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
process for applying a corrosion resistant, chromate-free conversion
coating to a product fornmed from nagnesiumor a nmagnesiumalloy and to a
coating solution used in the process. Magnesiumalloys are |ight and
strong, but very vulnerable to corrosion due to the reactive nature of
magnesi um Magnesium alloys are protected fromcorrosion in all
practical applications. A commonly used, |ow cost/ corrosion resistant
treatment for FAGRESION BEIGISNTs SHAPMARDITRES BANEEREGMVer si on  coati ng..
Wi | e di chromat e based Sj i ide good corrosion
protection, they are bc%%ﬁ%ﬁé S 19 (hexaval ent chrom um
t hat has many occupational exposure risks. A non-chronated, corrosion
resi stant magnesi um conversion coating is required to -neet industry
demands. Another-treatH%%ﬁﬁﬁﬁﬁﬂﬁiﬁﬁezﬂghﬁﬂﬁaﬂgﬁ§iun1or magnesi um al | oy
products isthshReehl UndentaleMe1M0es5:$83 532260 J9esi@yinyhich is
hereby incorporated by reference herein. In this treatnent, a paint
adher ERAF“3fP e G138 BRT r ST 66881 PR G- SiRBgRe3TIE Pliosphat e and
magneskyan it UQidnde kSoRRRAdRA LA 8. RN QAU el ABdL] r M & magnesi um
alloy. The process for applying the coating involves imersing the
magne§PaRt &Y | UM eauEESE Nl thsoPGEF®AS havi ng phosphate and fl uori de

ons. Thi Sydd&ALIRNL) 1U0L | £ Pravdl ggdas@ia@[r{gi,%ufc! LA YL YL gpod pai nt
adhesi on, does not include el'ectrochem call’y active 1ngredients to
P suppr ésscenryugironiie SUVMMARY GRCTHE:| NvENTE ON Aegordiwgl y Maghessumn obj ect
(Jof the,presenty iVEOLEOR Fon RIPELd8oA B 2953 -L8E:EO M NG an i nproved

chromat e-
applicaticns. A commonly used, low cest, correosion resistant

treatmant’ for magﬁesium allays is a dichromate based conversion
coating.’ While dichromate based conversicn coatings provide
good corrosion protection, they are based on z chemical compound
(he#avalent.chrOmiumJ that has many o¢ccupaticnal exposure risks.
A non-chromated, corrosion resistant magnesium conversion
coating is required to meet industry demands. |
Arnothar treatment for protecting magnssium or magnesium
élloy products is shown in U.S. Patent No, 5,683,522 te Joesten,v
which 1s hereby incorporated by reference hersin. In this
treatment, a paint adherent and cerrosion resistant coating.of
ijj’ magnesium phosphate znd magnesium fluoride is applied to a |
preduct formed from a magnesium alloy. The process fo;ﬁapplying
The cgoating involves immersing the magnesium alloy product in a
selution having phosphate and £luoride lons. This treatmert
while providing a barrier film and very good paint adhesiorn,
does 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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cafrosion resistant conversion coating for magnesi um and magnesium all oy
products. It is a further object of the present invention to provide a
coating solution for formng the chromate-free corrosion resistant
coating. The foregoing objects are attained by the present invention. In
accordance wth the present invention, a process for applying a chromate
free, corrosion resistant conversion coating to a product formed from
magnesi um or a fagnesi um all oy broadly conprises the steps of degreasing
the product in an aqueous degreasing solution, cleaning the product in a
P Ohl . 20kabh NEs G 0AR NG s0LLLL oML oM GLel floAles praduct Tna
deOX|éiz|ng solutTon, and I mersing t produc? in a solution containing
phosphatesand #1Llmy idedugns.where a pH | evel of the solution is

controlled_inp_an T, OXI . an of 5 to 7,.the solution_ bei

provi ded g\nj't h° 1° OPLg%hetroggggc%/T:gg%haar?réagteftvel%%?rﬁ%%cinor?o Fﬁ?ﬁlbclp or and
bei nge meiznt ag nedl wica tfenpépratime dfe appeoxiratety cd2@stion200 degrees
Fahrenhei%ﬁm@ile i mersing the product for a tine period in the range of
15 t o 90 SiEhRbt 883 e sol ution used to formthe chromate-free, corrosion
resi st ant TgeatégyOIhA JHEQRESI ¥F8 Qft HHAGRAS byM: At | Pyegyaduct conpri ses
the sol ution having phosphate and fluoride 1ons, and containing from1.0
g/ | t6"¥8PGL8l1 of an active corrosion inhibitor. As nentioned above, the
sol ution hasaacPHifice ¢i%n’ che ThEe SO ULIRQRANRY CORt R b0k 0 1.0 vol *
of a surfactant which reduces the reaction tine. her details of the
magneXFHRHNAP| By Corivas i foitce 08P THYS b Bo5d S5REEeRPNTERART 6P HW of t he

process o @hcappk VS SRMEhond ag%ﬁ‘%%ﬂrur@%zogi %%Eﬁleéﬂﬁnaéjl‘&w 896sq A t endant

thereto, are set forth '1n the owi ng detarled descri'ption &nd the

 accorffmmRFiAgs Hhawk FRpRS eraTrRRkENY diter OOSUREINER ads AMWISPEE | i ke

el eMefdteading solution, cleaning the product in a highly alkaline
cleaning §Blution, deozidizing the product in a deoxidizing
solutien, andlimmersing the product in a sclution containing
phosphate and flucride ions where a pH level of £he 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
inhibitor and being maintained at 2 temperature of approximately
120 to 200 degrees Fahrenheit while immersing the product for a2

- time period in the range of 15 to 90 minutes. ' '

The solution used to form the chreomate-free, corrosion
resistant coating on a magnesium or magnesium alley product ]
comprises the solution having phosphate and fluoride ionsz, and
containing from 1.0 g/1 te 3.0 g/l of an acﬁive corrosion

.inhibitor. As mentioned above, the solution-has a pH of § to 7.
The solution may contain 0.0%1 to 1.0 vol% of a surfactant which
reduces the reaction time.

