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ABSTRACT
A procéss for coating an object fdrmed of magnesium or a magnesium alloy
comprising the steps of: immersion coating the object in a sonicated bath to form an
undercoat and topcoating the Obj ect to form a topcoat. When desirable to protect
against topcoat failure, the uhdercoat may be equally noble or more noble than the
topcoat. If topcoat failure 1s not a conc‘ern, the nobility- of the topcoat relative to the

undercoat need not be considered. The process promotes uniform coating of a

magnesium and 1ts alloys.
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Acousto-—lmmersion Coatiﬁ and Process
for Magnesium and Its Alloys

FIELD OF THE INVENTION

The present invention relates to a chemical process for coating magnesium and its -

alloys, and to aeoating so formed.

BACKGROUND OF THE INVENTION

With the increasing awareness of fuel consumption and human ecology, a global
cominitment has been made to reduce 'vehicle;mas's'through application of lightweight
materials. Magnesium 1s the lightest structural metal with the highest specific strength
‘and 1s the eighth most abundant element on the earth. Many researchers and developers
have looked to magnesium to provide a solution for vehicular mass reduction for the
automotive, aircraft and acrospace industries. However, challenges exist owing to its
low corrosion and wear resistance. To achieve the necess_ary mass reductions, various
coating technologies have been applied to enhance the corrosion and wear resistance of
magnesium alleys. To date, no coating technology provides a solution that satisfies the
combination of :functiohality, cost, scalability and environmental concerns. '
Development of a high volume, environmentally friendly, low cost and mass
production scaleable coating process to increase the corrosion and wear resistance of
magnesium remains a challenge. Con\?entional‘coating technologies are brieﬂy

- summarized below.

Conversion coatings, the most eommOnly used type of coatings, contain hexavalent
chromium, a highly toxic carcinogen. ConVersion coatings alone do not provide
sufficient corrosion and wear protection for magnesium alloys in harsh service
conditions. Conversion coatings are generally used as an undercoat.

Anodizing 1s a process that does not proVide sutficient corrosion resistance without
further sealing because the coatings produced are comprised of a thick porous layer
over a thin continuous barrier layer. The coatings produced are brittle insulating

ceramic materials, which limits their use in applicat_ionswhere electrical conductivity
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or load-bearing properties are necessary. High energy consumption is another drawback
to this process. ‘
Gas-phase deposition processes require large capital inveStment and cannot uniformly
coat complex shapes due to their line of sight nature. The corrosion, adhesion and wear
properties of these coatings on magnesium alloys have not been well documented.
Organic coatings alone do not have sufficient corrosion and wear resistance to protect
magnesium for use in harsh service conditions. They are typically used as top-coats
and must be applied in multiple layers due to difficulties in achieving uniform pore-free
coatings. ' . :

| Electrochemical coating processes are 'availab_le for plating of magnesium alloys. These
processes are alloy specific and do not work well on alloys with high aluminum ‘ '
content. Direct electroless nickel platihg and zinc immersion are two types of
electrochemical coating processes. ' _

Direct electroless nickel plating is limited by the short lifetime of the plating b'aths', the
toxicity of chemicals used in the preti‘eatment process and the narrow oper_at?ing |
Window requifed for optimum coatings.

Direct electroless nickel plating comprises a pretreatment process in which electroless
nickel 1s plated directly onto magnesium alloy AZ91 die castings,.developed b'y Sakata
et al.(1). In general the pretfeatment 1s as follows:

Pretreat — Degrease —> Alkaline Etch — Acid Activation — Alkaline Actlvatlon —>

Alkalme Electroless Nickel Strike — Acid Electroless Nickel Platmg

This process has been criticized (2) for using an acid electroless nickel treatment that
can result in corrosion of thé underlying magnesium if any pores are present in the

- nickel strike layer. A simpler process has been developed by PMD (U. K.) Limited (see
references 3,4,5). The basic sequence .of this pretreatment is as follows:

