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Abstract: Magnesium is the subject of interest from scientists due to his lightness combined with
strength. Magnesium density is only two thirds of the aluminum’s. This is a reason magnesium and its alloys to be
widely applicable in areas of the industry as aircraft production, automotive and missile construction. This leads to
fuel economy and reduced weight.

A big problem for the magnesium and its alloys utilizing is its high chemical activity, which generates
corrosion of the surfaces. To achieve optimum results in term of corrosion and wear protection of magnesium
alloys a proper electroless and electrochemical coating deposition technique could be used.

The complicated behavior of the magnesium and its alloys during plating or chemical treatment
processes requires the use of a specific pretreatment leading to equipotential material surface the technically and
economically viable coating systems to be produced.

OTNAIrAHE HA METAJTHU NMOKPUTUA NO BE3TOKOB METO
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Pesrome: MaeHe3zuam rnipedcmasrnsiea uHmepec 3a yyeHume nopadu kombuHauyusma Ha dee Hezosu
OCHOBHU ceolicmea: mol e fieK U KO8bK eniemeHm. [lnbmHocmma Ha MazHe3usi e 0ge mpemu om ma3su Ha
anymuHusi. Toea obsicHsiga wupokama ynompeba Ha MasHe3ul U He2o8uU crnasu 8 obnacmu Ha uHOycmpusima
Kamo camosiemocmpoeHe, asmomobusio- U pakemocmpoeHemo,koemo 600U 00 UKOHOMUSI Ha eopuso U
pedyKyusi Ha meanaomo.

lonam npobnem npu u3non3saHe Ha MazgHe3ul U He208U criasu € eucokama My XUMU4Yecka
akmueHocm, Mpu4yuHa 3a KOpo3usi Ha noebpxHocmma. 3a mnocmuzaHe Ha onmuManHu pedynmamu o
OMHOWEHUe Ha KOPO3UOHO- U U3HOCOYyCcmoU4ueocm Ha MazHe3uesume crifiasu ce rpedriaza rpurioxXeHue Ha
nodxodsuwu memoodu 3a 6e3MoK0o80 U efleKMPOXUMUYHO HaHacsiHe Ha rMoKpumusi.

KomnnuyupaHomo nosedeHue Ha MazHe3ul U He208U Criasu o 8peMe Ha HaHacsiHe Ha rokpumusi u
XUMUYECKO mpemupaHe u3uckea crieyuguyHu npedsapumersnHu nodaomosku, eodewju 00 eksurnomeHyuasaHa
nosbpxHocm. 1o mo3u Ha4YuH ce ocueaypsieam MEexXHUYeCKU U UKOHOMUYECKU U3200HU ycriogusi 3a roslyyasaHe
Ha Ka4ecmeeHuU MoKpUmusi.

Introduction

This short review presents some methods for surface treatment of Magnesium and
Magnesium alloys in order their high chemical activity to be reduced and their corrosion and wear
resistance to be improved.

Since magnesium is less dense than aluminum, with a density of only two thirds of the
aluminum, it has countless applications in cases where weight reducing is important, i.e. in aircraft and
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missile construction, space industry. Magnesium alloys are prized for its properties of lightness
combined with strength [1].

As of 2013, magnesium alloy consumption was less than one million tons per year, compared
with 50 million tons of aluminum alloys [2, 3]. Its use has been historically limited by its tendency to
corrode, high-temperature deformation, and flammability [4].

For the chemical resistance improvement of Magnesium and its alloys research and
development are carried out an expanding the application areas to be achieved. One preferred
method for surface properties improvement is metal deposition by electroless or electrochemical
methods.

According to the authors [5, 6] only complex and multilayer coatings are able to produce
optimum results for surface protection of magnesium alloys, and a great deal of research has to be
done furthermore to develop technically and economically viable coating systems.

The coating that acts as a barrier between the metal substrate and the environment has to be
uniform, adherent, pore and crack free and self-healing in the applications where damage of the
coating can occur [7].