Other details of the magnesium zlloy conversion coating of
the present invention and of the process for applying same, as
well as objects and adVantagés attendant thereto, are set forth
in the-follo&ing detailed description and the accompénying

~drawing wherein like reference numerals depict like elements.



BRI EF DESCRI PTI ON OF THE DRAW NG The Figure is a process flow di agram of
an enbodi nent of the instant invention illustrating a non-electrolytic
process for applying a chromate free, corrosion resistant conversion
coating to a product fornmed from magnesi um or a magnesi um al | oy. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENT(S) The Figure illustrates a
process flow diagramfor a non- electrolytic process for applying a
chromate-free, corrosion resistant coating to a product forned from
magnesi umor a magnesiumalloy. In the aircraft industry, for exanple,
the magnesi um al | oyBEIMUIHSGM\ETEGEIQHéDEm\DRmer of operational
_conponentﬁ h as_a generator S|n S _or erbox g qgents The
non- el ect rofy f%u%?dLegspﬁﬁ§e%% W RIEAR" ngm‘fb %f degr easing
t he nagneimuanal izooyerpn@@huauu@t@atche@r easlbﬂgelssﬁnﬁﬂymmc Aro@giseous- based
sol utj on, ch as that co known .and sold in the-industry under the
trad I?p KFFE BCE r%tnggx}e e MSE'BHSE?WT% FEAEETBIPf  degreasi ng
the dmanes um produsict Fhkseinftdinaghepidf & Oweghekiaemval, of oils
and ot her contam nants on the surface of the magnesium which can
subsequently prevent wetting of the surface of a housing, and inhibit
the Chen}CabE@ﬁ@ﬁﬁb(ﬂEthI@@EONQﬁpW§¢Iﬁ@ﬂ@LRﬁﬁ$lﬂMﬁéUIﬂEﬁ@@Sart C?R
appreciate that other _organi ¢ Sof VeNnts, - SUucii_as tnatr._Known in e
i ndustry dhg Séfdrundemstretpabzlpromsse LoV dd3ainast £rala @wemer which is
manuf actyred. b ccﬁfaégas fger@agyyugf hakogrnal ed-30! wentSsslich as -
N-propyl bromdé may al so setve the degreasing function. In addition to
-, the degriedsnfigesreprd 0o rheradnce| Botmes] frPe Magresdss Aay2incl ude
ol eanyng. Jhe, magnssi urg.a 4.9y, PE ot mra 3e50) 9Bly alkphLnepgueous. based
cleaning solution1n a cleaning ste 2. Ah exanpl e 1 ghly al kaline
cl earfeagndsiigh abyobhepragdudti may irmcluhhe enganimee st opRratidkredwn and sol d

in th@omgxaa%&{%wuewdaesr & EALLRASIAL, RO ALKALING RURI.REMQER and 3

The non-electrolytic process may begin with-an initial step

10 of degreasing the magnesium alloy product in a degreasing
solution. An aguecus-based solution, such as that commonly
known and sold in the industry under the trademark OAKITE SC
225, may be used to serve the functlion of degreasing the
magnesium product. This initial step 10 allows for remeval of
¢lls and other contaminants on the surface of the magnesium
which can subsequently prevent wetting of the surface of a
1 housing, and inhibit the chemical reaction if not removed. One
5¢) ) skilled in the art can apprecilate that other organic solveﬂts;:
such as thap known in the industry and sold inder the label,
Blue Gold Industrial Cleaner which is manufactured by Carroll
Company, or halogenated solvents such as N-propyl bromide may
also serve the degreasing functien.
In addition to the degreasing step 10, the ndn—electrolytic
process may include cleaning the magnesium alloy product in a
highly alkaline aqueous-based cleaning selution in a cleaning
- step 12. An example of a highly alka%ine cleaner which may be
utilized in the cleaning step 12 is known and sold in the

industry under the trademark TURCO ALKALINE RUST REMOVER, and
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mgnuf actured by Turco Products, Inc. Preferably, during the cleaning
step 12, the al kaline bath of cleaning solution is continuously agitated
while in use, and maintained at a tenperature in a range of

approxi mately 180-200 degrees Fahrenheit. In addition, in order to
achieve an optinmum cleaning effect, the concentration of the cleaning
solution may be provided at approxi mately 20-30 ounces of highly

al kal ine cleaner per gallon of cleaning solution, with the cleaning
solution having a pH of at |east 11. By controlling the f..,. variables
of concemzcatuired agdIpitofPidimatkeannng Sdaficireblya dyrigfgerabl e cl eani ng

ef fect, may. be achi eved_while i.mrersi t he . magnesi um.al | oy product in
t he C”F]ee.ﬁf%/lﬁ@ ss%faﬁt& h FOT 3 HdEd 8?19 %‘gpcr]t%?irﬁﬁge?fli%;@%xﬁut es. The
cl eangg: shepsly bgtthesd remmivesn LBPUridd esifhrammédeassw face of the

magnesi um al | oy product which could inhibit the chem cal reaction
necesSAMRRRAT HEr At Rel 2oRY tsiZBn T eE AT Fgh 0l %07¢ P ndeaiRes nvention. The

non- ebgetd 0l it ¢ PLOGESS: Ofn t he: bRabanty | NMENI00-NBYrifidl t her include a
deoxi di zing step 14 which includes deoxidizing the nmagnesium all oy
produetedhiry ¢édsidi zEhg sMRTERIIonect sBlutdleaniay e fedoinvery

deoxi gi zi ng,mR% he SOEIVL ALAGIL 9135 00LUN ACA L LHOY! Lo LN @
concentration of the deoxidizing solution Dei ng pProvi e(fL at

