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Abstract: The history of anodic oxidization on magnesium and its alloys was simply reviewed, and its treating
process, compositions and functions of electrolyte were introduced comprehensively. In addition, the mechanism of
oxidization on magnesium was discussed. With the development of human awareness on environmental protection
and the scarcity of world resources and upgrade of anodization equipment, the effects of electric parameters on pro-

perties of anodic coating, measurement of current efficiency, study of diffusion regularity for anodic coating forma-

tion and development of environmentally friendly electrolyte were put forward about anodization.
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Fig. 1 Model of anodic oxidation by spark discharge (ANOF)

(a) —Pickled surface; (b) —Passive layer formation; (c¢) —Partial oxygen layer formation;

(d) —Surface after formation; (e) —ANOF-layer formation over partial anodes;

(f) —ANOF-layer rich in pores; (g) —Annealed ANOF-layer; (h) —Destroyed ANOF-layer
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Table 1 Surface pre-treatment methods

[23]

Method

Process

Note

M echanical Wire brushing; Sanding;.
sand, short or barrel abrading.

Rinsing; vapour or degreasing;
Solvent . . .
emulsion type cleaner immersion.

Alkaline

Hot soap; electrolytic cleaners.

Acid Pickle

Immersion

A rapid method of removing heavy layers of oxide and dirt. Sand,
short and grit blasting should always be followed by acid pickle.

Removal of superfluous oily matter prior to alkaline cleaning; pre

cleaning step prior to painting.

Most satisfactory method for degreasing magnesium prior to chemi

cal treating will remove old chemical finishes.

Several acid pickling treatments are available for use on magnesium,

usually as cleaning steps in application of chemical coatings.
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Table 2 Post-treatment of anodizing process'
Method Process Note
Cleanin Rinsin : ; :
J .. 8 . . Removal of retained electrolyte solution, such as alkaline, salts or
and Neutralizing surface (alkaline or acid) . . . .
.. . acid. Pre cleaning step prior to further processing.
neutralizing Cleaning electrolyte
- . . Sealing the porous surface
Silicate infusion . . . . . . .
. . . . Producing synergistic coatings with special properties, such as superr
Sealing Electrophoretic coatings . .
. . or resistance to corrosion or wear
Various polymer coatings . . -
Providing a good primer for further painting
. . . Removal of retained water or solvent for final painting or direct appli
Drying Hot air drying

Final painting

Top finishing

cation.

A final painting provides a good extrinsic feature with special colours

and functions.

