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BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

This invention relates to a process for preparing zirconium-chromium conversion
coatings on magnesium alloys. The process comprises treating said alloys with effective
amounts of an acidic aqueous solution containing trivalent chromium compounds,
hexafluorozirconates and optionally, tetrafluoroborates and/or hexafluorosilicates, zinc
compounds, surfactants, wetting agents and/qr thickeners. Current surface treatment or
preparation of magnesium alloys is based primarily on two technologies i.e. conversion
coatings and anodizing. This invention relates to an alternative to the conversion coating
magnesiuin alloys as detailed in SAE AMS 3171, (Magnesium Alloy, Processes for
Pretreatment and Prevention of Corrosion On). Conversion coating technologies using
prior processes and compositions are based primarily on the use of hexavalent chromium,

a known carcinogen and a target for replacement by the Department of Defense and
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a known carci nogen and a target for replacenent by the
Depart nent of Defense andconmerci al sectors,
wowookasssde. However, very little research and PCT/US2005/041588
devel opnent has been conpleted with the focus on
devel oping an alternative conversion coating for
commeneighestorsyvairldwide. Bywewirnyery tigtlessesireh and| developmest has been
this invention, a mninmumof 1 to 10 m nutes dwell
compldtédith Ry foeuasmHeveloping dsalammtbel cohlasion costing fon gmghesium
the as-deposited coating that ranges frombluish to
alloys. DBV sl ¥ a‘égﬁé E&hﬁ&s%}“ thif SnveRABRS ditRuRf of '@ FrMaRIS
sol ution and the nmagnesium al |l oy being treated. The
ct ed
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awell (1% TPECAmETG i f rpSideif Cofbl SHPYEY helak 0BFkytel SBhdi o
addi ti onal ~post- treatnents, are necess rior t .

ranges fiogn bhyish te blitergrgy depeading o fhe BO‘HPS}S‘P%&L% ﬁﬂ%ﬁ%‘éﬁ&”&m
subsequent coatings are applied such_as painting and,

and thet inagiesium alloybpeing peated.i Thd wareagted solptinpdp thesrihproughlyginsed
to a process for pretreating or coating nmagnesi um

from tiad treayed alloy iwith mper idtonized aaitern Nvoadditgpabpast- treatments are
corrosion-resi stant properties. The process conprises

necessary§fol fousERAMR Tobiingdislaliwedid dryaRoaplily befoae Sibséquent
sol'ution containing effective anounts of at |east one

coatm%ggaﬁ'«g%quigh lémlf?é u%dlfﬁﬁ{ thdfiRe um conpound, a water

exa rozitconate, and optionally at | east

e wate | ubl e tetrafluyorohborate . .
G e oy s Fle Bl el 304 MM trifengipg or comting
di val ent zjinc coppoynd, and effegtive .amounts of water
magnesigm Ao (o ABEHE HS adliFaioprboRding and SOTEHEN Sor Ham PAPRECISS
Mre specifically, magnesium al|oys are generally,
The pro¢ess camprises drepting magnesiuya allesiswisth am pejdie agueoussglution
conposi tions. Current high-performance treatnents for
containiing effaditiveamounts of at least one water soluble trivalent chromium compound,

a water soluble hexafluorozirconate, and optionally at least one water soluble
tetrafluoroborate and/or hexafluorosilicate, at least one water soluble divalent zinc
compound, and effective amounts of water soluble thickeners and/of water soluble
surfactants.

More specifically, magnesium alloys are generally treated by employing a variety
of processes and compositions. Current high-performance treatments for magnesium
alloys are based on hexavalent chrom'ium chemistry. However, hexavalent chromium is
highly toxic and a known carcinogen. As a result, the solutions used to deposit these
protective coatings and the coating per se are toxic. However, these hexavalent
chromium films or coatings, provide outstanding adhesion, and improved cprrosion

resistance in comparison to the untreated magnesium alloys.



10

15

20

al l oys are based on hexaval ent chrom um chem stry.
However, hexaval ent chromumis highly toxic and a
whp@esssaz ci nogen. As a result, the sol uti ons PCPUS1005/041588

deposit these protective coatings and the coating per

se are toxic. However, these hexaval ent chrom umfilns
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to the Edxavilentrohbematn-basdi cogingsMMersueer, theee ofShexaialent chromium
hexaval ent chromumtreatnents is becom ng nore

treatm8ath RNRELNRIBSmbRMKHpRhIi ASs fefzalations tigtiteraddiatidivion, theeosts of

costs of these chrom um coatings may becone
r QR &d i | eRAisR6hdingdied by th
rse R L oA RS i T B by i
eat nents.are out standi i ' ' .. .
EPA. IS iR seisting ke G bt dBubard REMLalding in ther
_protection and adhesi on,bonding e.q.. for int an .
techniG! peorERsEet y han e SR TTERE T op Protpigtard Khesion
life-cycle cost, environmental, and OSH perspective,
bondirgexafor paint asi ethenaeatiegstat oy application spsidFem a life-cycle cost,

detrinmental for people and the environnent. SUMVARY OF
envirohienta\¥RHNOSHiperspective, hexavalent chromium coatings are considered

detrimental for people and the environment.

SUMMARY OF THE INVENTION

This invention relates to a process for preparing zirconium-chromium conversion
coatings on magnesium alloys at ambient temperatures or higher e.g. ranging up to about
120°F. More specifically, this invention relates to a process of preparing conversion
coatings on magnesium alloys to improve its corrosion-resistance and adhesion-bonding
properties. The trivalent chromium process (TCP) of this invention comprises an acidic
aqueous solution having a pH ranging from about 2.5 to 5.5 and preferably 3.7 to 4.0, and

per liter of said acidic solution, from about 0.01 to 10 grams of a water-soluble trivalent
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This invention relates to a process for preparing
zi rconi um chrom um conversi on coati ngs on nmagnesi um
w@bdoepsssat anbi ent tenperatures or higher e.g.PCENSINE041588

up to about 1200F. More specifically, this invention

relates to a process of preparing conversion coatings
chromiom cvagpoasdaboat 0.6¥ $o 10 gramy efiechgxafuorozirconate, from 0.0 t0 5.0

corrosi on-resi stance and adhesi on-bondi ng properti es.
grams o ¥ Idakt ot RidroedihpstindelRerd disn (he@dupdorsistiagofivent i on

conprises an aci dic aqueous sol ution having a pH

teﬁaﬂu&ﬁ%g}a@&, HeRdh : éﬁ?ic%t?ssaﬂcf)véio@s _BAbRERSSY Hthiknded tHefeof in

and per T sald acidic solution, from about
0.01 t 0 ans 0 ter- t{: j
any ratlgoﬁsglu(gg ’%o ggfo%ama _og i@lg%ﬁ fge a%g%wg leacfl{/ﬁflgﬁtez%&wn%ﬂuﬂm
hexafl uorozirconate, from0.0 to 5, ranms qf at .l.east
from 0§ta 1P erasmpy E‘th%?ﬁﬁﬁﬁg 8 Igeté’t gTaPEﬁﬁfISaﬁ ga%r%’ﬁﬁv agsrﬁ%qﬁ‘élfl? ng
of tetrafluoroborates, hexafluorosilicates and various
thickenenabilfoafioon 8.0 1fiand preferablycd.2 &4 1.5grams of aitleast ong water-
0.0 to 5.0 grans of at |east one water sol uble
solubledionaibsie} cationdc eoamienio surfiatammod wetting agéntgr ans and
preferable 0.5 to 1.5 grans of at |east one