appr osieaitet peg. §ayrlonoghcesafingssdiumiered diffhusnpdelparingal | on of

deoxi di zl |_ut:1an d ature It | ei ng mai nt ai ned
at ap%%%é(%%ﬁrt?gjlaylh%%gﬁd%gr%%g %Eﬁr%%hei.}?}? ':tlgjr?‘g: e?zljiﬁ?/?ﬂ%{e deoxi di zi ng
sol ut Feniaflenett sghtantdawhit erdeeki df ztmg tlvandngnesiwrhcall ey product

for ap-opl i ReLLad,of FELE: Qf, AR0N OXL MLL] Yirdn MM &S, The
deox?gl zZl ngamsﬁl ep Iz eP?ectl%%y enoves any net al ogi:mges \?\ﬁ CE are
pr esemegmes e sduefyapgodhct hin rignedraniay | oyl widesi Agr and>eniledc hLi nhi bi t
occur AERE P PP R R o e SaB T by e 120 FEPHEY e wi e,
pr opeitpesiTionpdrabl éheosthDses difsthesedgnasiumecddwpl psddudie which '
could inhibit the chemical reaction necessary to form the .

conversion coating of the instant invention.

The non-electrolytic process of the instant invention may

further include a deoxidizing step 14 which includes dsoxidizing

the magnesium alloy preduct in a2 deoxidizing solution. One.

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 secluticn, and %
temFerature of the =molution being maintaineﬁ at approximately

70-90 degrees Fahrenheit. Preferably, the deoxidizing solution

13 not agitated while deoxidizing the magnesium alley preduct

for an optimum period of time of approximately 3-5 minutes. The
. deoxidizing step 14 effectively removes any metal oxides which

are present on the surface of the magnesium alloy.housing and

which inhikit the chemical reaction of the phosphate conversion

coating from'occurrinq} .
One skilled in the art can appréciate cther solutiomns, with.

properties comparakle to thoée disclosed, may accomplish the
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4.initial, cleaning, and deoxidizing steps 10, 12, and 14; respectively.
For exanple, the deoxidizing solution of the deoxidizing step 14 may
include a solution of nitric acid and hydrofluoric acid. However,
because hydrofluoric acid conbined with nitric acid is such a strong
reactant, its application may be limted when personnel safety is at

i ssue, or when dinensions of the nagnesium alloy product are critical to
mai ntain tight tolerances, as a conbination of hydrofluoric/nitric acid
reacts very strongly on magnesium and may attack the actual surface of

the magnoshumproguel, sHieqpaR:l ooty Alauplo by 0essaf dahe | nstant

invention further includes an i mersing step 1 The i nmersing step 16
i nvol e qamwesing fdre sragnési uﬁﬁ%ldwlpirl@'éméts‘imu’%\l@blﬁt it6A havi ng

Phosphatf A%l L] UL A6 1018 ROt ANORRBA S 3tk - {d UdliCgnyons are

negat i vel'y-charged ani ons attract positive y ‘Char ged cations of
nmagneisym fifuiochc pee freat éiotwlaeersLh:écaao.eeofnyﬁtrrefhoolsn.mgacfﬁ]@ophmmm e and
quorl iQns.react . wth he na eS|un1|on to nversion coating
§é§i&ﬁﬁﬁh6§tﬁmﬁs . %fq%ﬁgﬁés%Eén?EHﬁiﬁa e°CMi#2) on the
surfa}@@ ofmittle nng:mqsansmalenoyaM|m atPriekeepbby,wiidre dimareSémg Sstep 16

| ud troll |, of_the sl f 5to7. B
cont 01 117G FERES I VY BFSLRES | Tfbrangcat COdM HGd SEFoh, the

phosphaterancesongs W | donreaet 1 wh t&ir thei rergnesk uymat koY ik aeecto forma
coating which includes nesi um phosphate, as a certain anmount of
aci di Y§£Y sHeadeéy T’%F“apﬂﬁ‘ﬁgﬁﬁﬁt &g d“ariéa?c,“:tt 3t R FedRest Uit Rce ffleed t he

pH oftﬁémmgyﬂe@gugnpféwkﬁpt at an al kaline (high) level, little, if any,
reaction will occur with the nagnesi um allqy Eroduct to forma

conversi 0 %&PPn@le??r%Wélﬁl-Pﬁ?C?% oL dhGt LBACERT KEPTETtdE™M ow, at an
aci di gudeee! intheaphosphate Wik st@ssiael ynat tack-ihe; ragessum al | oy

and instigate:corrosion before a coating has had a chance to formon the
sur f a=&ve o§olmmnr51ng the magnesium zlloy product in 2 solution
having pho;phate and fluoride ions. As both phosphate and
fluoride ions are negatively-charged anions, eaoh attract
positively-charged cations of magnesium which permeate the
surface of the housing. The phosphate and flucride ions ieact
with the magnesium ions to form a conversion coating of
magnesium phosphate (Mg3z(PC4);) and magnesjium flueride [MgF;} on
the surface of the magnesium alloy housing.’ )
Prefefably, the immersing step 16 includes controlling a pH
level of the scluticon in a zangs of 5 to 7. By controlling the-
pH level af the immersing or coating solution, the phosphate .
ions will react with the magnesium alloy surface to form a
coating which ingcludes magnesium phosphate, as a certain amount
of acidity is needed for phosphate to react with magnesium. I£
indeed the pH of the solution is kept at an alkeline (high)
level, little, if any, reaction will cccur with the magnesium
alloy product to form a conversion coating. If the pH of the
solution is kept too low, at an acidic level, the phosphate will
massiveiy attack the magnesium zlloy and instigéte corrosion
before a coating has had a chance to form on the surface, Also;

if the pH level is kept too low, a coating may form which is
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if the pHlevel is kept too low, a coating may formwhich is 5
exceSS|ver high in fluoride content via magnesium fluoride. Such a
coating will have poor adhesion qualities for an organic coating. One
skilled in the art- may readily appreciate a controlled pH may be
provi ded 't hrough a phosphate conpound such as nonobasic potassium
phosphat e (KHZPQ), dibasic potassium phosphate (KZHP04), tribasic -
pot assi um phosphate (K3POLl), or phosphoric acid (H3P04), or conbinations
of these alternatives. A preferred enbodi ment to achi eve the desired
inneﬁetﬁgSéE¢LMihﬁﬂh pH Eévelridd qdraepfisvantmdgnesitinofliowidedes conbi ni ng
nono C 0s t nal centratlon by wei ght
of %%%lrhom et @%fa%g(}lighﬁgesﬁ%%r eadhl% 5%110&21%&55%0 vi't FIIFBAST ¢

