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ABSTRALT

An investigation was conductad to axplors new methods of trasting
magnesium-stes! couplas after the two metals had been assembied and placed in
electrical contact ' "th each othor. A phospnete anodizing treatment, prepared
with this objective in mind, proved to be ineffective when app!lied to such
couples. Tha treatment seemsd to offer considerable corrosion resis:isnce to
magnes ium 2ione when the operating conditions of tha trsatment wers contvolled
within close limits.
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I INTRODUCT!ON

The accelerated corrosion rate observed with magnesium when coupled to o
dissimilar metal Is a problem of great concern to the defense Industry. With
missile systems and lightwelght alrborne equipment becoming Increasingly more
complex, design requirements oftentimes call for an assembly of dissiailar
metals, such as magnesium and steel. Electrical contact betwean ths two metsls
Is oftentimes established and because of the difference In the reletive
positions of the two metals In the EMF serles, a galvanic cell Is crested.

When the assembly |s exposed to moisture and electrolyte, as In & saline atmos-

phere, galvanic corrosion results. The most effective method of preventinrg

galvanic corrosion is to Insulate the faying surfaces of the two metsls to

prevent the formation of the galvanic cell. However, when press fits betwsen
dissimllar metals are required, this is not possihla. There Is a need for an
effectiva treatment that can be applied to dissimilar metal couples (particu-

larly magnesium and steel) atter assembly that will prevent or appreciably

reteid thea affects of galvanic corrosion. A recently duveloped stannate

treatment offers a step In this dircction. The treatment involves immersing o

magnes lum-stee! assembly for a minimum of twenty minutes In a bath containing
potassium stannate (K25n03), sodium hydraride (NaOH), sodium acetate (MC?!}O!), D
and tetrasodium pyrophosphate (Nau?207) maintained between 180°F and 212°F. :
Although the treatment affords some protection against galvanic corroslion, It

has not provided the desired degrae of protection.

A hypothesis exlists stating the rate of corrosion of a metal depends, in
most cases, on the permeabllity of the surface film to the reactants. The
porosity of the film appears to depend on the relative volume of the film com-
pared to the volume of the metal from which It Is formed, |.e, Wd/awD where:

W = molecular welght of the metallic compound forming the film
(of formula MaXb)

density of the compound forming the film

atomic welght of metal

dens ity of the metal

metal anion of the compound forming the film

cation of the compound forming the film

number of anlons per molecule of film compound

number of catlons per molecule of fiim compound

T XITAaKXxOo
[ IO B BN N I B ]

If this ratlo |s greater than one, the fllm tends to be protective; If the
ratio is less than one, the fllm is porous and non=-protective. The ratlio for
magnesium oxide (Mg0), formed on a magnesium surface when exposed to molsture,
is 0.64 and thereby accounts for the non-protective character of the f!im
formed by corrosion product. On the other hand, magneslum treated with chromic
acld forms a corrosion resistant film composed of magnasium chromate
(MgCr0y.7H20) for which the ratio Is 11.3. Similarly, the film of magnesium
fluorlﬁe (MgF3) formed when magnesium Is treated by hydrofluoric acld produces
a ratlo of !.£9 indicating the fiim to be protective which indeed it is.

If this hypothesis s valid for all fiims, then a magnesium surface film
of magnesium phosphate (Mg3(PO4),), resulting from treatment with a PO,T
solution, or a magnesium surface film of magnesium pyrophcsphate (Mg P207),
resulting from treatment with oni' solution, should be protective sfncc thelr
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ratlos are 4.0 and 3.9 respuctively. Therefore, It was decided to conduct
number of laboratory tests whersby magnesium panels would be treated by
phosphate and pyrophosphate solutions under various operuting conditions
Including the application of an external EMF. If, a treatment could be deve-
loped that would successfully protect magnesium alone, It would thea be tested
on magnesium-steel couples since the phosphate ard pyrophosphate trestments
should also produce protective flims on steel because the ratios for ferrous
phosphate (Fe3(P04)2) and (Fe“(P207)3) are 8.9 and 12.0 respectively.

t1. DETAILS OF TEST

These studles ware conducted testing the applicabllity of various phosghat-
ing procedures on magnesium. After treatment, the panels were coated with 0.001
Inch dry film o7 Military Specification MIL-P=15930 (Primer, Vinyl Zinc Chromete
Type, Formula No. 120) alr dried 72 hours, scored, and then exposed to 20% salt
spray (operated according to Federal Test Method Standard No. 141, method 6061).
The test panels were examined every 24 hours and evaluated for corrosion resis-

tance.

inttially, three saries of AZ318 magnesium alloy panels were given a light
zinc phosphating treatment according to Military Specification TT-C-4390, type 1I.
For each serles of panels, the application procedure was varied slightly (see
Table 1).