Wes fherSora! Bh sg‘e&i STHEIE $hvenBBAtOprovidennQiclili¢ aqikduasulution
preferably 0.5 to 1.5 grans of at |east one

compﬁ%@&\;%\g?a?éﬂtmhﬁoﬂﬂﬂi i:(fhtqli)&undg A exQfhSroRtcone8Mnd SihthRESEtes

I'ng agent . I's therefore an object of this

{nvention.t ovi de an aci.dic o} ] :
andlor heiptsRiifefeeiioevertie dinedtri il BOT 0% 18 hdlibsion and
hexafiuorozircqgnates, and tetrafl uoroborates and/or
corrosipakesSiaNeEFEPPIHE es for treating magnesi um al l oys to
i nprove its adhesion and corrosion-resistance )
gt spestherabjept ofithisarvsntien topjovide agttabl pcidicpguppussalutign
provi de a stabl e acidic aqueous sol ution having a pH
havingragpHy rangirfer fremadbout 2.2 i 5 1Sovltich codnprises adripalestashremium salt and
trivalent chromumsalt and

hexafluorozirconates for preparing a coating on magnesium alloys.

It is a further object of this invention to provide a stable acidic aqueous solution

having a pH ranging from about 3.7 to 4.0 comprising trivalent chromium for treating

. magnesium alloys at about room temperature and higher wherein said acidic solution

contains substantially no hexavalent chromium.
These and other object of the invention will become apparent by reference to the
detailed description when considered in conjunction with the accompanying FIGS. 1-5

(photos).
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hexaf | uorozirconates for preparing a coating on
magnesi um al loys. It is a further object of this
WO pwef8850n t o provi de a stabl e aci di c agueous BOI/UB20051041588

having a pH ranging fromabout 3.7 to 4.0 conprising

trivalent chromumfor treating nmagnesi um all oys at
DESCRIPTION O THEMRANINGS and hi gher wherein said acidic

sol ution contains substantially no hexaval ent

chromi um These and ot her object of the invention wll

beconme apparent by reference to the detail ed

crinti : edi . .
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pFigt 3 iv? PhefoF MTALE1C-T8 o Llog TP BT

10, 15, & 25 minutes imersion in anbient TCP usin
minutési immersiohiin atibigng TCPwsing affieropilicikicsulfiig acid piekle

photo of My ZE41A-T5 - O ockwi se fromlower right, 5,

1Big. 135 a $héid dﬁM%ZE&IAm’&LsJIMkv&in feorhilewer righR, Hslionds.ak 25

chromc acid pickle. Fig. 4 is a photo of My ZE41A-T5

minutés ifArRGKOh SR abibRiR T@Peﬁsbﬂg HBromio acl@pickle. & 25 m nutes

|fmrer5| on | nl anbient TCP using a . .
A0 PSR TSRS B, 15,02
b e S T S bR AR T 1

fluoride solutjon,
Fig. 5 is a photo of Mg ZE41A-T5 — ASTM B117 — 3 hours Dow™ 7 process

using a chromic acid pickle, 30 minutes immersion in boiling potassium dichromate and
calcium fluoride solution.

Fig.'s 1 and 2 are photos (each showing 4 panels) descfibing the performance of
TCP on AZ91C magnesium alloy with two different processes. The first process uses a
chromate-based “pickle” or deoxidizer. The second process uses a non-chromate pickle.
It is evident from Fig.'s 1 and 2 (photos) that regardless of the immersion time in TCP,
the TCP deposited coating using the non-chromate pickle is superior.

Fig.'s 3 and 4 are photos showing the same process as above for Fig.'s 1 and 2, but

with a ZEA1A magnesium alloy. It is clear from Fig.'s 1, 2, 3 and 4 that the TCP

deposited coatings using the non-chromate pickle performs best regardless of immersion
times.
Fig. 5 shows a panel of ZE41A alloy coated with the Dow-7 process (based on

hexavalent chromium chemistries in the treating process and in the wash) and yielding a
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Fig.'s 1 and 2 are photos (each show ng 4 panel s)
descri bing the performance of TCP on AZ91C nagnesi um
w@bdoossset h two different processes. The firstP@Qr/OSEes041588

uses a chronat e-based "pickle" or deoxidizer. The
second process uses a non-chromate pickle. It is

hexavaleni cleomidmeon¥irsion sodtingrah the fugoesium allosit Itris guidentdepsn Fig.
of the inmmersion tinme in TCP, the TCP deposited

5 (photgptﬁht e TCP bhtinpeon BRACAraedeb@ibp hlstetn stwovesthar TOR is superior
1g."s 3 and 4 are photos show ng the sane process as
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TCP deposi,t.ed ,coat i ngs e -.ch L &kl.e
process Y e db 2P @R P RutiRigoh ety EHpaaRkE Ll
shows a panel of ZE41A all.oy. coated with.the W7 ..
wherea fhscoay-1 DG FEAVIRE RAVRFEOR R CARVERIAR QP solpfions
the treating process and in the wash) and yieldin
for 30 mimaesv AherfCR prosedsunet oolyvadfess bettes sairpyign protegtion with a
magnesium alloy. It is evident fromFi g. 5 (photo)
hexavateh@ithrofguhGiregmratdsn gad ooatifigd bt abo the poocessdd ldse cestly due to
shows that TCP is superior to the standard Dow 7
the shoRtEX @8 r&éq\lired A Mhe ERhRAM6Y ST SlvaQBhdatiag réquiddnisi on,
the TCP process only required 5 to 20 m nutes
i mrersion in anbient tenperature solutions, whereas
the Dow 7 process requires imrersion in boiling
[ [ [ r 30 mnutes. The TCP
DET. LI IQcorrosi on protection
with a hexaval ent chrom umfree process and coati ng,
but al so the process is less costly due to the shorter

