UNCLASSIFIED

AD NUMBER

AD002168

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM

Distribution: No Foreign

AUTHORITY

AFAL 1ltr 17 Aug 1979

THIS PAGE IS UNCLASSIFIED




171 'g‘
E
!

et Sevics Technical formatio ﬂgen"y

WE

GLUMENT QERH“E CENTER

KNOTT B3iiitiNG, DAYTON, 2, OHIO

IUNCLASSIFIED!




WADC TECHNICAL REPORT 52-99

RESEARCH INVESTIGATION OF PROTECTIVE COATINGS FOR MAGNESIUM

H, D. CHILDERS
K. B. NILES
A. G. VALLES

NORTHROP AIRCRAFT, INC,

NOGVEMBER 1952

WRIGHT AIR DEVELOPMENT CENTER

w.,.':) TR

291 ¢

J




NOTICES

When Government drawings, specifications, or cther data are used for any purpose oiher
than in connecticn with a definitely related Goveramen: procuremert operation, the United States
Govertcient thereby incurs no responsibility nor any obligation whatsoever; and the fact that the
Government may have formulated, furnished, or in any way supplied the said drawings, specifica-
tions, or other dara, is cot to be regarded by implication or otherwise as in any manner licensing
the holder or any other perscn or corporation, cr cocveying anv rights or permission to manu-
factare. use, or sell any patented inventica that may in any wav be related theretc.

The information furnished herewith is made available for study upon the understanding
nat the Government's proprietary interests in and relating thereto shall not be impaired. It is de-
sired that the Judge Advocate (W'CJ), Wright Air Developmea: Center, Wright-Paiterson Air
Fcrce Base. Ohis, be promptly notifed of any apraren: conflict berween the Gevernment's pro-
cristany interests anc those of others.
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ABSTRACT

Numarous 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 a2 corrosion protection,
It was found that air-dry vinyl aystems offer optimum protection, considering
the systems tested, Developmntal data and discussions of magnesium corrosion
innibitors and galvanic cell test methods are includad in the report,
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FROIECTIVE COATINGS FOR MACNESIUX

1, INTRODUCTION
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The aircraft designer is continually eearching for stronger and lighter
structural materials., Too {requenctiy he must pay a penzltiy for the more
desirabls meterials, That penslty may be in availability, in processing,
fabrication or forming problems, or in service factors such as fatigue
resistance or corrosion suusceptibility.

Hagnesium and its alloys offer considerable promise to tha designer be-
cause of outstanding mtrength to welght ratios., The raw materdsl source
for magnesium J3a virtually inexhaustible, and yrocessing and fabrication
problems have been minimized by develomment work of the past few yeart.
One of the primary factors delaying the wide use of mgnesitm for sir-
craft structural paris i1s its corrosion susceptibllity. Since modern
aircraft are subjected to wice extremes of environmental conditions and
masmesiun is inherently & highly active metal in the presence cf water
or other corroding media, & durshle and practical protective finish is
essential,

This project was initiated to investigate and consovlidate reported data

on the efficiency of magnesiwm pretection offasred by existing or newly
developed organic rfinishes, It was hoped that general conclusions could

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

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

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

Since magnesium exhibits a highly electronegative potential with respect
to hydrogen in the so-called galwvanic gerieas, it is susceptible te 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 megncsluw surface begin to show
differing electromotive potentials with respect to each other, and gal-
vanic currents flow which accelerate ihe corrosion or solution of the
anodic {more electronegative) surfaces. In many cases, high galvanic
currents may flow initially dus to surface impurity inclusions, attach-
rent of other more cathodic metals to the magnesium surface, or to othrer
causes such as solution concentrations, oxygenation, etc.

Two fundamental appreoaches to magnesium corrosion protection becomes ap-
parent: (1), surround the magnesiuz with an impermeable film to com-
pletely exclvde water, and (Z2), tc include certain soluble or polarizing
materials in the protective filu such that when water does penetrate,
PLlarizalicn phenomena take place and ga.vanic or corrosion currents

ers noeld to & mirimm by the increased effective internal cell resist-
ance. It ix believed thut the more efficient and practical mo2gnesium
zoatinor ahovld incorporate come mcasurc of cach of thede Lwo proteci=
ive mechznjsms,

Bafors thege two fundamontal mochanisws can be translated lnhu a sucisss-
ful magnesium finish. consideration muat be given to tre essential film
]

™ 52-9% -



proparties. These properties inciude: (1) electrical insulation,

either by dielectrie mschanisms or by apparent polarization phenamena,
(2) aikali resistance, required by the n.ighly alkaline hydrolysis of
magnesium, and (3) adhssicn, wnich is = prima factor of the coating
durability. For speciZlic coatings, ot b: propeirties may be of greater or
legser importancs; such as flaxibility, hardnees, uWltr-viocletl radiatiom
resistaace, water resistance, etc. It is apparent that relative evalua-
tions of coatings must consider all pertinent properties and screening
tests and their svaluations must be Hhuiged accordingly.

1.7 As an aid in the developmant of this project, a "prior art" search was
made inclmim_c survey of opinions and products of many of the leading
paint and reein manufacturerm and corrosion experts. While the rezponss
to the circulated questionnaire was guite cooperative, it was apparent
tlat a wealth of informstion i3 svailabls for ferrous metals, but sur-
prisingly little work has been done on corrosicn mechanisms and protective
measures for the lighter metals, particularly mignesium. The survey ra-
sulta themselves were us=ful in indication rields of further study, and
many cof the ideas generated hove been reflected in products and discus-
sion presented in the body of this report.

1.8 This report repressants an attempt to tabulate ths observed performance
propsrtiss of many proprietary and experimental r_gneniun coatings and
to present some developmantal dats that may be o =alue for future work
in this field.

