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NOTICES

When Government dr,-'ings, specifications, or other data are used for any purpose other
than in connection w-th a definitely related Government procurement operation, "he United States
Governmet thereby incurs no responsibirity nor any obligation whatsoever; and the fac that the
Gover.nment may have formulated, furnished, or in any way supplied the said drawings, specifica-
tions, or other data, is not to be regarded by implication or o,.erwise as in any manner licensing
the holder or any otrher person or corpo:anor, cr conveying any rights or permission to manu-
factare. use, or sell an-y prc'c-ed invention that may in any way be related thereto.

The information furnished herewith is made available for study upon the understanding
that 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 Development Center, Wright-Patterson Air
Force Base. Ohio, be promptly notified of an•" apparenr conrf!c between the Gcvernmenf's pro-
nrietar, ir.:erests and those of others.
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ABSTRACT

Numerous proprletAry 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 a. corrosion protection.
It -a found that air-dry vinyl systems offer optimum protection, considering
the systems tested. Developmental data and di'acussions of magjesium corrosion
inhibitors and galvanic cell test methods are included in the report.
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FORICECTIVE OOATINGS FOP. MAGNES1iJ

. INTfODUCTION

1.1 The aircraft designer is continuaUly searching for stronger and lighter
structural materials. Too frequenz.y he must pay a penalty for the more
des.-ab/l r~aterials. That penalty may be in availability, in processing,
fabrication or forming problems, or in service factors such as fatigue
resistance or corrosion stwceptibility.

1.2 XKgnesium and its alloys offer considerable promise to the designer be-
cause of outstanding mtrftA•At to weight rat+os The raw material source
for magnesium s Virtually inexhaustible, and processing and fabrication
problems have been minimtzed by development work of the past few yearm.
One of the primary factors delaying the wide use of mzgnesitm for air-
craft struictural parzs is its corrosion susceptibility. Since modern
aircraft are subjected to -.lde extrrmes of onvi-rnmeantal conditions and
maDiesium is inherently a highly active metal in the presence of water
or other corroding media. a durable and practical p-rotective finish is
ebsential.

1.3 This project was initited to investigate and conrolidate reported data
on the efficiency of magnesi= -_r. 1,-• tOn offered by existing or newly
developed organic finishes. It was hoped that generaxl 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 aircraft design with-
out concern as to corrosion. Obviously, such R comprehensive program of
evaluating corrosion protective properties must be liL.itcd by a number
of simplifying assumptions since the correlation of accelerated aging
tests and service life is hdghly opinionated and 3ubject to many variables.

1.L 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 corroaion products formed apparently
show little tendency to passivate or inliibit this solvent action. As
corrosion prog=esses, amall are__s u- the za coiuui surface begin to shc-_-
differing electrccotive potentials with respect to each other, and gal-
vanic currents flow which accelerate the corrosion or solution of the
anodic (more electronegative) surfaces. In man, cases, higi galvai.c
currents may flow initially due to surface impurity- .Clusions, attach-
ment of other more cathodic metals to the magnogium surface, or to other
causes such as solution concentrations, oxygenation, etc.

1.5 Two fundamental approaches to a.giesium corrosion protection become ap-
parent: (1), siuround the magnesium with an impermeable film to cim-
pietely exclide water, and (2), to inclisde certain soluble or polarizing
materials in- the psotective f£l.• suýh that when water does peinetrate.

pi i pLrn~3•na bake pLace and galvanic or ccrrosion c-a rents
arc nmld to a mirimiza b7 tha increased effective internal cell resist-
Ance. It Is believed thait the more efficient and practical -uýnesiun

, n t. inho ,u!d incorporct• =om. mcasur; of each of th.e t- 0'C -

ive Mechsniamso

lc6 Btfort th--W- tto fund~ront;.l rcansj L~u . wis~lat~. i a buu~-_ý
ful magnesium finish, consideration nust be given to t•h f•m.•. ,i r

" I T2 ' 2-I 1



prop-rties. These properties include: (i) electrical insulatiofl
eithe'r by dielectric r!&hanisms or by &pft polarizat ion-phenomena,
(2) &lksli resistance required by the ifighly -lkalline hydrolysis of
magnesium, and ( itich is a prime factor of the coating
durability. For specif tings, othcr properties may be of greater or
lesser importance, such as flsxibility, hardness, ultrz-.-riolt riadiation
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 Judged accozd•ingly.

1.7 As an aid in the development of this project, a "prior art" search was
made including a survey of opinions uz4 products of many of the leading
paint and resin mnufacturers and corrosion exnerts. ;ail. the response
to the circulated questiomimAire was quite cooperative, it was apparent
that a wealth of informnation is availabl for ferrous metals, but sur-
prisingly little work has been done on corrosicn mechanisms and protective
measures for the lighter metals, particularly magnesium. The survey re-
sults themseles were use-Pal in indication fields of further study, and
many of the ideas generated have been reflected in products and discus-
sic'a presented in the body of this report.

1.8 This report represents an attempt to tabulate the observed p.rforAzace
properties of many proprietary and experimental msgnesium coatings and
to present some developmenta! datz tat may be o. value for future work
in this field.

2. TMT iOHO--

2.1 Corrosion Teastin

2.1.1 Frw a lab-oitory viewpoint, aezflerated aging tests aare highly
desirable because they produce results in a rlat•i•v•ly shurt timo.
However, real benefit can be derived from accelerated tests only
if they closely simulate the service exposure conditions or if
thtey contribute better understanding of the P.ging (or corrosion)
mechanisms. Since magnesium is chemically so highly electronegi-
tive; it haz been assumed that corrosion is primarily a function
of galvanic current flowing either betne6n electrically dissimilar
portions of the metal surface or bflen -zouples set up by attach-

sn-ort of a more noble metal. The primary rest method relied upon
for screening and evaluation testing of magnesium finishes has
been the standard salt spray corrosion test cabinet because tht
accelerated corrosion so obtained can be considered a major f'mc-
Ll~n u1 gavnupv"Lvn.tl. Salt zuxyv LLanU tc pil
were standarized in the following form:

were attached with 56S aluminumI~ ~ a IJ -lo riwt_ after painting thi
magnesium panel.

