;] ~e3eSPI RL6T7D t CORROSI ON RESI STANT, CHROVATE- FREE CONVERSI ON COATI NG
FCR NVAGNESI UM ALLOYS BACKGROUND OF THE | NVENTI ON The present i nvention
relates to a process for appl yi ng a corrosion resistant, wwﬂm]ﬂmlmwﬁml
conversion coatin oduct formed from magnesi um or a | oy
and to a coati W\M used in the process. Mgnesium al | oys+cemwae* | i ght
and strong, b yl nerable to corrosion due to the reactive nature of
magnesi um Magnesi > aI | oys are protected fromcorrosion in all practi cal
applications. A commonly used, |ow cost, corrosion resistant treatnent for
magnesi um al l oys is a dichromate based conversion coating. Wiale dichromate

based conversi on coati ngs prOV|de good corr05|on protectlon t hey are based
on a chem cal co PSOedx BEaL e RN ‘ FE+ BREE [FONVER Olhccupat i onal

exposure risks. A non- chr oiplefi; GBR" AREPFS F1RFiSEARE Nagnesi um conver si on.
coating is required to WEET—I:%U’ST‘V‘Y_@%TEWCHUT‘EEI‘ treatnment for
protecting magnesi um or magnesi um all oy products is shown in U S Patent
No. 5,683,522 to Joesten, M}_ ERét?Nﬁ‘%Ee@éE' DEOL R AL ed by reference herein.
In this treatnment, a pain -ag-grerem-—a-nﬂ—em*r-wesmtant coating of
magnesi um phoEphameeami rmgaemummnfdhmmsdem 8 pppdased foo applyimadect fornmed
froma eS| m The ss_f a ing. the ¢ atlng i nvol ves
i mrer si rrlrg‘:%{} e ?r%nﬁ:eesllu%aéll I’ogﬁgg%a(‘j%cctfoﬂl’er? ggrs% ufq}on a\%l‘lﬁa p%oqsphate and
fluoride plrgdsctwaméd gatomentgnds 1en mrowi deggesibaralilely bhd manrd very good
pai nt adh n .nQt e.el ectrochenm cally active ingredients to
suppr ess %%lfcr?ogl oﬁfm d=9 e%\?l‘::ﬁ'f O\LAccordl ngly, it is an object
of the presentagnesintn arllogspaoyi tisgrer pmdcessofigr Huwor vemg anmlriemrabmued
chromat e-, free 1 COr [ 0Si ont{;‘ea statnt conyersi op coati ngmf or eS| um and

magnesi um al &y ° it T tts =° ST Urther -obf e?t BERE pr e‘g ﬁHWentl on
to provi @édlaysoate r;g:cemlqttedonrémrcdmwmg uheabhrprmite.cﬁnee corrosion

reSiStanEpggﬁEgggdns. A commenly used, low cost, corrosion resistant
treatment for magnesium alleys is a dichrcomate based conversion
ccating. While dichromate based conversion coatings provide
good corrosion protection, they are based on 2 chemical compound
(hexavalent chromium) that has many occupational exposure risks.
A non=-chromated, corrosion resistant magnesium conversion
coating is reguired to meet industry demands.

Anothear treatment for protecting magnesium or magnesium
alloy produects 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 invelves immersing the magnesium alloy product in a
solution having phosphate and fluoride ions. This treatment
while providing a barrier film and very good paint adhesion,
dees not include electrochemically active ingredients to

suppress corrosion.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to

provide a process for forming an improved chromate-free
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The foregoing objects are attained by the present invention. |In accordance
with the present invention, a process for applying a chromate free,
corrosion resistant conversion coating to a product formed from nmagnesi um
or a magnesium alloy broadly conprises the steps of degreasing the product

i n an aqueous degreasing solution, cleaning the product in a highly

al kal i ne cl eani ng sol ution, deoxidizing the product in a deoxidi zing
solution, and imersing the product in a solution containing phosphate and
fluoride ions where a pH level of the solution is controlled in an
approximate range of 5 to 7, the solution being provided with 1.0 g/'_to
5.0 g/1 of an active corrosion inhibitor and being nmaintained at a

t enper at ¢d e i cappe el s tah €l gordb2d stton2606a gy ebex Falgnenbhentarwhi | e | mMer si ng
the product fqr a L&ne ger%oqﬁgn the range of 15 to 90 m nutes The solution
used to TIHMEHE BhrB¥alfE2t1EE " corrosion resistant coating on a magnesium
or magnesi umral i@y apredtigér cspfadtses the sodsddoninvankhgn phogphat éeand
fluoride ions, and containin rom1.0 'll?to 5.0&&/1 of an active
corrosio%_FQ%ﬂﬁnHiF8?9t¥8“ntﬂgi ngbBDg,c FREAFEREn “REE°HPH of 5 to 7.
The sol utéonsymy eentang. 0.01 to 1.0 vol % of a surfactant which reduces the
reaction tinme. Oher details, of the nagnesiqglallqy conver si on coating of
the present iT\PeACEEACARE WITHS Br6cBEE2+07Y dphIYiTnETEARR" as wel | as

obj ect s aiebadwant ages attendant thereto, are set forth in the foll ow ng
detail ed description and the ac onggnying dramﬁn%1mherein | i ke reference
nuneral s depi’ft AFREIANERetE U1e PERFRRT DRSS BRONZCRS FEES DRAW NG The