Pretréat — Alkaline Clean — Acid Pickle — Fluoride Activation —> Electroless Nickel
Plating. ‘ '
The authors deiermined that the etching, conditioning and plating conditions had a
large effect on the adhesion obtained.. An 1nsufficient etch or ﬂuéride conditioning

resulted in poor adhesion. It was also determined that using hydrofluoric acid for

conditioning led to a wide plating window while ammonium bifluoride resulted in a
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much narrcwer (pH 5.8-6.0 and temperature = 75-77 °C) window for acCeptable
adhesion. The chromlc acid treatment was found to heavily etch the surface and leave
behind a layer of reduced chromium. The ﬂuonde cond1t1on1ng was found to remove
chromium and control the deposition rate by passivating the surface. The passivating
etfect of fluoride was also exploited In the plating of magnesium alloy MA-8 (6). In
this case the nickel plating bath contained fluoride to inhibit corrosion of the substrate
during plating. The authors report Strong adhesion of the nickel ﬁlmhowevei’, the bath
life is too short to be industrially applicable. The addition of a complexing agent,
glycine, was shown to improve the stability of the plating bath. Another proposed
process (7) mvolves treatment of the lsample with a chemical etching solution
containing pyrophosphate, nitrate and sulfate, avoiding the use of toxic chromium ions.
The process sequence 1S as followsz . ' '
Chemical Etching — Fluoride Treatment —> Neutralization —> Electroless Nickel
Plating.
The electroless nickel plating bath does not contain any chloride or sulfate. The plated

samples achieved have high adhesion and corrosion resistance. One obstacle to coating

- magnesium with nickel is that most conventional nickel plating baths are acidic and can

attack or corrode the magnesium surface. This problem has been addressed by the

development of an aqueous acidulated nickel bifluoride electroplating bath that ,
contains a polybasic acid (8). This bath has been. shown to not corrode maguesium.
Zinc Immersion Processes (see references 9a and 9b) are limited by the poor
uniformity of the zinc undercoatmg produced as well as the need for a 00pper cyamde
strike prior to any further plating. The chemicals requlred for zinc immersion processes
are extremely toxic. The zinc 1mmer51on pretreatment process has been CI‘lthIZed for
the pre01se control that 1s required to ensure adequate adhesion. In many cases non-
uniform coverage of the surface 1s seen with spongy non-adherent zinc depos1ts on the
intermetallic phase of the base alloys (1) The copper cyamde strike that must follow
has also been criticized for a number of reasons (1). The first 1s that it is an
electroplatmg process which means that it is more dlfﬁcuﬂt to coat complex shapes

Copper deposits slowly in the low current density areas, which allows attack of the zmc '

by the plating solution. This in turn allows attack on maguesium by the plating sol—uticn
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resulting in non-adherent copper depositing by displacement directly on the magnesium ' '
surface. The déposits in these areas are'porous and have poor corrosion resistance. '
The second criticism levelled at the copper cyanide plating process is the high cost
treatment of waste generated by the use of a cyanide containing bath. A patented
methodology (10) attempts to improve this proéess by eliminating the coppe‘fr' cyanide

step from the pretreatment process.~ The copper cyanide electroplating is repliaced by a
zine electroplating step follOWed by copper depoSition from a pyrophosphate bath after
the zinc immersion. This patent claims that by creating a uniform zinc film of at least
0.6 micrometers in thicknéss, adherent plating ﬁlms can be thained On any magnesium
alloy using the disclosed process. The zinc electroplating step can occur
simultaneously with the zinc immersion process or in a separate step. 'The process 1s as
follows: ‘

Degrease — Alkaline Clean — Acid Clean - Activation — Zinc Immersion — Zinc
Electroplate — Copper Plating.