time required and the elimnation of elevated heating
dginvention rlatéHT Ahd EDCEE SERFPE ADRCIGE aquecpsnsgipiondaving a

pH ranging from about 2.5 to 5.5, and preferably from about 2.5 to 4.5 or 3.7 t0 4.0 for
preparing a conversion coating on magnesium alloys to improve the adhesion bonding
and corrosion-resistance properties of the alloys. The process comprises preparing the
coating by using an acidic aqueous solution at temperatures ranging up to about 120°F
which comprises from about 0.01 to 10 grams and preferably from about 1.0 to 5.0 grams
e.g. 3.0 grams of at least one water soluble trivalent chromium compound e.g. chromium
sulfate, about 0.01 to 10 grams and preferably about 1.0 to 5.0 grams e.g. 4.0 grams of at
least one alkali metal hexafluorozirconate, about 0.0 to 5.0 grams and preferably from
about 0.12 to 1.2 grams e.g. 0.12 to 2.4 grams of at least one fluorocompound selected
from the group consisting of alkali metal tetrafluoroborates, alkali metal

hexafluorosilicates and various mixtures or combinations thereof in any ratio, and from
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This invention relates to the process of using an
aci di ¢ aqueous sol ution having a pH rangi ng from about
WQ@2@61088522 5, and preferably from about 2.5 to BCBUSI005/041588
3.7 to 4.0 for preparing a conversion coating on
magnesi um al l oys to i nprove the adhesi on bondi ng and
about (cOta H9ignams end prefanatdy b ribiock-Q joe §-05ftor24@ eramsgfat legsione
process conprises preparing the coating by using an
divalend @irdi ongpuad sechsas| id suifatd. t enperatures ranging up to
about 1200F whi ch conprises fromabout 0.01 to 10

Gh 36%ie PréteBsed! cferpléﬁcli)i% bhane gysiehl chabactétisbicoDitha iaghesium

3.0 granms of at |east one water soluble trivalent
CNHRE 0 i ' : (ARAY thedBitidnCof
alloy e G HEBIERALTRA e fafipeshih SR nS P Ty BN ettt a
., 4.0 granp of at |east ane kal. i tal, . .
thickenis o he G691 Ao a ORI HDIqrEABOR dping gpray gnd wipe-on
~ preferably fromabout 0.12 to 1.2 grans _e.g. 0.12 ta
applications by sleaving dewn selatien syaporatiosr déimasr, H’aﬁ@g?setg? éHmPPBHPf
the group consisting of alkali netal . ) ]
powdetyedapasitsihatdeprateqmint adkesion. e ndditivoxtheladditioniof thiekeagrs aids
and various m xtures or conbi nations thereof in any

in propeffili formdiondufRp Gatfze Gred applicationgamhmitigatesphedibueabéffect of
1.0to 2.0 or 0.05 to 2.0 grans of at |east one

rinse watef 3B i SFthe SRR FHE précesdinh Frott bfeds sleps. SPHB

processes,” dependi ng on the physical characteristics

feature??fg'%lhg gpﬁ%&gﬁ LA e8is :Sncgarf B{fgeéﬁg\ééf-ogﬁionsc{nﬁ%gg?sﬁﬁ e

strate, a nove ture is the addition
of t hi ckener ta .the solution that aids in optimnu .
protectjqn. pTHcowRist FFbIEdEFRe f} as fhe oo omaphdt atRient in
by sl ow ng down solution evaporation,  Thi 5 also
the acidictaggeaussolutionip praunts sarging Bomabputidfde 1§ gramsper liter and
degrade paint adhesion hi addition, the addition of
preferably frésar(ed o 2i0gsarnnapt moes preferably foma®.5do 1dus-g-ner dbgrybo
area applications and mtigates the diluent effect of
gram per liter of the aqueous solution.

Depending on the characteristics of the magnesium alloy, an effective but small
amount of at least one water-soluble surfactant or wetting agent can be added to the acidic
solution in amounts ranging from about 0.0 to 10 grams and preferably from 0.0 to 2.0
grams and more preferably from 0.5 to 1.5 grams e.g. 1.0 gram per liter of the acidic
solution. A mixture of the thickener and surfactant can be added to the solution in
'amounts ranging from about 0.0 to 10 grams in any ratio. There are many water soluble
surfactants known in the prior art and therefore for purpose of this invention the

surfactants are selected from the group consisting of non-ionic, cationic and anionic

surfactants.
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rinse water remaining on the substrate during
processing from previous steps. This feature yields
wo pdoamsgskat have no streaks and are better in PCT/US2005/041588

col oration and corrosion protection. The water sol uble

t hi ckeners such as the cellul ose conpounds are present

iTie tutiealensichifamiamis added ol the sadutiomasawaier-solublegrivgenty om

about 0.0 to 10 grans per liter and preferably from
chromifmQohpornd, [geRrablyuih trvatenpelebmiablsgltf Spevificailysim 1. 5

e.g., or about 1.0 gramper liter of the aqueous
fomtﬂiﬁ{g{hé @didic B@éuil B8RS bbfhiCiR@EM IS tHeSdhrGriugd sdlfen be

| esl uma oy, an effective but smal | amount of at
east. - I
added iogxe%sﬁpfta“@é PR MR B Rn broV il RO ABRS o the
rom ut. 0.0 to 10 d,preferably fromQ.0 to
chromishg: gﬁg?}s EqR prople: Sy BiELastey chfosmiugs Eomproups g
e. g. gramper liter of the acidic soluti
in the salutionr st foan 7 Cni(BROmANTHNeTS0D! K EHSC kitoR dasitie
to the solution in anmpunts ranging fromabout 0.0 to
mixturdshofghase®oinpoands. r & prferftidriealentechmeminnnsaltconsentration is
surfactants known in the prior art and therefore for
within Bié RS fbolitl .6 té 506 aMme Br 3.0@rats paditensfthaaquesat sdtihoh.
fromthe group consi sting of non-ionic, cationic and

|
It has b@ﬁ% ?(gig as‘:ﬁagfy%g-gh%stlﬁtk Yt %n&&‘ﬁ'@m tH&3el prodst8 ShHeR

ut i ter-sol ubI e trivalent chronm um

refer
e mv%%?@ﬁ%‘?‘@&‘f’ﬁﬁ“‘“?ﬂg‘% biffef R R
utigns of this vent i It
preferrsimattl Bupeieons 3o Insbe 5913{']5%??1’%% Tl e 6 8's
sol ubl e form provi ded the val ence of the chromumis
grams pif ahpugd. OmsameRertiieeof sodHONpr ef erred chroni um conpounds

are incorporat ed
In some treatments, the alkali metal tetrafluoroborates and/or hexafluorosilicates

can be added to the acidic solutions in amounts as low as 0.01 grams per liter up to the
solubility limits of the compounds. For example, about 50% weight percent of the

fluorosilicate is added based on the weight of the fluorozirconate. In other words, for 8.0

