow #7 pre-paint
103 22 2 1 — 7 5 6 Dow #7 pre-paint
104 22 2 2 . 7 2 2 Dow #7 pre—paint
105 22 2 2 — 7 2 2 Dow #7 pre-paint
106 11 2 1 - 8 5 7 Dow #7 pre-paint
107 11 2 1 e 7 8 9 Dow #7 pre~paint
io8 1 2 1 e 6 5 9 Dow #7 pre~paint
109 1 2 1 - 9 5 9 Dow #7 pre-paint
110 | n 2 1 —_ 9 5 2 Dow #7 pre~paint
136 n 2 1 0015 8 t 6 7 Dow #7 pre-paint
137 20 1 1 00085 6 8 7 Stainless steel pigment. Phos-
phoric Acid etching.
138 20 1 1 . 0005 6 8 7 Stainless steel pigment, and
phosphoric acid etching, Dow
#7 pre-paint
139 20 1 1 0005 6 8 7 Stainless steel pigment, Dow
#7 pre-paint
155 11 3 2 — 9 8 ] Dow #7 pre=paint
156 | 11 2 1 — 3 2 2 Dow #7 pre-paint
158 11 2 1 e 9 8 9 Dow #7 pre~paint
179 n 2 1 0020 9 8 9 Dow /7 pre-paint
181 1 3 2 . 0010 g 7 9 Dow #7 pre--paint
182 11 2 2 - 0030 g 8 6 Dow #7 pre=paint
183 11 3 2 - 0010 9 9 9 Dow #7 pre-paint
184 11 2 1l 0020 5 8 8 Dow #7 pre-paint
185 11 2 1 .0025 g 9 9 Dow #7 pre-paint
190 10 2 1 - 0020 5 8 8 Dow #7 pre-paint
191 10 2 1 0020 7 7 a8 Dow #7 pre-paint
192 10 2 1 20020 5 8 8 Dow #7 pre-paint
193 1 2 1 0020 a 10 9 Dow #7 pre—paint
194 1n 3 2 - 0020 8 g 3 No pre-paint
195 11 2 1 .0025 9 8 8 Dow #7 pre-paint
198 2 2 1 0010 9 4 3 Dow #7 pre-paint
199 2 3 2 - 0010 9 A 3 Dow #7 pre-paint
200 2 3 2 0010 4 8 2 Dow #7 pre-paint
WADG TR 52-99 9



TABLE 1 (Cont'd.)

VINYLS AND MODIFIED ViNYLS

EVALUATION
NO. OF OVER- |(SALT SPRAY, 120 HRS)
NO, OF|FINISHES |ALL |[COR- |
COATS |E.G. PRIM- | FINISH [ROSION

PANEL{ SOURCE | INCLUD] ER-TOP COAT| SYSTEM |RES1ST4ADHE4BLIST-

NO. | (MFG.)|PRIMER| ETC. THICK. |[ANCE {SION [ERING REMARKS

201 2 3 3 » 0005 8 g 4 Dow #7 pre-paint

202 2 3 3 . 0005 5 9 2 No pre-paint

203 2 3 3 .0010 8 8 3 Dow #7 pre-paint

204 2 3 3 . 0010 g g |2 No pre-paint

206 11 2 1 .0020 8 8 Dow #7 pre-paint
207 11 2 1 .0020 L g8 |8 Dow #7 pre-paint, resin modified

to withstand lubricants

208 11 2 1 .0020 6 8 8 Dow #1 pre-paint

209 10 2 1 .0020 | 10 10 8 Dow #7 pre-paint

210 10 2 1 .0035 9 9 8 Dow #7 pre-paint

211 10 2 1 . 0030 9 8 8 Dow #7 pre-paint

212 10 2 1 .0015 9 3 b Dow #7 pre-paint

213 10 2 2 .0030 | 9 5 9 Dow #1 pre-paint

214 10 2 1 »0030 9 P 6 Dow #7 pre-paint
215 10 2 2 .0025 9 3 6 Dow #7 pre-paint

216 10 2 1 .0035 8 8 6 Dow #7 pre-paint

217 10 1 1 0035 | 8 8 |6 Dow #7 pre-paint

218 10 2 2 L0035 110 |10 |9 Dow #7 pre-paint

219 10 2 2 L0L_5 9 8 8 Dow #7 pre-paint

500 13 1 1 - ) L {8 Dow #15 & Dow #7 pre-paint
501 13 1 1 — 6 A ] Dow #15 & Dow #7 Pre-paint
502 13 1 1 — 5 L |8 Dow #7 pre-paint