0 j FS-lh panel (Dow #7 dlchromrate
pr•-aint treatmet, nless otherwise specifi&).

a mL~ te



2.1.2 The edges of the test panel were give4 a sprvy not of the te-t
finish just prior to spraying the panel surface, and were not
otherwise pr-otected, eithzer by deburring (rouning) or by wxxing.
The P2Xiels wO-ae suspended vertically, gd the diE1imilar metal
an~gles consisted of 24S-T3AI, top and beottrm, cadmium plated steel,
and 75S-T6A.!, in most cases. The angles were varied in some tests
to determine effects with other metal]s such as copper or Type 302
stainless steel. The overall corrosion evulaation was affected
very little by these variiances? although 302 stainless normally
caused tha greatest attack, with 245 aluminum and copper being
nearly• ,s se"T•.

2.1.3 Since some .iniahe:s may be morn aff•ntei by tht h~ah nhnrhietd nn
content of the salt spray than othera, 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 s7'. painted panels of Dinesitm alloy prepared with a
2.AS-T3 formed angle attached as shon below.

2.1. 4 Tese panels were mounted 450 from the horizontal, facing south
on an outdoor stand, and natural sea w-ter spi~ayed daily on the
panels. This method accelerated galvanic corrosion while expos-
ing the finish to the deteriorating effects of sunlight ard con-
densing moisture. However, the benefits of the method could not
be fully utilized because of time limitations.

2.2 Mm ProDerties

2.2.1 Sunlight and weathering effects were sinmulated by Atlas T-win-Arc
Weatherometer exposure. This test primarily shoe-. the dependence
of the. film protection on 'volatile, soluble, or oxidizable com-
ponents.

2.2.,2 Humidity effecto were testedft in a standard humidity cabinet main-
taining 95% .± 5% Relative Humidity at 1000 F. Films with hygro-
scopic tendencies allow film softening, blistering, and corrosion.

2.2.3 Flexibility was determined by bending a paziel, (0051 x 3 x 5)
coated with the test finish, over a 0.50 diameter mandrel. The
*.mu! ýwa 'L=" 1800 a-t zuua tu-,cr,-.urec •.id ýifter •naL 2CCOF
for 48 hours. hupture of the film on the tension side was con-
sicered to be failure priailv in flexibility, while rupture on
the compre sion zidc of thp bend was considered primarily due to
adhesion f ailure.

2.2.4 Adhnnin wapq nnt det~rmine& quantitatively, but on a relative
basis. Fingernail and k-nife scratrhing and peeling were observed.
For more crit ca1 determinations. 'arallel lines approximately
1/16 inch apart were scribed on the paint surface to form a grid.

3
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FouIr lines in each direction t'ere normally sufficient. Wnan ad-
hesion was poor, the squares of paint would flake off during the
scribing. The easo with which the squares part from the panel
is a fairly critical measure of adhesion, if some consideration
is zmade of the degree of cohesion of a particular finish.

2.3 Fuel Resistance
2.3.1 Specimen panels, .051 x 3 x 5, coated with the test finishes

were imnersed in jet engine fuel (JF-4) for four hours at an
approximate temperature of 700F. (This fuel is a hydrocarbon
mixture with approxImately 15% aromatics). 1he panels were
visually rated on the basis of film softening, loss of adhesion,.
blistering, and appe-arance changes.

2.4 Water Resistance

2.4.1 Specimen p ils, .051 x 3 x 5, coated with the test finishes were
imersed in tap water at room t•-iperature for 24 hours. The panels
were visua]ly rated on the basis of film softening, loss of adhe-
sion, blistering, and appearance changes.

2.5 Pdraulic Fluid Resistance

2.5.1 Spedimen panels, .051 x 3 x 5, coated with the test finishes were
iiersed in mineral oil hydraulic fluid (Spec. •MT-O-5606) at
room temperature for 24 hourb. The pankls were visually rated on
the basis of fila softening, loss of adhesion, bi•2stering, and
appearance changetr.

2.6 Electrocheaical Tests

2.6.1 Three ftmdamenral test methods were used in the study of pigment
inhibition and ton permeability.

2.6-2l. simple evaluations of corrosion inhibiting properties of
pigments and soluble additives were made with an appxIatun

Additives were placed in the anode or cathode solution,as desired, to fan a saturated solution. Corrosion in-

hibition 'evaluation was based upo.n actu.a1 corrosion of
the anode (•_gnesitm) and by obss•rvation of side effeots

2.6.1.2 The change of corrosion current with. tine. for a partic-
ular finish was measured by use of a zero-resistance

ammeter circuit se that the deterioration oi the filmcould be er aluated by the flow of galvaric current utner
simudted, short-circuit conditionsd The apparatus was

hibtio 52-9-9 a bsdu-D cua oroino



in accordar.ce) with the sketch below.

By adjusting the resistance, the potnti--l differentia!
between anode and cathode compartments of the cell was
redtred to zero, so that the currenut measured at A was
a function of the effective internal resistance of the
cell only. Thmis condition -imulate a corrovPion test
panel where the dissimilar metal is riveted or fastened
dAictli to th -- uel6i with essntially e contact
resistance.

This test method interposes the condition of immersion
in the electrolyte, which is normally not trt for cor-
rosion specimens in accelerated aging test. However,
the permeability of a coating to ion conduction can tDe
easily obere, and, of particular interest, the change
in current i--th time on rupturinZ of a 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 cmbating mois-
ture permeation or film rupture effects.

The particular apparatus used was capable of measuring
currents as low as o.01 microamperes. For ease of hand-
ling and improved control of test conditiors, all data
were obtained by use of the isolated alf-cells. For
this reason, the limiting current in the cell at short
circuit may VAvc been restricted by the increased inter-
nal resistance due to the agar gel conducting bridge.
This influen-ce was not conzidcred to be too aignifioant,
since relative effects and curve s1apes were the primary
interest.

