CORROSI ON RESI STANT, CHROVATE- FREE CONVERSI ON COATI NG FOR MAGNESI UM ALLOYS
BACKGROUND OF THE | NVENTI ON The present invention relates to a corrosion
resistant, chromate-free, phosphate-fluoride conversion coating, with or
wi t hout vanadate, for a product forned from nmagnesiumor a nmagnesi um
alloy and to a coating solution for use in a coating process. Magnesium
alloys are light and strong, but very vulnerable to corrosion due to the
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Magnesium alloys are light and strong, but very vulnerable
to corrosion due to the reactive nature of magnesium. Magnesium
alloys are protected from corrosion in all practical
applications. A commonly used, low cost, corrosion resistant
treatment for magnesium alloys is a dichromate based conversion
coating. While dichromate based conversion coatings provide
good corrosion protection, they are based on a chemical compound
{(hexavalent chromium) that has many occupational exposure risks.
A non-chromate, corrosion resistant magnesium conversion coating
is required to meet industry demands.

Another treatment for protecting magnesium or magnesium
alloy products is shown in U.S. Patent No. 5,683,522 to Joesten,
which is hereby incorporated by reference herein. In this
treatment, a paint adherent and corrosion resistant coating of
magnesium phosphate and magnesium fluoride is applied to a
product formed from a magnesium alloy. The process for applying
the coating involves immersing the magnesium alloy product in a
sclution having phosphate and fluoride ions. This treatment
while providing a barrier film and very good paint adhesion,
does not include electrochemically active ingredients to
suppress corrosion. Co—pending application Serial No.

10/073,688, filed February 11, 2002, and incorporated herein by



sol uti on havi ng phosphate and fluoride ions. This treatnment while
providing a barrier filmand very good paint adhesion, does not include
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SUMMARY OF THE INVENTION
The foregoing objects are attained by the present
invention.

In accordance with the present invention, a chromate-free,
phosphate~-fluoride conversion cecating, with or without vanadate,
formed on a magnesium or a magnesium alloy substrate, includes
an active corrosion inhibitor selected from the group consisting
of organo-phosphonic acids. The phosphcnic acid group reacts
with the magnesium metal of the substrate to form an insoluble
salt. The preferred organo-phosphonic acids used as corrosion
inhibitors in accordance with the present invention are selected
from the group consisting of straight chain or branched amino
alkyl phosphonic acids, straight chain or branched alkyl
phcshonic acids, and triphosphonic acids, particularly,
nitrilotris (methylene) triphosphonic acid (NTMP). When the
corrosion inhibitor includes amino alkyl phosphonic acids, the
amine group can interact with vanadate ions in the coating
sclution to increase the vanadate incorporation into the
conversion coating.

Other details of the magnesium-magnesium alloy conversion
coating of the present invention, as well as objects and
advantages attended thereto, are set forth in the following

detailed description.



fromthe group consisting of straight chain or branched am no al kyl
phosphoni ¢ acids, straight chain or branched al kyl phoshonic acids, and
tri phosphonic acids, particularly, nitrilotris (methylene) triphosphonic
acid (NTMP). Wen the corrosion inhibitor includes am no al kyl
phosphoni c acids, the amne group can interact with vanadate ions in the
coating solution to increase the vanadate incorporation into the
conversion coating. O her details of the nmagnesi um magnesi um al | oy
conversion coating of the present invention, as well as objects and
advant ages attended thereto, DET&ISED PBECRIPHIOHe foll owi ng detailed
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The solution of the present invention may optionally
include vanadate anions. The active corrosion inhibitor is
selected from the group consisting of straight chained or
branched amino-alkyl phosphonic acids, straight chained or
branched alkyl phosphonic acids, triphosphonic acids, and
mixtures thereof. A particular useful triphosphonic acid
comprises nitrilotris (methylene) triphosphonic acid (NTMP).

As noted above, the chromate-free sclution include
phosphate and fluoride ions. Phosphate and fluoride ions are
present in an amount of between about 1 g/L to 50 g/L and 1 g/L
to 10 g/L, respectively, preferably between 10 g/L to 25 g/L and
3 g/L to 5 g/L, respectively. It is important in the present
invention to control the pH of the solution and this is achieved
by the amount of phosphate ions and fluoride ions in the
solution. The pH of the solution is preferably in the range of
5 to 7. The particular phosphate and fluoride compounds
employed in forming the solution having the appropriate pH is
disclosed in detail in co-pending application Serial No.
10/073,688, filed February 11, 2002, and this co-pending
application and the disclosure therein is incorporated herein by
reference.

In accordance with the present inventicn, the corrosion
inhibitor is present in the solution in an amount of between

about 1 ppm to 1 wt%, preferably 10 ppm toc 0.5 wt%. The



m xtures thereof. A particular useful triphosphonic acid conprises
nitrilotris (methylene) triphosphonic acid (NTMP). As noted above, the
chromate-free solution include phosphate and fluoride ions. Phosphate and
fluoride ions are present in an anmount of between about 1 g/L to 50 g/L
and | g/L to 10 g/L, respectively, preferably between 10 g/L to 25 g/L
and 3 g/L to 5 g/L, respectively. It is inportant in the present

i nvent i@ LR ieANt KRk bt PEr PEL OIn thiee Sl ign a%n@ g'ah ﬁoéﬁﬁb§y§dacpd the

anount of phosphate ions and fluoride ions in utlon e pH of the
sol ut i direiferpedf eraphy-phoshleonbh gecigls l@ql@di'é sthelpattpbaiaedmphate