. grams per liter of the fluorozirconate salt, about 4.0 grams per liter of fluorosilicate is

added to the solution. An alternative is to add about 0.01 to 100 weight percent of the
fluoroborate salt based on the weight of the fluorozirconate salt. For example, about 1.0
fo 10 weight percent of the fluoroborate salt can be added based on the weight of the
fluorozirconate salt. A specific example comprises about 4.0 grams per liter of potassium
hexafluorozirconate, about 3.0 grams per liter of chromium III sulfate basic, about 1.0 to
2.0 grams per liter of divalent zinc sulfate and about 0.12 to 0.24 grams per liter of

potassium tetrafluoroborate. An important result of the addition of the stabilizing
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in the solution in the formof C2(SMY) , (NH4)C (SH)
or KCr(SO4)2 and various m xtures of these conpounds.
we2eme8%er ed trival ent chrom um salt concentr aP@DNS2085/041588
within the range of about 1.0 to 5.0 grans or 3.0
grams per liter of the aqueous solution. |t has been,
additivesim the firzaroperates endier flyorgsibigates & thatthe selutien i§ siahle pibig the
these processes when the trival ent chrom um conpound
pH is nhdinatned detwden abohill.5 and 5.5. tHuaveveefinsome examples theHobutions
preferred nmetal fluorozirconate addition to the

may reiﬁl}éjérﬁfﬁpadj afaRALs th e pH B theladditich &f dH@tiRBmOnINnt8 BOA Uilute
.0 grams per liter of solution. In sone treatments,

.. th | kalj.:
acid oy (rfifbaie T iy LEE Trle QP BRI £5 €3 prefergbly flom 2.5t
ol ytjons_in anobunts as low as 0.01 grans per liter up
4.5 or g%mgh*stos‘gpubi lity limts of the conpounds. For
exanpl e, about 50% wei ght percent of the )
fThesebion meayt eonfain aﬁl%% opa dvaless zingcompoypd tojmprpys the
fluorozirconate. In other words, for 8.0 grans per
color ahd tetrosién progectibu of this coatingstcongmired togdompositions thahde npler
liter of fluorosilicate is added to the solution. An
contairf4ih€r TR éotBporentsfabelsoliiutt ard niiked togeMier iewabt ampbrandet
of the fluoroborate salt based on the weight of the

used with 10 RAhd: CABRIGI fhipuldidh. THEHRldint 808 Zink Bnipdudd can be

wei ght percent of the fluoroborate salt can be added
. ased.an the wei aht . of the. i &

varicd fERER B ol 1PaRel o lhere D, 8P KAGAEAEORT g1 dams per

. of potassi um.hexafl yorqzirc e, ~about 3. a p

iter un o BRI LR i 0 @i o CORKEPO BRI ol A g’ g be
granms per liter of divalent zinc sul fate and ,abciut )

divalery zine cap be sp@pligd hysanyehemjcabeorgpoysishiets aiStlh{hat dissolves in water
tetrafl uoroborate. An inportant result of the addition

and is cdmpatibleswithithd othergaeponents én thegsolutiva. MYivaentinemponnds that
and/or fluorosilicates is that the solution is stable

are watéh sbl@bleA€the required concentrations preferably include, for example, zinc

acetate, zinc telluride, zinc tetrafluoroborate, zinc molybdate, zinc hexafluorosilicate, zinc
sulfate and the like or any combination thereof in any ratio.

The coating of the magnesium alloys can be carried out at various temperatures
including the temperature of the solution which ranges from ambient e.g. from about

room temperature up to about 120°F or up to about 200°F. Room temperature is

‘preferred, however, in that this eliminates the necessity for heating equipment. The

coating may be air dried by any of the methods known in the art, for example, oven
drying, forced air drying, exposure to infra-red lamps, and the like. For purposes of this
invention, the term “magnesium alloys” is intended to include any known magnesium

alloy containing effective amounts of various other metals.



pH i s maintai ned between about 2.5 and 5.5. However,
in some exanples the solutions may require small
wadjoassssent s to the pH by the addition of effertT/VU82005/041588
amounts of a dilute acid or base to maintain the pHin
the range of about 2.5 to 5.5 and preferably from2.5
t Thetfolowingf Exampleyillusirate the stahde soatung sohitiony of tig imvention,
| east one dival ent zinc conmpound to inprove the col or
and théfikthoa bf asing Mhgsodatistisiin providih eolod adcoprjsion. dmpre el ddhesion
conpositions that do not contain zinc. The conponents
bond.in%fan Qﬁrr@élbﬂlréé?ﬂalﬁrc%aﬁﬂ%qgr_ si\@h allfysnat er and can be
sed with no further chem cal mani pulation. The anount
of the zinc conmpounds can be varied to adjust the
color inparted to the coating, fromas little as about
0.001 grans per liter "Dﬁ:&) grans per liter e.qg.
S 1.0 to 2.0 or 0.05 to=~grams of Zinc2+cation. The
di val ent zinc can be supplied by any chem cal conpound
i.e. asalt that dissolves in water and is conpatibl e
with the other conponents in the solution. Divalent
cAnrmblersdidic hgieoas soluatrehading alpHeraaging e atepit Bekito 4.0 for
concentrations preferably include, for exanple, zinc

treatin@ 6figAdstum al16¢s fogdrbvité 8orrésiba-réwitimiand arcolvpirédopnizet R6ating
nol ybdat e, zinc hexafluorosilicate, zinc sulfate and

thereoft B@m*n‘ié&?, 323 %f%elﬁ’ﬂbﬂ,aiﬂoﬁﬁ ORFARObE irfYaRAY cHiBfninin siiffte
coatl ng the magnesium all oys can be carried out at
.various te ratures,inc udin t Of: .
10 basic, i PO ARPERTA R LRSI obE b8 BSH T biphidf ine
roomtenperature up to about 1200F or up to about
sulfateon00F. Room tenperature is preferred, however, in that
this elimnates the necessity for heating equipnent.
The

o

EXAMPLE 2

15 A stable acidic aqueous solution for treating magnesium alloys to improve the
adhesion bonding and corrosion-resistant which comprises, per liter of solution, about 3.0
grams of trivalent chromium sulfate basic, and about 4.0 grams of potassium

hexafluorozirconate.