2.6.1.3 Cell potentials vs. cell current were plotted for mag-
nesrum-aiLuminnm cells to evaltaLte polarization phenomena
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 t+, var... t.he cell current from zero
(open-cirucuit) to maxim=a (short-circuit', potentials of
-,ach electrode were measured in an external, potentio-
i-tLr-bridges balanced, zero current circuit. Plots wrire
"ý.dt of Pote:ztial ;-i. nurent for various addtives to
cathode, anode, or both- to graphhically demonstrate the
p•lnuizaoior or dcnolarization effectiveness of the
addMit ve

,4Ai., • 52-99,'



2.6.2 Some of the inhibitors st~died under methods (1) and (3) above
were milled into an averikctil alkali resistant modified alkyd
re~!_Ln Xad evaluated as a paint film. Penel test rosilte reported
for Northrop - source finishes are of this nature. The resin used
was known to be permeaoli to conducting ions when pigmented, as
evidenced in prelininary teuting by method (2) above. These fin-
ishes offered excellent oppo-_tunity to evaluate films dependent
r_•mrily upon inhibitire p-operties for protection.

2.7 Notes

2.7.1 l' finish evaluations reportvd herein were conducted on magnes-
ium alloy FS-fl. Most of the panels were fabricated from .051
&heet rstok, although some corrosion test panels were r&de from
.040 sheet, The corrosion perforzance of these two thicknees-e
appeared to be identical.

2.7.2 Al. evaluation finishes were applied by spray technique, with
the finish thinned and handled in accordance with the vendor's
recaendatione. No control could bz exercised by this con-
tracto over the vendor application spray technique or equip-
moot; however, Northrop application involv'd use of the DeVil-
bis5 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.

WAX TR 5--99 6



3. TMST RESULTS

3.1 Part 1 - Screening Tests

3.1.1 Commercial and experimental primers and finishes were screened
for corrosion protection of magnesium b, 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 0 F.

3.1.2 The test results are presented in tabular form for more conven-
ient reference. Each panel tested is listed by panel 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 appenlix to this report.

3.1.4 Finishes are pigmented .,i air dried unless otherwise stated.

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

TABUE 1

V DrLS AND MODIFIED VINILS

1 EVALUAT ION
NO. OF OVER= (SALT SPRAY, 120 HRS

NO. OF FINISHES ALL COR-
COATS E.G. PRIM- FINISh ROSION

PANEL 3RE CLUD R-TOP COAT S"YTEi. RESIST-iXX- BLIST-
10. (M FG) RII E7TG. THICK. kNCE ýIOK EKING M-R.D KIS

(S.C.S.) 3 .0015 3 9 9 Specification Control System
9

(S.C.& 3 2 .0015 5 9 9 Specification Control System
. ._ Suspended Horizontally

i 1 1 !3 5 5
2 1 2 2 .0020 5 5 7
3 1 2 2 .OC20 5 5 7 Panel scratched between angles
4 13 2 1 .0020 3 1 9
5 13 2 1 .0020 5 7 9 Panel scratched between angles

10 13 2 1 .0010 8 9 7 Pigment modified #4
II 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 .0030 6 6 8 #13, no pre-paint
21 1 2 2 .0050 6 7 8
22 1 2 2 .0020 6 7 8

".0020 6 8 8 No pre-paint
30 __ 2 1 .0020 6 8 1 #29, DowY' #7 pre-paint

,;A= M 52-99 7



TAEM 1 (Cont'd.)

VINTY•IS AND MODIFID VIDYLS

INO. EVALUATI ON

No . 'OF OVE- (SALT SRAY, 120 1M)
NO. O FINISHES ALL MCR-
COATS E.G. PRfl- FINISH ROSI0N

P SURCE INC= M-TOP COAT SYSF1 RESISTIAD r BLIST
NO. (MM. TC F-To. TPICK ANEI SION Efl _____ _ E__S

23 . 1 .0015 6 8 £ Special pre-paint tre-atrnent35 11 2 . .10015 3 S 8 Vapor-blast clean, no pre-paint43 9 1 2 00O5 5 6 9 Scratched to ýare metal. Coating
balked at 300"F for 20 rmin. -

4C 9 U015 4 5 #43, no pre-paint
9 1 1 .0005 3 4 4 No pre-paint. Coating baked at

3500F for 30 min.46 9 1 .0010 4 5 9 #45, Dow #7 pre-paint, Coating

baked at 350OF for 30 min.47 9 2 2 .0010 4 4 No pre-paint, top coat baked30 min at 3500F.

48 9 2 2 .0005 4 10 .0 N0o pre-paint top coat baked 30
49 9 2 2 .0010 5 7 8 No pre-paint top coat baked 30mJA. at 3 504.
5 0 11 2 3. .,0025 a 8 9 Dw# r-an51 11 2 1 .0035 8 10 9 Dow #7 pre-paint
52 ll 2 1 .0030 6 8 8 Dw #7 pre-paint
53 13 2 1 .0015 4 5 4 Special vemYor pre-paint
54 13 2 1 - 5 4 8 Special venmor pre-paint55 13 2 1 .0010 5 4 8 Special vendor Pre-paint
516 13 2 1 - 5 5 8 Special vendor pre-patit
6 10 2 3. .00235 8 10 9 Dow #7 pre-paint
61 11 2 1 .0030 a 10 9 Dow #7 pre-paint
62 22 2 1 .0DX5 4 5 8 Dow #7p re-Paint
63 22 2 1 .0005 4 5 8 Dow #7 re-paint
64 22 2 2 .0015 7 8 8 Dow #7 pre-paint
65 22 2 2 .0015 7 8 8 Dow #7 pre-paint
70 11 2 1 ,0035 7 6 8 Dow #7 pre-paint
71 11 2 1 - 9 10 8 Dow 17 pre- paint72 11 2 1 - 10 9 9 Dow #7 pre-paint
73 Ul 2 1 - 8 8 5 Vapor Blast pre-paint78 11 2 '1 - 10 8 9 Dow #7 pre-paint
79 2 4 2 .0025 6 8 8 Chrome pickle pre-paintS2 2 2 .0025 8 8 8 AN-M-12A Trpe 1 chromate pre-pLm-81 2 2 2 0050 5 8 8 AN-M-12A Type 1 chromate pre-

paint, top coat baked 30 mnin.
at 2000 F, then 15 mrin. at 3500 F.