Fi gure ispsl yIRCasshkbayt di Ml ras i eADOEE tRntOcohers fed adatiiAyent i on
illustrating a non-electrolytic process for applying a chromate free,

corr osi ob® re RSt EBRDRT s %ﬁﬁwﬁéﬂﬁeﬁéuFooﬁ %r&%ﬁhﬁ;iPﬂrﬁeL°¥r atd¥nesi um
oXx a nagpeEh i oy, sPEFAl $ERIRSGRIREY! Ok G ddic tPREFERRER:&MIODI VENT( S)
The Figure illustrates a grocess.flow%diagr§n1f0f a Egn Ele%%gqh_tic
process POYTSRAN 3G1EELAT onBt B Ee FREOPFBETGh Todi SEFRLY cdHtAG%t 0 a
prgduct I;p%gm d rsemy l,mgﬂﬁshummiﬂ.w@agﬁespuaa@%ﬁq}n al Ide_bhﬁdﬂ%irrﬁgr aft "

i ndustry, for, exanple, the pagnesium y.product may inc]ude any nunber
of oper aF?%%%°%o%8néﬁF§r§h%%r§§e é’rﬁgﬁgga%gra h%‘ﬁ]s“’ltﬁ‘é’é 5?“%%%{}15‘&
conponenpsosdite:n@mdelfeabe iyt ianpmbeessanay begiln off ttheanslmitdralisst ep 10
of degreasi ng the magnesiumallo roduct in.a_degreasi ng,spl ution. An
aqueous-ﬁ%%%é%%ﬁﬂqnﬁnoﬁP %88ﬁ°%§m¥ﬁ£fa€ FnSAl Y ?%gﬂhq%ﬁhsgéP%???1qﬁﬁ5g

i ndust r ypuodided hathr ademgrk QAKI . TE g3C 2Z5annaytive: usedotdoserve t he
function,of . degreasi ng the nagnesi rodquct. This. i.nitd en 10.all ows

f or renn%%?l%ﬁékﬁI%?daﬁﬁlggh%? c%ﬁﬁigﬁ %gngs%%?Ee¥?é?%§JP#agépgéfiﬁﬁée%ggnesiun1
whi ch cah2gubsezflertelgyrepsevententet it nipide theessidaddiecopbradhousiargz and

i nhibit the. chem cal._r ti i f te I, ed. . skilled in the art can
appr eci a%ge}%? hg?ﬂoot er gfﬁéakggg%o?gglnst st,%mééugﬁ”as% hat known in the industry

and sol d undefh¢ hludhen, uBedetGofakm dgschrakaCrelrre, Whicchsien

manuf act Ueeds by, CAIAl CORPAMNa o < N Q9eRakEDs ok ALy, pUchuas N propy!
brom de nay also serve the degreasing function. In addition to the-

degr easi sgmBEEPR(shet lrelusAor| eeY iR \RIaePhrGeessd nbyudmiceudent) el ng t he
magnesi um.akL oy: br aduet 11 g/Ri g8l y, @lkal isre ;aayeoiss hased gheani ng
solution in a cTeanlng step 12. An exanple of a highly alkaline cleaner

whi ch mayinbébitéti zdes imerthenegtealb Ry Sthep sp2ubsoknuath amd 861 @ ¥ t-he

I ndust ryT‘t‘.QdQ%)l& ork ’E%%LEJHR@QJ ALKAL| NEBYST, REMAER . 206« Senichn

manuf actured by Turco Products, Inc. Preferably, during the cleaning step
12, the &eRareaethatreasftigredalMAg sol ution is continuously agitated while
in use, and ngiftaifed ats 3¢t eRShALAL S JnD 22168106 0L SRPY Q¥LBL S| y¢ 180- Z00
degrees Fahrenheit. In addition, in order to achieve an opti mum cl eani ng
effect, tihe poReent rinvyention ehRe ef cbif MFoSest FoR ARBLWEDEETFdedF at

appr oxi We%'lYagoaﬁﬁ)e G Qlivih9BLYs ad dadd i@ Claapeto pefrJakk0r pfn
cleaning solution,“wth the cleaninhg solution having a pH of at |east 11.
By contrdin ithg Enelenialisidsidrdceneemdatqtor @ndhpHeFoRR#EYeP8ani ng
SO'Ut'F”Ldf%wﬁﬁsfﬁﬁé£%fhcﬂf%@“r@Qe?Eﬁ@Qtnﬁﬁg&J¥% aehi eve; whidienlRpEr si Ng the
magnesi um al | oy product in the cleaning solution for a period of '
approximately 3-5 mnutes. The cleaning step 12 further renoves inpurities
fromthe surface of the nagnesiun1a||oy2product whi ch could inhibit the
chem cal reaction necessary to formthe conversion coating of the instant

i nvention. The non-electrolytic process of the instant invention my
further include a deoxidizing step 14 which includes deoxidizing the
magnesi um al | oy product in a deoxidizing solution. One solution for
effectively deoxidizing may be fornulated fromsodiumacid fluoride, with a

o, .