20 ' EXAMPLE 3

The composition of Example 2 including about 0.12 grams of potassium

tetrafiuoroborate.

10
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coating may be air dried by any of the nmethods known

inthe art, for exanple, oven drying, forced air
waleyoeo8gs2exposure to infra-red | anps, and the PCRES20p8041588

pur poses of this invention, the term "mgnesi um

alloys" is intended to include any known magnesi um

al | oy containing effetXAMPhEdnts of various other

netal s. The followi ng Exanples illustrate the stable

coating solutions of this invention, and the nethod of

using the solutions in providing color recognition,

| ARL0 8 BU RGO sIQESH 1o tRREnE R Dﬁ\%ﬁ@@ aﬂ%% totpRowide a
S

coati ngs for magnesi um aI | oys. LE | tabl e

COITOSI%I('I:- éjs'llsgani%éﬁ %l(ﬁ'?«l:c% @reBE'F{wﬁgﬂéé}gpérr 1782 (ngQHﬁion,

realng gns um a S t0O provi

about 1 gregipldgpenCmiver sy e Pac, LG OEY s g1 aplasly.

granms of trivalent chrom um sul fate basi c about 4,
hexaflupregitsonatepehons 8i13 grasascaf patasssun teiwiuprobarate andahous 2.

gramdivalent zinc sulfate. EXAMPLE 2 A stable acidic
grams efdiealest zin¢ sulfave for treating nagnesium all oys to

i nprove the adhesion bonding and corrosion-resistant

WHeGBat@sss1 thRSaveRon ki BE defosited bii therallogdosihg 3nPpickling

grans of trivalent chromum sul fate basic, and about

and ac@a(t)iogg sOHisPRLaASs 'S%IE—W@IM%W@ Zfht ARCRsEre &XMEILE added
np05|t| on of Exanpl e i ncl udi ng about O.

hereto gy re?grence, Q’Oﬁo Ssd nnmersxon in TCP or a TCP color solutlon at ambient to

120°F, for about 3-25 minutes. The optimal corrosion performance and adhesion bonding

can be achieved at ambient, i.e. 70-80°F, for about 5-15 minutes. This process deposits a

corrosion resistant film or coating with superior adhesion for paint and other subsequent

coatings when compared, for example, with a Dow 7™ hexavalent chromium process

using the same cleaning, pickling, and activation chemicals. The as-deposited film or

coating also yields a visualized color change to the surface of the magnesium alloy.

The pickling and activation process for the alloy was accomplished by two
methods; the first being the conventional chromic acid pickle containing hexavalent
chromium; and the second containing no hexavalent chromium at any step in the process.
The magnesium alloys are cleaned with an alkaline, non-etching cleaner at 140°F for
about 10 minutes and then rinsed. Pickled with 180 g/L CrO3 (chromic acid) solution at
180-200°F for about 10 minutes. Activated with a 50 g/L. NH4F-HF (ammonium

bifluoride) solution at ambient temperature for about 5 minutes. Rinsed and then

11
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tetrafl uoroborate. EXAMPLE 4 A stabl e aci di c aqueous
solution for treating magnesium all oys to provide a
W@ 200608850N- r esi stant and a col or recogni zed cOBLT/NG2005/041588

t hereon conprises, per liter of solution, about 3.0

granms of trivalent chrom um sul fate basic, about 4.0
immersg imad CFf aqid salsgon (Bxaexdéd 1+3) oz abews faminutestns ambient 2

grans of potassiumtetrafl uoroborate and about 2.0
1Bnqwngm@mﬁdqﬁmdayalent zinc sulfate. The coatings of this

i nvention can be deposited on the alloys using any

[ [ ' i C { el imth
G R ol s e

h by. ' ' i A
o BB L AP
it o AR S P <L G S

~ 70-80F, for about 5-15 minutes. This process deposits
Variousimixes of ghesa agids will sverk.frartigubarlycoditute soligiem of pd rpigrof
adhesi on for paint and ot her subsequent coatings when
fluorositieitivamddsul fucic acida bk alloyig detisatedas if( thafirsteproceas, end then
chrom um process using the sanme cleaning, pickling,
immerse 76 TEP (Bkahiph 1CMaREIi6 hefirst proces- dTapastémbiplotdssnor only
coating also yields a visualized color change to the

eliminagééraﬁl@fe%a@éleﬁt@ﬁrﬁﬁﬂfﬁbﬁﬂhgHg esiukl G116Y gl‘elu'e _eﬁf‘grdocess, but

ctivation process for t oy was ‘acconplished by

t s: the first. .bei h ] chr.am
also progiSes T B3 o ifatilel B dolibp o YA Pher Rk o
second cont ai nj ng . no hexayal ent chrom um at any ste
those coa{ingp, prasfuse %Laﬂli’é‘”ﬁﬁ’gq‘ﬁ PiEkeal | oys are cl ean)éd Wi Itoh

an al kal i ne, non-etching cleaner at 14Q0F for )
For example, compare the pull-off adhesion results for TCP treatments of this

invention as compared to the Dow™ hexavalent chromium process. All panels 3”x 5”
Mg ZEA1A-T5 were prepared according to SAE-AMS-M-3171 Ty HI process in Turco
HTC alkaline cleaner, 10 minutes immersion @ 140°F., 150 g/L chromic acid pickle, 10

minutes immersion @ 190°F., then 50 g/L. ammonium bifluoride activation, and 5

' minutes immersion @ ambient (72°F). The control panels were then pretreated with 180

g/1 potassium dichromate, about 3.0 g/ calcium fluoride solution, and 30 minutes
immersion @) boiling (210°+F). The non-hexavalent chromium TCP panels were
pretreated with a solution of 4 g/l potassium hexafluorozirconate, and about 3.0 g/l of
basic chromium sulfate with about 5 minutes immersion @ ambient (72°F).

The panels were allowed to air dry for 24 hours before being primed and painted.