503 13 1 1 _— 5 L, |8 [Dow #7 pre~paint

520 13 1 1 .0010 6 7 8 Dow #7 pre-paint

521 13 1 1 .0015 6 7 8 Dow #7 pre-paint

522 13 1 1 L0010 6 7 8 Dow #15 & Dow #7 pre-paint
523 5 1 1 .0015 7 7 8 Dow #15 & Dow #7 pre-paint
524 13 1 1 .0010 6 7 6 #7 pre-paint

525 13 1 1 L0010 | 7 7 ) ow #7 pre-paint :
526 13 1 1 L0010 Vi T é w #15 & Dow #7 pre-paint
527 13 1 1 .0010 b 7 6 #15 & Dow #7 pre-paint
532 13 2 1l .0010 4 7 7 #7 pre-paint, clear resin
533 13 2 1 » 0005 4 7 7 15 pre-paint, clear resin
534 13 2 1 .0010 4 7 7 w #15 & Dow #7 pre-paint, clear

resin

WADC TR 52-39 10



TABLE 2

ALKYD AND MODIFIED ALKYD FINISHES

EVALUATION
RD. OF OVER~- (SALT SFRAY, 120 HR
NO. OFjFINISHES ALL COR~-
COATS {E.G. PRIM= | FINISH | ROSICN
PANEL { SOURCE] INCLUD) ER-TOF COAT SYSTEM | RESIST~ ADHEABLIST-
NO. | (MFG) {PRIMER| ETC. THICK. | ANCE | SION {ERING REMARKS
8.¢.51 3 2 2 .0015 3 9 9 Specification Control System
6 19 3 2 .0020 2 9 9 1~E=5557; Enamel over Northrop
Seal Primer
18 17 2 1 . 0020 8 8 8 W #7 pre-paint
19 17 2 1 .0025 4 7 ) hospate pre-paint
32 11 2 1 015 3 8 6 0 pre-paint
33 11 2 1l .0010 4 8 7 o pre-paint
34 11 2 1 0030 2 8 6 pecially treated magnesium
36 11 2 1 ,0030 A 8 6 apor blasted magnesium
a8 17 1 1 . 0010 4 5 7 w #7 pre-paint
89 17 2 1 .0020 4 5 7 w #7 pre-paint
Q0 17 3 1l 0010 L 5 7 ow #7 pre-paint
134 23 2 1 .0010 5 5 8 o pre-paint
135 23 2 1 .0020 8 5 g ow #7 pre-paint
147 23 2 1 0010 7 5 9 w #7 pre-paint
148 23 2 1 »0010 8 ol 9 #7 pre=paint
149 23 2 1 20005 A 3 v7 o pre-paint
{ 150 23 2 1 « 0005 6 5 7 Dow #7 pre-paint
151 23 2 1 . 0020 [ 8 7 N¢ pre-paint
152 23. 2 1 .0025 g 8 7 Dow #7 pre—paint
153 23 2 1 »0020 5 é 7 No pre-paint
15, | 23 2 1 0020 | 9 7 |8 Dow #7 pre-paint
159 23 2 L .0020 4 5 7 No pre-paint
160 23 2 1 . 0010 5 > 7 Dow #7 pre-paint
161 23 2 1 .0010 5 5 ) Organic pre-paint
162 23 2 1 . 0020 5 3 6 No pre-paint
163 | 23 2 1 0020 | & s |7 Dow #7 pre-paint
164 23 2 1 . 0020 5 5 é Organic pre-paint
165 23 2 1 .0020 5 5 bl N> pre-paint
166 23 2 1 .0025 9 8 8 Dow #7 pre=paint
167 | 23 2 1 +0010 b 3 b Dow #7 pre-paint
168 | 23 2 1 L0025 | 3 3 | 6 |No pre-paint
169 7 3 3 L0025 8 92 19 Dow #7 pre-paint
170 7 3 3 - 0025 8 9 9 Dow #7 pre-paint
171 23 2 1 0015 6 7 8 Dow #7 pre—paint
172 23 2 1 0015 5 [ 8 No pre-paint
173 23 2 1 « 0020 6 g 8 Dow #7 pre-paint
176 | 23 2 1 0015 5 717 Dow #7 pre-paint
177 23 2 1 0030 8 7 7 Dow #7 pre-paint
178 23 2 1 -0030 6 7 7 Dow #7 pre-paint
186 23 2 1 0015 5 L 5 Dow #7 pre-paint
187 23 2 1 .0C15 5 8 7 Dow #7 pre-paint