pot assitihphosphat e, at a nom nal concentratlon by melght of

appr oxi mat.el y n a | on _of ,solution. This conbln tion allows
the prefertéd® %Hgiéyé %thﬁﬁ ie S Hé Y SRS GR ab@“&ﬁﬁg GFled in an
opt i mEMmalyi ght byo wiejedi chmange a gnms@ﬁth|cwmpdnam eQahrgbl ed pH, the
solution of the i rS|n s _also provided with an opti nmum anmount

of FIROPRgAC | BHE T T S BP TAT Sl RPEH PR Pk RISy S eact with the

surf&mﬁs@hat@e(nﬁmnﬁﬁ)uﬁh&h@@ﬁ beusd iaunt @nbepRade cagbbNg F nmagnesi um
fluoride. Preferably, the anmount of fluoride ions Iis neasured in terns

of 613§?ﬁ€EHFF§t??ﬁP-H¢3 JghPTof *Werfitimons BEf Fits de teRarFes-1n a

- pref e ed repbedi smiddinkhe eongentdal ke ¢k s PLOVinERd sty ahaut 10, 3- 0. 5% by
wei ght sodium bifluoride; this range of concentrations may be achi eved

_ by udithge¥ehoff ridie é@ﬁ(’iéﬁ?ré‘f‘?ﬁﬁtw VBFGRES B cIBENGRIbR IFGSiige of about

- )04 QofaseineeshPRinaal, | an of n&ei-ii Q@ncéﬁ@f’?@ﬁdnv%lyYWeggﬁts gontrol | ed

concentration of fluoride via sodiumbifluoride allows magnesi um
f | uordFEe CEBRIERLY o S GHIFRG POT fHRIMOEN Ofheo kFidee wafth @Heﬂsrmgnem um

-al | oY HQAUGE “Ofo WH R Pakng M\ﬂnhmaqdeqﬂegﬁwatﬁﬁh%ryewek&h@ ol ution is
used whi ch has too high of a fluor

approximately 3.6 ounces per gallon of solution. This
combination allows the preferred pH level of'the'immersing
solution tou be contrclled in an optimum slightly acidic range.
In addition to a controlled pH, the solution of the
cimmersing step 1€ 1s also provided with an optimum amount of
fluoride ichs in the solution which will adequately react with
the surface of the magnesium alloy housing to form a coating of
magnesium £luoride. Pﬁeferably, the amount of fluoride ions is
measured in terms of a concentration by welght of sodium :
biflucride (NzHF;). In a preferred embodiment, the concentratien
is provided at about 0.3-0.5% by weight sodium bifluoride; this
range of concentrations may be achieved by ueing 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 coating to form on the surface of
the maqnesiﬁm alloy product on which painﬁ will adequately
acdhere. If g solution 1s used wh%eh hasz too higﬁ of 2 flucride
componegnt, poor paint adhesion characteristics will result on

the surface of the magnesium.
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£used.

conponent, poor paint adhesion characteristics will result on the
surface of the magnesium 6 One skilled in the art may appreciate, other
fluoride conpounds, such as potassiumfluoride or hydrofluoric acid, nmay
be used to introduce fluoride ions into the imersing solution, and
conversions may be used to equate such a fluoride conpound concentration
to an equival ent concentration |l evel neasured in terns of sodium
bitluoride. In addition to the above constituents, an active corrosion
inhibitor is added to the bath in a concentration of fromabout 1.0 g/1
to 5.0 g/l. The active corrosion inhibitor is ,. preferably selected from
the group ¥bnsiddilRg oF Yot &85 GRY pePRamRifat € headF M Tidfgst ate, sodi um
vanadabgo andidm xtuhegs dheseofun Fhgorddh tdon Rf-csadbum vanadatg,is a
preferred choice because it inproves the huridity resistance o? t he
convebsi wsed ceatlinhgodver Bluvtides iraagenitd Wenceneraihonsolatdosnabl es use
of a_b0% rter._coat]j C Sadj Vv dat n.sel ect my be -
addeda?% %%{elpegast-ﬁn%nﬁéy%g%sn%quto i %ﬁh%?é 1. éhg/cl %tl\g*ag%ég%?e[&&%? ef erably
from 2o0cgiiratach. Qcgid. e@odiaimntungstater whiem delvedt edaprmeferiably is
prese@tr$£lé% Lancen Eﬁiﬁégkééwmn 1.0 9/1 to 2.0 g/l, although it may be
present™1ih a conceht Fation Upto 5.0 g/1. Potassium’  pernanganate when
sel ect ed i & praefiedahl yo priesesitovien canstbheents,atanopcol véramybsQeg/ 1 to 2.0

g/l, although it e_ _present.in_a_concentrati.on u 0 5. L. A
furthéPhggggﬁVéﬁe%gésgnt%éjgﬁ%P&&e&nmftﬂ°?$ﬁ95ﬂiﬁlppoﬁgo%rowr%%ﬂ .1t0 1.0
vol % af 0 ag surdcact. anty/ L whi The reduees cbheopioceshibtiipe Lo 20 m nutes or

| ess. Product.s such as  upi on rbide TRITON X-10Q and 3M FC-135 nmy be
PR RO F6 SRS ber S AR CHPCOREEHTT IS 6 BPEOS2E T 0 1.0 vol %

' FC- 13be maynd dteed sodl ue ONeesiati, 088d0tm Oyddadare0 248 M0k r<ERI TON X- 100

is a referred.surfactant for the solution of the present invention.
. tgereog. The adggtfbn oé)soglum vanadate 1s a prgfgrreé choice

becauss it improves the humidity resistance of the coﬁversion
coating over a robuts range of concentrations and enables use of
a 30% 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/l.
preferably from 2.0 g/l te 5.0 g/l. '

Sodium tungstate when selected preferably is present in a
concentration from 1.0 ¢/l to 2.0 g/l, although it may be
present in a concentration up to 5.0 g/l. Potassium
permanganate when selectad is preferably present in a
éoncentration of from 1.0 g/l to 2.0 g/l, although it may be
present in 2 concentration up te 5.0 g/l.- 1

A further improvement can be achieved with the addition of
from 0.1 to 1.0 vols of a surfactant, whichhreduces thé_process
time to 20 minutes or less., Produchts such as Union Carbide.