4 initial, cleaning, and deoxidi zing steps 10, 12, and 19, respectively.
For exanple, the deoxidizing solution of the deoxidising step 14 may
include a solution of nitric acid and hydrofluoric acid. However, because
hydrof luoric acid conmbined with nitric acid is such a strong reactant, its
application may be limted when personnel safety is at issue, or when

di mensi ons of the magnesium all oy product are critical to nmaintain tight
tol erances, as a conbination of hydrofluoric/nitric acid reacts Very
strongly on nmagnesium and may attack the actual surface of the nagnesium
product. The non-electrolytic process of the instant invention further

i ncludes an inmersing step 16 The |nnersrng step 16 involves imersing the
magnesi um al | oy product BRAEER BBPGH OWa PF n BH B HeFAA and fluoride ions.
As both phospfial & ﬂ%ftyoer'ﬁ%aee@sf%@ @ﬁﬂﬁte!mv%EYthQfﬁt&%in@'ﬂ't%‘? each
attract positively- charged rations of magnesi um which perneate the surface
of the ho@grxnftdﬁhelpheebhat@de@tﬁﬁﬁeﬂgd%IF6h§lPéa€?lwﬁ%Q1Rfﬁéeﬁagnesrum
ions to e 08l i of galalc[a} t 0) 2Z2) and
HBQHESIUH1¥r%éh#¥¥I% kbég€ on tﬁgggur g?%aﬁﬁh#hggnggﬁﬂgrﬁﬁ?&%ﬁégghousrng
Pref er abtyatite trormepspdlgcistﬁqrﬁ@@ EneR RSN AT OF| B R EngsH umedtlond the
solution in a range of 5 to 7. By controlling the pH level of the inmmersing

or coating solution, the phosphate _ |ons mnll react wi th the nmagnesi um
al l oy surface tHEﬂmamEDaDE%@RIEﬂi"' SRR MR P DN , as a
certain anou eeded far p agh ,ygrtg pagoesi um | f
i ndeed the p e so#ftgon ﬁ%skep geégﬂq; kag%%g (high) level, little,

if any, Eé@@tiQWVUMd brocess ﬁwnlanpﬁelnagmeeh4nma§hréye9~oauep5ﬂenfornta
ConverS'gQ s£ A Loaklin heopbspozf he §9Ltrta0ﬁ}an§mgsntstap Arow at an acidic
| evel ate mn Ive y attack the magnesium al |l oy and
i nstrgateagum$xnm(milbeforenat&ﬁxﬂ%nﬂgaﬁaslmﬁﬂﬁﬁfxzh REeSXHF I mEBA t he
surface. lttnL tﬂ% 5%% fi53! KERY y590ad PWurB G OBt | Hifle SHRY ohQE M Which i's
5 excess n uorr content via magnesi um fTuori-de. Such a
coating ﬂpm$cmﬁnﬁ§ p@@h adhesgeﬂ?Rﬁﬂﬂr|PPE§lmiﬁ oFn 96AFARK CCAPLNICRFS - One
skilled in thﬁ’t% r{on%ie&@?g é’lé'ieﬁro%%'s@tﬁaf‘ Fr @i krdaPH ARY JhespEgvi ded
t hrough a phosp e conpoun such as nonobasi ¢ potassi um phosphat e
( KH2PQCa) 10dP gregotiags Ehen PRUsHare 2 FRAUGEr FBadi @ePREdEPum

1040 Bocks b Lkgrrmduat G iied

phosphat goiqu’PQrfl.) Aer aQDQ@@Q%é&@%‘o@u@lf@EOOQu\_tprasCQHQt naddpayof these
alternatives. A preferred enbodi nent to achieve the desired i mersing

sol uti onkpripeyad soflct he Fh%t%ﬁﬂu§§¥¥eﬁﬂﬁ6ﬁ Fhe I FAES BT G #6nobasi ¢

pot assi upy phogphales usali 8oNoLi-raltHeORGRREE &t | N RYyreekghy ©fe appr oxi mat el y
1. A ounces per gallon of solution, wth dibasic otas ILHH%? hg e, at a

noni nal BAACEH Y RRIORISY - wel Ght %ﬁlEhﬁ&rﬁﬁ?ﬂe&Qﬂi} S8 O6BhcE || on of

sol utiongit Bi $ng N bABaRLhOViSs the tlﬂéefs@ffﬁb i H:ﬁ\éeﬂna@.{eshhﬁr i mer si ng
solution to be controlled ipn an _ytrnunt;hﬁg % acrdrg raqgg. In addition
rs 3%°i% &

to a contPoFNedRHHUITEIUEHI LY | TP GRS HE® s 8P so p=ovi ded
Wi th an epLsiNg) adininhebit! s | ceeriieng t@ahhﬁorﬁd]ﬂjhbﬁnremrlﬁfd Wi bhie

adequat el eact with the surface of. the i um al toe foama
coat.i ng 8% ﬁﬁ@ﬂekttﬁﬁ?lﬁﬁﬁrFae a?ﬁiﬁ?ﬁ%ﬂﬁl§gg? %h ﬁﬁ?aB¥ uorrgg ‘ions is
measur ed siught 86 nBhOf thmanﬁanthetinﬁu§r¢ymehghéoxﬁ unmemunhbridhnﬁn de
(NaHF2), In a fer ment e concent r trgn IS Vi at about
0. 3-0. SbBBV°mE$£%tI% ng eiﬁ%??%e i &5 ﬂﬁl i gﬁcgﬁtra |§%s may be
achrevedcbmpuﬁyngofiHumnqaabtednseknenﬁs cnchyasei-gitopgfl Sodnide kafyl uori de of
about 0.4-0.7 ounces e é&a on_o l.ution., respectively. This controlled

concent r &°8nS5FVE I T P39 |Lﬂﬁ *M'uoride allows a nmagnesi um fl uori de
conver si on coahlﬂ@diﬁnanﬁmrQheth@gﬁ&ﬂ§ﬂﬂg§smépth@,mﬂgnmsnuaia¢txgﬂmﬂm@duct on