WADC TR 52-99 11



TABLE 2 (Cont'd)

ALKYD AND MCDIFIED FINISHES -

EVALUATION
NO. OF OVER- (SALT SPRAY, 120 HRS]
NO. OF { FINISHES ALL COR-
COATS E.G. PRIM- [FINISH |ROSION

PANEL |SOURCE [ INCLUD ! ER~-TOP COAT{SYSTEM |RESIST-|ADHE~ BLIST~

NO. |(MFG.)|PRIMER ETC. THICK. [ANCE SICN | ERING REMARKS

196 23 2 1 L0020 | 6 7 8 Dow #7 pre-paint

197 23 2 1 .0020 8 8 8 Dow #7 pre-paint

205 13 2 1 o 3 g 8 Dow #7 pre-paint

220 25 2 1 L0025 8 8 8 Dow #7 pre-paint

221 25 2 1 . 0015 i 8 8 Dow #7 pre-paint

222 25 2 1 .0025 8 L 8 Dow #7 pre-paint

508 13 1 2 . 0005 3 7 8 Dow #7 pre-paint, clear resin
509 13 1 2 0005 3 7 g Duplicate of #508

510 13 1 2 .0005 4 7 8 Dow #15 ard Dow #7 pre-paint,

clear resin

511 13 1 2 L0005 4 7 8 Duplicate of #508

512 | 12 2 3 . 0025 2 7 7 Dow #7 pre-paint

513 13 2 3 L0035 2 7 7 Duplicate of #512

514, 13 2 3 00,0 2 7 & Dow #15 and Dow #7 pre-paint
515 13 2 3 .0030 2 7 6 Duplicate of #514

54,1 13 2 1 . 0005 5 7 é Dow #7 pre-paint, clear resin
542 13 2 1l . 0005 I 7 6 bow #15 pre-paint, clear resin
543 | 13 2 1 L0005 |4 7 6 Dow #15 and Dow #7 pre-paint,

clear resin

WADC TR 52-99 12



TABLE 3

ACRYLIC AND MODIFIED ACRYLIC FININSHES

EVALUATION
NO. OF OVER- |(SALT SPRAY, 120 HRS]
NO. OF | FINISHES ALL COR-
COATS | E.G. PRIM- |FTNISH|ROSION
PANEY SOURCE |INCLUD.| ER~TOP COAT|SYSTEM |RESIST-] ADHE4 BLIST-
NO. | (MFG. ) [FRIMER ETC. THICK {ANCE | SION| ERING [ REMARKS
5.C.8. 3 2 .0015 3 9 9 Special Control System
20 5 2 2 .0025 8 8 8 Dow #7 pre-paint; 10 days cure
time
23 5 2 2 0020 4 ) 3 #20, no pre-paint; 3 days cure
time
24 5 3 3 «0025 5 8 4 No pre-paint; 10 days cure time
25 5 3 2 0030 3 6 3 No pre-~paint; 10 days cure time
26 5 2 2 0035 3 [ 3 No pre-paint; 10 days cure time,
clear resin -
27 5 4 3 .0055 3 6 3 No pre-paint; 10 days cure time
28 5 2 2 .0030 3 6 3 No pre-paint; 10 days cure time
T4 5 3 3 .0060 8 4 8 No pre—paint
75 5 3 3 0085 8 7 8 #74, Dow #7 pre-paint
76 5 3 3 . 0060 9 8 9 Dow #7 pre-paint
7 5 3 3 .0085 8 7 9 Dow #7 pre-paint
95 5 3 3 . 0055 9 7 8 Dow #7 pre-paint
96 5 3 3 L0055 { 10 8 9 Dow #7 pre-paint
97 5 3 3 L0060 | 10 8 9 Dow #7 pre-paint
98 5 3 3 0070 | 10 8 9 Dow #7 pre-paint
99 5 3 3 . 0070 9 9 9 Dow #7 pre-paint
127 5 3 3 + 0030 3 7 9 Dow #7 pre-paint
128 5 3 3 0030 | 8 71 8 Dow #7 pre-paint
129 5 3 3 . 0040 9 7 9 Dow #7 pre-paint
130 5 3 3 L0025 5 5 8 Dow #7 pre-paint
131 5 3 3 .0025 9 8 9 Dow #7 pre-paint
132 5 2 2 . 0040 8 8 7 Dow #7 pre-paint
133 5 2 2 0025 8 8 7 Dow #7 pre~paint
140 5 2 2 . 0025 5 7 8 Dow #7 pre-paint
141 5 2 2 0025 7 7 8 Dow #7 pre-paint
142 5 2 1 .0020 | 5 71 &  |Dow #7 pre-paint
143 5 2 2 + 0030 9 8 9 Dow #7 pre~paint
144 5 2 2 - 0025 8 9 g Dow #7 pre-paint