 TRITON ¥X~100 and 3M FC-135 may be used. TRITON ¥-100 may be
used in a concentraticn of 0.25 to 1.0 vol%. FC-135 may be used
at concentrations of 0.01 to 0.10 vol%. TRITON X-100 is a
preferred surfactant for the sclution of the present invention.

In a preferred embodiment of The immersing step 16,'%t is
extremely advantageous to maintain the solution at a temperature

_of approximately 130 degrees Fahrenheit, while the magnesium
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In.a preferred enbodi mrent of the imersing step 16, it is extrenely
advant ageous to naintain the solution at a tenperature of approxi mately
130 degrees Fahrenheit, while the magnesium 7 all oy product is inmersed
in the solution for a period of twenty to thirty m nutes. However, one
skilled in the art can appreciate that the desired effect of a
conversion coating may be achieved within a range of optinal
tenperatures (i.e, 120-200 degrees Fahrenheit) over a range of periods
of mnutes (i.e. 15- 90 mnutes, preferably 25-90 m nutes), depending on

the desided,-RHoQueti Ofndddm By thol 4 OMitNGnt BEr St apsrikl of2twdidhy and 16
in accordance wth the disclosed. process, one skilled in the art may
readi by thapply rdnihghesi In9es phat esland sfadheshand ¥ 6 de coating to a
"ag_“e%;s'{a@i'elt%v fREOdpLL yhiiGhd $EOLL O ON cRYL L AN Adinghpomate free.
It is hot necessary to renove a phosphate/fluoride-based conversion
coat i hg adhicdvddayibeén appitiged ofncptoorddaoeentthrehell @di-selosedf
invention before applyin addi.t.i opal phat i de- based :
comvor 7o ST LR hoRsThdnSe R R oo oL Trege 10 T2, 14,
and 160 tWdrey,t herfzeavly Aire0t piondes) hidgpendgng fercdthiconesirad scanni ng
electrgnd ngcro cope, no defects or irregularities should appear in the
coat i RgFT¥ %?%3?‘ 0, 12, 14, and 16 have been fol | oned  properly, and

t he coati ngy sthoulceipgSsRS Ssige30N0YS12 pebd- lanke 1 6sin undanelanks i S apparent

t hat there has. .been provided in accofrdance, ith the present.invention a
chr oniit B 1T S TPSET o T et %t SHE SEOMVET SroR"CoAET MK GF *Haghesi um and
_ if:ﬂ“?jmag_neajspmyai lnygrpseduchSo spi teh ahul hygsedisf ifesothes objedhy, teeans, - and
~=radvant ages set forth hereinhefore. Wile t heﬁgresent i nventi on has been

descr PBEESTH R e 108nPERE D Ehedi £ cCohbttiTeAts *t et o™ ot her

al t er aatbngss swdi.fications, and variations will beconme apparent
It ié not necessary to remove 2 phosphate/fluoride—baéed
conversion coating which has been applied in accdrdance with the
disclosed invention before applying an additional
phosphéte/fluoride—ba&ed conversion ccating in accordance with
the disclosed steps 10, 12, 14, and 16. With either
éhvironment, under high magnification of a scanning electron
microscope, no defects or irregularities should appesar in the
coating, if steps 10, 12, 14, &nd 1€ have been followed
properly, and the coating should pocssess a porous, bead-like
;“D structure. | N
It 1s apparent that there has been provided in accordance
‘with the preseént invention a chromate free,;borrosicn ;ésistant
conversicn coating for magnesium and magnesium alloy products
which fully satisfies the objects, means, and advantages set
forth hereinbefeore. While the present invention has been
described in the context of specific embediments therecf, othex
_alﬁernatiVEs, modifications, aﬁd variations will bsceme apparent
to those skilled in the art having read the foregeing
deécription. Accordingly, it is intended to embrace those
alternatives, modifications, and variations as fall within the '

‘broad scope of the appended claims.

B



to those skilled in the art having read the foregoing description.
Accordingly, it is intended to enbrace those alternatives,

nmodi fWeAt i onsCLAahdENari ations as fall within the broad scope of the
appended clains. s WHAT IS CLAIMED: 1. A process for applying a

chr omat e- Areeoceos r it ofppl eshgtanthcaattargf teoc a poodoctoformed from a
magnesi um based material, conprising the s%g s of: degreasing t he

produtES+drired FPoN thet tragnREPUnT basetetrat 67T af TRIRCHEYP easi ng
sol utj, 98: 4 cheani ng1 I heopr paucty f ordred-£xom £ he magnesi um based materi al
in a highly al kaline cleaning Solution;” deoxidizing the product forned
fromthe ndgnesisumbased paoendal formed deoxm di iz Nz goe st ion) e aed

innersing th frodqgt forned fromthe magnesi um based material in a
sol Ut TOh Eont af Ai ho PRESPREES SREUTTEdF i de fons where a pH | evel of the