The paint system was allowed to cure for 14 days before the adhesion testing began. The

12



about 10 mi nutes and then rinsed. Pickled with 180 g/L
CrB (chromc acid) solution at 180-200F for about 10
WORevaness22 Acti vated with a 50 g/ L NHAF- HF ( ameei/us2005/041588

bi fl uoride) solution at anbient tenperat ure for about
5 mnutes. Rinsed and thenimerse in a

pull-off edhesionriest Besrpphductad )acterdangsovith 8.5FM @} ‘é%“a?S ahleht
tenperature and rinsed. Alternately, follow ng the

describiek €iapangl preparativhii ch is the same as in the above
process; the magnesiumalloy is pickled with a dilute
solution of fluorosilicilapgpEci d, sulfuric acid, or
tetrafl uor oboric acid at ambi ent tenper at ur es for

Adhes;y,QTypelU n! nutes—Vari ous I Xes—of 1 r‘@§£l Q&&ﬁ&: Wi T

L o trt 1 +.
HCtratrry—a di-+ut sotutt-on ol 6/ Imxof
Cure time (BOUSY | | o'} o and—sukf-ur e achd: Fhe Ozuy s
Tempesatire () ed as.in thefirst—process. d tHrEn ||l|n:roc A

Perceny Bplatipg Hﬁ‘mldﬂ}W 4)._as_in the first. S
Substrate Materials ocess not only el | mi nat es Z%@@p@ét

anch%Hn‘&ﬁﬁi@HJs he rmgne5| um al I oy pretreatnment

r—w--=%

Substr. ﬁ“yrficéﬁrpfﬂnd! so produces |%‘g#§g&vg& ﬁ\(;}j F’ﬁ‘h§ﬂ)

F&at-Ef -ost-on-+esi-st-ante (0151 A—
Pretre P'isngs produced with a chronic acid pi‘ckl e.” Por

Types €xanpl e, conpare the pul | -pff SR ANB-MSd Gl (IS HbMELP
Primers! €at MeNts of thi's inventiobn as conpaiePRF-Q38WEC

Dow(tnm) hexaval ent chrom um process I 5"
My_ZE41A-T5 were prepared paccor.di nMﬁPKErS%g%ﬁl\(fq 171

Ty mprocess in Turco HTC gl kaline oI MERGA46 8 i nut es
Jgmersion @140F., 150 g/Lichrom c acjgy Ri.§¥s 10

ToPcolfl‘n nutes i mrersion @190F.,|then 50 g/L anmoni um

bi fluoride activation, and 5 m nuME-DEm$AdsSAym I

anbient (72F). The control panel s were then pretreated

with 180

Table II gives the results of the adhesion tests. The reported numbers are the

average of 30 measurements, 6 pull-off's per panel for each of the 5 panel set.

TABLE II
Series | Pretreatment Primer Topcoat 30 STD
No. measurement | Dev
Average
27 [Dow 7 chromate MIL-PRF-23377C MIL-P-46169-1V 1142 180.33
28 |Dow 7 chromate -PRF-85582N MIL-P-53039-1 960 163.37
29 [Dow 7 chromate MIL-PRF-85582C MIL-P-64159-1 817.67, 156.18!
30 Dow 7 chromate MIL-PRF-85582N MIL-P-64159-I1 885.33] 127.3
42 TCP MIL-PRF-85582N MIL-P-64159-11 2187.33] 410.05

Table II demonstrates a 2 to 2.5 fold improvement in the pull-off adhesion test

10  using the TCP coatings of this invention in comparison to the Dow-7 chromate

conversion coating on ZE41A alloy. This improvement, in adhesion, helps to improve

13



g/ 1 potassiumdi chromate, about 3.0 g/ 1 cal cium
fluoride solution, and 30 m nutes i nmmersion @ boiling
W@ 206688522 The non- hexaval ent chronm um TCP panePGT/g1085/041588
pretreated with a solution of 4 g/1 potassium
hexaf | uorozirconate, and about 3.0 g/1 of basic
the cormisicammiesisianoé b funegneistum alieyuconiponihis: &g paimted siagnesim alloy
anbi ent (720F). The panels were allowed to air dry for
substrateé. hour s before being prinmed and painted. The paint
systemwas allowed to cure for 14 days before the

aif at;saaeé §6(hisHvaRRANthe REWLIubY JurfEhat @R Ye@dled'@%he
conducted 1 n accordance with ASTM D 4541-95. Tabl e |

e AR e RS AE T S 045 B
30.. -
5 e U SRSl W00 SO Bl b S

Pretreatnment Prinmer Topcoat 30 STD No. neasurenent Dev
solutiopye prayidetetos wettingrpropesties i lowernpg ezsurface tension thereby

M L-P-46169-1V 1142 180.33 28 Dow 7 chronmate
insurinfylcbmipRfte 86i249¢, Mhd a B8 08i%erin S0 od €8 BAgRSiuDoenbstrate. The

chromate M L- PRF-85582C M L-P-64159-11 817.67 156. 18

surfactits BRiade £NERMBAEwMet sdltibie 86mBodhd\deledidRdnIhE gfddp. 33
127.3 42 TCP M L- PRF-85582N M L-P-64159-p 2187. 33

consistﬂi'goofqgn-ionic, anionic, and cationic surfactants. Some of the better known

10  water soluble surfactants include the monocarboxyl imidoazoline, alkylsulfate sodium
salts (DUPONOL®), tridecyloxy poly(alkyleneoxy ethanol), ethoxylated or propoxylated
alkyl phenol IGEPAL®), alkyl sulfonamides, alkaryl sulfonates, palmitic alkanol amides
(CENTROL®), octylphenyi polyethoxy ethanol (TRITON®), sorbitan monopalmitate
(SPAN®), dodecylphenyl polyethylene glycol ether (e.g. TERGITROL®), alkyl

15 pyrrolidone, polyalkoxylated fatty acid esters, alkylbenzene sulfonates and mixtures
thereof. Other known water soluble surfactants include the alkylphenol alkoxylates,
preferably the nonylphenol ethoxylates, the anionic surfactants, and adducts of ethylene
oxide with fatty amines; also see the publication: “Surfactants and Detersive Systems”,
published by John Wiley & Sops in Kirk-Othmer's Encyclopedia of Chemical

20 Technology, 39 Ed.

‘When large surfaces do not permit immersion or where vertical surfaces are to be
sprayed, thickening agents are added to retain the aqueous solution on the surface for
sufficient contact time. The thickeners employed are known inorganic and preferably the

organic water soluble thickeners are added to the trivalent chromium solutions in

14
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Table Il denonstrates a 2 to 2.5 fold inprovenent in
the pull-off adhesion test using the TCP coatings of