WADC TR 52-99

13



qT 66~25 8L OqVR
uTsed JESTD

quted-oxd ST# MoQ PUB L# moQ 9 g % | 0T0O" T (4 €x| Leg
urser JIesTo fqured-axd ¢TH# Mmod 9 ¢ € | §T00° T Zz €T 9¢S
utrsex Jeoro Squred-sad J# mod 9 q % | 0100° I (4 £l GES

SHHSTINIS ANIWYTIR

Xopusa £q qured-exd TeToedg 9 S ¢ | 0T00° 1 Z gt 6%

qured-azd oN 9 i % | ot00° T [4 8T 8¢

qured-aad L# moQ g % 7 ] 000° T 4 8T LS

( 'SEHSINIA CQAYIV GIrIIQOW QNV GX¥IV MHONN QIISIT SNV (UL

SHHSINIA UNHHLLS

YNTUXIS $HLON)

FuTyeoo paeyeq ‘quem
~3td wnmrumty ‘qured-ead L# moQ 6 8 % —_ 1 Zz 6 69
Butqe00 pPaEq ‘oTRI
sToTyaa-quoudTd JUaISIFTP “99# o1 8 g —_ T 4 6 9
furqeoo payeq ‘orqel
aToTyeA—juswSTd JUaISIITD “99# oT g g -_ 1 z 6 L9
Furqeco peeq ‘jured-axd L§ mod o1 | 8 s — T z 61 99
L# Mod ON -urwm g% JoJ
doQ0Y 1% pexeq fqeoo dog uTsad
JeaTo uody Japun Jowtad ysem o1 6 9 | §T00° Z z 6 A/l
‘utuw G 20J J,00% 1e Peqeq
‘qeon doq ursea JIeeT) Uodd Japun
Jeurag “modyp ourz ‘quied-axd oy 8 g ¢ | otoo* r4 e 6 7
qured-aad ou ‘4GH 9 Y L | S000° T T 6 oY
*4o00%
9e -~uTw GY pedeq ‘utrsasd JesTd 6 8 9 { OTOO" T T 6 6€
qured-aad ou ‘LE# 1A S 7| ¢TOO"® T T 6 [:19
*d,00%
qe "UTWm ¢ paXeq ULsSed JesT)
peuoqedos Teued ‘qured-aad LF mod oT ot L | o100° T T 6 LE
SHUVREY WINHE| NOIG  HONV| °MOTIHL 018 WHATEL |( “2dW)] *ON
~ISTTd |~THAY-ISISHH | HELGES |IV0D JOI-¥¥ ["ANTONT [Z0un0S| TINVY
NOTSOU |HSINIZ| ~Wi¥d 'o'" | SIvOD
=400 TIV SHHSINIJ | 40 “ON
SHH 02T ‘AVHIS ITVS)| —uHAQ d0°ON
NOTIVNTYAR