A number of process'es based on the zinc immersion pretreatment process have been
developed. The three main proce'sses are the Dow Process, the Norsk—Hyer process
and the WCM Canning Process (1, 11). One criticism of all of these processes is that"
they do not produce good deposits on magnesium alloys with an aluminum éontent
greater than 6-7% (12). The general pretreatment- sequence for each of these is outlined
below for comparison (1, 11). ' ‘

Dow Process:

Degrease — Cathodic Cleaning — Acid Pickle — Acid Activation —> Zincate — Cu
~ Plate. _ -

Norsk-Hydro Process:

Degrease — Acid Pickle — Alkaline Treatment — Zincate — Cu Plate

WCM Process: |
Degrease > Acid Pickle — Fluoride Activation —> Zincate — Cu Plate
The Dow proceSs was the first to be developed but has been shown to give uneven zinc
distributions as Well as poor adhesion in many cases. A modified version of fthe' Dow

process (13) mtroduces an alkaline activation following the acid activation step. This '

results in good adhesion of Ni-Au films on AZ31 and AZ91 alloys. The authors

-4 .
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shortened the pretreatment time, which is important in a manufacturing setting. The
Norsk-Hydro process has been shown to improve the quality of the zinc coating on
AZ61 alloy 1n terms of adhesion, corrosion resistance and decorative appearance.
Deposits of CuQ-Ni-Cr, on samples pretreatedwith this process, have been shown to
exceed the standards for outdoor use (see referenoes 14a and 14b). Dennis ez al. (1 1;
15) show that samples treated with both the Dow and Norsk—Hydro processes give
porous zinc coatings and perform poorly i_nthermal cycling tests. It was found that the
WCM process resulted in the most uniform zinc film and Was the most successful in
terms of adhesion, corrosion and decorative appearance. However, preferential
dissolution of magnesium rich areas on the alloys occurred with all 3 processes, which
could limit the etfectiveness of any of these pretreatment methods. '
A similarprooess has been used as ._an undercoating for samples to be plated with a
series of metals by.' electroless and electroplating techniques (16). A slight variation of
the pretreatment uses a copper cyanide plating bath that contams a soluble silicate (1 7)
Zinc immersion prior to tin plating of magnesrurn has also been explored (18). A
magnesium alloy 1S treated with a conventlonal zInc immersion pretreatment and then
zinc plated in an aqueous zinc perphosphate bath. Tinis subsequently plated to
1mprove the trrbolo gical propertles of the plated alloy. ‘

As stated above, the drsadvantages of the direct electroless nickel plating methodology
include the short lifetime of the plating baths, the toxic ohemrcals used in the
‘pretreatment process, and the narrow operating window required to achieve optimum
coatings. '
The zinc .immersion process has the disadvantages of poor uniformity of the zinc
‘undercoating, and the need for extremely toxic chemicals in the copper cyanide strike
prior to any further plating.

A two-step coating process (19) was reported to be applicable for the coating of
magnesium and its alloys: the first step is an 1mmersron coating process and the second
step 1s an electroless dep031t as the topcoat. However, the claimed immersion process can
only produce a serm-conunuous coating, which is not preferable as a coating. The non- -
continuous nature of the coating will, in fact, accelerate the corrosion of magnesium rather
than protecting it in the event of a topcoat failure. The process described in reference 19

was only exemplified with aluminium rather than on magnesium alloyst '

.5
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A need exists for a process capable of providing a uniform coating onmagnesium or
magnesium alloy materials having complex geometric shapes. Further a need exists
for such a process that minimizes the use of toxic chemicals and is not 11ne-of-s1ght

dependent

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a process for chemically coating
magnesium and its alloys, whichprocess obviates or mitigates at least one disadvantage
of previous coating processes. ' - -

In a first aspect, the present invention provides a processfor coating an object formed
of magnesium or a magnesium alloy comprising the steps of: immersion coating the
object in a sonicated bath to form an undercoat, and snbsequently topcoating the 'obj ect
to form a topcoat, wherein the undercoat is more noble thanor equally noble as the '
topcoat. The topcoating step may comprise electroless deposition, or any other known
coating process This aspect of the invention 1S particularly advantageous 1f there 1s
potential for topcoat tailure. If damage is done to the topcoat, exposure of the less
reactive undercoat would not result i In corros1on or reaotlwty of the undereoat