whi ch t will adequat Ki t h has t
i gh o EHFRPI BEY COOTENE LoROOS pHlnt RARBS PO Th0d) BECSRTE 1 b wi ||

result omilgheySHlkarenHfadureusngassd urheahmingOselskidd dad anclé=niarg nay

appr eci at other fluoride co ound such otassi u l.uoride LQr
hydr of | uosrecr % ;}?. d, A?rajf“ﬁ%"t?sggp lryocﬂf}e(ga goxrfl ne|ron£”‘f:fr?rt Y s
i mer si ng.ltS.OJlliElﬂOEln il d:rma\nengr enep ney ixe knsed dmd eqlat énstich a

fl uori de, coppound cqnce tr n evel
measur ed 317 PEFNs "BF %0 %FPﬁﬁ ?ﬂ%ﬁﬂf %@%E@I§%ﬂ§?$ﬁﬁgbh %P&
constituents, an active corrosron inhibjtor is added to the bath in a
concentration of fromabout 1.0 g/1 to 5.0 g/1. The active corrosion
inhibitor is preferably selected fromthe group consisting of potassium
per manganat e, sodi um tungstate, sodi um vanadate and m xtures thereof. The
addi tion of sodiumvanadate is a preferred choice because it inproves the
huntdrty resrstance of the conversron coating over a robots range of

o o —_r~N~rs 1 a o, .



A further inprovenent can be achieved with the addition of fromO0.1 to
1.0 vol % of a,surfactant, which reduces the process tinme to 20 mi nutes or
| ess. Products such as Union Carbide TRI TON X-100 and 3M FC- 135 nay be
used. TRITON X-100 may be used in a concentration of 0.25 to 1.0 vol %

EC- 135 may be used at concentrations of 0.01 to 0.10 vole. TRITON X-100 ,s
a preferred surfactant for the solution of the present invention. In a
preferred enbodi nent of the inmersing step 16, it is ' extrenely

advant ageous to mamintain the Solution at a tenperature of approximtely 130
degrees Fahrenheit, while the magnesium7 all oy product is imersed in
the solution for a period of twenty to thirty m nutes. However, one skilled
in the amancfactpmedivafarchaPredicidesilngd ePreteraflya egnies siteh coat i ng
may be a N2 taB9g: L1 QR | LA LS ol it Son 120- 200

degr ees EEEr enh%V!tstepo@‘ezl’ %ﬂr anle pggﬁb Esj?g?ﬁm nlutggso i Fec.m 1590 m nut es,
preferabbynﬁSn@mhsﬁyungyiptedepbntﬁrkp(N$ebhendes$¥mﬁﬁqma§daétﬁon time. By
foll ow n S 10 4 [ o h.Lhe disclosed
process, Q %Ellulp %Bgér?f%%%ég{glt%g i?@ a mag%egl um phosphat e and
magnesi uﬂmﬁi:umhieﬁe. ccrat ianglitaca, nargrmsieumtal laolyflep\reacmctop\m:n@m IS corrosion
resi stant_;and, chro fr nece

phosphat SMPRUDPY é%@d Ebnver%%%%ﬂ%%atln %ggéﬁlg%b ed”in

accor danbe ptbhldidme ol Sxplpmsexdmanabyntzwrwb@hucea a@plwgfrgyaaladbhrta' onal
phosphat e/fI uori de- ba dc Lon Coatl n n or.dan h the

di scl ose&*§aRS” lﬁﬁrjﬁ?(if g %%nlﬁﬁtﬁ? quﬁef g%@?rghn%ﬁfgk%n er high
magni fi cabilapied asiranr @3@1 elfeet r ber s drioscapesomior defiegt Sher
|rregular|t|e shoul d a [ he , 4, and 16
have been Foﬁgowe %r oprg!roel ,ratla};’ %mgcpoatolr%?lihshou%%p&c?;%g%égao%oraous

bead- | i kgrefstabls m:haarhtngl sfdppareny dehachtieeed Waslhdemepsdng déw in

accor dance. th t n { oLr si st ant
conver si oﬁggoa i ng g@égku%g%dg%%ﬁggﬁgnggﬁ& &grfg uctgé%/\ﬁhch%f ully
sati sfi eaptplnembgaea;s 3-rﬁemutaﬁd dtivart lagesngestéprih hetbenbedmrves Wi | e
t he presel i crihad i At ey, af-osReci i
enbodlnengé %E!f@; ng$ﬁ%fp§ﬁ?£gﬁgt§€es ngg%??égtlons)rgﬁg varlafignS\MII
becone appaiéninhibithode sihemicdli Readrelar tnelcgeBAYY read ate tRer egoi ng
descri pt |C%qve§gggxédég§ég ide kel gggpg@,pl tr.g,e q‘ﬁggce t hose alternatives,

modi fi cations varla ons as fall |n the broad scope of the
appended cl ai Fbe Bon-&ratnod YCEA R/EQF%‘& 1°f Ahsr 6BEEINY Gy VASSE9T MR %

chromat e-d e, C?ﬁé?&&é)”a r&%ﬁh@%&n&°§éé§914t Qmacﬂrgﬁmdefsoanemmraga
magnesi um based materi al conprising the steps of )gr;rea5| ng the product
fornmed frdw mAEnABEWEs: kb ETed Rt émwdqcnu&l@égaea% ol uPren:;

solution for effectively deoxidizing may be formulated from
sodium acid fluoride, with a concentration of the deoxidizing
solution being provided at approximately 3.5-7.0 ounces of _
sodium acid fluoride per gallon of deoxidizing sclution, and é
temperature of the solution being maintaineq at approximately
70-90 degrees Fahrenheit. Preferably, the deoxidizing solution
is not agitated while deoxidizing the magnesium allcy product
for an optimum period of time of approximately 3-5 minutes. The
deoxidizing step 14 effactively removes any metal oxides which
are present on the surface of the magnesium allcy housing and
which inhibit the chemical reaction of the phosphate conversion
coating from occurring.