SEHSINIA NOJH

{(ps3u0Dd) 4 THEVL




T 66~29 WL OqVM

utesd JeaTo
Squred-sad L# mog pue ST modl 9 g 2 | ST00° T [ €T o'rg
ursal JesTo
fqured-aad L# moQ pue ST# mog 9 [~} 2 | c190° T Z €T 6€s
ursed Jwelo fqured-ead L# mog 1A 8 7 | $T00° T r4 £T 8E9
utssed JESTO
‘qured-sxd GT# moQ pue L# Mod L L 7 | $T00° T rA €T | 61¢
uTsed JIBsTa
fqured-aad ST# moQ pue L# mod L A % | o200° T z €T | 81¢
utses Jesto ‘qured-ead L# mo(d i A ¢ | ¢t00" T 2 £1 LTS
utsad JesTd ‘qured-aad L# mog L fA ¢ | 0zZ00° T Z £l 9TS
juted—-axd oN 4 ki T = T [4 (AN QLT
jured-oad L§ moQ £ ki £ | ozoo® T Z 2T § WY
qured-sad ajeydsoyd 9 L 9 | §100° T [ 8 LT
jured-aad [# mod 9 L 9 | §TOO* T z 8 91
SAHSINIA EIHANY AELYNIYOTHD
yured-axd
ON °OTWEI90 PoITJ adnjeisdwsy MOT 6 0t z - T T £ rAns
qured-oxd
ON °oTueIad pPally aanjedadwsy moT 6 oT (A = T T € 149
SHHSTNI: - OTWVYED
uTsad -
JesTo paveq ‘qured-aad L# moQ 8 6 L -— T z ¢r 681
utsad
JdeaTo podeq ‘qured-axd AF mog [~} 6 9 e T Z q1 88T
ursal Jea1s ‘jured-axd L mog 6 6 8 | $000° T T 6T 08T
utesd
aesTo pexeq ‘qured-sad L# mod 9 8 % | S000° T T e 921
ursal JesTo payeq ‘qured-ead of g g Z 1 5000° T T e AN
SHHSINIA DITONTHd
SHUVHAY ONTYHH { NOIS HONY { “MOTHI *O0LH HIWTHA | ( “OdK) *ON
=LSIH |=HHAV [LSISHY [WHISAS {IY0D J01~-Yd [ "ANTONT { IOUNOS | TAINVL
NOISOHU [HSINId| -KIUd "D°H| SIV0d
=400 TV SHHSINIS | 40 °ON
[SHH 02T ‘AVMdS I1VS) | -¥HAO d0 0N
NOIIVOTVAL

SHIOTHHA SAGENVTTIDSTH

7 TIAvL



TABLE 5
HAE REFRACTORY CQATING

PRE-PAINT CORROSION
COATING* TREATMENT PROTECTION BLISTERING ADHESION
A HAE 6 9 10
& HAE 8 9 10
A bow #7 2 9 8
A Dow #7 2 9 8
B ~ HAE 7 7 10
B HAE 8 9 10
B Dow #7 8 7 )
B Dow #7 7 7 6
H HAE 8 9 10
H HAE 7 9 10
H Dow #7 9 8 9
H Dow #7 9 8 9
Northrop BAE 7 9 10
Seal Primer
Northrop HAE é 9 10
Seal Primer
None HAE & Sil- 5 - -
icone Lub~
ricant
None HAE & Sil- T - -
icones Lub~
ricant
None Wax over 7 - -
HAE

#Code letters refer to finishes listed in Table VI,

WADC TR 52-99 16



Part 2 - Evaluation Tests

3-2

3.2.1 Finishes and finish systems subjected to over-all evaluation
testing were selected primarily on the basis of performance
in the preceding Screening Tests, However salt spray per-
formance was not a rigid requirement since it was desirable
to subject as many promising finishes as possible to the full
evaluation program.

3.2.2 The test results are listed in tabular form, and each finish
or finish system is identified by a code letter, The saurce
and rull description of each finish is contained in a separate
appendix to this report. Note that all evaluated finishes
with the excepticn of the Specification Control system, were
of the air-dry vinyl type: primer, top-coat, dr both (see
Discussion, Section 4).

3.2.3 The numerical rating system simply defines the degree of per-

formance from 1 {very poor or complete failure) to 10 (ex~
cellent or no effect).

