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* urrest primer coatings, using metallic chrometes as the sole corrosion
4nhibitors, have not provided &aquate protect Lou for magnesium alloys on
major aircraft component@.* However, it har been found that such mtals
can be protected by en epoxy formulation simil-ar to specification
NIL-P-23377 if a specific ratio of magnesium oz~ide to strontium chromate is
substituted for the existing inhibitive filler. Salt-spray tests, with and
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Both wrought and cost magnesium alloys have gained incrensing usage on~ nav,%l
aircraft becaiuse of thdir high strzength-to-weight ratios. Scch alloys are tound
on the AV-8A (compressor housing, whieel wells), A-75 (vertical stabilizier),
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TABLE I

INIIIBITIVE FILLUS

mcallic Chromsteq Solubilitv in Water P"_

barium chromate 0.00034 W100 ml at 160C 9.2

cobalt oxyhromte ~ 0 6.6

strontium chromate 0.12 gm/l00 al at 15°C 9.1

zinc chromate - 0 6.8

Alkaline Comounds

aluminum oxide 0.0001 W/100 al at 290C 10.2

calcium hydroALde 0.185 ga/100 in at 00C 12.5

magnesium hyiroxide 0.0009 gm/100 ml at 180C 10.7

magnesium oxide 0.00062 gm/100 ml at 200C 11.3
* pR of a saturated water solution at 250C

TABLE II

1IL-P-23377C EPOXY PRIMI FORMI41ATION

parts-by-weight

Inhibitive filler strontium chromate1  24.0

t 4 I".44 Alnvl 2  4.6

Extending Pigments diatomaceous silic 3  5.8
magnesium silicate 11.0

Vehicle epoxy resin5  27.3
polyanide resir 6  15.0

methyl isobutyl ketone 25.2

Solvents toluene 22.1
xylene 3.7

1 - X2865: Hercules Inc.

2 - 1966: E. I. duPont de Nelours & Co., inc.
3 - Celite 266; Johns-Hanville Products Corp.
4 - SF-399: Whittakar, Clark & Daniel*, Inc.

5 - Epon 1001: Shell Chemical Co.

6 - Versamid 115: Ganeral Mille Ch.atcals, inc.

2
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The total, as in the control formulation (Table L), is always equal .o 24.
Kach was screened for the abil.ty to inhibiL the corrosion of magnesium alloy
panels in a salt-spray environment.

The salt-spray panels were prepared as follows. Ea.n primer was sprayed over
one side of a pretreated magnesium panel to a d, y-fils thickness of 0.7 to
0.9 ails (18 to 23 microns). After 60 minutes air-dry, a topco.at of MIL-C-81773
polyurethane enamel was sprayed over the primer to an additional dry-film

thickness of 1.3 to 1.7 mils (33 to 43 -icrons). One dAy later, each coated
panel was mcrie in a figure ")' down to the bare metal substrate with a
sharply pointed instrument. Fina'ly, after an additional six days of curing
time at ambient temperatures, the coating system was ready for testing.

Two different salt-spray environments were employed. These included a
standard 5. sodium chloride concentration (Method 6061 of Federal Test Method
Standard (FTMS) No. 141a) and Ln identical salt concentration incorporating
sulfur dioxide (SO 2 ) as a contaminant. In each test, the panel specimens
were exposed at a rack angle of six degrees from the vertical. If, during the
course of the test, the topcoat lifted or separated from any candidate primer
because of underlying corrosion, that panel was removed from the salt-spray
cabinet.

All of the teat panels exposed to one or both of the salt-sprey environments
constituted a "series". In the first (Table III), second (Table IV), and
third (Table V) series of tests, primers made with various inhibitor com-
binations were exposed for periods of 14 to 28 days on QQ-M-44 wrought mag-
nesium alloy wlth MIL-M-3171C, Type VIII pretreatment (Irdite 15). In the
tourth series (Tat-!- VI), the optinum inhibitive primer (Formulation 7510)
was cc-,-red directlv to the MIL-P-23377 control formulation for a period of
28 days in QE-22A-Tb cast magnesium aUoy with Iriditt 15 and Dow 17 pre- g

treatmet s. Poet-test photographs of the panels exposed during the third
and fourth series of tests are shown in Figures I through 8, as indicated
on the corresponding tables. (Note that each panel was removed frot, the salt-
spray cabinet when evidence of topcoat failure was observed.)