One skilled in the art can appreciate other solutions, w1th.

properties comparable to those disclosed, may accomplish the
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cl eaning the product formed fromthe nagnesi um based material in a highly
al kal irne cl eaning sol ution; deoxidizing the product forned fromthe
magnesi um based material in a deoxidizing solution; and i nmersing the
product formed fromthe magnesi um based material in a,solution containing
phosphate and fluorid" ions where a pH |level of the solution is controlled
in an approximate range of 5 to 7, the solution being provided wwth 1.0 g%
to 5.0 g/1 of an active corrosion inhibitor and being naintained at a
tenperature of approximtely 7.20 to 200 degrees Fahrenheit while inmersing
the product fornmed fromthe nmagnesi um based material for a period of
approximately 15 mnutes to 90 mnutes. Z. A process according to claim1.

wher ei n s@iid a0t i ¥Be£RIHPHSIa0 HBbkbiiMng Stepkecdediis afnd he,group
consi sting of potassium per nagganat e, sodiumtungstate, sodi um vanadat e,

and m xt FEPAHVESY - arfkP S &4 Phfrer Storfa9%re izdnEnsehat ioh@é §he25 ni nut es

to 90 M rEB8difing3stdd ar40€n%§slﬁes@a@laﬁ&otmt%ﬁl % Ini whies @i gsghgl active
corrosion inhibitor conprises from1.0 gll1 to 5.0 g/1 sodi um vanadate,

pr ef er abl R¥Fiogugrge g#qlde o0 Bopeyrl. hpfanas anddateuoric Agdosessinetor di ng

to claimyirivigrein S d ;aCkig §O5E£ A5 PN-daRRbALL 0&&%1&%&&5 .0 9/1
to 2.0 g/1 sodiumtungstate. 5. A process according to claim.1, erein

sai d act iR dgiEedi vret MANscReRl coHMRT S dS fBtodsIue, o7 e démgylilqm?t assi um

per mangans e;neGmaen@wﬁ@sm%gcgwa@@t t&e“lc%'l@léalv@érn%ilmtsﬁ' dﬁ%&tﬂ ion is
provided with fromabout 0,3 to 5 W % sodi um bi fl uoricl e. process

accor di ngFRIGTERERH 128 vméroé‘nbﬁnééP-‘EIn pHo dpsicfé uardc f niiptid@cédntadaiing
sol ution Jdut @%&oﬁem ANsQn@litR Ind 0} tae@hR §§éf§&&f‘q’1t supfalbs PIHCESS

according to claim 1, wheréin said magnesi um based material conprises a
nmagnesi unihf Im@Wteu’F\ BfstlEtect rol ytic process for applying a chromate

free, corrosi @her 85hSEAHE 1CAFLERIpPcAs |BaShemRgRESI MM ARNA3RBAt e and
further includes an immersing step 16. The immersing step 16
involves immersing the magnesium alloy product in a solution
having phosphate and fluoride ions. As both phosphate and
fluorids ions are negatively-charged anions, each attract
positively-charged cations of magnesium which permeate the
surface of the housing. The phosphate and fluoride ions react
with the magnesium ions to form a conversion coating of
magnesium phosphate (Mg3(PO4):) and magnesium fluoride (MgF;} on
the surface of the magnesium alloy housing.

Preferably, the immersing step 16 includes contreolling a pH
level of the solution in a range of 5 to 7. By controlling tﬁe
pH level of the immersing or coating solution, the phosphate _
ions will zeact with the magnesium alloy surface to fofm a
coating which includes magnesium phosphata, as a certain amount
of acidity is needed for phosphate to react with magnesium. If
indeed the pH of the solution is kept at an alkaline (high)
level, little, if any, reaction will occur with the magnesium
alloy product to form a conversion coating. If the pH of the
solution is kept tco low, at an acidic level, the phosphate will
massively attack the magnesium alloy and instigate corrosion
before a coating has had a chance to form on the surface, Alse,

if the pH level is kept too low, a coating may form which is
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magnesi um fluoride to a product fornmed froma nmagnesi um al |l oy, conpri sing
t'he steps of: degreasing the product formed fromthe magnesiumalloy in a
degreasi ng solution: cleaning the product forned fromthe nagnesi um al | oy
in a highly al kaline cleaning solution; 10 deoxidizing the product forned
fromthe magnesium all oy in a deoxidizing solution; providing a solution
cont ai ni ng phosphate and fluoride ions, fromabout 0.3 to 0.5 wt % sodi um

bi fluoride, and fromabout 1.0 g/1 to 5.0 g/1 of an active corrosion

i nhibitor selected fromthe group consisting of potassium pernmanganat e,
sodi um tungstate, sodi umvanadate, and m xtures thereof, and having a pH

l evel in the range of 5 to 7; maintaining said solution at a tenperature of
appr oxi nBte3 s EESYtBlZDOIHeE&QQE%dPaHPEHﬁ@FtVl%aﬁﬁgﬂﬁﬁt¥%|?kPQ§adé product

formed fgom said rag gemm@AJ%a& s58hds 50l Wi.qncLor foilar{?oggrwé in"

range of 15 m nutes To 90 m nutes . A process according-to
wher ei n S@#fdhosphat es and fluoride containing solution further contalns