WADC TR 52-99 17



Li=s Tjt}Tit for] 8 18| ot oT (ot} g | 84 o1 L L1 9 A L T 4| L=9] 1
oTt 8 |m._H Llg lot] 6 |6 ot ot lot] L & oT1 8 61 9 8 Ll wlox| 6|
[ 6-L B otlz | 8 |¢ {ot| otlo] ot ot |8 | g |84 0T SuoN g | 6-L g|ls9l 8| 8
¢ | oL g |t | ot|otfot| 8 [4] of ot lot[ 2| 2% ot g | 64 9 | 8= 6|8l 6] 6 [H
8 [L-9 sltt1oltlotlg o] 2 ot lot| g | & ot L | L9 L L Llsve]| 8|9
6| 8 Tl !l %[t lot] ooy o1 ot lot| s ¢ ot [ 6| 8 L 6| 61 6 6 | &
6| 9 w0t ] et lot| 6 (9] 6 ot lot| 4| & 01 8 L] 6 S gl9=2] 8168 %
| gl L g |T{8{Tlot| oT[6] oOT ot |otlg-y| W 01 suoN | g-¢ | 4-% gl ¢l 8 |sL] @
L |89 Tt | 41t ot ot|g]| oT o1 |L! v ] € 0T suoN g b g e=¢] 9 L 10
et TTIT Lt |ot] 6 |s]| ot o1t lel¢cl|s 0T suoN | ¢ | @ 61 =gl 9 |e-L] d
AN 61z 16l¢lot|sls] ot ot |8 ls-vls-vl ot ouoN | @ 1 gl tlsl 2 ]|v
= | o -3 Mo el =219 = g g o g
1HHE T Al FEEE R
Bla| El3|ElEE ZIE|E AL IR HEE
318 el ”lafd |52 1518 218 |8 |8 : 5| B
S S ) * 18 4
o) ]
7]
ITTIANVH 4§ TS o | waiswo| uAIvM | JENTAVD |$200°:MOIHL $200°:¥OIHL m
qINO THYANVH {7—df NI bDITOVM|-UdHIvIM  dV1 IATHOH TIVEEAQ  TIVYHEAO 0200°
fsxva %t *d5002] w§ UHAO | °SUH 7 {IAH NI|*SuH 0G2] °SHH 12 NI V0D  YAWINd QYW 0200° | °¥OIHI
ONTYY v ° Ineg | wmrav 1suH vz LAY 1PSUH 0ST | 401 QHGNEW NO HINDOVI | SSENMDIHL| TIVHIAOD
~HLYIM g7 Hod| dwEl | WELIV ~HOOEH "SI @ATL-T-TIH | TUNSOdX®| Ivads
®AIS | ONIOV I TviaoN IVAdS JIVS SUNOH 09 |[XAVHdS IIVS ITvS
=IN0 | -IY X4 IV XI1d HONVREOI M I YOO~dOl “GHH 0§52 |°SuH 02T

SIS ISHL NOILVATVAR

9 ¥l

18

YADC TR 52-99



3.3

Part 3

= Electrochemical Test Data

3.3.1 The test results presented here have not been used directly in
the evaluation of proprietary finishes; however, the trends and
basic data have been useful in promoting better understanding
of the corrosion mechanisms and aided in the more accurate fin-
ish evaluation, See Discussion, Section 4.

Compound
Barium Sulfide
Cadmium Sulfide
Calcium Sulfide
Sodium Sulfide

Zine Sulfide
Barium Potassium
Chroemate

Strontium Chromate
Z2inc Chromate
Basic Zinc Chromate
Titanium Dioxide

Zine xide

Sodium Aluminate
Sodium Arsenite
Sodium Fluoride
Sodium Pyro-phosphate
"Chromic Phosphaten

Hydroquinone
8-Hydroxyquinoline

TABLE 7

MAGNESIUM CORROSION INHIBITORS

Rating (Anode
Inhibition) Remarks#*

8 Excellent inhibition, Mills well.

5

7 Very good inhibition. Mills well with vehicle.

8+ Excellent inhibition. May be too water soluble
for effective formulations’

7

>+

&+

)

L

1 Very poor inhibition., Specimen appearance worse
than control.

1l Not so severe as Ti0O;, but apparently no in-
hibition.

5

6

7+ Water solubility may be detrimental.

7

6 New proprietary pigment reported as containing
trivalent cation., Inhibition fair. Mills well,

T+

7+ Very good inhibition. Soluble in vehicle.