2. TEST HETHODS

2.1 Corrosion Testing

2.1.1 PFrom a laboretory viewpoint, accsderated aging tests are highly
desirabls bocause they produce resulis in & relatively short time,
However, real benefit can be derived from accelerated tests only
if they clossly simulate the service exposure conditions or if
they contribute better understanding of the sging (or corrosicn)
mechanisms, Since magnesium is chemically so highly electronege-
tive. it bas been assumed that correcszion is primarily a function
of galvanic current flowing either betwssn electrically dissimilar
portions of the metal surface or BStwmem souples set up by attach-
ment of 2 more noble metal, The primary ctest method rellied upon
for scereening and evaluation testing of megrssium finishes has
been the standard salt spray corrosion test cabinet becauss the
accelerated corrosion so cbtained can be considered a major finc-
tlon of galvanle polentials. Sall spray Colcrusion Lest pansls

were standarized in the following form:

AN

i Formed angles of disslmilar netal
|, were atlached with 565 cluzinum
15 2lloy rivats after painting the
——— | magnesiun panel.
L'. e ) |‘

H ‘;u V

l-:—é { .0%1 magnesjum F3~1h panel {Dow #7 dichromats

prr--_min“ treatment, unless otherwiss specified),

WATG TH 32-99 2




WAD: TH

2.1.2

2.1.3

The edgss of the test panel wors giveu a spray coat of the test
finish just prior to spraying the ranel surfacse, and were not
otherwise prctected, either by deburring {(rounding) or by wuxing.
The pariels wsie suspended vertically, and ths dissimilar metal
angles conslisted of 243-T3Al, top and bottam, cadmium plated steel,
and 758-T€Al, in most cases. The angles were varied in some tests
to determine effects with other zetsals such as copper or Type 302
stainless stesl. The overall corrosiaon evaiaation was affscted
very little by theae variznces, although 302 stuinless normally
caused ths greatest attack, with 243 aluminum and copper being
nearly as severe.

Since some finishes may bha mora affacted hy tha high shlorida ion
content of the salt spray than others, the salt spray evaluation
musv be tempersd, in marginal cases, by other test methods. Ac-
celerated outdoor weathering exposure was used for this purpose,
with swall palnted panels of megnesirm alloy prepared with a
2L3-73 formed angle attached as shown below.

p—— 5" —

=] =] j'
I U 7

These paneis were mounted 45° from the horizontal, facing scuth
on an outdoor stand, and natural sea water sprayed daily on the
pansls. This method acceleratsd galvaniz corrosion whila expos-
ing the finish to the deteriorating effects cof sunlight and con-
densing moisture, However, the benefits of the method could not
be fully utilized because of time limitations.

E4

2.2 Fiim Properties

2.2.1

2.2.2

2.2.4

52-59

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

Hunidity effectc were tested in a2 standard humidity cabinet main-
taining 95¢ 2+ 5% Relative Humidity at 100°F. Filzs with hygro-
scopic tendencies allow film goftening, blistering, and corrosion,

Flexibility was determined by bending a panel, (.051 x 3 x 5)
ecoated with the teat finish, over a C.20 diameter mandrel. The
musl was beut 180° sl rvuu tewveraiure and afier sging at 200°F
for 48 hours. Kupture of the film on the tension side was con-
sidered to be failurs primarily in flexibility, while rupture on
the compressicn side of the bend was considered primarily due to
adhesion failure.

Adhesion was not determined quantitatively, but on a relative
bagis. Fingermail and knifs scrateching and peeling were observed.
For more critical determinations. parallel lines zpproximately
1/16 inch apart were scribed on the paint surface to form a grid.

3
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2,5

2.6

Four lines in each direction were normally sufficient. Wnen ad-
hesion was poor, the squares of paint would flake off during the
acribing. The 2ags with which the cquares part from the panel

ie a fairly critical measure of adhesion, if scme consideration
is made of the degree of cohesion of a particular finish,

Fual Resistance

2.3.1 38pecimen 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 tsmperature of 70°F. (This fuel is a hydrocarbton
mixture with approximately 15% aromatics). The panels were
visually rated on the basis of film softeiing, loss of adhesion,
blistering, and app=arance changes.

Water Resistance

2.4.1 Specimen pancls, ,051 x 3 x 5, coated with the test finishes were
imnersed in tap water a2t rocm tampsrature or 24 hours. The panels
were visually rated on the basis of film softening, loss of adhe-
sion, blistering, and appearance changes.

Bydraulic Fluld Resistance

2.5.1 8pecimen panels, ,051 x 3 x 5, coated with the test finishes were
izhersed in mineral oil hydraulic fluid (Spec. MIL=0=5604) at
room temperatura for 24 hours., The panwls were visually rated on
the basie of {ila softening, loss of adhesion, blistering, and
appsarance changes,

Electrocheamical Tesats

2.6,1 Three fundamenial test methods were used in the study of pigment
inhibition and ion permeability,

2.6.1.1 gimple evaluations of corrosion inhibiting properties of

pigments and soluble additives were made with an apparatus

a3 sketched below. .//_'\Qx CLECTRICAL (OMA TN

MAGHESIUM PANEL //:_ R ALUMINGN SAkZ,
F3$-in {/ 245-T3IAL
L
1
[ 7 Y- TN . = #— — = "i: — —fF- 1o Nalue SOULN
wWIiTH (MEIB TOR _L"‘i 4— - [: — ‘L_‘ wITH PRENCLEATRALEIN

Additives were pilaced in the anode or cathode solution;
as desired, to forxr a saturated solution. Corrosion in-~
hibition evaluation was based upon actwl corrosion of
the anode (magnesium) and by observaticn of side effects

= n

AS
. - e Tk 2l A LR TR S U F, S
SUCN &35 a5 S¥0LuLicll U1l pn viiande dav LIE Caulltus.,

2.4.1.2 The change of corrvsion current with time for a partie-
ular finjsh was measured by uze of a zero-resistance
ammeter circnit se that the deterioration of the film
could pe evaluated by the flow of galvanic current under
simuiated short-circuit conditicns. The apparatus was
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2.6.1!3

in accordance wiih the sketch below.

N
; 4
. -v$‘¥%4v—
———®
Seliva

By 2djusting the reaistance, the potentizl differenticl
tetween anode ard cathcde compartments of the cell was
reduced to zere, so that the current measured at A was
a functicn of the effective intermnal resistance of the
cel]l only, This condition simulates 2 corrosion test
panel where the dissimilar metal is riveted or fastened
directly to ths magnssium with essentially sero contact

resistancs,

This test method interposes the condition of immersion
in the electroiyte, which is normally not trus for cor-
rosion specimens in accelerated aging test. However,

the permeability of a coating to ion conduction can bs
easily cbserved, and, of particular intersst, the change
in curpent with time on rupturinz of & finish (such as

a scratch or puncture) can be plotted accurately.

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

The particular apparatus used was capable of measuring
currents as low as 0,01 microamperes. For ease of hand-
ling and improved control of test conditions, all data
were obtainad by use of the isolated hLail-cells, For
this reason, the limiting current in the cell at short
circuit miky lavc bsen restricted by the increased inter-
nal resistance dus to the agar gel conducting bridge.

since relative effects and curve shapes were the primary
interest.