0.01 to 1.0 vgld %kqfl aesuh facd alte ndl- réaé'ﬂt &)%E@Lé’é'& g%rnl%ﬁﬁeé or

applying a chronate free, corrosion fesista ating of at | east Tmmgnesi um
phosphatEﬁtWﬁXah@r@é@@eﬂﬁérkh%pwqhoﬁlanﬁaghﬁﬁﬁtﬂnm@bho9 sednms si ng the steps

of : degr £asiAig 1 NG TBGRLSH YR A ik PIRAWH,) | Ny A ABY §aSLOG; §O! uti on;

phosphate (K;HPO4), tribasic potassium phosphate (KiPQ,), or
phosphoric acid (H3PQq), or combinations of these alternatives.
A preferred embodiment to achieve the desired immersing solution
pPH level of the instant invention includes combining monobasic
potassium phosphate, at a nominal concentration by weight of
approximately 1.9 ounces per gallon of solution, with dibasic
potassium phosphate, at a nominal concentration by weight of
approximately 3.6 ounces pex gallon of scolution. This
combination allews the preferred pH level of the immersing
solution to be controlled in an optimum slightly acidic range.
In addition to a controlled pH, &Lhe solution of the
immersing step 16 is also provided with an optimum amount of
fluoride ions in the solution which will adegquately react with
the surface of the magnesium alloy housing to form a coating of
magnesium £lucoride. Preferably, the amount of fluoride ions is
measured in terms of a concentration by weight of sodium
bifluoride (NaHF;). In z preferred embodiment, the concéntratiﬁn
is provided at about 0.3-0.5% by weight sodium bifluoride; this
range of concentrations may be achieved by using a nominal
concentration by weight of sodium bifluoride of about 0.4-0.7
ounces per gallon of solution, respectively. This controlled
concentration of fluoride via sodium bifluoride allows a
magnesium fluoride conversion c¢ecating t¢ form on the surface of
the magnesium alloy product on which paint will adequately
adhere. If a solution is used which has teoo high of a fluoride
component, poor paint adhesion characteristics will result on

the surface of the magnesium.



cl eaning the magnesium all ey product in a highly al kaline cleaning

sol ut i on) deoxi di zi ng the magnesi um al |l oy product in a deoxidi zi ng
solution; providing a coating solution containing phosphate and . fluoride
i ons and being provided with a concentration of sodiumbifluoride in a
range of 0.3 to 0.5 W% and a concentration of an active corrosion

I nhi bitor selected fromthe group consisting of potassium permanganat e,
sodi um tungst at e, sodi um vanadate, and m xtures thereof in a concentration
of from1.0 g/1 to 5,0 g/1; maintaining the coating solution at a
tenperature of 120 to 200 degrees Fahrenheit; and i mersing the nmagnesi um
all oy product in the coating solution for a tine period in the range of 15
m nutes to QOOWnﬂkiebledlZn Ahgr atesmBancaRprdicigtee ekhem fllMOJ:\Mderei n said

Vol ohor SoBraetan i FYRRE FS?P‘E‘S*W&L&S&L%TEﬁidf,%%@%%; Piforifhg a
chr omat eforeee;edotcv Ol o dueRi §ﬂanri¢®antorrsg mOatpeoﬂmérémgrBdlﬁtDm
magne5| UYQn conv sne05|sumaa ggn;; SI n tl oln %vl“ng (t{osphat e
and fl uori ongt S x4 el Flgﬁ ont at 151"15 rlq‘ta%@ij‘? of an
active cmomosnbnatmri bid an sehéchient rmmdelmergltmup rons] sidargred ot assium
per manganate. ggd;éj 0 fungs %toeidsodl um vanadat e, and m xtures thereof; and
In addition to the above constituents, an active corrosion
inhibitor is added tc the bath in a concentration of from about
1.0 g/l to 5.0 g/l. The active corrosion inhibitor is
preferably selected from the group consisting of potassium
permanganate, sodium tungstate, sodium vanadate and mixtures
theracf. The addition of sodium vanadate is a preferred choice
because it improves the humidity resistance of the conversion
coating over a robuts range of concentrations and enables use of
a 50% shorter coating cycle. Sodium vanadate when selected may
be added to the bath in a concentration of 1.0 g/l to 5.0 g/1,
preferably from 2.0 g/l to 5.0 g/l.
Sodium tungstate when selected preferably is present in a
concentration from 1.0 g/l te 2.0 g/1, although it may be
present in a concentration up to 5.0 g/l. Potassium
permanganate when selected is preferably present in a
concentration of from 1.0 g/l to 2.0 g/l, although it may be
pPresent in a concentration up tec 5.0 g/1. -
A further improvement can be achieved with the addition éf
from 0.1 to 1.0 vol% of a surfactant, which reduces the process
time to 20 minutes or less. Products such as Union Carbide
TRITON X-100 and 3M FC-135 may be used. TRITON X-100 may be
used in a concentration of 0.25 to 1.0 vol%. FC-135 may be used
at concentrations of 0.01 to 0.10 vol%. TRITON X-100 x5 a
preferrzed surfactant for the solution of the present invention.
In a preferred embodiment of the immersing step 16, it is
extremely advantageous t¢ maintain the solution at a temperature