sol ution is1 e %@l LR bPRo@Nct aPRFAXH MBEEn M BN enféndst Om Twabbe sol ution
being provided with 1.0 g/I to 5.0 g/l of an active corrosion inhibitor
sel ech@tefra iheaghbipleonsksting ofcsodianyedngstate, sodi um vanadate,
and m xtur thereof and bejn i pt ai ned t enper re of :
approxinat% 3Xﬁ§ Z%%gzggedgﬁ?g%gg E%fﬁ%ﬁh%?$$mﬁ? emlﬁ%éégFﬁg t he product
f or megz § @i her i ABgNEeSh unebasedz ey ess akt f @ ; aaperi od of approxi mately
15 mnutes to 90 mnutes. 2. A process according to claim1, wherein
sai d activ&Tmebriedi oRci PRPBIREBr CeohpHi 56Qmf Fom magngEiuiobasedg/ |
sodi t : S j ' Lh.said active:
_corrg@%%%P?%ﬁi ?t%rSé%ﬁ%??ﬁegoﬁggﬁ$gﬁgg%§q8§%§ggbéﬁ r@fég%?ﬂﬁlvanadate.
~£ 4. A poosesiseaecargdilnjetel cbai thd, suhet Bdbm sai doattbleed in an

approximate range of 5 to 7, the solution being provided
with 1.0 g/1 to 5.0 g/1 of an active corrosion inhibitor
‘selected from the group consisting of sodium tungstate,
sodium vanadate, and mixtures thereof and being maintained
at a temperature of approximately 120 to ZOOKdegrees
Fahrenheit while immersing the product formed from the
magnesium based material for a period of approximately 15

minutes to 90 minutes.

2. A process according to claim 1, wherein said active
. D corrosion inhibitor comprises from 1.0 g/1 to 5.0 g/l

o sodium vanadate.

3. A process according to claim 1, wherein sald active
corrogion inhibitor comprises 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.
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corrosion inhibitor conprises from1.0 g/l to 2.0 g/l sodiumtungstate.
9 5. A process for applying a chromate-free, corrosion resistant coating
to a product formed froma magnesium based material, conprising the

steps.-of : degreasi the product formed fromthe nagnesi um based
mat eri-al it %eesggrg%;s]i P el S éh: ST Tig tHe ﬁzrod[grtfc%l?rbr nmed fromthe

nmagnesd dim dasedodmtey i@l 4 hrdvdidahl s addalimne ¢ eanmng sed ution;
deoxi di zi ng the product forned fromthe nmagnesi um based material in a
deox ik A chgnasiet itd lon; Caer  iver sihey atROprafduct forned from the magnesi um

deoxi: S5t _ S d fromthe m
whore a pRERS TS B ddhEn Rt R S AR HARR < Tange

of 5rarehidheirsal ldpredheimg promiided with from1.0 g/l to less than
2.0 g/l potassium permanganat e and bei ng mai ntained at a tenperature of

appr oxi MateSATEZE tT6r QORF A te o Tt el tVhiaI S R4 he product
formed fr.om @&@%ﬁﬁag%@%ﬁ@t&rmiws 1R8Il od of approxi mately
mn es. .

15 minutes to _ procéss according to claimi, wherein said
sol ution dssoxprdoivd ided wd hofodumtabtutndB froom). Thavr¥b ok o bi f | uori de.

7. A process for, applying a chromate-free, corrosjion resistant coating
to a Etﬁﬂjd‘%atfedﬁ%]d lf‘%lcﬁ‘n%ﬁ‘?fﬁg}yﬂe@i%scb]&éte]d)%taé? al, conprising the
steps of: Qeareasidg ide paductsdofdmds f40m i e, Jpanesiim hased
material in a degreasing solution; cleaning the product formed fromthe
magnesi am alseich  aved@lrutad on reenttd ighlng abtkedpheet & | e Mgnsolde i on;
Qeox! (s nehdfe product Leropd {1 om e fpanesi ym beses ML eri @l i @
approximate range of 5 to 7, the solution being provided

with frem 1.0 g/l to less than 2.0 g/l potassium

permanganate and being maintained at a temperature of

 approximately 120 tc 200 degrees Fahrenheit while immersing

the product formed from the magnesium based material for a

period of approximately 15 minutes to 20 minutes.

6. A process according to claim 1, wherein said sclution
is provided with from about 03 to 0.5 wt% sodium

biflucoride.

7. A p:ocess'for applying a chromate-free, corrosion
resistant coating to a product formed from a magnesium
based'material, comprising the steps of:

degreasing the product formed from the maqnesium based
matefial in a degreaéing solution;

cleaning the product formed from the magnesium based
material in a highly alkaline cleaning Solution;

- deoxidizing the product formed from the magnesium

based material in a deoxidizing soluticn; and

10
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10 i nmmersing the product fdr med fromthe magnesi um based material in a
sol ution containing phosphate and fluoride ions where a pHlevel of the
sol utigre i sinontiol peediat afo ragppr Oxdmetlee rremgree ot uB basdd the sol ution
bei n rovided. with 1.0.9/1 to 5.0.g/l of an active corrosion inhibitor
and DRt Al et B % e UahE” o iR el SEI50 0F0 200
degr eesn Falierhel tomhi deei nerishdagsd her psoductcodorseded r om 4he magnesi um
based material for a period of approximately 15 minutes to 90 minutes;
and s phgspiateazirl ¢F voride’ contai $P-hgt 5ot re g PueYhéedcont ai ni-ng
0.01 . o) o sur tapt, 8 oce ccordin laim 1,
Mere‘iﬁt%afddn%?gﬁ]eé? 35m &b%g]gd&?a %r?%ﬁ‘g%n(%?fg%%(ggn%%%‘g%iﬁ%gal loy. 9. A
non- ebeCtivol ivd itz Diosessd for apphiathauthromedgprdx a0 r 030 on

resistant coating of at |east magnesi um phosphate and nmagnesi um fl uori de
to a p?ottfetds DY Frorerle haghest am BB 2¢onp? i RTAguthe steps of :
degr egsifgy t He-pr % garﬁgmf om i al | 1 LJ ardegreasing
sol ut]l'a%%; cl eaonriqn%q%lﬁ&éa r?% uct %ormgﬁ?%{lﬁeﬁgneﬁ%% alfoy in a

hi ghl ypat &almates oy ebhi mgnsodsit ton30 deoxadezi ngndéhe product fornmed from
the magnesium alloy in a deoxjdizjng solutjon, proyviding a solution

cont ai ni ngsiﬂﬁ%sﬁblﬁ%?%haa?ﬁ W%oﬂ‘&‘éﬁ@ n%?n??brhi%%o%?l‘éd?éo‘go 0.5 wt % sodi um
bi f1 upt i e a@&nié%n@b@%lltg 9/h 1915 0r 04! s@frab agtive corrosion
inhibitor selected fromthe group consisting of sodium tungstate,

sodi um vanadate, and m xtures thereof, and having a pH level in the

r ange, of to 7; maintainin aid solution at ate rature of
| appr oki meb el o T9 1O o8 Hagr ges LEahr bangrrefpaSilq Ragh€sfin

based material comprises a magnesium alloy.