EVALUATION OF OPTIUM INHIBITIVE PRIMER

In order to determine whether or not the change in inhibitive fillers had an
adverse effect on the physical properties of the ortginai MIL-P-23377 epoxy
primer, Formulation 7510 was directly compared with that material in a cow-
prehensive laboratory evaluation. Those tests taken directly from specifi-
cation HIL-P-23377 are described A the applicable paragraph listed in Table
VII. Such properties include condition In container, odor, fineness of grind,
drying time, surface appearance, adhesion, water resistance, and lubricating

oil resistance. The following additional properties were also included.

Pot Life

A No. 2 Zahn viscometer cup was vertically subiaerged within the unthinned,
admixed coating and then raised above the fluid surface to allow the contents

'
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TABLE 111l

FIRST SKIJES OF SALT-SPRAY TW"TS

Teat Conditions: 14 days, 57 salt concentration, 60 rack anl

Materials: B barium chromte
C - cobalt oxychromate
S - stroatium chromate
Z - zLnc chromste

Substrate: QQ-M-44 imgnesius alto7; MIL-M-317IC, Type VIII pretroatent

Salt Spray SO /Salt Spray
Inhibi :ve Fillers
(parts-by-weight) Blistering Lifting Blistetrina Liftig

24 B 1 day 2 day. 12 days -

I C, 23 S 1 7 1 7
24 3 (NIL-P-23377) 4 - 3: I
24 Z 4 -6 14

* level recommended by supplier of cobalt oxychromate

F" 4
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TAI Iv

sCOcM Sm ts OF SALT-SnAX TSr

Test Coudtttou: 14 days, 5% sIt conemtrtin, 6° rack mtae

Materials: O - aluminm. oxide
CH - calctm hydroxide
ME - m esium hydroxide
No - magnesiu oxide
S - strontium chromate

Substrate: q4-M-4 ingnestus alloy; IIL-N-3171C, 1ype WIl1 pretreatment

Salt Slpray SO2/Selt Spray
Unhibit iye Fillers
(4Mrt s-by-wislht) BlisterlL Lif tivt bliotertma IA f t IN&

4 AO, 20 3 1 day 4 days 9 days-
8 AO, 16 S 5 14 7-

12 AO, 12 S 7 14 14

4CH. 20 S 2 7 14
8CH,6 9 - -

12 CH, 12 S 5 - 12

4 MR, 20 S 1 2 12
8 MR, 16 S 5 - 7 i

12 MR, L2 S 2 7 2 -

4 S, 20 S 5 - 2 -

8 M, 16S 5 - 7
12 M, 12 S 9 .-

5
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TA5LI V

TRIVU SEMES OF SALT-S IlAT TESTS

Tet Couditiona: 28 days, 5 salt concentration, 60 rack angle

Notertals: ND - magesium oxide
S - strontium chromate
Z - zinc chromate

Substrate: QQ-M-44 magnesium alloy; MIL-N-3171C, Type VIII pretreatmelt

Salt Spray S02/Sslt Spray

Figure Inhibitive Fillers
(parts-by-weight) Blistering Lifting Blistering Lifting