Cell potentials vs. cell current were plotted for mag-
nesium-alunminum cells to evaluate polerization phencmena
of varicus inhihiting pigments. Unpainted esl=ctrodes

were used in the same cell apparatus as described above
for the zero external resistance current mezsurements.
Anode and cathcde potentials were measured with refer-—
ence t¢ a cslomel half-cell, and absolute values convert-
ed to hydrozen electrode raference. Usirng thrhe zero-resist-
ance ammeter circuit to vapry the cell current from zero
(open-cirucwit) to maximun (short-circuit), potentialis of
mach electrode were measured in an external, potentio-
irler-bridges balanced, zero current circuit., Plots were
mads of potential vs. current for various additives to
cathode; ancde; or both; to grarhically demonstirate the
volaz-diration or depolarizatiocn effeciiveness of ihe
additive.
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VADC TR 52-99

Some of the inhibilors studied under methods (1) and (3) above
were milled into an experimsntal alkali resistant modifled alkyd
resin and svaluated as a paint film, Penel test results reported
for Northrop - source finishes are of this nature. The resin used
wks known to be permeapla to conduciing ions when pigmented, as
evidenced in preliminery testing by method (2) above, These fin-
lshes offered excellent oppoyrtunity to svaluate films dependent
primarily upon inhibitive properties for protection.

All flnish svalustions roported hsrein weare conducted on magnes-
iuwm ailoy FS-IH. Most of the panels were fsbricated from .051
sheel sicck, although soms corrosion test panels were mude Irum
«040 shest. The corrosion performence of these two thicknesses
appeared to be identical.

All evaluation finishss were applied by spray technigue, with
ihe finish thinned and handled in accordance with the vendor's
recamendations. No control could bs exercisad by this con-
tractor over the vendor application spray technique or eguip-
mant; however, Northrop application involved use of the DeVil-
biss Touch-up Spray Gun for screening tests, and the American
Brake Shoe Gur, Model S-70, for evaluation tests of ssreenad
meterials. Both guns were operated at 35 lbs. air preasure.

O~



3. TEST RESULTS
3.1 Part 1 - Screening Tests
3.1.1 Commnercial and experimental primers and finishes were screened
for corrusion protection of magnesiun by 120 hour exposure to
gsalt fog in a standard salt spray cabinet (Industrial Filter
and Pump Mfg. Co., Type CA3). Salt concentration was 20% and
the temparature 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 ..d air dried unless otherwise stated.
3.1.5 Evaluation ratings are from 1 (very poor, failure) to 10 (excellent).
TABLE 1
VINYLS AND MODIFIED VINYIS
o EVALUATION
NO. OF OVER- | {SALT SPRAY, 120 HRS!
NO. OF|FINISHES ALL COR-
COATS |E.G. PRIM~ | FINISH{RGSION
PANEL BOURCE|INCLUD|ER-TOP COAT| SYSTEM|RESIST-ADHE-| BLIST-
NO. (¥ FGJ){PRIMER ETC. THICK. |ANCE SION |ERING REMARKS
8
(5.C.3) 3 2 . 0015 3 9 9 Specification Control System
9
i (S.0.8) 2 . 0015 5 S 9 Specification Control System
Susrended Eorizontally
= ;:———_——_#_— — e —
1 1 1 1 3 5 5
2 1 2 2 . 0020 5 5 7
3 1 2 2 . 0C20 5 5 7 Panel scratched between angles
L 13 2 1 L0020 s 7 9
5 13 2 1 . 0020 5 7 9 Panel scratched between angles
10 13 2 1 .cCc10 | 8 9 7 Pigaent modified #i
n 13 2 1 .0010 6 8 8 #10, except phosphate pre-paint
treatment
12 13 2 1 L0015 L 7 8 #1C, no pre-paint
13 19 2 1 L0015 7 7 8
14 19 2 1 L0020 6 6 8 #13, phosphate pre-paint
15 19 2 1 .0C30 é 6 8 #13, no pre-paint
21 1 2 2 .0050 6 7 8
22 1 2 2 . 0020 £ 7 8
23 il 2 i . 0020 6 8 8 No rre-paint
30 pui 2 1 .0020 € 8 8 #25, Dow #7 rre-paint
YA TR 52-99 7
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TARLE 1 (Cont'd.)

VINYLS AND MODIPIED VINYLS
~ T f u
. - | | EVALUATION
: J 'NO‘. OF ' OVER- (SALT SPRAY, 120 HRS)
l |NO.OF |FINISHES : ALL CCR- | 1
i . iCOATS ,2.G. PRIM- : FINISH| ROSION] I
i PANEL| SOURCE! INCLUD; ER=TOP COAT SYSTEM| R2SISTHADHEBLISTE
[_ NO. | (MFG.)!PRIMER ETC. THICX | ANCE | SION| ERING REMARKS
S 11 2 1 L0015 | ¢ g | 8 Special pre-paint treatzent
35 1 2 1 L0015 3 8 8 Vapor=blzst clean. no pre-paint
43 9 1 1 0005 | 8 6 | 9 Scratched to bare metal. Coating
baked at 300°F for 20 min.
PoLh 9 1 1 015 L b 5 #43, no pre-paint
. b5 9 1 1 1.0005 | 3 Lo 4 No pre~paint. Coating baked at
| | 3500F for 30 min.
L6 9 1 1 ].0010 | 4 5 9 #45, Dow #7 pre-paint. Coating
] | baked at 350°F for 30 min,
47 9 2 2 .0010 N A 9 No pre-paint, top coat baked
| 30 min at 35‘00?0
L8 9 2 2 |.0005 | &4 10 ]10 Ko pre-paint, top coat baked 30
min. ad 350°F,
49 9 2 2 .0010 5 7 8 No pre~paint, top coat teked 30
mia, at 350°F,
50 1 2 1 0025 8 8 9 Dow §7 pre-paint
51 1 2 1 0035 | 8 10 |9 Dow #7 pre-paint
v 52 11 2 1 1.0030 é g 8 Dow #7 pre-paint
53 13 2 1 1.0015 4 5 L Special vendor pre~paint
54 13 2 b - 5 IR g Special vendor pre~paint
55 13 p) 1 +0010 5 I 8 Special vendor pre-paint
56 13 2 1 — 5 5 8 Special vendor pre-paimt
60 11 2 1 .0025 8 10 9 Dow §7 pre-paint
61 11 2 1 0030 8 10 9 Dow #7 pre-paint
&2 2 2 1 0005 4 5 8 Dow #7 pre-paint
63 22 2 1 +0005 I 5 8 Dow #7 pre-paint
&L 22 2 2 0015 | 7 g |8 Dow #7 pre-paint
65 2 2 2 0015 7 8 8 Dow #7 pre-paint
70 11 2 1 0035 | 7 6 |8 Dow #7 pre-paint
vl 11 2 1 — | 9 10 8 Dow #7 pre-paint
72 11 2 1 - |10 9 9 Dow #7 pre-paint
73 1 2 1 — | 8 8 5 Vapor Blast pre-paint
78 1 2 1l - |10 8 9 Dow #7 rre-paint
79 2 < 2 L0025 | 6 8 8 Chrome pickle pre-paint
. 80 2 2 2 0025 g 8 8 AN—¥-12A Type 1 chromate pre-paimt
81 2 2 2 . 0050 5 8 8 AN-M-12A4 Type 1 chromate pre-
paint, top coat baked 30 min.
at 200°F, then 15 min. at 350°F,
82 2 2 2 . 0025 5 8 8 AN-M=124 Type 1 chromate pre-
paint
83 | 2 1 —_ 9 L |8 Dow #7 pre-paint
o4 il 2 b - ic 5 g Dow #7 pre-paint
- 85 13 1 1 0010 5 7 2 Dow #7 pre-paint