In a further aspect, the present 1nvention comprises a process for coating an Obj ect
formed of magnesium or a magnesium alloy comprising the steps of: Immersion
coating the object in a sonicated bath to form an undercoat, and topcoating the objeet.:
This aspect of the invention does not neeessatily require a particular nobility gradient.
between the topcoat and the undercoat, provided that topcoat failure is unlikely to
~occur. For instance, where thereis little likelihood of damage to the topooat, the
topcoat could be more noble than the undercoat. .
Advantageously, the 1nvent1ve process for coating magnesmm and 1ts alloys 1S not line-
of-sight dependent and 1s therefore capable of prov1d1ng uniform coatings on the entire
surface of shaped objects having a complex geometry including sharp corners, edges
and deep pockets. ‘ o '

Other aspects, features and advantages of the present invention will become apparent to
those ordinarily skilled in the art upon review of the following description of specific |

embodiments of the invention in conjunction with the accompanying figures.
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BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will now be described, by way of example only,
with reference to the attached Figures, wherein:

 Figure lis a ﬂow diagra:m 1llustrating the process accordingto the mvention.

Figure 2A is a scanning electron microscope (SEM) image of a surface resulting from
an immersion Cu coating without sonication. Holes and patches of deposit can be
observed on the surface. ' - '

Figure 2B 1s a scanning electron microscope (SEM) irnage of a surface resulting from
an immersion Cu coating according to the 1nvent10n prepa;red using sonication. The

1mproved density and uniformity of the coatlng can be observed and contrasted wrth

that of Figure 2A.

DETAILED DESCRIPTION

Generally, the present invention provides a method and system for coating magnesium
and magnesium alloys. The process employs a combination of an immersion coating
step and a subsequent deposition step allowing uniform coatings on magnesium and 1ts
alloys for avoiding corrosion and irnproVing wear protection. The potential

. applications of the process cover automotive, aircraft, aerospace, military and other
areas where application of magnesium/alloys 1S needed

The first step of the process is 1mmer31on coating which produces a continuous
undercoat. The second step can be any other known deposmon or coatlng processes "
such as electroless deposition, electroplating, etc., which provides a topcoat over the
undercoat. The first step includes application of ultrasound (or “sonication”) in the
1mmersion coating. The composition of the undercoat may be more noble than or
equally noble to the topcoat composition for those instances in which topcoat failure .
may be expected. If topcoatfailure occurs, the undercoat would be exposed, but would
be equal 1in reactivity to the topcoat. In those instances where topcoat failure is not at
1ssue, a increasing nobility gradient between the topcoat and undercoat 1S not necessary,
and the topcoat could be selected from compositions more noble than the undercoat.
By “more noble”, 1t 1s meant a composrtlon that is less reactlve For example, because

copper 1s less reactlve than magnesium, copper is said to be more noble than
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magnesium. The nobility of a metal, relative to_ another metal, can be determined by
comparison of their electromotive force (EMF), a term for the electrochemical potential
of a galvanic cell.' A table that lists a series of half-cell reaction is called Eletromotive
Force series (EMF series). A general EMF series can be given as: K, Ca, Na, Mg, Al
Mn, Zn, Cr, Fe N1, Sn, Pb, [H], Cu, Hg, Ag, Pt, Au provided in order of an 1ncreasmg
nobility. For example, Pt and Au are normally reterred to as noble metals, and
'elements from K to Ca are normally regarded as actlve metals. Also, Al 1s more noble
than Mg, N1 1s more noble than Fe.

The mventive process reduces use of highly toxic chemicals such as hexavalent
chromium and cyanides. This renders the pfocess more environmentally friendly and
reduces the exposure of workers to toxic chemicals. ' .
The use of sonication (or “ultrasound” vibration) in the immersion coating step
provide's the adVantage that the coating isapplieduniformly to the surface of the object.
Thus, the undefcoating layer is formed continuously and evenly. Application of
ultrasound during the immersion coating step improves'thequality of the undercoat,
effectively changing the nature of the undercoat, compared to prior art methods which
provided semi—eontinuous or patchy undercoatings, into a continuous undercoat that
can reliably p.rotect the substrate. ' '

- The undercoat'Iayer formed during the .immersion coating step protects the chemically
reactive magneSiumsubstrate (from'which.the oeated object is formed) from being .
attacked during Subsequent coating processes. This layer protects the subsequent
coating bath frem becoming contaminated by the .disselution of magnesium and/or its
alloys. The layer formed in the immersion coating step acts as a contingency layer 1n