1 24 S (MIL-P-23377) - 5 days - 6 days

1 2 MD, 22S - 4 - 7

1 3 MD, 21 S - 3 - 5

2 41, 20S - 4 - 10

2 5 MD, 19 S - 28 - -

2 61NO, 18S - - -

.3 us0 , 1.6~ - 4 14

3 12 1D, 12 S 14 days - - 14

3 16 ID, 8 S - 10 7 days 10

4 20 ), 4 S 3 7 3 14

4 24 MD 1 7 - 10

4 24 Z - 4 - 7

5 21 M,22Z - 3 - 4

5 3 1D 21Z - 3 - 4

5 41 ),20Z - 5 - 3

6 51 D,19Z - 5 - 5

6 6 M,18Z - 6 - 5

6 8 1D, 16 Z - - - 14

7 12 10, 12 Z - 14 - 14

7 16 P3, 8 Z 14 - 7 14

7 20 MD, 4 Z - 10 7 10

4 24 1D 1 7 - 10

6
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TABL K V1

FORTM SKRIXS OF SALT-SRAY" TIWS1'

Taut Couditions: 3 days, 5n sit corcetratiou, 60 rack ausWle

tritals: HD - magneaium oxide

3 - strontium cbroaste

Substrate: Q1-22A-T6 cast Iansgium alloy

SALT SPRAY

Figure Inhibitive Fillers Irdite l5* Dow 17

n, (parts-by welght) jjjigteri Uftiaz Alitort Lif ti

8 24 S (MN-P-23377) - Sdays lOdyo
8 6 D,8S - 28

(Formalation 7510)

* NIL--3171C, Type VIII pratreatmant

K

7
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SALT SPRAY SALT/SO, SPRAY

EET BEVFOR TITLE KEY

D Ys 6 DAYS

10 .1

3 DAYS 7 DAYS

2L M, 22S/

4L'

4 M, - " i

FIGUR Iq THR E ISO S L P A E T
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SALT SPRAY SAL"/SO? SPRAY

4 MO 0

28 DAYS 28 DAYS

FiGURE 2 THIRD SERIES Of SALT SPRAY TESTS
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SALT SPRAY SALT/SO 2 SPPAY

14 DAY DAYS

8 MO, 16

FIGURE 3 THIRD SERIES OF SALT SPRAY TESTS
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SALT SP*AY SALT/SO2 SPRAY

24 M

DAYS .7 DAYS

%S

A4

*i 
r..4

FIGURE A THIRD SERIES OF SALT SPRAY TESTS
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SALT SPRAY SALT/SO2 SPRAY

SEE TABLE VFOR TITLE KE

3 DA t A D YS,

rAIm/W I

to1

2 MO,21

5DAYS A DAYS '

I

3 MO, 21Z

5 DAYS3 DAYS

t~~~1 FIUE5TIDSRE FSL PA ET
12
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SALT SPRAY SALT/SO 2 SPRAY

SE ABEV O TTE E

5r DAY 5AY
TI

28 DAYS w

FIGURE 6 THIRD SERIES OF SALT SPRAY TESTS
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SALT SPRAY SALf/502 SPRAY

SEE~~~~ TAL* ORTTE

144

20 MO, 8Z

*FIGURE 7 THIRD SERIES OF SALT SPRAY TESTS
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SALT SPlAY

5 DAYS

10 DAYS

6 MOS 18" II

28 DAYS

6MO, 18S DOW 17

FIGURE 8 FOURTH SERIES OF SALT SPRAY TESTS
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of the cup to drain throuah the bottom orifice. The viscocity vas recorded
as the time required to completely dratn the cup. A costing ws considered

to hava a six-hour pot life, if the viscocity did not increase more than
F 25%~ from the initial value after six hours in a closed container.

cofrindohesionogt ensis llywthNLM-17C

Two test panelscnomntoQ--4wogtmgeimalywh IM31C
Type VIII pretreatment, were required !i each primer. The first panel was
masked with one-inch (25.4 m&) masking tape along the longer edge, while the
second was left bare. Then the test primer was sprayed over both panel* to
a dry-film thickness of 0.7 to 0.9 mils (18 to 23 microns). After 60 minures
air-dry, the second panel was then masked with the above tape along the lonaer
edge in order to cover the freshly primed surface. Next, a topcoat ofi
MIL-C-81773 polyurethane on amel1 was sprayed over this panel to an additional
dry-film thickness of 1.3 to 1.7 ails (33 to 43 microns). After reaoving
the maeking tapes and allowing the test films seven day6 at ambient temperatures

to fully cure, the panels were ready for testing.