WADC TR 52.99




TATE 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 [RCSION
PANE]I] SOURCE] INCLUD. { ER-TOP COAT| SYSTEM RESIST4AIHE4ELIST-
NO. | (MFG. )| PRIMER ETC. THICK. ANCE |SION [ERING REMARKS
86 13 2 1 .0015 6 7 8 Dow #7 pre-paint
87 13 3 1 0020 ) 7 8 Dow #7 pre-paint
91 11 2 1 — 6 7 8 Dow #7 pre-paint
92 | 1I 2 1 — 9 7 8 Dow #7 pre-paint
93 1 2 1 .0010 6 7 8 Dow #7 pre-paint, clear resin
9L 11 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 é Dow ##7 pre-paint
2 | 2 2 1 - 7 5 é Dow f7 pre-paint
103 22 2 1l —_ 7 5 6 Dow #7 pre—paimt
04 | 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 n 2 1 - 7 8 9 Dow #7 pre-paint
108 n 2 1 —_ 6 5 9 Dow #7 pre-paint
109 1n 2 1 - 9 5 9 Dow #7 pre-paint
110 1n 2 1 — 9 5 9 Dow #7 pre-paint
136 1 2 1 L0015 8 ' 6 7 Dow #7 pre-paint
137 20 1 1 .05 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 1l 1l 0005 ) 8 7 Stainless steel pigment, Dow
#7 pre-paint
155 1 3 2 -— 9 8 8 Dow #7 pre-paint
156 | 11 2 1 - 3 2 2 Dow #7 pre-paint
158 1 2 1 — 9 8 9 Dow #7 pre~paint
176 n 2 1 0RO 9 8 9 Dow /7 pre~paint
181 1 3 2 «0010 | 9 7 9 Dow #7 pre--paint
182 1 2 2 22030 8 8 6 Dow #7 pre-paint
183 11 3 2 .0010 9 9 9 Dow #7 pre-paint
184 1 2 1 . 0020 5 8 8 Dow #7 pre-paint
185 11 2 1 .0025 9 9 9 Dow #7 pre-paint
190 10 2 1 .0C20 5 8 g8 Dow #7 pre-paint
191 10 2 1 . 0020 7 7 8 Dow #7 pre-paint
192 10 2 1 . 0020 5 8 8 Dow #7 rre-paint
193 | 11 2 1 LomCc | 8 '1o 9 - Dew #7 pre-paint
194 1 3 2 .0020 8 8 3 jo pre-paint
195 11 2 1 +C025 9 8 8 Dow #7 pre-paint
158 2 2 1 .0010 9 4 3 Dow #7 pre-paint
199 2 3 2 L0010 g A 2 Dxs #7 pre-paint
200 2 3 2 .0010 i 4 8 2 Dow #7 pre-paint

WADC TR 52-99 9



TABLE 1 (Cont'd.)
VINYLS AND MODIFIED VIN(LS

EVALUATION
NO. OF OVER- |(SALT SPRAY, 120 FRS)
NO, OF|FINISHES |ALL [|COR- |
COATS |E.G. FRIM~- | FINISH |ROSION]
PANEL{ SOURCE | INCLUD{ FR-TOP COAT SYSTEM RESIST“ADI‘H [ELIST-
NO. | (MFG.)|PRIMER E1C, THICK. [ANCE |SION G REMARKS
201 2 3 3 <0005 8 8 A 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 5 8 2 No pre-paint
206 1 2 1 .0020 8 8 8 Dow #7 pre=paint
207 1 2 1 .0020 L 8 8 Dow #7 pre-paint, resin modified
| to withstand lubricants
208 11 2 1 L0020 6 g 18 Dow #1 pre-paint
209 10 2 1 LOR0 10 10 8 Dow #7 pre-paint
210 10 2 1 0035 | 9 9 8 Dow #7 pre-paint
241 10 2 1 L0030 | 9 8 8 Dow #7 pre-paint
212 10 2 1 LOO15 | 9 3 h Dow #7 pre-paint
213 10 2 2 L0030 [ 9 5 |9 Dow #7 pre-paint
214 10 2 1 0030 9 B 6 Dow #7 pre=paint
215 1 2 2 L0025 9 3 6 Dow #7 pre-paint
216 11 2 1 L0035 | 8 g |6 Dow #7 pre-paint
217 10 1 1 L0035 1 8 8 |6 Dow #7 pre-paint
218 10 2 2 L2035 | 10 10 9 Dow #7 pre-paint
219 10 2 | 2 JOU5 9 g 8 Dow #7 pre-paint
500 13 Lyl — 6 L |8 Dow #15 & Dow #7 pre-paint
501 13 1 | 1 — 6 L 8 Dow #15 & Dow #7 Pre-paint
502 13 1 1 —_ 5 4 2 Dow #7 pre-paint
503 13 1 1 - 5 IR 8 [Dow #7 pre-paint
520 13 1 1 .0010 | 6 7 |8 Dow #7 pre~paint
521 13 1 1 L0015 6 7 8 Dow #7 pre=paint
522 13 1 1 LO00LD | 6 7 8 Dow #15 & Dow 47 pre-paint
523 13 1 1 +OC15 7 7 B Dow #15 & Dow #7 pre-paint
524 13 1 1 L0010 | 6 7 16 Dow #7 pre-paint
525 13 1 1 0010 7 7 6 Dow #7 pre-paint
526 13 1 1 010 7 1 6 Dow #15 & Dow #7 pre-paint
527 13 1 1 L0010 | 6 7 16 Dow #15 & Dow #7 pre-paint
532 13 2 1 .0010 I 717 Dow #7 pre-paint, clear resin
533 13 2 1 .0005 4 7T 17 Dow #15 pre-paint, clear resin
534 13 2 1 .0010 4 7 7 iDow #15 & Dow #7 pre-paint, clear
; | resin