of approximately 130 degrees Fahrenheit, while the magnesium

7



12, said solution having a pH of 5 to 7. 14. A solution according to
ctaim13, wherein said solution further contains about 1.B ounces per
gal l on of nonobasi c potassi um phosphate, about 3,5 ounces per gallon of

di basi ¢ pot assi um phosphate, and from0.3 to 0.5 wt % sodi um bi fl uoride. 15.
A solution according to claim 13, wherein said active corrosion inhibitor
conprises from2.0 g/1 to 5.0 g/1 sodium vanadate. 16. A solution according
to claim 13, wherein said active corrosion inhibitor conprises from1,0 g/1
to 2.0 g/1 sodiumtungstate. 17. A solution according to claim1l1,3, wherein
said active corrosion inhibitor conprises from1.0 g/1 to 2,0 g/1 potassium
per manganate. 18. A solution according to claim 13, wherein said solution

I s maint QEDWJ%o@éte%ei%@f@d N.rt Reer 80Ue: ifn ¥3@ top2Plodiedgr eesnty
Fahrenheit and further conprises fron1abou£ o, 1. tg 1.0 vol % of a

surf act afP, thRFEYAMIngLRsR pfowever, one skilled In the art can

appreciate that the desired effect of a conversion coating may

be achieved within a range of optimal temperatures (i.g. 120-200
dagrees Fahrenheit) over a range of periods ¢f minutes (i.e. 13-
90 minutes, preferably 25-90 minutes), depending on the desired
production time.

By following the steps 10, 12, 14, and 16 in accordancs
with the disclosed process, one skilled in the art may readily
apply a magnesium phosphate and magnesium fluoride coating to a
magnesium alloy preduct which is corrosion resistant and
chromate :ree.

It is not necessary to remove a phosphate/fluoride-based
conversion coating which has been applied in accordance with the
disclosed invention before applying an additional
phosphate/fluoride-based conversion coating in accordance with
the disclosed steps 10, 12, 14, and l6. With either
environment, under high magnification of a scanning electron
microscope, no defects or irregularities should appear in the
¢coating, if steps 10, 12, 14, and 16 have been f£ollowed
properly, and the coating should possess a porous, bead-like
structure.

It is apparent that thers has been provided in accbrdance:
with the present invention a chromate free, corrosion resistant
conversion coating for magnesium and magnesium alloy products
which fully satisfies the objects, means, and advantages set
forth hereinbefore. While the present invention has been
described in the context of sgpecific embodiments thereof, othex
alternatives, modifications, and variations will beceme apparent
to those skilled in the art having read the foregeing
description. Accordingly, it is intended to embrace those
alternatives, modifications, and variations as fall within the

broad scope of the appended claims.

8



,.A9u, . A RA ,.A AhE A@, . A .. AGA@ AhCkB/ 458<

AC$: @ytoj e_ZU] ca]ca] c”a]ca] ca] ca]ca]ca] ca]ca]ca]ca] ca]ca]ca]ca]ca]ca]calca

] ca] ca] ca] ca] ca] ca] ca] ca] cfa]c”aUjc:al]c@U cal @/ W

% vpkfa\We_ZU]]ca] ca] ca] ca] ca] cha] c”*a] cMa] cMa] c™a] ca] cMa] cna] c™a] ca] ca] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca %R XY#SY"

t!}xsnid_Z]]c]ca]ca]lca]ca]ca]ca]lca]ca]ca]lca]ca]lca]lca)lca]lcalcalcalcalcalcalc

a] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]calt!u! <">"#H###$3$S'

"I'NOP 'L i xsni d_Z]]c]ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]calc

a] cal ca‘]’@éjréé% M&i)((;lg](((;é]( ((:Li E:a] cal ca} I:a} ca} ca} ca} ca} ca} ca} ca} ca]! ) y% z) l/or&]JrJ

KV, XN, 4-5---. .1 /m/////1/"0(01121B1} xsnid_Z]]c]ca] ca]ca]ca]ca]ca]ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca

] cal B1Clx1y11122: 2;

22222[ 3e33F43desisl 4665 Sapy bbb gsai dhZdheteafrad catcatcal 6a) £ad tof £ cal ca
. | _

Leal caledlealoaloal el saleel ealsalealal sohgheal sRl salsglal sal op) 555646

;o <<u rrstaSthé_#Adgd caf cal ca] ca] ca] ca] ca] ca ca] ca] ca] ca] ca] ca] ca] ca]

GAAAAAAAAAQBVBBBC} xsni d_Z] ] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
. I CC(C] ¢

DI DDy DDODDBLE AL AL bR ER LS KOR L2976 o] L7 Co £ 224 cal ca] cal

ca] ca] owdwad icl] cia] ca] dejcad sbdgagsnlenden] cal cal cal cal cal cal ca] ca] ca] cal GGG