~ the event of a topcoat failure by preventing direct contact -o.f the reactive magnesium |
with corrosive environments. ' :
The layer formed in the immersion coating step comprises a material that is more noble
than the topcoat thus providing cathodic protect1on to magnesium/or its alloys. This is
especially advantageous if the topcoat becomes cracked or scratched because the '
topcoat :mentonously provides protection of the eoated object in the event of a topcoat
failure. The corrosion of the underceat ceuld actually be accelerated by the topcoat 1f
the undercoat is not more noble than the topcoat through the process of galvamc '

~ corrosion, which effectively creates a galvanlc effect between adjacent layers, leadmg

8-
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to oxidation of the “anode’.’ layer. Because the undercoat layer is more noble than the
overcoat layer, the accelerated corrosion of the undercoat 1s avolded thus provrdmg a
continued protectlon to the magnesmm component.

The process according to the invention is simphfied and economical, and therefore
enables cost-competitive production. The process has excellent scalability Wthh makes
1t suitable for large scale mass production. The undercoat process features automattc
stop when the substrate surface is entlrely covered which simplifies process control.
The process does not 1nvolve the use of cyanides or chromium compounds

Elimination of these toxic chemicals results in an environmentally friendly coating
process ‘

This process does not require highly sophisticated facilities, and has excellent ‘

scalability by simply enlarging or reducing the size of the solution container. This

makes 1t a stmple, cost-effective process for mass production of parts of any size.

Immersion coating is the deposition of a metallic coating on a SUbstrateby chemical .
replacement from a solution of a salt of the coating metal. The reducing agent for the
reduction of the coating metal is the substrate metal itself which is, in the present case,
magnes1um The advantages of immersion coating are simplicity, the ability to deposu

unrform coating in recesses and on the inside of tublng, low productton cost, and

- excellent scalability for mass productton

A further advantage of the immersion coatmg step 1s that an ““automatic stop” cffect 1s
inherent in the step, allowing immersion coatlng to produce only a thin layer of deposrt,
without the need for extremely accurate or labour-lntenswe tlming of the step. In this
step, deposition stops automatically as soon as the substrate surface 1s covered. While

the properties of thls thin coatlng might not be adequate as a final functional coating,

- the “automatic stop” effect, combrned with the advantages rnentroned allows for simple

and precise process control. In pract1ce no control 1s needed with respect to when and
how to stop the immersion coattng process. '

The immersion coatrng process is combined with a subsequent top coating process.
The i1mmersion coating acts as a protective layer for b‘oth the substrate and the
subsequent coating process. It prevents the soft reactive magnesium substrate from
being attacked by the subsequent coating process and prevents the coating bath from :

being contaminated by the-diSSOIutiOn of rnagnesium. As immersion coating produces

.9
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only a thin layer of coatrng, the role of the topcoat 1s to provide sufficient mechanical,
physical and chemical functionality. The top coating process can be electroless
deposition, electroplatrng and any other surtable deposition processes.

The immersion coating step is acoustrcally assisted by including sonication durlng the
step. Application of ultrasound encourages production of a continuous Immersion
undercoat, with uniformity unparalleled by prior art processes. During the immersion
coating process, gas evolution from the immersion solution and substrate surface takes
place srmultaneously with the deposition of metalhc atoms on the substrate surface In

prior art processes a competitive adsorption on the substrate surface exists between the

gas bubbles and the atoms to be deposited to capture the available “anchorrng sites.

Deposition of metallic atoms 18 therefore -restricted by cOrnpetition from the 'gas

bubbles, using prior art processes. In order to enhance the depos1t10n process it1s -
favorable to remove gas bubbles from the surface as soon as they are generated without
disturbing the anchoring of metallic atoms. According to the mvention, it has been
discovered that application of ultrasound 1s succes'sful in removing gas bubbles without
disturbing the anchoring of metallic atoms to the surface. It 1s believed that the
oscillation of the deposition solution caused by the ultrasound is sufficient to remove
the gas bubblesbut does not disturb the anChoring array of metallic atoms. .