WO kios/08832ENt i on in conparison to the Dow 7 chrBOBEUS2005/041588
conversion coating on ZE41A alloy. This inprovenent,

i n adhesion, helps to inpraqvethe corr03|on r tance
effectiys arpeiNeS By th ISR CORPBEROS TBige iofh Hg Oﬁﬁgﬁ&%ﬁﬁ“
) al l oy substrates. For purposes of this invent] on, f
liter andepreferabbi Q51te | Sigramstranliter ebthe peidicrediany Spseific Sxampies of

trival ent chrom um solutions in anmobunts ranging from
some padfortd thitkents igelads thearellhioseconapuiinds,ef. € ihyttoxypropyk eellulose

about 1.5 granms per liter. The surfactants are added

(e.g. KReh@hACeRAISe, I IyRthyl SelRicRy] larbgintetliyl\wellilostg or methyl
properties by 'owering the surface tension t hereby |

celluloH:M Bl MR &He CRYEWAE %1 A\ u}:@é\%ﬂ?ﬁ@ﬂﬁwe 91% %Jlﬁder@o@lﬂidal

magnesi um Substrat e. tants 1 nclude at

sitca, R R AR P Rp R, SR RRR . ARPoID: stk b il

surfactants. Sone of the better known water sol uble
combingfiopsict ant s i ncl ude t he nonocar boxyl ini doazoline,

al kyl sul fate sodium salts (DUPONOL(r)), trldecyloxy

pftsr(pepayingrtbompgresiam allpy sutase iy becestedyiasopyskipnal ed

al kyl phenol (I CGEPAL(r)), alkyl sulfonam des, alkaryl
technidiieh,fthe sdlaton pal b8 dpplied vipinarhersioh deppay ﬁEME)R@.[(tB()I)mques The

octyl phenyl pol yet hoxy ethanol (TRITON(r)), sorbitan

TCP sdmﬁ'&g%am E@&&d%ﬁ&é’b&t&&l tem 1%(&5?&%&% Ill Mye:tdmulc@ﬁmany
gl yco ether (e.q. (r)), al pyrrolidone,

o G ?nﬁﬁmfefﬁéw% Saig0s el vt
skl SR VS EARBRER s e

he anionic surfactants, and adducts o | ene, .
about 80°F depending on the solution temperature. er dweIhng, € remaining

solution is then thoroughly rinsed from the magnesium substrate with tap or deionized
water. No additional chemical manipulations of the deposited films are necessary for

excellent performance. However, an application of a strong oxidizing solution can yield a

" film with additional corrosion resistance. The additional corrosion resistance is presumed

to be due to the formation of hexavalent chromium in the film from the trivalent
chromium. The aqueous solutions may be sprayed from a spray tank apparatus designed
to replace immersion tanks. This concept also reduces active chemical volume from
about 1,000 gallons to about 30 to 50 gallons.

While this invention has been described by a number of specific examples, it is

obvious that there are other variations and modifications which can be made without
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oxide with fatty am nes; also see the publication:
"Surfactants and Detersive Systens", published by John

woeloepss&25ops i n Kirk-Qthmer's Encycl opedi a of pChvestoosb41588

Technol ogy, 3rd Ed. \Wen large surfaces do not permit
i mrersion or where vertical surfaces are to _be

departing fropethe spisit apd seang of ghninyention asasiculaly sef farth inrhe

aqueous solution on the surface for sufficient contact

appended claim¥he t hi ckeners enpl oyed are known inorgani c and

preferably the organic water sol uble thickeners are
added to the trivalent chrom um solutions ineffective
anounts e.g. at sufficient concentrations ranging from
about O to 10 grans per liter and preferably 0.5 to
1.5 grans per liter of the acidic solution. Specific
exanpl es of sone preferred thickeners include the
cel l ul ose conpounds, e.g. hydroxypropyl cellul ose
(e.g. Klucel), ethyl cellul ose, hydroxyethyl

cel l ul ose, hydroxynet hyl cellul ose, or nethyl

cellul ose and m xtures thereof. O her water soluble

i norgani c thickeners include colloidal silica, clays
such as bentonite, starches, gum arabic, tragacanth,
agar and various conbi nations. After preparing the
magnesi um al |l oy surface to be coated via conventiona
techni ques, the solution can be applied via i mersion,
spray or w pe-on techni ques. The TCP sol uti ons can be
used at el evated tenperatures ranging up to 65C and
optimally applied via imersion to further inprove the
corrosion resistance of the coatings. Solution dwell
time ranges fromabout 1 to 60 mi nutes, and preferably
5 to 15 mnutes at about 800F, depending on the

sol ution tenperature. After dwelling, the renmaining
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solution is then thoroughly rinsed fromthe magnesi um
substrate with tap or deionized water. No additi onal
wae b@aiogssk2 mani pul ati ons of the deposited fil nsP@r/@s2005/041588
necessary for excellent performance. However, an
' ' a_strong oxidizing solution can yield a
vy al corrosion resistance. The
addi tional corrosion resistance is presuned to be due
L.t Bregess fos DRENANDE ZHTOHERCIIPEHM CARYTFIORCOAINE ON MMagRFsium
fromthe trivalent chromum The aqueous sol utions may
alloysiie impravgdhle Eormosion sgsistapce amkadipsive douding eséengtle which
repl ace i nmersion tanks. This concept al so reduces
compdASds! tHAtif Ak GRion¥shviHofd With ah @uidicladiieOukdittivhshdving a pH
about 30 to 50 gallons. While this invention has been

rangirg%gﬁ‘&rni aIBEchfg t@ﬁ BUEheheilc %;glr@ﬁﬁsf §(ﬁumﬁ§31g, bet ter of

vious that thefe are ot vari ations "an

.nodi ficati ich can.be nmade w thoutdeparti fr
sotutipdrgp Aot T RGBS Bdr 8RB b Bl SSREbbad Apiiif 1 o
set forth _in the appended clains. THE ENTI ON_, CLAI MED
10 grams o Hagxafluprgzirgeraie poi 061 bR tswc A ShFRPROAVEPEPGRound
coatings on magnesium alloys to inprove the corrosion
selected Sioot the grouprednaisting pletrabwerohgratasy deyaflnopgsilidates and mixtures
conprises treating the magnesiumalloys with an acidic
theredftemubosod.0ttd 510 dgramis 0 attlesutionadiyategt Lino tompowid, From alsout

5.5; said acidic aqueous sol ution conprising, per

0.0 tol 10t BAmObF HALAt oAB waldr @5MBRAUIckBndt hnll FrokPalibu UM t8f108zrams of
trival ent chrom um conpound, about 0.01 to 10 grans of

atlea?oﬁ@%ﬁér—‘éqﬂéém%ﬁ' about 0.0 to 5.0 grans of at

east one fi1uoroconpound selected fromthe group
consi sting of tetrafluoroborates, hexafluorosilicates
and m xtures thereof, fromabout 0.0 to 5.0 grans of

at | east one dival ent zinc conpound, from about
2. tThe process ofe Clagmai wﬂerein iﬂe pﬁ of the aqueous solutﬁl)n ranges from about

3.7 to 4.0 and the temperature of the aqueous solution ranges from about ambient to

120°F.