WADC TR 52-39 10



TABLE 2
ALKYD AND MCDIFIED ALKYD FINISHES

n ‘ EVALUATION
'%0. OF OVER- | (SALT SPRAY, 120
NO. OF|FINISKES ALL COR-
COATS |E.G, PRIM-~! FINISH| ROSION

PANEL [ SOURCE INCLUDJER-TOP COAT SYSTEM | RESIST~ ADHE-BLIST-

NO. |(MFG) | PRIMER ETC. THICK. | ANCE SION |ERING REMARKS
3.C.5| 3 2 2 L0015 3 3 9 Kpecification Control System

6 | 19 3 2 .0020 9 9 MIL-E~5557, Ensuel over Northrop
Seal Primer

18 17 2 1 . 0020 8 8 8 Dow #7 pre-paint

19 17 2 1 ,0025 A 7 6 Phospate pre-paint
32 11 2 1 .015 3 8 6 o pre-paint

a3 11 2 1 .0010 4 g8 7 o pre-paint

34 11 2 1 .0030 2 8 6 peclally treated magnesium
3 11 2 1 .0030 L 8 I3 apor blasted mugnesium
a8 17 1 1 L0010 A 5 7 #7 pre-paint
89 17 2 1 .0010 4 5 7 w #7 pre-paint

Q0 17 2 1 010 4 2 7 #7 pre-paint
134 23 2 1 .0010 5 5 8 Eg'pre-paint
135 23 2 b3 L0020 8 5 g w #7 pre-paint
147 23 2 1 .0C10 7 5 9 w #7 pre-paint
ue | 23 2 1 L0010 | 8 £ ]l #7 pre-paint
149 23 2 1 . 0005 4 3 7 o pre-paint
150 23 2 1 . 0005 ) 5 7 Dow #7 pre-paint
151 23 2 1 . 0020 ) 8 7 [No pre-paint

152 | 23 2 1 0025 | 8 g8 7 Dow #7 pre-paint
153 23 2 1 . 0020 5 6 7 No pre-paint

154 23 2 1 .0020 9 7 8 Dow #7 pre-paint
159 23 2 1 . 0020 L 5 7 No pre-paint
160 23 2 1 .0010 5 5 7 Dow #7 pre-paint
141 23 2 1 0010 5 5 6 Organic pre-paint
162 23 2 1 0020 5 3 6 No pre-paint
163 23 2 1 .0020 6 5 7 Dow #7 pre-paint
16, | 23 2 1 L0020 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 4 3 3 Dow #7 pre-paint
148 23 2 1 L0025 3 3 6 No pre-raint

169 7 3 3 L0025 8 g 9 Dow #7 pre-paint
170 7 3 3 .0025 8 g 7 Dow #7 pre-paint
171 23 2 1 . 0015 6 7 8 Dow #7 pre=paimt
172 23 2 1 L0015 5 6 8 No pre-paint

173 23 2 1 « 0020 6 8 8 Dow #7 pre-paint
176 | 23 2 1 L0015 5 7 7 Dow #7 pre-paint
i77 23 2 1 030 8 7 7 Dow #7 pre-paint
178 23 2 1 »0030 6 7 7 Dovw #7 pre-paint
186 23 2 1 .OC15 5 i 5 Dow #7 pre-paint
187 23 2 1 .0C1s < ;8 7 Dow 47 pre-paint

WADC TR 52-99 n



TABIE 2 (Cont'd)

ALKYD AND MCDIFIED FINISHES

EVALUATION
NO. OP OVER- |(SALT SPRAY, 120 HRS]
NO. OF | FINISHES ALL COR-
COATS | E.G. PRIM= |FINISH |(ROSION
PANEL |SCURCE JINCLUD | ER~TOF COAT|SYSTEM |RESIST-| ADHE< BLIST-
NO. |(MFG.)}PRIMER ETC THICK. |ANCE SION | ERING REMARKS
196 23 2 1 . 0020 & 7 8 Dow #7 pre-paint
197 23 2 1 .0C20 8 8 8 Dow #7 pre-paint
205 13 2 1 — 3 8 g8 Dow #7 pre-paint
220 25 2 1 « 0025 8 8 8 Dow #7 pre-paint
221 25 2 1 .0015 4 8 8 ow #/ 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 8 Duplicate of #508
510 13 1 2 + 0005 4 7 8 Dow Fl5 and Dow #7 pre-paint,
¢lear resin
511 13 1 2 . 0005 L 7 8 Duplicate of #5C8
512 1z 2 3 L0025 2 7 7 Dow #7 pra-paint
513 13 2 3 L0035 2 7 7 Duplicate of #512
S5, 13 2 3 .00_0 2 7 6 Dow #15 and Dow #7 pre-paint
515 13 2 3 .0030 2 7 6 Duplicate of #514
5.1 13 2 1 . 0005 5 7 6 Dow #7 pre-paint, clear resin
542 13 2 1 . 0005 A 7 ) Dow #15 pre-paint, clear resin
543 13 2 1 . 0005 4 7 6 Dow #15 and Dow #7 pre-paint,
clear resin