Any sonication frequency in the ultrasoundrange may be used which effectively allows
de-gassing of the surface of the objecttobe coated during the undercoating step. The
inventors have found that sonication frequencies in the range of from about 20 KHz to
about 45 KHz are effective. The frequency of 35 KHz is an effective frequency when
applied to bath of about 10 to 20 litres in volume through vibration of the bath at this ';
frequency. o ' ' '
Ultrasound may be applied during the immersion coating step by either vibrating the
bath container at the selected frequency, by inserting a sonicating probe nto the bath,
or by nestlng a bath within a v1brat1ng chamber or outer bath containing a 11qu1d for
example water.

The duration of the immersion coating step may extend from minutes to hours, such as |
from 5 minutes to 3 hours, for eXarnple,‘ 30 minutes. Because an automatic stop 1is

observed 1n the present method, the length of time spent by an object to be coated

- 10 -
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within the immersion coating would not necessarily change the outcome of the step

with respect to uniformity or eoating’thiclmess

The process outlined in Fi igure 1 1llustrates the basic process according to the invention

wherein an object to be coated is 1mmersed the coating bath 1s subject to somcatlon at
20 — 45 Hz, the object 1s removed from the coating bath, and is topcoated. ‘

The mventlon 1s 1llustrated by the followmg examples.

Example 1

An AZ91 magnesmm alloy was used as the substrate. The matenal was supphed by
LUNT Magnesium Die Castmg, Inc. ‘

The process starts with --sultable.pretreatment of the substrate, including degreasing and
acid activation. The wettability of the Sutface 1s significantly enhanced during the '
pretreatment precess. This, 1n turn, enhances the adhesion of the s.ubsequent coating.
Degreasing of the substrate was conduCted in a sodium carbonate solution uhder. the
followmg COIldlthIlS Na,COs: 25 g/L; temperature 60°C; and degreasing time: 20
minutes. | ' ‘

Acid activation was then conducted in a solution with the following composition and

' operating conditions: NH4HF;: 100 g/L; H3POy4: 200 mL/L; temperature: 25 °C: and

activation time: 1 minute.
Imrnersion coating was conducted in a solution described as follows: CuSO4"’ SHZO
(g/L) 125; HF (mL/L) 100; temperature: 25 °C; and 1 Immersion time: 5 minutes.

Sonication was applied durlng the immersion coating process. The Lab-Line

. Aqur:vwaveTM Ultrasonic Cleaner (Melrose Park, IL, 9333) with variable -frequencywas

used to impart vibration on the bath. The frequency used was 35 KHz. Electroless
deposition was subsequently applied on the immersion Cu coated AZ91 subetrate. The ,
deposition was conducted as fo'llowsi Ni'SO4;6HQOI 30 g/L; NaH,PO,.H,0: 20 g/L; i
CH;COONGa: 20 g/L; pH: 4.5; temperature 75 °C; deposition time: 1 hour.

Flgures 2A and 2B show Scanmng Electron Microscope (SEM) Images for 1mmer31on
Cu coating, and 1llustrate a eompanson of a surface prepared without somcatlon (Flgure ,'

2A) to a surface prepared using sonication (Flgure 2B). Both SEM images were

collected at a magnification of X500,

‘Figure 2A shows an alloy surface coated without sonication, and illustrates holes and

patches of the dep031t on the surface The one on the nght 1S with somcatlon and the -

- 11 -
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coating is dense. The surface shown in Figure 2B was prepared according to this

example, consistent with the invention, and 111ustrates a uniform coatlng of the alloy,

with a dense coating, and without patchy areas. '

Example 2 '

. DegreaSing, acid activation and imnmrsio'n coating were conducted as described in

Example 1. Nickel electroplating was then apphed In 2 conventional Watts bath as

given as follows Ni1SOa.. 6H20 225 g/L; NiCl,. 6H,0: 30 g/L; H3B03 58 g/L pH: 2

current densuy 500 A/m*; and deposition time: 1 hour.