Another test (Table 1) was conducted whereby two serles of AZ31B slloy
panels were spray treated by phosphating solutions conforming to Military
Specification TT-C-490, type il.

A number of cursory laboratory tests were also performed whereby magnes fum
panels were treated by solutions of NaH PO, under various operating conditlions
Including the application of an external EMF. Tests Involving baths contalining
NayP,0; and mixtures of NagPz0, with NaHaPOy were also conducted. The results
of :E|Z effort showed that an anodizing Eath rontalining NaHzPOQ.HzO at & con-
centration of 13.7 gms/liter offered the most promising results. “The phosph..te
anodizing process consisted of connecting the magnesium component to the anods
of 3 D. C. source and using one or two steel plates Immersed In the bath as the
cathode. A current density of 16 amps/sq.ft. was applied for a perlod of ten
minutes during which time the potential remained rather stesdy around 20 volts,
dropping possibly a maximum of two volts. The bath was maintained at room
temperature and the pH rose during the operation from about 5.0 to 5.5 where It
reached & plateau. Studies were made to determine the operating limits by
varying the bath concentration batwaen 0.5 to 1.0 moles NaH2POL/11ter cf water,
the pH from 4.3 to 6.9, the current desnity from 8 amps/sq.ft. to 60 amps/sq.’:.
and operating times from 8 to 25 minutes (see Table I11).

This phosphate anodizing treatment was compared with three other proprietary

magneslum treatments used quite extensively In Industry, namely a chemical pre-
trestment conforming to Specification MIL=-M=3171, Type |11; an ancdic pretreat-
ment conforming to Specification MIL-N-45202 (Ord), type |, clats C; and a
chemical treatment consisting of a five minute Immersion at room temperaturs in
a glth contalning chromlic acid (CrO,) and calclum sulfate (CQSO“) (see Tadle
V).

T



The phosphate anodizing troatment was also evaluated on magnesiun-stes:
couplos. Test specimens were prepsred by placing a stee! bolt through a
magnes lum pane! and irenting the specimen after assembly (ses Table V).

1l. DISCUSSION

The TT-C-490, type | zinc phosphate Immersion producud a lcose, powdery
coating blulsh-gray in appearance. Upon removal of the powder, a dark,
adherent coating was noticed on the limediate surface. The spray zinc
phosphate treatment produced a coating that was free from the powdery depcsit
and similar in appearance to the dark undercoating cf the Immersion treated
pancls. The salt spray results shown In Table | indicate that the lemersion
treatment offers only slight corrosion resistance wnereas the spray method
offers none.

The TT-C-490, type |1 treatment produced only slight discoloration on the
panel surfaces. The results In Table |1 show that the tour minute spray method
afforded considerably more protection than th. two minute spray.

The phosphate anodlzing treatment produces a surface film which Is dark &
gralny In appearance. Unfortunately, the bath becomes readlly depleted and in
doing su, a white, powdery precipitate forms on the edges of the test panels
glving the appearance of corrosion product. This precizitate is easily washed
off upon subsequent rinsing and seems to have no detrimental effects upon the
performance of the coating, aevertheless, It produces s rough, uneven surface.
This same observation was made when the bath was operated at a high pH around
6.8, even though exc.llent corroslon resistance was noted (see Table lI1).

This effect became worse upon subsequent treatments in the same bath. In fact,
it was found that operating conditlons varying slightly from a pH of 4.3 to 5.5,
a current density of 16 amps/sq.ft., and an operating time of 10 to 15 minutes
made the treatment considerably less effective.

When strict control over the operating varlables is exerclised, however,
this phosphate anodizing treatment seems to offer considerable protection to
magnesium alone. As can be seen in Table IV, when compared with three pro-
prietary treatments, it offered the best corrosion resistance, being somewhat
better than MIL-M-45202 and considerably better than MiL-M=3171 and the chromic
acld/calcium sulfate immersjon treatment.

Unfortunately, the phosphate anodizing treatment Is not applicabls to
magnes lum-steel couplcs. The results in Table V demonstrate the ineffective-
ness of the treatment for such applications.

IV.  SUMMARY

Although the phosphate anodizing treatment has been demonstrated to be non-
applicable to magnesium-steel couples, further testing and development should
be conducted before It can be accepted as an effective procedure for magnesium
alone. Such efforts should be coacentrated in(a) determining more closely the
operating limits of the bath,(b) evaluating more extensively the effectiveness
of the treatment by comparirg it with many proprietary treatments, (c)
aliminating the deposit of white precipitate on the edges of the test panels
and Increasing the li1fe of the phosphate bath.




0f course the greatest efforts in future studies should be directed to
devalop a method of preventing galvanic corrosion. The Ides! treatment sou!d
be one that contains a self-healing ingredient which, when the fiim Is scores,
would leach out of the coating and treat the newly exposed metal. Without this
particular feature, It would be thermodynamically Impossible for & scored
bimetallic assembly to resist corrosion.