The adherence between adjacent surfaces was quantitatively determined with the
use of the Gardner Scrape-adhesion Apparatus as defined in Method 6303.1 of
7FTHS No. 141m. To evaluate the primer to substrate adheion, the wire loop was
placed onto the bare metal surface of the first panel at a 450 angle of
incidence and was pushed against the exposed edge of the te~t primer under
increasingly heavier loads until the primer was sheared ftom the metal baeu-th.
The weight of this load is directly telated to the strength of the adhesi,.-
bond. The primer to topcoat adhesion on the second panel was evaluated in a
similar mener.

Flexibility

This test required the use of 0.020-inch (0.5 ma) thick clad aluminm alloy
pawels conforminag to QQ-A-25015 (0 temper) and anodised ',n accordance with
MIL-A-8625, Type 1. The test primer was sprayed to a dry-film thickness of
0.7 to 0.9 mile (18 to 23 microns) and was allowed seven days at amient
temperatures to fully cure.

The flexibility was evaluated using two different methods. ]First, a primed
panel was bent, cowe.d side away, ovor a 0.125-inco (3.175 mm) mendrel as
described in Method 6221 of 7D6S So L41a. Visually observed surface crack-
ing was the criterion for failure in this test. Method 6226 of TDS No. 141a
was emloyed to determaine the impact elongation of the primer. This in-
volved dropping a cylindrical weight cato the uncoated side of a primed
panel to produce a series of spherical impressions corresponding to various
percentages (% to 602.)of elongation. The largest impression that exhibited
so surface cracking indicated the minimum ingwact elongation of the mterial.

17
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RE S UL TS A ND D I SC US SIO N

in the salt-spray test series, the results are given as the time required
before blistering or lifting of the protective topcoat occurred. The
dashes indicate that the listed type of failure dil not occur during the
entire test period. The difficulty of correlating salt-spray data on a
quantitative basis is compounded when that data is taken from more tfa one
test series. For this reason, all of the conclusions herein are bamed on

relative comparisons within each series.

Primerv incorporating the individt il metallic chrometes were exposed during
the first series (Table III). Of these, the otrontiuri chromate and zinc
chromate filled coatings exhibited the best overall corrosion resistance on the
magnesium substrates. In the second test series (Table IV), strontium chrovwte
was used in combination with various levels of the alkaline compounds. The
results indicated that the addition of the alkaline fillers significantly Im-
proved the performnce of the originlal chrouste-inbibited primer, particularly

in the So /salt-spray environm at. The magnesium oxide inhibited forulations
were the 9nygroup to cor,,iete the standard saIt-spray exposure without lifting.

oxie ithboh srotiu zadzinc choae.The optimum system occurred at a
leve of" prtsby-eigt o maaesum xid to18 parts-by-weight of strontium

chr-ate.Thissystem was the only on~i ..o withstand 28 drys exposure in both
envionmntswithout any type of failure. By comparison, the KIL-P-23377
prierfaiedafter 5 days in salt-spray and 6 days in SO /salt-spray. The2

results iudics?.4a thikt the mkohaniss of alkaline inhibition is highly con-
centration dependent. Levels above and below the optimum did not perform as
well. Post-test photo_-rap!,& o thc test panels re shown in Figures 1 chrotigh
7, as indLizattd in Table Nfote that each panel was r mved from the
salt-spray cabin.!t when evidence of topcoat iailure Nia 6o1uerved.)

In the fourth test serie5 (Table VI), the cptixum primer (designated NA.DC
Formulation 7510) usec directly cormar--d to the KIL-P-23377 control p~rimer
on a cutst sagaslim alloy. Two pretreatment. often uted on magnesium,
Inidite 15 anL; Dow 1.7, were also cc-pared in this series. There was little
to choose btwem L~ coptiags - --r the Inidite film. Both failed due to
corrosion in a bhoi- pei ; v tim (4 to 5 days). Hoverh, definite
improvement was noted wit'. -he Dow pretreatment as the MIL-P-2337 7 primer
withstood twice the exposure time before failing (10 days) and Formulation
7510 lasted 1' days. Post-test photograp~hs of the test panels are shown in
Figure 8.