WADC TR 52-99 12



TABLE J

ACRYLIC AND MODIFIED ACRYLIC FININSHES

EVALUATION
LN NO. OF - |(SALT SFRAY, 12C HRS
0. OF| FINISHES ALL CCR-
COATS | .G, FRTM= THWISH [RCSION
PANEY] SOURCE [INCLUD.| ER~TOP COAT [SYSTEM |R=SIST4 ADHE< BLIST-
NO. | (MFG.) [PRMER ETC. TEICK |ANCE SION| ERIMG | REMARKS
S.C.S. 3 2 L0015 3 9 g Special Control System
20 5 2 2 . 0025 8 8 8 Tiow #7 pre-paint; 10 days cure
time
23 5 2 2 .0020 IA 6 3 #2C, no pre-paint; 3 days cure
time
24 5 3 3 LOR5 5 8 IN No pre-paint; 10 days cure tize
25 5 3 2 .0030 3 6 3 No pre-paint; 10 days cure time
26 5 2 2 .0035 3 6 3 No pre-paint; 10 days cure time,
clear resin
27 5 [N 3 0055 3 6 3 No pre-paint; 10 days cure time
28 5 2 2 .0030 3 6 3 Xo pre=paint; 10 days cure time
h 5 3 3 . 0060 8 L1 8 No pre-paint
75 2 3 3 .0085 8 7 8 #7L, Dow #7 pre-paint
76 5 3 3 . 0060 9 8 9 Dow #7 pre-paint
77 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 g | 9 Dow #7 pre-paint
97 5 3 3 L0060 | 10 8 9 Dow #7 pre-paint
98 5 3 3 L0070 | 10 g 9 Dow #7 pre-paint
99 5 3 3 . 0070 9 9 9 Dow #7 pre-paint
127 5 3 3 .0C3C 9 7 9 Dow #7 pre-paint
128 5 3 3 .0030 8 7 8 Dow #7 pre-paint
129 5 3 3 .00LO 9 7 9 Dow #7 pre-paint
130 5 3 3 L0025 5 5 8 Dow #7 pre-paint
131 5 3 3 .0025 | g g8l 9 Dow #7 pre-paint
132 5 2 2 . 0040 8 8 7 Dow #7 pre-pairt
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 7 8 Dow #7 pre-paint
143 5 2 2 . 0030 9 8 9 Dow #7 pre-paint
ik 5 2 2 .0C25 8 9 9 Dow #7 pre-paint
NADC TR 52-99 13



TAELE U4
MISCELLANEOUS VEHICLES

EVALUATION
NO. OF OVER- | (SALT SPRAY, 120 HRS]
NO. OF [ FINISHES ALL COR=-
COATS E.G. PRIM- |FINISH|ROSION
PANEI { SOURCE | INCLUD. | ER-TOP COAT|SYSTEM] RESIST- ADHE~| RLIST-
NC. (MFG. ) | PRIMER ETC. THICK. { ANCE SION |ERING REMARKS
PHENOLIC FIRISHES

125 21 1 1 L0005 | 2 ) 5 No pre-paint, baked clear resin

126 21 1 1 L0008 | 4 8 6 Bow #7 pre-paint, baked clear
resin

180 19 1 1l L0005 | 8 9 Q Dow #7 pre-paint, clear resin

188 15 2 1 — 6 9 8 Dow #7 pre-paint, baked clear
resin

189 15 2 1 —_ 7 9 8 Dow #7 pre-p2int, baked clear
resin

CERAMIC VINISHES

111 3 1 1 -— 2 T 10 g Low temperature fired ceramic. No
pre-paint

112 3 1 1 _— 2 10 9 low temperature fired ceramic. Ko
pre-paint

CHLORINATED RUBBER FINISHES

16 g 2 1 L0015 | & 7 6 Dow #7 pre-paint

17 8 2 1 L0015 | 6 7 6 Phosphate pre-paint

74 12 2 1 L0020 | 3 4 3 Dow #7 pre-paint

175 12 2 1l _— 1 4 2 No pre-paint

516 13 2 1 L0020 | 5 7 7 Dow #7 pre-paint, clear resin

517 13 2 1 L0015 | 5 7 7 Dow #7 pre-paint, clear resin

518 13 2 1 LO020 | 4 7 17 Dow #7 and Dow #15 pre-paint,
¢lear resin

519 13 2 1 L0015 | 4 7 7 Dow #7 and Dow #15 pre-paint;
¢lear resin

538 13 2 1 L0015 | &4 8 7 Dow #7 pre-paint, clear resin

539 13 2 1 L0012 | 2 8 b Dow #15 and Dow #7 pre-paint;
clear resin

540 13 2 1 0015 | 2 8 6 [Dow #15 and Dow #7 pre-paint,
¢lear resin

WADC TR 52-99 1L



TABLE 4 (Cont'd)

EPON FINISHES
EVALUATION
NO,CF OVER- | (SALT SPRAY, 120 HRS
NO. OF | FINISHES ALL COR-
COATS E.G, PRIM- |FINISH!ROSION
PANEL |50URCE| INCLUD,| ER-TOP COAT|SYSTEM|RESIST-@ADHE~|BLIST~
NO. |(MFG. )| PRIMER ETC. THICK. |ANCE PBICN [ERING REMARKS
37 9 1 1 L0010 | 7 10 10 Dow #7 pre-paint, panel scratched
Clear resin baked 45 min., at
4COPF.
38 9 1 1 L0015 | 4 5 7 #37, no pre-paint
39 9 1 1 L0010 | 6 8 9 Clear resin, baked 45 min. at
w‘,)oFo
L0 |9 1 1 .0005 | 7 4 6 #59, no pre-paint
Il 9 2 2 «0010 | 5 8 8 No pre-paint, Zinc Chrom. Primer
uncer Epon Clear resin top coat,
baked at 4OOCF for 45 min.
L2 9 2 2 L0015 | 6 9 10 Wash primer under Epon clear
resin top coat, baked at LOOCF
for 45 min. No Dow #7
66 9 2 1 — 5 8 10 Dow #7 pre-paint, baked coating
o7 9 2 1 —_— 5 8 10 #66, different pigment-vehicle
ratio, baked coating
63 9 2 1 —_ 5 8 10 #66, different pigment-vehicle
ratio, baked coating
69 9 2 1 — 4 8 9 Dow #7 pre-paint, Alumimum pig-
ment, baked coating

STYRENE FINISH=S

(NOTE: STYRENATED ALKXYDS LISTED UNDER ALKYD AND MODIFIED ALKYD FINISHES.)
|

57 (18 2 1 00C5 | 4 L | & |Dow #7 pre-paint

58 |18 2 1 G010 | &4 4 6 No pre-paint

59 |18 2 1l 0010 | 5 5 ) Special pre-paint by vendor

MELAMINE FINISHES
535 |13 2 1 .0010 | 4 5 6 Dow #7 pre-paint, clear resin
536 |13 2 1 L0015 | 3 5 6 Dow #15 pre-paint, clear resin
537 {13 2 1 L0010 | &4 5 é Dow #7 and Dow #15 pre-paint
clear resin
|

WADC TR 52-99 15



BAE REFRACTORY COATING

TAELE B

PRE-FAINT CORRCSION
| COATING* . TREATMENT | PROTECTION | ELISTIRING | ADHESION
)4 HAE 6 i 10
a HAE 8 9 10
A Dow #7 2 9 8
A Dow #7 2 9 g
B HAE 7 7 10
B HAE 8 9 10
B Dow #7 8 7 6
B Dow #7 7 7 6
o HAE 8 9 10
H HiE 7 9 10
H Dow #7 9 8 g
H Dow 7 9 8 9
Northrop HAR 7 3 10
Ssal Primer
Northrop HAE 6 9 10
Seal Frimer
None HAE & Sil- 5 - -
icone Lub-
ricant
'None HAE & 511~ T = —
icone Lub-
ricant
Ncne Wax over 7 - -
HAE

*#Code letters refer to finishes listed in Table VI,

WADC TR 52-99
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Part € - Evaluation Tests

3.2.1 Finishes and finish systems subjscted to over-all evaluation
testing were selected primarily on the besis of performarnce
in the preceding Screening Tests, However szlt spray per-
formanca was not a rigid requiraement eince it wzz desirzhle
to subject as many promising finishes as possibls to the full
evaluation program.