Beccuse of the difficulty encountered in sttempting to develop ai sgqueous
treatment for magnesium-stee! couples, a study should be Initiated Into the
use of organic media for treating bimetallic assemblles. Such a stucy would

Involve much baslic research since limlted Information can be found In this
fleld.

V. REFERENCES

1. Milltary Specification MIL-P-15930 Primer, Vinyl-2Zinc Chiomate Type
(Formula 120).

2. Federal Test Mcthod Standard No. 141 - Paint, Varnish, Lacquer and
Related Materials, Methods of Inspection, Sampling and Testing.

3. Military Specification TT-C-490 Cleaning Methods and Pretreatment of
Ferrous Surfaces for Organic Coatings.

L. MIL-M-3171 Magnesium Alloy, Processes for Corrosion Protection of.

5. MIL-M-45202 (Ord) Magnesium Alloys, Anodic Treatment of.
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TABLE |
SALT SPRAY RESULTS (HOURS TO FAILURE)
PHOSPHATE PRETREATMENT' TY-C-490, TYPE | ON MAGHESIum
Onc minute @ 180°F Flve minutes @ 180°F One minute @ 150°F

llo Pretreatment Immersion process jomerson process prey procsess
24 722 562 24
24 722 722 24
962 723
722 72
2h 24

after pretreatmant test panels were coated with cve mil dry fllm of primer con-
forming to Speciflication MIL-P-15930, Primer, Vinyl 2Zinc Chromate Type, Formulae

No. 120.

2The loose powdery crystals formed on the surface by the Immersion process were:
removed prior to application of primer.

TABLE 11
SALT SPRAY RESULTS (HOURS TO FAILURE)

PHOSPHATE PRETREATMENT' TT-C-490, TYPE || ON MAGNES|UM
Two minutes @ 150°F Four minutes ® (S0°F
No Pretreatment Spray process Spray process

24 96 120

24 72 1Lk

96 216

96 216

104

after pretreatment test panels were coated with one mil dry flilm of primer
cenforming to Specification MIL-P=15930 Primer, Vinyl Zinc Chromate Type,

Formula No. 120.




TABLF 111
SALT SPRAY RESULTS
PHOSPHATE ANODIZING' ON MAGNES|um

Honar s
NaH2PO,, Currert Operating Exposure
Concentration density timg Temparature Before
(noles/11ter) pt  (amps/sq.ft.) (minutes) °F Fallure
0.1 5.0 8.0 15 74 600
0.1 L.3 16.0 10 ) 912
0.1 6.6 16.0 15 72 1008
0.1 6.9 24.0 10 74 912
0.5 4.0 16.0 15 73 792
0.5 bL.b4 60.0 8 75 600
0.1 4.3 16.0 10 75 792
0.1 5.0 12.0 25 77 600
0.1 5.0 12.0 ¢ 78 600
0.1 5.4 12.0 20 80 552
0.1 5.5 16.0 10 82 912
0.1 5.5 16.0 10 82 192

IAfter pretreatment test panels were coated with one mil dry fllm of primer
conforming to Specification MIL~P-15930 Primer, Vinyl Zinc Chromate Type,
Formula No. 120.

TABLE 1V
SALT SPRAY RESULTS (HOURS TO FAILURE)

PHOSPHATE ANODIZE VS PROPRIETARY PRETREATMENTS ON NAGNESIUN‘

Phosphate MIL-M-3171 MIL-M~L5202(0rd) Cr03+CaSuQ3
No Pretreatment anod i ze2 Type 111 Type |, Class C Bath
72 648 168 360 1£8
72 A 216 672 21¢
72 720 168 672 168
72 648 240 Lo8 240
72 648 240 408 240
72 648 216 672 216

|After pretreatment test panels were coated with one mil dry film of primer
conforming to Specification MIL-P=15930 Primer, Vinyl Zinc Chromate Type,
Formula No. 120.

2Operatln? conditions: 0.1 mole/liter; pH = 5.0 to 5.5; current density 16
amps/sq/ft/; operating time 10 min. at room temperature.

3Five minute Immersion in the bath at room temperature.

7




TABLE V

SALT SPRAY RESULTS (HOURS TO FAILURE)

i
PHOSPHATE ANODIZE ON_MAGNES |UM-STEEL COUPLE

No Pretrestment Phosphate Anadlzez

2k 2l
b 24
T 2h 24
24 y
24 24
2 24

1
Specimens were assembled prior to treating. After pretraatment they were

coated with one mil dry film of primer conforming o Specification HIL-P-
15920 Primer, Vinyl Zinc Chromate Type, Forawia 120.

ZOpt'sting conditione: O.1 mole/iiter; pH 5.0 to 5.5, current dersity 16
anps/sq.fe. Opurating time ~ 12 minutes at room tzmperature.
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