Appears to retard drying.

*Inhibition remarks apply only to performance in the immersion cell.

WAIC TR 52-99
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4. DISCUSSION:

L.1 The criteria listed in Test Results for the evaluation of the more
satisfactory finishes are believed to be those of primary interest
in the determination of a satisfactory finish. The numerical rating
system was established to allow fine gradients from "good" to "bad"
and was based upon average expected results, or upon performance of
the Specification system, depending on the particular test. Since the
ratings are all relative, simple addition of the ratings for the various
exposure conditons of interest will allow selection of the most satis-
factory finish,

L.2 An analysis of the results of the screening tests leads to several in-
teresting generalizations. One is that the corrosion protection offer-
ed by baked films is not significantly better than that of the air-dry
films. Since the adhesion of baked films was normally better than that
of the air-dry, the inference is that adhesion (and related properties)
is not in itself a significant factor for magnesium prot ection. This
thought is substantiated by the lack of correlation of adhesion with
corrosion protection of the air-dry films. However, for a particular
type of finish, e.g., a chromate pigmented vinyl, adhesion is a factor
of corrosiom resistance,

L3 Another interesting generalization is that superior protection has not been
achieved with any of the clear finishes tested, although ion conduction
tests by the electrochemical method showed no measurable permeation,
whis fact allows the presumption that, for a non-perfect film, which is
the condition of virtually all production painted assemblies, an inhib-
iting pigment is essential for superior performance.

Lo It is noted that the large ma jority of the more satisfactory primers and
finish systems tested are of the so-called vinyl type, meaning that the
paint resin is primarily polyvinyl chloride or a copolymer of vinyl
chloride-vinyl acetate. Since most of the finishes tested are proprietary,
precise formulations have not been disclosed. However, it is lmown
that virtually all of the "vinyls" are modified by oils and by other resins
such as melamine, phenolic, and alkyd. The nyinyls® were selected by
most commercial finish suppliers as the most probable magnesium finish
presutnably because of the inherent low permeability, and modifications
were for the purpose of enhancing film pruperties such as adhesion,
flexibility, etc.

L.5 At the beginning of the project, the theory was advanced that the more
satisfactory magnesium finishes would be those having the lower acid
numbers, i.e. showing less tendency to react with alkaline solutions.
The reasoning was that in the normal imperfect film, water would perm=-
erate to the magnesium surface and cause some hydrolysis with consequent
release of hydroxyl ions. If the finish were high in scid number, the
alkaline solution so formed would react with the film and cause loss of
adhesion and protective properties, resulting eventually in severe cor-
rosion, In line with this presumption, the majority of finishes supplied

WADC TR 52-99 28



for this test project were low in acid number (5 or below). However,
low acid number cannot be specified as an independent variable or an
essential property, Obviously, if the finish is sufficiently imperm-
eable and water resistant, and no breaks exist in the film, virtually
no corrosion will occur and alkaline resistance (and low acid number)
is not necessary. In the case of most imperfect organic filuas, some
corrosion will occur initially, and alkaline resistance is essential,
and consequently low acid numbers are probably also essential., This

is particularly true if the acid number is measure of the free car—
boxyl groups in the resin or modifiying oils. This theory has been
neither proved nor disproved by the test results of this project; how-
ever, the contention that alkaline reactivity is detrimental to mag-
nesium finish is reasonable and substantiates this contractor's observ-
ation that paints and primers developed for neutral or acid hydrolyzing
metals are unsuitable for magnesium,

4.6 The study of pre-paint treatments was not a specified part of this
project. However, some test panels were given treatment other than the
specified dichromate (Dow #7) or left bare for the purpose of furthering
the understanding of primer compatibility. Some interesting phenomena
have been observed. For example, a drop of distilled water placed on a
fresh, mechanically cleaned magnesium surface will quickly (within
minutes) reach an equilibrium pH of approximately 9,5-10, If the surface
is given a Dow #7 treatment, the hydrolysis pH will be approximately
8.0 - 8.5, For several different phosphate and sulfur-bearing chemical
surface conversion treatments, the degree of paint adhesion appeared to
be a function of this hydrolysis pH. The time required for fimish
evaluations did not permit further verification of this phenomenon or
refinement of laboratory techniques,