Methods for magnesium surface pretreatment by plating deposition

The most widely used commercial magnesium alloys, i.e. AZ91D and AM60B, contain alloying
elements which form intermetallic phases (Fig. 1a). From an electrochemical point of view those
phases have different behavior when the alloy is immersed into a solution for plating or chemical
treatment. This means that the surface must be made equipotential by modifying the metallurgical
structure before the coating process or by a specific surface pretreatment.

Fig. 1. Initial stages of nickel growth on AZ91 alloy (after 1 min): a) secondary and (b) topographic mode [8]

Chen [9] recently proposed a new galvanizing process based on the deposition of a zinc film
by immersion followed by the deposition of a layer of electroplated zinc. The addition of FeCl; salts to
the zincate bath helped to change the zinc crystal structure and then the coverage and adhesion of
the zinc layer (Fig. 2). Before the electroless plating or the electrodeposition on magnesium alloys, a
copper strike layer, usually cyanide bath, is electrodeposited on zinc layer in order to provide a
uniform coverage. Yu studied the deposition (displacement + electrodepositon) of copper from a
pyrophosphate solution over a zinc transition layer deposited from pyrophosphate solution [10].

In another study, a protective copper film on AZ31 magnesium alloy, without zinc
pretreatment, was proposed. The aqueous solution containing 0.4M Na,P,0; + 0.08M Cu,P,0; +
0.24M CuSO, + 0.05M NaF was used. A galvanic displacement reaction occurrs between copper and
magnesium, then copper film is formed on magnesium substrate. After that, electroplating is carried
out applying direct current and pulse current using the same copper solution. Yang proposed a
procedure in which a copper layer is deposited onto AZ91D, by immersion plating, before EN plating.
The solution was optimized in term of temperature, pH and fluoride content by searching the maximum
coverage [11-13]. Ultrasonication was found effective in improving the copper immersion coating
process, particularly during extended deposition times, beyond the initial stages [14]. Higher coverage
of magnesium alloy surface (> 80%) by copper immersion coating was also achieved by using an
alkaline bath. The procedure proposed by Yang is schematically represented in Fig. 3 [13].
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Fig. 2. Flowchart of the overall procedure for coating on the AZ91D magnesium alloy [9]

Glas bead treatment

Degreasing Alkaline degreasing

Plating Acid etching

Cu- immersion plating

Fig. 3. Flowchart of the procedure for copper immersion coating on the AZ91D magnesium alloy [13]

Methods for surface activation for direct electroless nickel plating on magnesium alloy

Yang presented the results of a research on EN deposition (8 uym, 4.74% phosphorous) and
molybdate conversion film pretreatment on Mg-8Li alloy [15] (Fig.4).

Ultrasonic cleaning

>

Alkaline cleaning Mo-pretreatment

Electroless nickel

Fig. 4. Flowchart of the molybdate coating and electroless Ni deposition on the Mg-8Li magnesium alloy [15]
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Magnesium alloy is disposed by three kinds of acid pickling formula and activation formula and
the effect of the three kinds of acid activation formula on magnesium alloy is studied by contrast
experiment. The experimental results indicated that after disposed by acid pickling formula of HNO3; 25
ml/L, H3PO,4 25 ml/L, room temperature and activation formula of NH,H,PO, 80-100 g/L, NH4F 30-50
g/L, room temperature, magnesium alloy could realize electroless nickel plating directly. The results
showe that the structure of Ni—P coating is amorphous, the Ni—P coating is very meticulous and
uniform, the activation coating is mainly MgF, and Mg,P,0O,;, and comparing with magnesium
substrate, the corrosion potential of magnesium alloys increases by about 1.1 V and the corrosion
current density declines obviously. Tested by thermal shock test and file test, the adhesion of
magnesium alloy and Ni—P coating is good. Fig. 5 shows the section figure of magnesium alloy
electroless nickel plating, it is seen from the figure that nickel plating is well combined with the
substrate.

Fig. 5. Cross section morphology of Ni—P coating on magnesium alloy.[16]

The surface morphology of nickel plating layer is observed to find out the early growth rule of
nickel layer. Fig. 6 shows the surface morphology and energy spectrum analysis of the electroless
nickel plating for magnesium alloys in the early growth process. Fig. 6(a)—(e) respectively shows the
surface morphology and element distribution map during the plating time of 10 s, 30 s, 60 s, 120 s and
240 s.