82 2 2 2 0012 5 8 8 AN-M-12A Type I chromate pre-

87 1 9 4 8 Dow #7 Pre-rea.nt
85 13 1 1 .0010 15 7 8 Dow #7 pre-paint

" It f
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TAULE 1 (Cont'd)

VINTYLS AND MQDIYIM V•W9lS

EVALUATIOK
NO. OF OVER- (SALT SPRAT 120 WtS

NO. OF FINISHES ALL OCOR-
COATS E.G. PRIM- FINISH ROSION

PANEI SOURCE INCIJD. ER-TOP COAT SYSTEM ESISTA.E BLIST-
NO. (MFG.) PRIMER ETC. THICK. ANCE SION ERD REMARKS

86 13 2 1 .0015 6 7 8 Dow #7 pre-paint87 13 3 1 .0020 6 7 8 Dow #7 pre-paint

91 11 2 1 - 6 7 8 Dcw #7 Pre-paint
92 1. 2 1 - 9 7 8 Dow #7 pre-paint
93 11 2 1 .0010 6 7 8 Dow #7 pre-paint, clear resin
94 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 6 Dow #7 pre-paint
102 22 2 1 - 7 5 6 Dow #7 pre-paint
103 22 2 1 - 7 5 6 Dow #7 pre-paixt
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 - 7 8 9 Dow #7 pre-paint
108 11 2 1 - 6 5 9 Dow #7 pre-paint
109 11 2 1 - 9 5 9 Dow #7 pre-paint
110 11 2 1 - 9 5 9 Dow #7 pre-paint
136 i1 2 1 .00)5 8 6 7 D #7 pre-paint
137 20 1 1 ,X7-05 6 8 7 Stainlem steel pigment. Phos-

138 2phoric Acid etching.
138 20 1i1 .0005 6 8 7 Stainless steel pigment, and

phosphoric acid etching, Dow
#7 pre-paint

139 20 1 1 .0005 6 a 7 Stainless steel pigment, Dow#7 pre-paint

155 11 3 2 - 9 8 8 Dow #7 pre-paint
156 11 2 1 3 2 2 Dow #7 pre-paint
158 ii 2 1 - 9 8 9 Dow #7 pre-pa&int
179 u 2 1 .OC0 9 8 9 Dow #7 pre-paint
181 1 3 2 .0010 9 17 9 Dow #7 pre--paint
182 11 2 2 .)030 8 A 6 now #7 pre-paint
183 11 3 2 .0010 9 9 9 D"m #7 pre-paint
184 11 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 .0020 5 8 8 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 p.e-pabnt
193 U 2 1 .0020 8 '10 9 Dcw #7 pre-paint
194 U1 3 2. 0020 8 8 3 No pre-paint
195 U1 2 1 .0025 9 8 8 Dow #7 pre-paint
198 2 2 1 .0010 9 j 4 3 Daw #7 pre-palnt

!99 3 _• n . , !; 1 rVý -U? ... 1
660 2 32 .'0017 re-pait
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TABLE I (Cont'd..)

VINYLS AND MODIFAID VIPziL

J EVALUATION
NO. OF OVM- (SALT SPRAY. 120 MS:

NO, OF FINLSIES ALL OR-
COATS E.G. PRIM- FDNISH ROSION

PANM SOURCE INCUD ER-TOP COA7 S9TSET RESIST AD ST-
MO. ir'.) Pafl ETC. THICK. AliCE S1I

201 2 3 3 .0005 8 8 4 Dow #7 pre-paint
202 2 3 3 .0005 5 9 2 No pr-paint
203 2 3 3 .0010 8 8 3 Dow #7 pre-paint
204 2 3 3 .0010 ý 8 2 No pre-paint
206 -1 2 1 .002!0 8 8 8 Dow #7 pre-paint
207 ii 1 .0020 4 8 8 Dow #7 pre-paint, resin modified

to with~stand lubric-awts
208 11 2 1.020 6 S 8 Dow #1 pre-paint
209 i0 2 .OQ20 10 10 8 Dow #7 pre-paint
210 10 2 1 .0035 9 9 8 Dow #7 pre-paint
211 I. 2 1 .0030 9 8 8 Dow #7 pre-paint
212 10 2 1 .0015 9 3 6 low #7 pre-paint
213 10 2 2 .0030 9 5 9 Do #7 pre-paint
214 10 2 1 .0030 9 b o Dow #7 pre-paint
215 20 2 .0025 9 3 6 Dow #7 pre-paint
216 1! 2 1 .0035 8 8 6 Dow #7 pre-patat
217 10 1 1 .0035 8 8 6 iew #7 pre-paint
218 10 2 2 .0035 10 10, 9 Dow #7 pre-paint
219 10 2 2 .0X)5 9 8 ;8 Dow #7 pre-paint
500 33 2 1 - 6 4 8 Dow 15 & Dow #7 pre-paý.int
501 13 1 1 - 6 -4 8 Dpo #15 & Dow #7 Pre-paint
502 13 2 1 - 5 4 8 Dow #7 pre-paint
503 13 1 1 - 5 4 8 Dow #7 pre-paint
520 13 1 1 .0010 6 7 8 bow #7 pre-paint
521 13 1 1 .0015 6 7 8 Dow #7 pre-paint
522 13 1 . . OOi 6 7 8 Dow #15 & D ow h7 pre-paint
523 1,3 1 1 .OC15 7 7 8 Dow #15 & Dow #7 pre-paLnt
524 13 i I .010 6 7 6 Dow #7 pr-paint
525 13 1 1 . 0010 7 7 6 Dow #7 pre-paint
526 13 1 1 .010 7 7 6 Dow #15 & Dow #7 pre-paint
5•7 13 1 1 .0010 6 7 6 Dow #15 & Dow #7 pre-paint
532 13 2 1 .0010 4 7 7 Dow #7 pre-paint, clear resin
533 13 2 1 .0005 4 7 7 Dow #15 pre-paint, clear resin
534 13: 2 1 .0010 4 7 7 Dow #15 & Dow #7 pre-paint, clear