- 3. The process of Claim 1 wherein the trivalent chromium is a water soluble
compound ranging from about 1.0 to 5.0 grams, the hexafluorozirconate is a water
soluble compound ranging from about 1.0 to 5.0 grams, and the fluorocompounds are

water soluble compounds ranging from about 0.12 to 1.2 grams.

4, The process of Claim 3 wherein the thickener ranges from about 0.5 to 1.5 grams,

the surfactant ranges from about 0.5 to 1.5 grams.
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0.0 to 10 granms of at |east one water sol uble
t hi ckener and from about 0.0 to 10 grans of at | east
wor@onssser - sol ubl e surfactant. 2. The process PET/CEZN0HD41588
1 wherein the pH of the aqueous sol ution ranges from
about 3.7 to 4.0 and the tenperature of the aqueous
5. sBragesoler coatigasnagnniuambalinysderispneve the cozmgion repistagge and
process of Claim1l wherein the trivalent chromumis a
adhesivatbending|stremgth edrigiocomprises gieating the magnesitunlalipys with.ad acidic
granms, the hexafluorozirconate is a water soluble

aqueoﬁ@ sa1etOhavanoh PH rhh SN Fudh hbout 8.7 10 £0;kalll &fdic aguibdul Bslution
| uor oconpounds are water sol ubl e conpounds rangi ng

complgél&gﬁgﬁ g tagsxg@é aBb o to4; ogpﬁngsp&&fvaleﬁ{ ctf;bgﬂlm. salt,

ranges out 0.5 to

t he s from ab
abo tg cplcfr }msﬁgpﬁumﬁgg? ?nagmlt%(g 9(} g‘ 0grams of at
nprove the corrosion resistance and adhesiye ndlng
least aperfiegpaomiporad selectpd froms thezsenn sagsishee rh @'fs aI | oys
Wi th an aci di c aqueous sol ution having a pH ran in
tetraflhoxoborates,alkali heta) hexafluarasiicaes anidomixdures thereod| fmrn @hout 0.0
conprising, per liter of solution, fromabout 1.0 to
to 5.0 graingoatdest ore divaleat gint copeunidy frosedbiout 80col0 Lrding of at
5.0 grans of an alkali netal hexafl uorozirconate,

least cﬁk%ter%m@ﬂﬁc&n&r #n 00 18110/pRaA4 oPAYedst RS VLRSI
sel ected fromthe group consisting of alkali et al

rafil {
surtackh B SR DER | Perpil or Fab T B Bl HBLGRE mhES
at | east one dival ent zinc compound, from about O. O to
10 grams of at |east one water sol ubI e thickener, from

.0 to 10 grans of at |east one r sol ubl e
The process ot Claim 5 wherein a mixture of e uorocompounds are present in

the solution in an amount ranging from about 0.12 to 1.2 grams.

7. The process of Claim 5 wherein the thickener is a cellulose compound present in

the acidic solution in amounts ranging from about 0.5 to 1.5 grams per liter.

8. The process of Claim 5 wherein the chromium salt is trivalent chromium sulfate

basic.

9. The process of Claim 5 wherein the alkali metal zirconate is potassium

hexafluorozirconate.
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surfactant, and fromabout 0.0 to 10 grans of a
m xture of the thickener and surfactant. 6. The

wor@eess2nf Claim5 wherein a m xture of the PCT/US2005/041588

fiuoroconpounds are present in the solution in an
anount ran?ing fromabout 0.12 to 1.2 grans. 7. The
10.  prhequeessepf Clainh whewsir the trivalent chiosriapeeompouad ranges from
cel l ul ose conpound present in the acidic solution in
about ladrefiDeramsghahexfaflaoreireuhatOrangeofrdmmbyuand tp&i0 gramesrand
8. The process of CAaimb5 wherein the chromumsalt is
the tetraflhd@brate @M abbnd Bl BtdPR3 efamd). The process of
Caimb5 wherein the alkali netal zirconate is
pot assi um hexaf | uorozi rconate. 10. The process of C aim
5 wherein the trival ent chrom um conpound ranges from

11 FHtfrosssn of Sl hEGhynkitEroR wifdt RGP FRsRibAPI R

ranges from about 0.12 to 1.2 granms. 11. The process

andth%dW%mﬁmgcqmecmﬂﬁsm suHetsmi um salt is trivalent
chrom um sul fate and the divalent zinc conpound is
zinc sulfate. 12. The process of C aim 10 wherein the
thi ckener is a water soluble cellul ose conpound

12. rl’&l%%ﬁr@@sﬁ b0 Claid A0t wherbint the thickegerign. water soliitde pélhideses
of aim 10 wherein the zinc conpound is zinc acetate.

compotfd r. ?ﬁlglfﬁ&ﬁ%ﬁéut@.sgﬁisfgréiﬁs.merei n the surfactant is
sel ected fromthe group consisting of water sol uble

non-ionic, anionic and cationic surfactants. 15. The
process of Claim 10 wherein the zinc conpound is a

i,val ent zinc. . . -
13. € process (Z){‘ Efmn%%lofv%grem the zinc compound is zinc acetate.

14.  The process of Claim 10 wherein the surfactant is selected from the group

consisting of water soluble non-ionic, anionic and cationic surfactants.

15.  The process of Claim 10 wherein the zinc compound is a divalent zinc sulfate

ranging from about 0.001 to 5.0 grams.

16.  The process of Claim 15 wherein the zinc sulfate is present in the aqueous

solution in an amount ranging from about 0.05 to 2.0 grams.

17.  The process of Claim 15 wherein the chromium salt is chromium sulfate present

in the aqueous solution in an amount ranging from 1.0 to 5.0 grams, and the mixture of
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rangi ng from about 0.001 to 5.0 grans. 16. The process
of Claim15 wherein the zinc sulfate is present in the
waquweosss2sol uti on in an amount rangi ng from abpor/US2005041588

to 2.0 grans. 17. The process of Caim 15 wherein the
chromumsalt is chromumsulfate present in the

the alkajieetd temifluoraborates and kexaflnorosidingjenarefpresentl ingthe aqusouns
grans, and the m xture ofthe alkali netal

solutiérein' =3f dnbsiin® baighigeforabotiek 42 kuoLdgrdmeat es are present
in the agqueous solution in an anount ranging from
about 0.12 to 0.24 grans. 18. The process of Caim17
wherein the zinc sulfate is present in the aqueous

18. 7 hibioy bR TF Wi DA, LR 8 pitkepPille Mgus )

The coat ed magnesium all o of aim5.
solution in an amount ra19ging érom about 385 to 2.8' grams.

19.  The coated magnesium alloys of Claim 1.

20.  The coated magnesium alloys of Claim 5.
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