R3 MBS EHRAENTE

Table 3 Some anodizing processes of magnesium and its alloys

No Name Compositions Treating process Reference
135- 165 ¢/ L. KOH, 34 ¢/ Al(OH)3, Hot alkaline cleaning and. water washing at room temperature.
X . Voltage and current density were separately 70 to 90 V and 20
1 HAE 34 ¢/L Na3POs, 34 g/L KF, 20 g/L 5 . . . [33]
KMnO4/KaMnO to 25mA/cm”. Coatings were sealed in solution of Na2Cr207 *
TR 2H20 and NH4HFo.
240 ~ 360 g/L NHa4HF2, 100 g/L Hot alkaline cleaning and water washing at room temperature.
2 DOW17 Na2Cr207 * 2H20, 90 mL/L H3PO4 Voltage of 70V to 90 V and current density of 5 to 50 mA/ cm? [ 34]
(85%) (AC/DC). Coatings were sealed in silicate.
25 g/L chromic acid, 25 mL/L HF Water washing and acid pickling. Voltage and current density
3 Cr22 (50%), 50 g/ L H3PO4(85%), 160 = were 380 V and 16 mA/cm?( AC), respectively. Coated parts [ 10]
180 mL/L NH4OH were sealed in sodium silicate.
Alkaline degreasing, alkaline etching and fluoride pretreatment.
4 T agnite KOH, K2Si03, KF Voltage and current density were 340 V and 5 to 15 mA/cem?, [11]
respectively.
0.5~ 2 mol/L alkali metal hydroxide,
5 0. 001 = 0. 76 mol/L hydroxylamine, Alkaline cleaning. Current density was 40 mA/cm?. Anodic (8]
0.001~1.0mol/L POi~, (20~ 1000) X  coatings were sealed in solution of sulfane silane.
10™ ¢ nonionic surfactants
Alkaline cleaning and etching. Final voltage was 100 V and cur
6 10~ 80 g/ L K3BO3(or K2S04), 10~ 70 rent density was between 10 to 60 mA/cm? (DC). Protective [19]
g/L K3PO4, 5735¢/L KF coatings were treated with water glass at a concentration of 50
g/ L.
10~ 80g/L H3BO3(or H2S04), 10770 Alkaline cleaning, acid etching and activation by hydrofluoric
- Magnoxide  g/L H3POus, acid. Final voltage was lower than 400 V and current density [20]
coat 5=35g/L HF(or HCI) and amines used was 10 to 20mA/cm?(DC). Anodized sample was sealed in wa-
as buffering the electrolyte ter glass or coated with PTFE.
> p >
o(KgB03) 0, Lung L, HLESPOL) # Sample was anodized at about 30 C with voltage value of 50 V
0.1mol/L, ¢(KF) 20.1mol/L and a . 5 )
8 bili | 4 f b ¢ to 400 V and current density at least 10 mA/cm” after it was [ 24]
stabliizer sefected from e groUP O 4 cated in bath of 40% HF and 65% HNOs.
urea, hexamethylenediamine
_ Magnesium panels were cleaned in alkaline solution and then
9 Tpriite ;_ ig Zt EE,H’ placed in NH4F bath. Final voltage was higher than 100 V and [31]

10 Anomag

5730 ¢g/L K2Si03

3.0~ 3. 3 mol/L ammonia, ditethylene
triamine about 0. 5 mole, phosphoric
acid about 0. 1 = 0. 2 molar, a foaming
agent about 0. 1 mL/L, peroxide 0. 05~
0.2 male

current density was 2 to 90 mA/cm? ( pulsed DC). Panel was
sealed in KH2PO4.

Alkaline cleaning and activation by hydrofluoric acid. Voltage
was 250 to 500 V and current density was 20 to 35 mA/cm?. [32]
Sample was post-treated in bath of NaH2PO4.
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No Name

Compositions

Treating process Reference

3.0~ 3. 3 mol/L ammonia, 0.001 0.2

1 Anueg mol/L K3PO4, about 0. 1 mol/L Na202

sealers.

507100 g/ L K2SiO3, 40~ 80 g/ L car
boxylate, 60 = 120 g/L. KOH, and at

2 least one of 5750¢g/L KBO2, 5750¢g/L
Na3PO4, 1730g/L KF
207300 g/ L KAlO2, 0.5~ 8 moles of
an alkali hydroxide per one mole of the
13 aluminate, and at least one of 20 = 200

g/L boron compound, 2 = 50 mL/L
CeHsOH, 2~50g/L sulfate, 5-70g/L

iodine compound.

5750¢g/L NaOH,
14 10~ 100 g/ L fluoride,
10~ 100 g/ L iron salt

Mass ratio of metal silicate to metal hy-
droxide in bath vary preferably from
15 about 4 to about 6, provided that the
maximum concentration of metal silicate

does not exceed about 30 percent.

18 KOH, 5-50mL/L HF(NaF or KF)

Pretreatment with hydrofluoric acid. Voltage was 150 V to 350
V and current density was 50 to 200 mA/em?(DC).

1 =200 mL/ L K2SiO3(30Be), 5750g/ L Voltage was 150 V to 400 V and current density was 10mA/ cm?
to 3 A/em?(DC).

Voltage was 170 V to 500 V and current density was about 10
mA/cm?(DC). Coating was treated with paint or other organic [35]

Samples were polished and cleaned with alkali and acid. Voltage
was 50V to 100 V and current density was 20 to 40 mA/cm? [36]
(AC).

Sample was polished and cleaned with an alkali and an acid.
Voltage 10 V to 150 V and current density 5 to 100 mA/cm? [37]
(AC).