I'resin
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TABLE 2

ALKT) AND MCDIFIED ALKYD FINISHES

EVALUATION
MD. OF OVER- (SALT SPFLA 120 RNO. OFIFINISHES ALL COP.-

COATS E.G. PRIM- FINISH ROSION
PANEL SOURCE INCLUD ER-TOF (OA" S YSTER RESIST- ADFKBLIST-

NO. (MKO) PRIlME ETC. 1-ICK. ANCE SION ERI• RE{ARXS

S.C.S 3 2 2 .0015 3 9 9 pecification Control System
6 19 3 2 .0020 2 9 9 CL-E-5557, Erel over Northrop

Seal Primer
18 17 2 1 .0020 8 8 8 Dow #7 pre-paint
19 17 2 1 .0025 4 7 6 Frhospate pre-paint
32 11 2 1 .015 3 8 7 o pre-paint
33 11 2 1 .0010 3 8 Po pre-paint
34 11 2 1 .0030 2 8 6 pecially treated magnesium

36 11 2 1 .0030 4 8 6 apor blasted ruLgnesium
8- 17 1 1 .0010 14 5 7 #7 pre-paint

89 17 2 1 .0010 4 5 7 ow #7 pre-paint
90 17 3 1 .010 • ~7 pow #7 pre-pairnt

134 23 2 1 .0010 5 5 8 ro pre-paint
135 23 2 1 .0020 8 5 8 w #7 pre-paint
147 23 2 1 .0010 7 5 9 w #7 pre-paint
148 23 2 1 .0010 I 8 9 #7 pre-paint
149 23 2 1 .0005 4 3 7 ko pre-paint
150 23 2 1 .0005 6 5 7 Dow #7 pre-paint
151 23 2 1 .0020 6 8 7 No pre-paint
152 23 2 1 .0025 8 8 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 2 .0020 4 5 7 No pre-paint
160 23 2 1 .0010 5 5 7 Dow 47 pre-paint
161 23 2 1 .0010 5 5 6 Organic pro-paint
162 23 2 1 .0020 5 3 6 No pre-paint
163 23 2 1 .0020 6 7 Dow #7 pre-paint
164 23 2 1 .0020 5 5 6 Organic rr-rpAint.

165 23 2 1 .0020 5 5 5 No pre-paint
166 23 2 1 .0025 9 8 8 Dow #7 pre-paint
167 23 2 i .0010 4 3 6 Dow #7 pre-paint
168 23 2 1 .0025 3 3 6 No pre-raint
169 7 3 3 .0025 8 c 9 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 6 8 No pre-paint
173 23 2 1 .0020 6 8 8 Dw #7 pre-pairn
176 23 2 1 .0015 5 7 7 Dow #7 pre-paint
177 23 2 1 .0030 8 7 7 Dow #7 pre-paint

178 23 2 1 .0030 6 7 7 Do #7 pre-paint
186 23 2 1 .OC15 5 5 Dow #7 pre-paint

,18-7 1 23 2 1 DCX 15 8 - _ 7piepilu ___
2 54 2-91 7 pre-pa1
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TABLE 2 (Cont'd)

ALKD: AND MCDIFIED FINISHES

EVALUATION
NO. OF OVER- (SALT S jq'AY, 120 HRS

NO. OF FINISHES ALL COR-
COATS E.MG. FR!- FINISH ROSION

PAINEL SOR INOLICiD IR-TOP COAT SYSTEM RESIST- ADHE- BLIST-

NO. (MG.) PRDl' ETC. THICK. ANCE SION3 FIRC BARKS

196 23 2_ 1 .0020 6 7 8 Dow #7 pre-paint
19? 23 2 1 .0020 8 8 8 Dow #7 pre-paint
205 13 2 1 - 3 8 8 Dow #7 pre-paint
220 25 2 1 .0025 8 8 8 Dow #7 pre-paint
221 25 2 1 1 .0015 4 8 8 Dow #7 pvc-paint
222 25 2 1 .0025 8 4 8 Dow #7 pre-paint
508 13 1 2 .0005 3 7 8 Dow 17 pre-paint, clear resin
509 13 1 2 .0005 3 7 8 Duplicate of #508
510 13 1 2 .0005 4 7 8 Dow f15 and Dow #7 pre-paint,

clear resin
511 13 1 2 .0005 4 7 8 Duplicate of #508
512 12 2 3 .0025 2 7 7 Do #7 pre-paint
513 13 2 3 .0035 2 7 7 Duplicate of #512
514 13 2 3 .o00O 2 7 6 Dow #15 and Dow #7 pre-paint
515 13 2 3 .0030 2 7 6 Duplicate of #514
541 13 2 1 .0005 5 7 6 Dow #7 pre-paint, clear resin
542 13 2 1 .0005 4 7 6 Dow #15 pre-paint, clear resin
543 13 2 1 .0005 4 7 6 Dow #15 and Dow #7 pre-paint,