3,2.2 The test results ares listed in tabular form, aud each finish
or finish system is identified by & code letter. The saurce
and rull description of each fimish is contalued i & separate
appendiz to this report, Note that all evalusted finishes
with the excepticn of the Specification {ontrol system, were
of the air—dry vinyl type: primer, top-coat, dr both (see
Discussion, Section 4).

W
o
N
>

LS}

The numerical rating system simply definss ihe degree of per-

formance from 1 (very poor or ccmplete failure) toc 10 {ex-
céllent or no s i

IR 52-99 17
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Part 3

- Electrochemical Test Data

343
3.3.1 The test resuits preseanted here have not been used directly in
the evaluation of provrietary finlshes; 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 evaiuation, See Discussion, Section 4.
TARLE |
HAGNESTUE CORROSION INHIBITORS
Rating tAnods
Cempound Inhibition) Remarks#
Barium Sulfids 8 Excellent inhibition, Mills well,
Cadmium Sulfide 5
Galciwm Sulfice 7 Very good inhibition, Mills well with wshicls.
Sodium Sulfide 8+ Excsllent inhibition. May be too water soluble
for mffective foroulations,
2ine Sulfide 7
Barium Potassium 5+
Chrozate
Strontiwm Chromate bt
Zinc Chromats €
Rasie 2ine Chromats L
Titonium Dicxige 1 Vory poor inhitition, Specimen aprearance worss
than contrcl.
Zinc Qxdde 1 Not so severe as TiOp, but apparently no in-
hdibition,
Ssdiwm Aluminats 5
Sodium Arsenits )
Scdiw Fluorlde T+ water solubility may be detrimental.
Sodivm Pyro-phosphate 7
nChromic Phosphaten 6 New proprietary pigment raported as containing
trivalent cation. Inhibitien fair, Mills well.
Hyd roquinone T+
8-Hydroxyquinoline T+ 7ary good inhibition. Soluble in vehicle.

Apptars to retard drying.

*Inhibition remarks aprly oniy to performance in the imrersion cell,

mm -~ & 00
RAs 92~95
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L5.
FLOT OF CURRENT VERSUS TIME
IN GALVANIC CrzlL

.0
Anode: Nagnesium with proprietary
coating
Cathode: Alclad Alwinum
5.0
Coating reported in panel #78
(corrosion protection excelient
COATING
PIERCED
30,08 HERE
|
i
|
5.0
2.0 COATING THICKNESS 0,0Q20"

15,4  NO CURRENT
DURING FIRST
30 MINUTES

CALVANIC CURHENT IN HICROAMFPERES

10.4

v

. |
FIGURE 1

0 10 20 30 Lo 50 60 70 80 90 100 110
ELAPSED TIME IN MINUTES

20
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45.0
PICT OF CURRENT VERSUS TIME

IN GALVANIC CELL

40.0 Anode: Magnesium with zinc chromate primer
(Northrop Seal Primer used in lisu of
¥IL-P-6889)

Cathode: Alclad Aluminum

3500 2

30.0 L

25,0 ¢

READINGS TAKEN SUBSEQUENT
TO PIERCING OF COATING

GALVANIC CURRENT IN MICROAMPERES

20.0 }

15.0 | COATING THICKNESS 0,0015"

0.050 }

0.045 | READINGS TAKEN

0.040 | PRIR TO PIERCING OF
COATING

0.035 }

0.C30 |
0,025 |
0,020 |
0.015 |
Q.010 |
0,005 |

FIGURE 2

NN
vewww 13

o 10 20 30 4o 50 & 70 &0 % i 1o 120
ELAPSED TIME, IN MINUTES

WADC TR 52-99 pal



45.0 W

40.0 ¢

FLOT OF CURBENT VERSUS TIME
IN GALVANIC CELL

Ancds: Hagnssium traatad with
Dow #7
Cathode: Aclad Aluminum
55.0 |
§30.0 |
=
&
é 25.0 }
3
= 20
=
3
15.0
10.01
FIGORE 3
5.01
0.0 a . et . - —A 3 a L] .
C 30 50 &0 10 80 50 100 110 10

0
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4. DISCUSSION:

4.1 The criteria listed in Test Results for the evaluation ¢f the more
salisfactory finishes are believed to be those of primary interest
in the determination of a satisfactory finish. The numerical rating
systen was established to allow fine gradients from "good" to "bad®
and was baseu upon average expscted results, or upon performance of
the Specification system; depending on the rarticular test. Since the
ratings are all relative, simple addition of the ratings for the various
cxposure conditons of interest will allow selection of the most satis-
factory finish,

4.2 An analysis of the results of the screening tests leads to several in-
veresilng xensralizatlions., Gie 1s that the corresion 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 relsted properties)
is not in itaeelf a significant factor for magnesium protection. 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, s.g. a chromate pigmented vinyl, adhesion is a factor
of corrcsion resistance,

4.3 Another interesting generalization is that superior protection has not been
achiaved with any of the clz2ar finishes tested, altnough ion conduction
tests by the electrochemical method shosed nc measurable permeation,

This fact allows the presumrtion that, for a non-perfesct film, which is
the condition of virtually all predustion painted assemblies, an inhib-
itirg pigzment i= essential for superior parformenca.

Lo4 It 13 noted that the large ma jority of the more satisfactory primera and
finishi syvelems tssiad ars ¢of ths so=czllad winyl tyne, meaning that the
paint resin is primarily polyvinyl chloride or a copolymer of vimyl
chioride-vinyl acetate, Since most of the Iinishes tested are proprietary,
precise formulations have not bsan disclosed. However, it is known
that wirtuvelly a1l of the *vinyla" are modified by oils and by other resins
such as melamine, phenolie; and alkyd. The "vinyls”" were selected by

presumably because of the inherent low permeability, and modifications
were for the purpose of enhancing film nruperties such as adhesicn,
flexibijity, etc.