Fig. 6. Beginning growth process of electroless nickel plating on magnesium alloy.
(a: 10s, b: 30s, c: 60s, d: 120 s, e: 240 s)
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After continuous plating for 30 min, the surface of plating is completely covered with nickel—
phosphorus alloy layer and its structure is shown in Fig. 7: belonging to the sub- crystalline structure of
coating.

Fig. 7. X-Ray patterns of Ni_P coating on Magnesium alloy

Authors [17] investigate the influence of the chemical pretreatment before direct electroless
nickel plating on the surface roughness (Fig. 8). It is found the substrate surface roughness increases
significantly after pretreatment process, although to different degrees for different alloy substrates. The
coating surface roughness on the pure Mg substrate increases compared to the chemical pretreated
surface. On the contrary, the coating roughness on AZ31 and AZ91 alloys decreases after plating
(Table 1). Figs.9-11 show that the interface between the coating and AZ31 substrate has a rather high
roughness and a more uniform distribution than other interfacial systems, consistent to the highest Lc
value of 13N. In contrast with the smallest Lc (8.7N) and rather smooth interface between pure Mg
substrate and plating, it is believed that the interfacial mechanical interlocking effect plays a more
important role in improving adhesion strength than the substrate hardness in this coating system.
Nevertheless, various substrate composition and microstructure leads to different surface roughness
after etching, influencing the coating performance.

Table 1. Surface roughness velue Ra (um) and mechanical performance

Sample Before Before After plating Substrate Coating Adhesion
etching platin (220min) hardness hardness strength
(HV50q) (HV50q) Lc (N)
Mg 0.05+0.01 0.15+0.03 0,36+0,06 55+10 580-610 8,7
AZ31 0.05+0.01 0.37+0.06 0,22+0,04 75+10 580-610 13,1
AZ91 0.05+0.01 1.2+0.2 0,32+0,05 95+10 580-610 10,1

10

; ;:

11

Fig. 9-11 Cross section optical micrograph of electroless Ni plating on 9- pure Magnesium, 10- AZ31, 11-AZ91

subtrates
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Stage no. | Constituent or condition /alue or range
1 Ultrasonic degreasing | Ethanol 5-10 min
2 Alkaline cleaning NaOH 50 g/L
NasPO, 10 g/L
Temperature 2330k
Agitation Mild, magnetic
Time 8-10 min
3 Acid etching CrO; 125 g/l
(pickling) HNO; (70% V/V)] 110 ml/L
Temperature Ambient (293K)
Agitation Vigorous, magnetid
Time 30-60 s
4 Fluoride activation HF (40%V/V) 385 ml/L
Temperature Ambient (293K)
Agitation Mild, magnetic
Time 10 min
Electroless nickel Basic nickel 10 g/L
5 plating and operating |carbonate
conditions HF (40% V/V) 12 ml/L
Citric acid 5 gL
Ammonium 10 g/L
bifluoride
Sodium 20 g/l
hypophosphite
Ammonium 30 ml/L
hydroxide 25%
pH (colorimetric) | 4.5-6.8
Temperature 349353 K
Agitation required | Mild mechanical

1 . - g 4 . 1
Water rinse about 1-2 min is omitted after each step in this table.
Fig. 8 Sequences of operations

Conclusions and outlook

The study presents a short overview for some surface treatment of Magnesium and

Magnesium Alloys the better corrosion and wear resistance of the surface to be achieved. Many
Authors focus their attention on the electroless and electrochemical plating methods for production of
high quality coatings to expand the application areas of these materials.

Considering Magnesium lightness combined with strength it is too promising to investigate

novel coatings with improved properties for application in areas of the industry as aircraft production,
automotive and missile construction, also space technology.

Our achievements in recent Years about improved properties of electroless nickel and

composite nickel coatings give us a reason to be optimistic about possibilities for using these coatings
to ensure a bright future of Magnesium and its alloys.
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