clear resin

WAD TR 52-99 12



TA-BLE

ACRYLIC AN-0 MODIFIED ACRYLIC FININSHES

I EVAL•ATION

NO. OF OVER- (SALT SFP.AY, 12C HRS
0. O FINISHES ALL CCR-

COAs E.G. FRIM- FTNISH ROSION
PANEL SOURCE RNCLUD -TOP COAT SV.ZT RESIST- ADHE- BLIST-

NO. (MFG.) !F-NR] FTC. TH;ICK ANýE SION ER12L REMARKS

S.C.S. 3 2 .0015 3 9 9 Special Control System
20 5 2 2 .0025 8 8 8 Dow #7 pre-paint; l0 days cure

time
23 5 2 2 .0020 4 6 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 6 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
74 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
77 5 3 3 .0085 8 7 9 Dow #7 pre-paint
95 5 3 3 .0055 9 7 8 DQw #7 pre-paint
96 5 3 3 .0055 10 8 9 Dow #7 pre-paint
97 5 3 3 .0060 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 .003C 9 7 9 Dow #7 pre-paint
128 5 3 3 .0030 8 7 8 Dow #7 pre-paint
129 5 3 3 .0O00 9 7 9 Dow #7 pre-paint
130 5 3 3 .0025 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 7 8 Dow #7 pre-paint
143 5 2 2 .0030 9 A 9 Dow #7 pre-paint
144 5 2 2 .0025 8 9 9 Dow #7 pre-paint

OX M 52-99 13



TABm

MISCELIADtAS VaI4ICLES

- - -EVALUATION

NO. OF QVFWP- (SkLT SIRAYT12 IZ {HS
NO. OF FINISHES ALL COR- 1
COATS E.G. PRI•M- FINISH ROSION

PANEL SOURCE INCLUD. FR-TOP COAT SYSTEM1 RESIST- ADHE- BLLST-
NO. (MIGO.) PiRlUM ETCo THICKj ANCE SION .RIRN REDAR•S

125 21 i I .0005 W8 5 INo pre-painut, baked clear resin
126 21 1 1 .0005 4 8 6 Bow #7 pre-paint, baked clear

resin
180 19 1 1 .0005 8 9 9 Dow 7,. pre-paint, clear resin
188 15 2 1 - 6 9 8 Dow #7 pre-paint, baked clear

resin
189 25 2 1 - 7 9 8 Dow #7 pre-petnt, baked clear

resin

C•A.MIC VIMNISKES

111 3 1 - 2 10 9 Low temperature fired ceramic. No
pre-paint

112 3 1 1 2 10 9 Low t=nperature fired ceramic. No
. ~pre-pa int

CHLORINATED RUBBER FINISHES

16 8 2 1 .0015 6 7 ow #7 pre-paint
17 8 2 1 .0015 6 7 6 Phosphate pre-paint

174 12 2 1 .0020 3 4 3 Dow #7 pre-paint
175 12 2 1 - 1 4 2 No pre-paint
516 13 2 1 .0020 5 7 7 Dow #7 pre-paint, clear resin
517 13 2 1 .0015 5 7 Dow #7 pre-paint, clear resin
518 13 2 1 .0020 7 7 Dow #7 and Dow #15 pre paint,

clear resin
519 13 2 1 .0015 4 7 7 Dow #7 and Dow #15 pre-paint,

clear resin
538 13 2 1 .0015 4 8 7 Dow #7 pre-paint, clear resin
53 13 2 1 .010 2 8 6 Dow #15 and Dow #7 pre-paintj

clear resin

540 13 2 1 .0015 2 8 6 Dow #15 and Dow #7 pre-paint,
clear resin

WADC T 52-99 14



TABLE 4 (Cont'd)

EPON FrJI.S

EVALUATION
NO.OF OVER- (SALT SPRAY, 120 HRS

NO. OF FINISHE ALL COR-
COATS E. C, PRIH- FINISHIROSIONL

PANEL &OURCE, INC(UD. ER-TOP COAT SY RESEST H- SLIST-NO. (MI.) PRHE ETC. THICK. ANtE •IONaIG - A• FXCS

37 9 1 1 .0010 7 10 10 Dow #7 pre-paint, panel scratched
Clear resin baked 45 min. at4200F.

38 9 1 1 .0015 4 5 7 #37, no pre-paint
39 9 1 1 .0010 6 8 9 Clear resin, baked 45 rmin. at

4O()°F.

40 9 1 1 .0005 7 4 6 #59, no pre-paint
41 9 2 2 .0010 5 8 8 No pre-paint, Zinc Chrom. Primer

under Epon Clear resin top coat,
baked at 4000F for 45 min.

42 9 2 2 .0015 6 9 10 Wash primer under Epon clear
resin top coat, baked at 40(PF
for 45 min. No Dow #7

66 9 2 1 - 5 8 10 Dow #7 pre-paint, baked coating
67 9 2 1 - 5 8 10 #66, different pigment-vehicle

ratio, baked coating
68 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

STLtRD FINISHES

(NOTE: STYRflAT ALKYDS LISTED UN2 ALKYD AND MODIFIED ALKYD FINISHES.)

57 18 2 1 .000 4 4 6 Dow #7 pro-paint
58 18 2 1 .0010 4 4 6 No pre-paint
59 18 2 1 .0010 5 5 6 Special pre-paint by vendor

NELAIWE FINISHES

535 13 2 1 .0010 4 5 6 Dow #7 pre-paint, clear resin
536 13 2 1 .0015 3 5 6 Dow #15 pro-paint, clear resin
537 13 2 1 .0010 4 5 6 Dow #7 and Dow #15 pre-paint

clear resin
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TAIME

NAT PLFRAC!O RY GCATING

T* PRS-PA IT CORRCSION

S±HAE 6 9 10

A HAE 8 9 10
A Dow #7 9 8
A Do #7 2 9 A

TB HAE 7 10
B HAE 8 a 10SDow #7 8 7 6

B ow #7 7 7 6
H HAE 8 9 10
LAHJ 7 97

H Do #7 9 8 9
H Dow#7 9 8 9

Seal Primer
Nort~hrop AE6 9 10

Seal Primer
None HAE & Si1- 5 - -

Icone Lub-

L nricant
N,ne RAE & 3S1- -

icone Lub-
ricant 4

None Wax -er

HAE _jI

*Code letters refer to finishes 1isted in Table VIa
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Part 2 - Evaluation Tests
3.2

3.2.1 Finishes and finish systems subjected to over-all evaluation
testing were selected primaiily on the basis of performnce
in the preceding Screening Tests, However sa:lt spray per-
forrarnn wu'q nnt A- ri•id require -mnt since it -as desirable
to subject as many prcmising finishes as posFibls to the full
evaluation program.