L.5 At the beginning of the project, the theory was advanced that the more
satiafactory magnesiwm finishes would be those having Lhe lower acid
nuabers, i.e. showing less tendemcy to react with alkaline solutions.
The reasoning was that in the normal imperfect film, water would perm—
arate to tha magneaium surface and cause some hydrolysis with consequent
release of hydroxyl ions. If the finish were high in acld number, the
alkaline solution so formed would react with the film and czuse loss of
adhesion and protective properties, resulting eventuslly in severe cor-
roeion. In line with this presumption, ihe majority of finishes supplied

»)
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for this test prcject were low in acid number (5 or below), However,
low acid number cznnot be specified as an irdependent variable or an
essential property. Obvicusly, if the finish is sufficiently imperm-
cable ard water resistant, and no breaks exist in the film, virtually
ne corrosion will occur and alkaline resistance {and low acid nunber)
is not necessary. In the case of most imrerfeact organic fil.s, some
carrosion will ocowr initially, and alkaline resistance is essential,
and consequently low acid numbers are provably also essentlal. This

is particularly true if the acld nuzber is measure of the fres car-
boxyl groups in the resin or medifiying oils. Thics thenry has been
aneither proved nor disproved by the test results of this project; how-
ever, the contention that alkaline reactivity is detrimental to mag-
nesiun finish is reascnatle and substantistes this contractor's observ-
ation that paints and primers desveloped for nsutral or ccid hydrolyzing
metals are unsuitable for magnesium,

4,6 The study of pre-paint treatments was not a specified part of this
project, Howewver, same test panels were given treatment other than the
specified dichromate (Dow #7) or left bare for the purpose of furthering
the understanding of primer compatibiiity. Soxe interesting phenomena
have been observed. For axample, a drop of distilled water placed ¢n a
fresh, mechanically clssnad magnesium surface will quickly (within
minutes) reach an equilibriun pH of approximately F.5-10, If the surface
is glven a Dow #7 treatment, the rydrclysis pH will te sprroximatsly
8,0 -~ 8,5, For several different rhosphate and sulfur-besring chemical
surface conversion treatzents, the dagree of paint adhesion appeared to
be & function of this hydrolysis pH: Tha time required for fimish
evaluations did not permit further verification of this phencmenon or
refinexent of laboratory techniques,

47 Almost without exceptioii, Dow #7 pre-peaint trestment gave supericr re-
sultz for the finishes tested, over the use of untreated surfaces or
otpay axnarimant.al trastimernta. Note thai several panels treated with ta
new Frankford Arsenal HAE coating were tested, This traatment produced
excellent primer sdhssion; superior to any other itreatuent attempted.
A? a functlon of adhesicn, 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 HAT treatment did
not offer significant corrosion protection in itself. This is a reason=-
able observation since it is known that the dichromate surface allows
the release of soluble inhititing ions, and some measure of the galvanic
protection is due to these ions. It is improbable that such releass
occurs with the HAE coating.

.8 Tt is entirely possibhle that the HAR coating would be quite beneficizl
in applications where mechanical protection of the magnesium surface
is essential., As previcusly stated, this test project was directed
on the assumption that galvanic corrosion reducticn was the primary
goal, and corrusion tests were such that inhibition was aessential to
suparior nerformance.

LG It was noted that the AR magnesiux corting was brittle and wovld fizlks
readily when ihe panel was bent. However, the sarme is true of the Dow #7
dichromate surface when subjected to flexibility tests without a paint
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finish (bending or a .C4D or .051 panel cver a 0,50 diameter mandrel at
room temperature). Some experimentation with & ccating involwing the
formztion of a megnesium orgenic complex on the panel surface shows

that it 1s possible to produce a coating that will withstand this bend
test, Fuither investigation int> the affect of pre-paint coating brittle-

ness should b»s beneficial,

With the sxception of one acrylic-type finizsh and the specification
contbrol system (alkyd primer, znamel top-coat), all finishes sub—
Jected tc evaluation testing consisted of air—dry vinyl primers.

In most cases, top-coats were alsc of the vinyl or modified vinyl
type. Sinre boled finighes did not s2how any significant improvement
in protection over the air-dry types and are noct desirable for air-
frame use from a production viewpoint, it wms not fclt that svalustion
of baked finishes in the final phase of this project would be bene-—
ficial, However, futurs work on the evaluation of baked finishes
might be desirable bscauss {he improved mechanical properties wsy be
of valus in special applicaticns, pertizularly for equipment items,
The selaciion of vinyl-type finishss wes simply because of their
supsrior performance in scresming tests,

The outdoor weathering test employed for this project showed remaric-
able changes in results for exposura at different - sasons. Exposure
of the specification control system for the three months - December,
January and February - did not produce significant corrosion, although
representative vinyl systems showed some blistering. Considerably
more severe rosults were obtained for two weeks exposurs begimning

in March than foar the ertire three monmths preceding. For boih periods,
the axposure was accelerated by dally spray application of natural

sea water. This difference probably demonstrates the significance of
exposure at different conditions of solar radistion and temperature,
since ths accalsrated two—week period lwd average maximum temperatures
of approximately 109F. greater than during the preceding thres months.
It was also interesting to note that the relative standing of the
various finishes were more closely aligned with salt spray ratinga
during the rapid corroelion then during the slew thres month pericd.

The stwiies of galvanic cell action and the resulting plots sutmitted
in the "Test Results" section of this report were primarily for the
purposs of gailning further insight inte the mechanisms of gslvanic
corrosion and polarization effects. The results obtained were not
used directly in the formulation of the evaluated finishes, although
more accursate 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 erfectiveness of a particular inhibitor. Of more
significant interest is t he increase or deci=ase of limiting short-
edrauit current with the addition of a polarizing or depolarizing
meterial in ths csll coampariments.

The electrochamical techniques utilized in 2 preliminary manner in
this mreject should b2 quite useful in further development work for
megnesiun coating formwlations. A8 stated in the galwvanie cell test
method, same application of the galwvanic cell tesi data was attempted
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by Northrecp laboratory perscrinel with promising results in that a
permeable vehicle film, by addition &f inliibi:-rs, was made to pro-
tect magnesium almost as well as the much les: permeable vinyl film
with conventional zinc chromate pigment. While Northrop will contlpue
some study on this mechanism of galvanic corrccion protection, it is
hoped that the curves presented herein and the brief discussion given
will generate further interest in the industry for this tyre of re~
search.
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