The substitution of magnesium oxide for port of the strontium chromate filler
used in the MIL-P-23377 epoxy primer had only one significant effect on the
physical prtperties of that material. As listed in Tails VII, the adhesion
to the pretreatod. magnesium substrate declined slightly, although this was
offset by a considerable increase in adhesion to the MIL-C-81773 polyurethane
topcoat. In either case, the adhesion is more than adequate for the require-
wents of current naval aircraft.

18
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C 0 N C L U S 1 N S

The optimum inhibitive system consists of 6 parta-by-weight of magnasium
oxide to 18 parts-by-weight of strontium chromate. When thiw system was
substituted for the existing inhibitive filler in the HIL-P-23377 epoxy
primer formulation, considerable improvement in salt-epray resistance was
noted. Or. a pretreated wrought magnesium alloy, the optimized primer
(NADC Formulation 7510) withstood 28 days in a standard salt-spr/ay environ-
ment without effect while the specification material failed due to corrosion
rtthin 5 days. Similar results were also noted on a cast magnesLum alloy.
The inhibitive properties are highly dependent on the ratio of magnesium oxide
to strontium chromate in the primer formulation. Variations above and below
the specified level will decrease the corrosion resistance somewhat. Formu-
lation 751C possesaes physical properties identical to tb 'e of the MIL-P-23377
standard, with the exception of a slight decrease in its ,hssion to the

*Agnesiua substrat .. The difference, howiever, is more than offset by a con-
siderable increase in adhesion to the MWL-C-81773 polyurethane topcoat.

RECOMMENDATIONS

It is recomnded that a service evaluation be c, Aucted on the magnesium
components of a tactical aircraft such as the AV-8A Harrier to assess the
effnctiveness of NADC Forualation 7510 in protecting these areas through a
typical fleet deployment.

FUTURE PLANS

An effort will be undertaken to develop improved primers for magnesium alloys
by exploiting other unique inhibitive systems beyond the scope of this study.
This will include the possibility of using different binders, extenders, etc.
to determine the influence of the various component parts on coating performance.
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ISTRI UT IO LIST

REPOtT NO. MADC-76297-30

AIRTASK ND. ASlO-5102/001-2/427-O0-162

Work unit No. A5102G-09

No. of Coies

HAVAIJSYSCON (AIR 954) . . . . . . . . . . . . . . . . . S
2 for reteutton
I for AIR 52031C
1 for AIR 52032
I for AIR 520325

COM VAIRLA (Code 528B) ... ........... ....... 3
COIUAVARPAC (Code 73 ). . . . . .. . . . . . . . . . . . .. 3

HAVARSISCOMEPLA (Code 33). . . .. .. . . .. . .. . . . . 2
HAVAMSYSXMEPAC (Code (3325) ................... 2

NAVAREWO FAC, Alamdma (Coe 343............. 1
Jacksonvilla (Code 340). ............ 1
Norfolk (Code 342) . ............
North Island (Code 34). ............ . 1
Pensacola (Code 3 40) ............. 
Cherry Point (Code 342) ............. 1

WPAFB, Ohio 45433.... . ... . . . . . . 1
Air Force Materi""ls Laboratory MRA)

ArMy Aviation Systems Command (DISAV-EQA), St. Louis, HO 63156 . 1

&M Mobility Equipment I & D Center (DklI-V0). . . . . . . . . 1
Ft. Belvoir, VA 22060

NAVAIRDEVCHN, Wardinster, Pa.. . . . . . . . . 26
3 for 813 1 for 30P7
2 for 30023 1 for 301

1 for 302
1 for 20 10 for 3022
1 for 30 1 for 303
I for 40 1 for 304
1 for 50 1 for 305
1 for 60