GHOH: HVHNHMH HHHI 1111 JJdJeJJJJJIKKVKI KKKK} xsni d_Z]]c] ca] ca] ca] ca] ca]ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]c

al KKLLOL1L Ld 408 f 4 Ll d ' c]ca]ca]ca
]ca]ca]ca]gg%%a]ca]%a]cai%%?%aicaicéica?%aicaf%%?%%§%%§%%f2%fcé La}ca}ca}ca
] ca] cajmst] ] acla! 110 A000RBOPP, PRSP RXREEPRRHOEI LU EBRB,QABQIQQQRAA xsnid_Z] ] ¢
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca! QQRRBRVRRRRRRRSSSSSSQQQ' (66 QAMBQIQQY xsni d_Z] ] c]
ca) ca] ca] caldsboal olal ond ol salon] cadcad cod ol ol Gl el ealralealeal cal cal
ca] ca] ca] ca] ca] ca] ca] caCkdB! & 10%ZZ& ()- S10%Z&' ()-y 10%Z& ()-"10%& () -
109Z & (n)a.ted:l,al]ocma 3 _ctg@}mkn;zing solution; and
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10Zf <: 109%Z& i{mma dsHAP WAL fyoduct formed from the magnesium based

material in a solution containing phosphate and fluorids ions
whare a pH level of the solution is controlled in an approximate
range of 5 to 7, the solution being provided with 1.0 g/l to 5.0
g/l of an active corrosion inhibiter and being maintained at a
temperature of approximately 120 to 200 degrees Fahrenheit while
immersing the product formed from the magnesium based msterial

for a period of approximately 15 minutes to 90 minutes.

2. A process according to claim 1, wherein said active
corrosion inhibitor is selected from the group consisting of
potassium permanganate, sodium tungstate, sodium vanadate, and
mixtures thereof and said immersion time 1s in the range of 25

minutes to 90 minutes.



QodY7! L!10%0& ()- 10: 10:
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3. A process according to claim 1, wherein said active

corrosion inhibitor comprises from 1.0 g/l to 5.0 g/l sodium

vanadate, preferably from 2.0 g/l to 5.0 g/l sodium vanadate,

4. A process according to claim 1, wherein said active
corrosion inhibitor comprises from 1.0 g/l to 2.0 g/l sodium

tungstate.

5. A process according to claim 1, wherein said active
corrosion inhibitor comprises from 1.0 g/l to 2.0 g/l potassium

permanganate.

6. A process according to claim 1, wherein said solution is

provided with from about 0.3 to 0.5 wt% sodium bifluoride.

7. A process according to claim 1, wherein said phosphate and
fluoride containing solution further contains 0.01 *o 1.0 vol%

of a surfactant.

8. A process according to claim 1, wherein said magnegium

based material comprises a magnesium alloy.

9. A non-electrolytic process for‘applying a chromate free,
corrosion resistant coating of at least magnesium phosphate and
magnesium fluoride to a product formed from a magnesium alloy,

comprising the steps of:

degreasing the product formed from the magnesium alloy in a

degreasing solution;

cleaning the product formed from the magnesium alloy in a

highly alkaline cleaning solution;
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deoxidizing the product formed from the magnesium allsoy in

a deoxidizing solution;

providing a2 solution containing phosphate and‘fluoride
ions, from about 0.3 to 0.5 wt% sodium bifluoride, and from
about 1.0 g/1 to 5.0 g/l of an active corrosion inhibitor
selected from the group consisting of potassium permanganate,
sodium tungstate, sodium vanadate, and mixtures therecf, and

having a pH level in the range of 5 to 7;

maintaining said solution at a temperature of approximately
120 to 200 dsgrees Fahrenheit; and

immersing said product formed from said magnesium alloy in
said solution for a time period in the range of 15 minutes to 90

minutes.

10. A process according to claim 9, wherein said phosphate and
fluoride containing solution further contains 0.01 to 1.0 vol3d

of a surfactant.
11. A non-electrolytic process for applying a chromate free,
corrosion resistant coating of at least magnesium phosphate to a

product formed from a magnesium alloy, comprising the steps of:

degreasing the magnesium alloy product in a degreasing

solution:;

cleaning the magnesium alley product in a highly alkaline

cleaning solution:;
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providing a coating solution containing phosphate and

fluoride ions and being provided with a concentratign of sodium

bifluoride in a range of 0.3 to 0.5 wt% and a concentration of

an active corrosion inhibitor selected from the group consisting

of potassium permanganate, sodium tungstate, sodium vanadate,

and mixtures thereof in a concentration of from 1.0 g/l to 5.0

g/l;

maintaining the coating solution at a temperature of 120 to

200 degrees Fahrenheit:; and

immersing the magnesium alloy product in the coating
solution for a time period in the range of 15 minutes t¢ 90

minutes.

12. A process according to claim 11, wherein said phosphate and
fluoride containing solution further contains 0.01 to 1.0 vol$

of a surfactant.

13. A solution for use in a process for forming a chromate-
free, corrosion resistant cocating on a product formed from

magnesium or a magnesium alloy, comprising:
said solution having phosphate and fluorids ions:

said solution containing from 1.0 g/l to 5.0 g/l of an
active corrosion inhibitor selected from the group consisting of
potassium permanganate, sodium tungstate, sodium vanadate, and

mixtures thereof; and
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further contains about 1.8 ounces per gallon of monobasic
potassium phosphate, about 3.6 ounces per gallen of dibasic

potassium phosphate, and from 0.3 to 0.5 wt® sodium bifluoride.

15. A solution according to claim 13, wherein said active
corrosion inhibitor comprises from 2.0 g/l to 5.0 g/l sodium

vanadate.

16. A solution according to claim 13, wherein said active
corrosion inhibitor comprises from 1.0 g/l to 2.0 g/l sodium

tungstate.

17. A solution according to claim 13, wherein said active
corzosion inhibitor comprises from 1.0 g/l to 2.0 g/l potassium

permanganate.

18. A solution according to claim 13, wherein said solution is
maintained at a temperature in the range of 120 to 200 degrees
Fahrenheit and further comprises from about 0.1 to 1.0 vol% of a

surfactant.
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