3.2.2 The teat results are Uisted in tabular fcrm, "d each finish
or finish ystem is identified by a code letter. The source
and full description of each fiihis co.t.aiuimJu it a Sjte

aPPen•i to this report. Note that all evaluated finishes
with the exception of the Specification Control system. were
of the air-dry vinyl tyype: primer, top-coat, dr both (see
Discussion, Section 4).

3ý.93 The n'neca rating -y tam simply defin7 the degree of per-
formance from 1 (very poor or complete failure) to 10 (ax-
callent or no effect).

WAX Th 52-99 17
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Part 3 - Electrochmnical Test Data
3.3

3.3.1 The test results presented here have not been used directly in
the evaluation of proTorietury finiohes; 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 ev-_iat~on, See Discussion, Scction 4.

TAmI 7

XORESM CORROSION Iii ThI T(

Ratiiig (Anoi&s
Compound inhibition) Rearks*

Ba~rium Sulfide 8 Excel1ent inhibition. Mills well.
Cadmium Sulfide

l ll1oi r SUide 7 Very good inhibition. Mills well with vahicle.
Sodium Sulfide 8+ Excellent inhibition. Yay be too water soluble

for effective fomulatiorm.
Zinc Sulfide 7

CLh•iat e
,Strontii Chrcrate 6+
Zin. ChromAta 6

• • hr.aste

ex. i = 2.aI Vcrn poor inhibition. Specimen appearance '-.cre
than csontrol.

Zinc Oxide 1 Not so severe as T10 2 , but .-ppzr-rnt1_y no in-

Sodin klAkaiat i 5
Sodim Arsenitc 6
Sodiutm Fluoride 7t Water solubility may be detrimental.
Sodium Pyro-phosphate 7
"Chromic Phosphate"' 6 New proprietary pigment rported as containng

twzivalent cation. Inhibition fair, Hiils well.
Hydroquinome 7+
8-Fqdroxquinoline 7+ V•ry good inhibition. Soluble in vehicle.

Appears to retard drying.

*Inhibition reaarks -aply ornly to performance in the • ..... r F,. ion cell,

7 52-9 19



45.C

PLOT OF CURRET VERSUS TDC-

IN GALVANIC CELL

40.0
Anode: Kagnesiat with proprietary

coating

Cathide: :Jclad Aluninr

35.0
Coating reported in panel #78
(corrosion protection excellent)

CQATING
PIECED

30.C HERE

25.0

OOATING THICKNESS 0,0020"

I•c

15. NO CURRNT

30 MNUTESF

10.

5.C

FIrE 1

0 10 20 30 40 50 60 70 80 90 100 110 120

ELAPSED TIME IN MINUTES
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45.0

PLOT OF CURRT VERSUS TfIE

IN GALVANIC CEL

4.O0 Anode: Magnesium with zinc chromte primer

(Northrop Seal Primer used in lieu of
YI2L-P-6889)

Cathode: Aiclad Aluminum

35.0

30.0

I 25.0

oH READINGS TAKEN SUBSEQUENT
TO PIERCING OF C;GAT1NG

L~20.0

15.0 0 0ATIM THIMMSS 0.0015"

0.050
0.045 READ MS TAKEN

0.040 PRIIR TO PIERCING OF
COATING•

0.035
0.030
0.025

0.020

0.015

Q.010

0.o05 
F I;Jr.E 2

0 10 20 30 40 50 60 70 80 9o lou 110 120
ELAPSED TIM, IN =TES
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45.0

PLOT OF CURRT VtRSM TIME

IN GALVANIC CELl

40.0 A.de Uanstn ~ wt
=A- &%AL

Dow 7

Catho-de: Aclad Ajisirnan

35.0

30.0

I25.0

20.0

15.0

10.0

5.01

S i0 20 30 40 50 60 'lo 8w 90 100 Iio 120

ELAPSED TIME IN MINUTES
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4. DIS'CSSION:

4.1 The criteria listed in Test Aesults for the evaluation of the more
sat~isfacto finishes are believed to be those of primary interest
in Uie determination of a satisfactory fLnish. The numerical rating
system was established to allow fine gradients fr-3m "good" to "bad"
and was baseU upon average expected results, or upon perfonrance of
the Specification system, dependins on the particular test. Since the
ratings are all relatize, simple addition of the, ratings for the various

•x-posure conditons of interest will allow selection of the moat satis-
factory finish.

4.2 An analysis of the results of the screening tests leads to several in-
Leru:bLing G&e is thait the corrosion protection offer=
ad by baked films is not sipnqificantly 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 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, e.g. a chromate pigmented vinyl, adhesion is a factor
of corrcsicm resistance.

4&3 Another interesting generalization is that superior protection has not been
achieved with any of the clnar finishes tested, altho~gh ion conduction
tests by the electrochemical method shcwed no measurable permeation,
This fact allows the pres-mption that, for a non-perfect film, which is
the condition of virtually all production painted assemblies, an inhib-
iting ptgmsat isx essential for superior performa-nces

4.4 It is noted that the large majority of the more satisfactory primers and
-1 __ =I t-ý fze-tflI -m l %I~± _L ~ .11re cf th V3 Yy6w r tzr- na -rn thn~rat the

paint resin is primarily pvoinyl chloride or a copolymer of vinyl
chloride-viniy, acetate. Since most of the finishes tested are proprietary,
precise formulations have not bsen disclosed. However, it is known
that -rirttu¶lly all of the "_inyls" are modified by oils and by other resins
such as melamine, phenolic, and alkyd. The "vinyls" were selected by
most coraerciaJ finish suppliers as the most probable magnesium finish
presumably because nf the inherent low permeability, and modifications
were for the purpose of enhancing film properties such a5 adhesion,
flexibility, etc.