- 9. A non—eléctrolytic process for applying a chromate
free, corrosion resistant cecating 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 solutinn;

deoxidizing tne product formed from the magnesium
allecy in a deoxidizing solution; _

providing a solution containing phosphate and fluoride

. ions, from about 0.3 to 0.5 wt% sodium bifluoride, and from-
about 1.0 g/l to 5.0 g/l of an active corrosion inhibitor
selected from fhe group consisting of sodium tungstaté,
sodium vanadate, and mixtures thereof, and having a pH
level in the range of 5 to 7; ' |
| maintaining said solution at a temperature of .

approximately 120 to 200 degrees:Fahrenheit; and

11



i mmersing said product formed from said magnesium alloy in said solution
for a tine period in the range of 15 mnutes to 90 mnutes. 10. A
process f dmrappliyiongad oc ipraratce ffoeeedcdrrnasisand mesjnstzdnta coat i ng of at

| east nesi um,phosphat.e a magnesi um f |l uoride to a product fornmed

f r om® Mgres Sy 110y, CBorhgts & NgEhE St 16t - egreksi i the pr oduct
f or mpd i@ the omagnesitw®m al l oy in a degreasing solution; cleaning the
product formed fromthe magnesiumalloy in a highly alkaline cleaning
‘sol ution; deoxidizing the product -formed fromthe magnesium r* alloy in

a degxj di zi ng _sol ution; pravi.ding a,sol ution _containing .phosphate and
fl uo(riiﬁde %i ng,cefsrson]%%fb&?tp .J@gt% (9.}%0 aft’%es dirh ﬁofrlrt?%ﬁo&le, and from

aboutrebi@t@ht @a2i000k oft ar:act Mwereanresibsdifidider selected from
the group consisting of potassium permanganate, sodium tungstate, sodium
vanad@c@esand THuerdcss toher astodugivd feavieny faogHA &vaIngsiYthe range of 5
to 7; i.nt ai.ni i | yti .a tenperature of approximately 120 to
200 égggggs%tgk%gﬁagﬁ?¢§%h#%%z%ngkgaid product formed from said nagnesi um
alloy in saigdesalivlg ame @rroaludtme cparidod rom tthe mange safurl % L ldynut es to
90 m nutes; and said phosphate and fluoride containing solution further
cont dMitn GO GR 69 S0 WH1Gf a surfactant. 11. A non-electrol ytic

process o1 apaky ne.A QAL &0 bice e o oY apdieslsshantgaating of at

| east magnesi um “phosphate to a product tormed froma magnesium al |l oy,
conprinsiangitothd ystedpsi idfne 12 eaning solution;

deoxidizing the product formed from the magnesium

alloy in a deoxidizing solution;

providing a solution containing phosphate and fluoride
ions, from about 0.3 to 0.5 wt% sodium bifluoride, and from
about 1.0 g/l to 5.0 q/l of an active corrosion inhibitor
selected from the group consisting of potassium
permanganate, scdium tungstate, sodium vanadate, and
mixtures thereof, and haviﬁg a pH level in the range of 5
to 7;

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

immersing said product formed from said magnesium

alloy in said solution for a time period in the range of 15
minutes to 90 minutes; and
said phosphate and fluoride containing solution

further containing 0.01 to 1.0 vol% of a surfactant.

11. A non=-electrolytic process for applying a chromate
free, corrosion resistant ccating of at least magnesium
phosphate to a product formed from a magnesium alloy,

comprising the steps of: | b

12
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degreasi ng the magnesi um al |l oy product in a degreasing solution;

cl eaning the magnesium alloy product in a highly alkaline cleaning

sol uti on; DG Aihg-hhenagipmrsiium &l oy prddiictin i aledemnd dizing -

sol uté'oolg_'1 .pcgr%);vi ding a coating solution containing phosphate and fluoride

i ons and bei ng provided with a concentration of sodiumbifluoride in a

range of Q:3:=d4r0iy S-vé %otk @i ure Icient ratdddcofi@m actgivey corrosi on
i nhi bitor selected  fromthe group consisting of sodiumtungstate, sodium
vanadat e L i Thsaures $heteldinin a concentration of from 1.0 g/l to 5.0

g/l mai ntalung fhe, coali utd am &ty 3, tenperatyure of 120 to 200
degr ees Fahrenlhei tl!}?%nd |m%§%nlg t he -n‘a%ra%m um al l oy product in the
coat igmgpxisnl utnomsdlortaoii me period in the range of 15 minutes to 90

m nutes. 12. A process for, applying a chromate free, caorrosion, resistant
coating of®dtYedsd %ﬁ??e%}r‘i% %%d%%ﬂi eccfrbtaalnjﬁ?%ﬁ}%?sﬁllﬁ%oaw om a
magnes) ym ald OYon £ 00y 1154 the,sieps wofr deqreasing.{ g, rmgnesi um al l oy -
product in a degreasing solution; cleaning the magnesi um all oy product
in a $wghiy baf kabihde clreani mneolof i bn3 dedki divihgrdhex magnesi um al | oy
product in a deoxi d%zi ng, sol uti on. rovi di ng..a, coati solution -
cont a?%%@%%%b%t% atid ﬂh%‘? i ofe" T ot and HP provided Wi th a
concentdtd i @fous oshh i M fhdosf deod N tange-Hfe 0. Sodouf. 5 W% and a
concentration of an active corrosion inhibitor selected 13
vanadate, and mixtures thereof in a ceoncentration of from
1.0 g/l to 5.0 g/1;