Sample was polished, degreased and activated by hydrofluoric
acid. Voltage was 50 V to 1000 V and current density was 250 [38]
to 500 mA/ em?(DC) .

[39]

[40]

The first step: 37 10¢g/L KOH, 5730 Alkaline cleaning. Voltage was about 180 V and current density

/L KF
17

The second step: 27 15¢g/L KOH, 2~
14 ¢g/L KF, 5740 ¢g/L K2Si03

One kind of HaTiFs, ¢ ( H2ZrFs) or

sealers.

was 20 to 100 mA/cm?(AC).

[41]

Voltage was 150 V at least and current density was 5 to 60mA/

em?( AC). Coating was treated with paint or other inorganic

18 ¢( H2SiFe) 20. 1 mol/ L, ¢( phosphate) 2 Pulsed average voltage not more than 200 V. [42]

0.3 mol/ L, ¢(Na2Si03) 20.4 mol/L
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Table 4 Comparison of anodizing processes of aluminium alloys and magnesium alloys'*’
Feature Magnesium alloy Aluminum alloy
Most basic electrolyte
(HAE, ANOMAG, TAGNITE, Acidic electrolvt
Electrolyte MAGOXID, MGZ) P

Few: acid solution with

strong oxidative substance (DOW 17)

High voltage
DC and AC
(40~ 380 V)

Power supply

Complicated reactions:
Chemical reactions
. Electrochemical anodic
Reactions . .
oxidation reactions
Physical reactions: Fusion

No film dissolution

Coating formation Formation along sparking trace

_— . Depends on current density
T'hickness of coating : :
and processing time

(sulphuric acid and oxalic acid)

Low voltage (less than 20 V DC)
(70~ 120 V DC for hard anodizing)

Electrochemical anodization reaction

Film formation and film dissolution reaction coexist

Uniform coating generation

with anode reaction

Depends on balance of film dissolution
rate and film formation rate and time for

potential to increase to a stable value

Structure Porous ceramic like microstructure Barrier layer and uniform parallel pores normal to the surface
6 114 4L ¥ 1Y) PBR {# ( Pilling-Bedworth Ratio

+

N

Enrichment/(1015 atom-cm™2)

g(l) . S

0 !
-300 250 -200 -150 -100 -50
AG®/(kJ-mol™1)

4 TH 1%~ 5% FIEES ST E R
Fig. 4 Predicted enrichment of

Mg alloys containing 1%~ 5% aluminium'®’
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Table 5 PBR values of oxides'™

Oxide PBR Oxide PBR Oxide PBR
LiO 0.58 BNb20s 2. 68 0502 3.24
aLi202 0.83 aTa20s 2.50 Ir02 2.23
Na2O 0.55 BTax0s 2.43 Cu20 1.64
K20 0.45 aWOs3 3.35 Ag0 1.56
aKO2 0.73 BTiO 1.20 Zn0O 1.55
Rb20O 0.42 Ti02 1.73 Cdo 1.21
Cs20 0.44 aZr02 1.56 HgO 1.30
BeO 1.68 B7r0: 1.45 aALOs 1.28
MgO 0. 81 Cr20s 2.07 BALO; 1.54
CaO 0. 64 MnO 1.79 ¥ Al O3 1.49
SrO 0.61 FeO 1.68°1.76 & Ga203 1.23
BaO 0.67 Fe304 2.10 In203 1.26
Y203 1.39 ¢ Fe203 2. 14 MoOs3 3.30
La203 1.10 CoO 1.86 CuO 1.72
CeO2 1.22 Co304 2.01 aGeO2 1.23
ThO2 1.35 NiO 1. 65 aSn02 1.32
UO0:2 1.98 Rh203 1.88 aPbhO 1.31
V203 1.82 PdO 1. 65 aSh203 1.44
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Fig. 5 Schematic diagrams illustrating
incorporation of foreign species derived from
electrolyte anions and alloy substrates into
anodic films
(a) —Initial condition of alloy;

(b) —Film containing foreign species
migrating inwards during film growth;

(¢) —Film containing foreign species
migrating outwards during film growth;

(d) —Film in foreign cations migrating

outwards at faster rate than Mg** ions'””!
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