The comparison of immersion coated samples with and without sonication resulted m
obsefvations similar to thosé shown 1 Example 1. For both Examples 1 arid 2, samples

- prepared without sonlcatlon expenenced 1mmedlate onset of corrosion durlng

subsequent electroless nickel (Example 1) and electroplating (Example 2), owing to the

discontinuity of the undercoat. Thus, in each example, the benefit of sonication 1s

clearly illustrated. -

The above-described embodiments of the.preseht invention are mtended to be examples

only. Alteratioﬁs, modifications and Variation's may be eff'ected to the partioﬁlar

embodiments by those of skill in the art without departing from the scope of the

mvention, which is defined solely by the claims appended hereto.
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What 1s claimed 1s:

1. A process for coating an object formed of magnesium or a magnesium alloy
comprising the steps of:

immersion coating the object in a sonicated bath to form an undercoat, and

topcoating the object to form a topcoat, wherein the undercoat 1s equally noble or more

noble than the topcoat.

2. The process according to claim 1 wherein the topcoating step is conducted using
a process which is electroless deposition, electroplating, brush plating, powder coating

or a combination thereof.

3. The process according to claim 1 wherein the object is formed of a magnesium-
based alloy.
4. The process according to claim 3 wherein the object is formed of an alloy which

1s AZ91, AMO60, AZ31, WES34, ZE63, ZK21, or ZM21.

3. The process of claim 1 wherein undercoat comprises Cu.

0. The process of claim 1 wherein said sonicated bath comprises an ultrasound

bath having a frequency of from 20 to 45 KHz.

7. The process according to claim 1 wherein the topcoat comprises a metal which

1s N1, T1, Mn, Al, Fe, Co, Zr, Mo, Nb or W.

8. The process according to claim 1 wherein the topcoat is a metal alloy.

9. The process according to claim 1 wherein the topcoat is a metal composite.
10.  The process according to claim 1 wherein topcoating comprises electroless
deposition.
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11.  The process according to claim 1 wherein topcoating comprises electroplating.

12.  The process according to claim 2 wherein the topcoating step comprises brush

5  plating.
13.  The process according to claim 2 wherein the topcoating step comprises powder
coating.
10 14.  The process according to claim 1 wherein the undercoat comprises a metal that

is more noble than a metal comprising the topcoat.

15.  The process according to claim 1 wherein the topcoat comprises an alloy.
15 16.  The process according to claim 1 wherein the topcoat comprises a composite.
17. A process for coating an object formed of magnesium or a magnesium alloy

comprising the steps of:
immersion coating the object in a sonicated bath to form an undercoat, and topcoating

20  the object.

18.  The process according to claim 17 wherein the topcoating step 1s conducted
using a process which is electroless deposition, electroplating, brush plating, powder

coating or a combination thereof.
25

19. An object coated according to the process of claim 1.
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[mmerse magnesium or magnesium

“alloy object in undercoat coating bath ' ‘\
I

~ Sonicate coating bath at 20 — 45 KHz l
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Remove object from coating bath l

) -
e 4 ]
- Topcoat object

- FIG. 1 _



TN AR VA Y e ey, gy S

T A D AN BN O N . - = .= VeSS

Application number/mumero de demande: ; 5 2 é E ; 5

Figures: :22 Z g"/z 4 :’__4' r ____aﬁ%) g é —

Pages:

CA 02378993 2005-01-10

222D N

Unscannable items
recerved with this application

(Request original documents in File Prep. Section on the 10th Floor)

Documents recus avec cette demande ne pouvant &tre balayes

(Commander les documents originaux dans la section de préparation des dossiers au

VI A M e e =W BEATTNG TR RO AT T m A PO W W AR e vt At A -

101eme etage)

N N BT b 8 o L o T R T N L7 D e T A o SO RN U AT S (N N S R Y R N A G ROy AT STl T e A, o s T O P b

A T A A M R T M AT S St A N e




Immerse magnesium or magnesium

alloy object in undercoat coating bath

\

gonicate coatin;bath at 20 — 45 EHZ

|

* Remove object E-an coating bath N

|

Topcoat object




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - abstract drawing