and fl A 0 d fornl the soluti n ha ing the
approp%&éh%%eﬁ gR?HQl%%Fng%ﬁggghéﬁk aCl dosﬁéﬁ |h§ ét?%n Seri al
No. 1®@r@r3he88alkiL eph&epiiimt y dd;déxﬂﬁa uﬁm@hbhpﬁoﬁﬁcpeﬁddﬁg application

and t he discl e therein is incarporated herein b reference. In
accor d&fce LG ﬁrﬁﬁeuﬁ?ggén?r+9ﬂﬂﬁﬁniﬁf < e T Beitoniothhfbitor is present

in the wekulyiene) Nt alpRIBMNEnDE Detyegrmepghout 1 ppmto 1 w% preferably
10 ppmto 0.5 wt% The 3 corrosion inhibitor is in the formof an

or gano- phospRoAFECTdepee W¥#%f%ﬁ?eﬁfﬁﬁﬁyénéﬁﬁﬁ6§ﬂﬁ6ﬂléheaéPHBt%%%Uwﬂé
strai ght,rqhabned andiubE apehed, adn Nl Ky! oraﬁ%pk}gﬁha r@cids, straight

chai ned”or branched al kyl phosphonic acids and trlp osp onlc acids. A
parti ceuatkplasepukcerpphosprdric i dFars thiet sollotips of the present

invention. In accordance with the present invention, the
vanadate ions are present in an amount of between about 1.0 g/1
to 5.0 g/1. It has been found that the vanadate anions interact
with the amine group of the amino alkyl phosphonic acids
increase incorporation of the wvanadate into the conversiocon
coating thereby improving the coating performance. In addition,
the phosphonic acid groups of the corrosion inhibitor react with
the magnesium metal substrate to form insoluble salts which
improve corrosion performance.

The preferred chromate-free solution comprises phosphate
ions in an amount of between 10 to 25 g/L, fluoride ions in an
amount of between 3 g/L to 5 g/L, vanadate anions in an amount
of between 1 g/L to 5 g/L, and the corrosion inhibitor in an
amount of between 10 ppm to 0.5 wt%.

A magnesium or magnesium alloy substrate having a
conversion coating in accordance with the present inventicn
comprises mostly magnesium phosphate and magnesium fluoride. It
is believed that the amino alkyl phosphonic acid will form
insoluble magnesium salt as part of the conversion coating. This
compenent will increase the interaction of vanadium with
conversion coating, therefore increase vanadium content in the

coating, should vanadium is used as corrosion inhibitor as well.



(met hyl ene) triphosphonic acid (NTMP). In accordance with the present

i nvention, the solution may optionally include vanadate anions. Sodi um
vanadate is a suitable source of vanadate ions for the solution of the
present invention. In accordance with the present invention, the
vanadate 1ions are present in an anount of between about 1.0 g/l to 5.0
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i ncrease vanadi um content in the



coating, should vanadiumis used as corrosion inhibitor as well. 4 It is
to be understood that the invention is not limted to the illustrations
descri bed and shown herein, which are deened to be nerely illustrative of
t he best nodes of carrying out the invention, and which are susceptible
of nodification of form size, arrangenent of parts and details of
operation. The invention rather is intended to enconpass all such
nodi fi ggiit@as which are within its spirit and scope as defined by the
claims. 5 CLAIMS: 1. A solution for formng a chromate-free, corrosion
resi stant coating on a product fornmed from magnesi um or a mnagnesi um
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to claim2, “Whérérn the ~trrphosphonic acl as conprise RITriTottis
(met hylkenelisting of organo-phosphonic acids.

2. A solution according to claim 1, wherein the organo-
phosphonic acid is selected from the group consisting of
straight chained amino-alkyl phosphonic acids, branched amino-
alkyl phosphonic acids, straight chained alkyl phosphonic acids,
branched alkyl phospheonic acids, triphosphonic acids, and

mixtures thereof.

3. A solution according to claim 2, wherein the
triphosphonic acids comprise nitrilotris (methylene)

triphosphonic acid (NTMP).

4. A solution according to claim 1, wherein the soluticon

includes wvanadate.

5. A solution accerding t¢ c¢laim 1, wherein the seolution
comprises 1 ppm to 1 wt% of the corrosion inhibitor, preferably

10 ppm to 0.5 wt%.

6. A solution according to claim 5, wherein phosphate ions
are present in an amount of between 1 g/L to 50 g/L, preferably
between 10 g/L to 25 g/L, and the fluoride ions are present in
an amount of 1 g/L to 10 g/L, preferably 3 g/L to 5 g/L.



triphosphonic acid (NTMP). 4. A solution according to claim1l1, wherein
the solution includes vanadate. 5. A solution according to claim1,
wherein the solution conprises 1 ppmto 1 w% of the corrosion inhibitor,
preferably 10 ppmto 0.5 W% 6. A solution according to claim5, wherein
phosphate ions are present in an anmount of between 1 g/L to 50 g/L,
preferably between 10 g/L to 25 g/L, and the fluoride ions are present in
an amount of. 1 g brb0edD 8L pRESHAIRPLY B:80bibA-BeBLrafi 7 cABIAGESS
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prepared in ,accordafcg with the pro e%i of (il aim7. 7
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8. An article comprising the magnesium or the magnesium
alloy substrate having a corrosion coating prepared in

accordance with the process of claim 7.