Le7 Almost without exception, Dow #7 pre-paint treatment gave superior re-
sults for the finishes tested, over the use of untreated surfaces or
other experimental treatments, Note that several panels treated with the
new Frankford Arsenal HAE coating were tested. This treatment produced
excellent primer adhesion, superior to any other treatment attempted,

As a function of adhesion, the corrosion protection of a good finish
was improved, although it appeared that the protection was still pri-
marily dependent upon the primer properties, i.e. the HAE treatment did
not offer significant corrosion protection in itself. This is a reason-
able observation since it is Jmown that the dichromate surface allows
the release of soluble inhibiting ions, and some measure of the galvanic
protection is due to these ions. It is improbable that such release
occurs with the HAE coating.

4.8 It is entirely possible that the HAE coating would be quite beneficial
in applications where mechanical protection of the magnesium surface
is essential. As previously stated, this test project was directed
on the assumption that galvanic corrosion reduction was the primary
goal, and corrosion tests were such that inhibition was essential to
superior performance. .

4.9 It was noted that the HAE magnesium coating was brittle and would flake

readily when the panel was bent. However, the same is true of the Dow #7
dichromate surface when subjected to flexibility tests without a paint
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' finish (bending of a .040 or ,051 panel over a 0.50 diameter mandrel at
room temperature), Some experimentation with a coating involving the
formation of a magnesium organic complex on the panel surface shows
that it is possible to produce a coating that will withstand this bend
test, Further investigation into the effect of pre-paint coating brittle-
ness should be beneficial.

L.10 With the exception of one acrylic-type finish and the specification
control system (alkyd primer, enamel top-coat), all finishes sub-
jected to evaluation testing consisted of air-dry vinyl primers.

In most cases, top-coats were also of the vinyl or modified vinyl
type. Since baked finishes did not show any significant improvement
in protection over the air-dry types and are not desirable for air-
frame use from a production viewpoint, it was not felt that evaluation
of baked finishes in the final phase of this project would be bene-
ficial, However, future work on the evaluation of baked finishes
might be desirable because the improved mechanical properties may be
of value in special applications, particularly for equipment items.
The selection of vinyl-type finishes was simply because of their
superior performance in screening tests.

4.11 The outdoor weathering test employed for this project showed remark-
able changes in results for exposure at different s easons. Exposure
of the specification control system for the three months - December,
January and February ~ did not produce significant corrosiom, although
representative vinyl systems showed some blistering. Considerably
more severe results were obtained for two weeks exposure begimning
in March than for the entire three months preceding. For both periods,
the exposure was accelerated by daily spray application of natural
sea water, This difference probably demonstrates the significance of
axposure at different conditions of solar radiation and temperaturs,
since the accelerated two-week period had average maximum temperatures
of approximately 109F. greater than during the preceding three months.
It was also interesting to note that the relative standing of the
various finishes were more closely aligned with salt spray ratings
during the rapid corrosion than during the slow three month period.

4,12 The studies of galvanic cell action and the resulting plots submitted
in the "Test Results" section of this report were primarily for the
purpose of gaining further insight into the mechanisms of galvanic
corrosion and polarization effects. The results obtained were not
used directly in the formulation of the evaluated finishes, although
more accurate evaluations were possible knowing the nature of the
galvanic action. For the plots of cell current vs. half-cell po-
tential, the shape of the curves are not of critical importance as
far as determining ef'fectiveness of a particular inhibitor. Of more
significant interest is the increase or decrease of limiting short-
circuit current with the addition of a polarizing or depolarizing
material in the cell compartments.

4.13 The electrochemical technigques utilized in a preliminary manner in
this project should be quite useful in further development work for
magnesium coating formulations. As stated in the galvanic cell test
method, some application of the galvanic cell test data was attempted
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by Northrop laboratory perscnnel with promising results in that a
permeable vehicle film, by addition of inhibitors, was made to pro-
tect magnesium almost as well as the much less permeable vinyl film
with conventional zinc chromate pigment., While Northrop will continue
some study on this mechanism of galvaniec corrosion protection, it is
hoped that the curves presented herein and the brief discussion given
will generate further interest in the industry for this type of re-
search.
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GURE 12 SALT SPRAY CABINET
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