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 to 90

minutes.

i2. A process for applying a chromate free, corrosion
resistant coating of at least magnesium phosphate tc a
product formed from a magnesium alloy, comprising the steps
of:
degreasing the magnesium alloy product in a degreasing
- solution; |
cleaning the magnesium alloy product in a highly
alkaline cleaning solution;
deoxidizing the magnesium alloy product in a
deoxidizing solution;
- providing a coating solution containing phosphate and
fluoride ions and being provided with a concentration of
sodium bifluoride in a range of 0.3 to 0.5 wt% and a

concentration cf an active corrosion inhibitor selected

13




fromthe group consisting of potassium pernmanganate, sodium tungstate,
sodi um vanadate, and m xtures thereof in a concentration of from1.0 g/1
to 5.0yl [Shareymtuat miawgs itstel ropatil g tsel dituropeatmen Jeergper atardi wf 120 to
200 qtrelge s .Fahrenhei t; imersi nwnﬁ}i nesi um al | o product in the

i

coat i Wi GiPFort & AR SPange G 151%anut es to 90

M nutegicand =Said, posphat e aqu/fl uQy ixle) cont. al ning solution further
containing 0.01 to 1.0 vol % of a surfactant. 13. A solution for use in a

process fcﬁraﬂfrmammglqa thehramedtiond reeeLiciony ¢di en reegiestadntreodt i ng on a

pr od forZrBeOd Si U ) magnesi um al | oy, conprising: said
sol ut| on thaV| ngCL sp a%ga%an rPIf uo’r| de ions; said solution containing

from1.0 gimd:Gind @ld n@fgmlﬁctal\@;ﬂ@ﬂd@m&n dimhity tefatsalgect ed from
t he group consi sting of sodiumtungstate, sodium vanadate, and m xtures
t her e6TLUTERD sf1d & 011MT GifTHad rig! & BIEE 1&f 7.5 T NUEaspl R i %h
accornguﬂgc c% Bl m13, wherein said solution further contains about 1. 8
- ounces per ga on of nonobasic potassium phosphate and about 3.6 ounces
per gal | cmiaef pd1d1ﬁmactepostrﬁts$ﬁ1ummms§pﬁaﬁmlrﬂj5xg Aslalwtdron according to
‘claim 13, further containing fromO0.3 to 0.5 wt % sodi um bi fluoride. 16.

A solﬁ}%qt(ﬂ?ra&%}td?}lﬁg”%% 10 oL al - et e rP%zfl FHHF 0 cor r osi on
i nhi bitor conprises from2.0 g/l to 5.0 g/| sodiumvanadate. 14 17. A

solution according to claim 13, wherein said active corrosion inhibitor
conprizses X romull org/Jont au Oirg/dl psodiaanfamgsimtiong 18. A sol ution for
_useII%roﬁgégxaf%gf”cgé¥gg{g£ resistant coating on a product '
formed from magnesium or a magnesium alloy, comprising:
said solution having phosphate and fluoride 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 sodium tungétate, sodium vanadate, and
mixtures thereof; and

said solution having a pH of 5 to 7.

14. A solution according to claim 13, wherein said
solution further contains about 1.8 ounces per gallon of
monobasic potassium phosphate and about 3.6 ounces per

~gallon of dibasic potassium phosphate.

15. A soluticn according to claim 13, further containing

from 0.3 to 0.5 wt% sodium bifluoride.
~16. A solution according to claim 13, wherein said active

corrosion inhibitor comprises from 2.0 g/l to 5.0 g/i

sodlium vanadate.

14




chromate-free corrosion resistant coating on a product formed from
magnesi um or a nagnesi um al | oy, conprising: .said solution having
phosphat e fantP ¥ Uiorh dectondingaid sbiiutibh cdmadhnngridoneliveg/1 to

| ess than 2.0 1. .pot assi um per manganat g; . and. sai d, sol utji on having a pH
of 5 ?%%?9531% o Ut T on"A8eor o hg %ncf“a(i) g%,t%%r(gi %Hsai d solution
i's magsdahmet@jseatenperature in the range of 120 to 200 degrees
Fahrenheit. 20. A solution for use in a process for formng a
chromate-free, corrosion resistant coating on a product forned from

hosphb & Artl YTUaTT ab°) oae” b & CR) 1T B Zont SACRG Trom 1.0 9/1 o 5.0

g/ 1 ofhadtmaiact f ve= costosh Don | tdi bt oit setecieg &1 om phedgeoup consisting
of potassi um permanganate, sodi um tungstate sodi um vanadat e, and
mi xt uF @E"ehet BT ;NI LBI YN sBF ut i BRI AR Y %\DpWofC‘BmPBl?%“%hd sai d

solution fytheto COmsh shog: 6 OTabAULe O- nd O fufri 40! 05, @ surfactant,

sald solution containing from 1.0 ¢g/1 to lesgs than 2.0
g/l potassium permanganate; and

sald solution having a.pH‘of 5 to 7.

19. A solution acccrding to claim 13, wherein said
) solution is maintained at a temperature in the range of 120

to 200 degrees Fahrenheit.

20. A solution for use.in a process for forming a
chromate-free, corrosion resistant coating on a product
formed from magnesium or a magnesium alloy, comprising:

sald solution having phosphate and fluoride ions;

said scolution containing from 1.0 g/l to 5.0 g/l cf an
active corrosion inhibitor selected from the group

_consisting of potassium permanganate, sodium tungstate,

sodium vanadate, and mixtures therecf:

said solution having a pH of 5 to 7; and

said solution further comprising from about 0.1 to 1.0

vol% of a surfactant.:
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