4.5 At the beginning of the project, the theory was advanced that the more
!atisfactory magwcsi=. finishes would be those having the lo''er acid
nuribers, i.e. showing less tendency to react with alkaline solutions.
The reasoning wau that in the normal imperfect film, -water would perm-
arte to thA magnaaium surface and cause some hydrolysis with consequent
release of hydroxyl ions. If the finish were high in acid number, the
alkalines solution so formed would react with the film and cause loss of
adhesion and protective properties, resulting eventually in severe 'n-
rosion. In line with this presumption, the majority of finishes supplied

___ ~ 5299



for thiE test proj mt were ilo in acid nvber (5 or bel:w). However,
loli acid nmber cannot be specified as man independent variable or an-
essential property. Obviously, if the finish is sufficiently imperm-
eable art water resistant, and no breaks exist in the film, virtually
no corrosion will occur and alkaline reis5tance (and low actd ninber)
is not necessary. In the cast- of most imperfect organic fiZ`s, some
corrosion will occur initially, and alkaline resistance is essential,
and consequently l0W acid numbers are prtttbly al&o essential. This
is particularly true if the acid nxnber is measure of the free car-
hol groups in the resin or modifiyirg 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 aind primcrs dcvolopcd for neutral or ecid hydrolzing
metals are unsuitable for magnesiumn

4.6 The study of pre-paint treatmonts was not a specified part of this
project. However, some test panels were given treatment other than the
specified dichromate (Dow #71 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 cleaneo 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 approaat"ly
8.0 - 8.5. For several different phosphate and sulfur-bearing cheical
surface conversion treatments, the digree of paint adhesion appeared to
be a function of this hydrolysis pH. The tLme roeuired for finish
evwluatione did not permit further verification of this phenoenon or
refine=rt of laboratory techniques.

4.7 Almost without exception, Dow #7 pre-paint treatment gave superior re-
sults for the finishes tested, over the use of untreated surfaces or

tow Frank-fort Arsenal HAE coating were tested. This trmatment produced*
exncelent primer ".dhnion, superior to any other treataent attempted.
As a function cf adhesion, the corrosion protection of a good finish
wa =improved, although it appeared that uhe ewt.ction wa- still pri-
marijy dependent upon the primer properties, i.e. the HAS treatment did
not offer significant corrosion protection in itself. This is a reason-
able observation since it is known that the dichrczate surface allos
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.

]--A t ins entirely possible that the HAE ooating would be quite beneficial
in applications where mechanical protection of the maznesium surface
is essential. As previously stated, this test project was directed
on the assuption that galvanic corrosion reduction was the primary
goal, and corrosion tests were such that inhibition was essential to
sunweaior net t trginc

4.9 It was nctd that the hAE magnesivr ~ccting was brittle and wmcd fidke
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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fLnish (bending of a .040 or .051 rsnel over a 0.50 diameter =mndrel at
room temperature):L Some Pcperimeritation with a coating, involving the
formation of a magnesiuz orgganic complex on the panel surface shows
that it is possible to produce a coating that will withstand this bend
-est. Fui-ther investigation into the effect of pre-paint coating brittle-
nees sould bs beneficial.

4.10 With the excejption of one acrylic-type finish a.- the specification
controa nystem (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 Lhe vinyl or'modified vinyl
type. Snce bzked finishes did not show any significant improvement
in protection over the air-dry ty-pes and are not desirable for air-
frame use from a production viewpoint, it w•;S not f£cit that a.ziluation
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 propertiez may be
of valuta in special applications, particularly for eqdipment items.
The selection of vinyl-typu finishes --s simply because of their
superior performance in screening tests.

l2k.ll The outdoor weathering test employed for this project showed rtmark-
able changes in results for exposure at different s easons. Exposure
of the specification control system for the three monthm - December:
January and Februw-y - did not produce significant corrosion, although
repasentative vinyl systems shhcred some blistering. Considerably
more severe results were obtained for two weeks exposure beginning
in March than for the entire three months pr~c-eding. For both, periods,
the exposure was accelerated by daily spray application of natural
sea water. This difference probably deronstrates the significance of
cxposure at different conditions of solar radiation and temperature,
cinc© tha accalarated two-week peric4 }id avera-e r-aymuin te_•rperatures
of approximately 100P. greater than during the preceding three month.s:
It was also interesting to note that the relative standing of the
various finishes were more closely aligned with salt spray ratings
durinS the rapid corrosion th_-n during the slow thrte month p:ricd.

4.12 The stuiiea 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 mechaxiisan of gralvanic
corrosion and polarization effects. The results obtained were not
used directly in the formulation of the evaluated finishes, although
more accurate evaluations were possible knoing 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 effectiveness of a prticular inhibitor. Of mope
significant interest is t he increase or decr-'ease of limiting short-
c:Lrcu~it current with the addition of a polarizing or depoiarizing
material in tbh call compartments.

4.13 The electrochmical techniques utilized in P. prelim1arnr9-manner in
this proJect should be quite useful in further development ,-ork for
ýgnesium coating formuJation•. As statad In +the gml, Inc cell test

aethod, some application of the gA!,7anic cell test data was attempted
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by Nort-hrop laboratory personnel with promising results in that a
permeable vehicle film. by addition 61r was made to pro-
tect magnesium alzo-st as well as the much les: permeable vinyl film
with conventional zinc c~hramate pigment. While Northrop will continue
some study on this mechanism of galvanic cor.rcoion protection, it is
hoped that the curies presented herein and the brief discussion given
will generate further interest in the industry for this type of re-
search.
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