F21BH M
Vol.21 No.9

TERERERFIR

The Chinese Journal of Nonferrous Metals

2011 429 H
Sep. 2011

XEHRS: 1004-0609(2011)09-2049-11

EeeREUFERUIRMRER

e, LA, HRE G 8, 5 P, R W

(TR MRRIE S TRE2ERE, Kb 410083)

B B BEBES SR RIUR, MR, BRI B b/ iR IR R b
Fis LR R IR (LIRS e (LI AR B T 25, THE IR AL/ R AR b I (LI A LB, A0HT & Al Ak 4k
PRI AT, R A ek O A R IR A2 S IS 1 2 8 D 7]

KHEIR: BEO A SERALRE EURBY wERE:

PESES: TG146 NEkbRERS: A

Research progress of chemical conversion coatings on
magnesium alloys

JIN He-xi, WANG Ri-chu, PENG Chao-qun, FENG Yan, SHI Kai, CHEN Bin

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The research progress of the chemical conversion coatings on magnesium alloys was summarized and the
treatment technologies of chromate films, stannate films, phosphate/permanganate films, rare-earth films and phytate
films were reviewed. The formation mechanisms of the phosphate/permanganate conversion films were discussed. The

merits and demerits of the various coatings were analyzed. And the developmental trends of the chemical conversion

coatings on magnesium alloys were proposed.
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Table 1 Processes of chromate treatment methods™
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Method Composition Concentration/(g'L ") Operating temperature/'C ~ Cycle time/min
Na,Cr,072H,0 180 21-32 0.5-5
Chromate—pickle treatment
HF(50%) 230 21-32
(DOW1)
HNO5(SG.1.42) 270 0.5-2
HF(50%) 230 21-32 0.5-5
Dichromate treatment
N8.2CI'207'2H20 120-180
(DOW7)
MgF, or CaF, 2.5 99-100(boiling) 30
70%HNO; 57 21-32 30
N8.2CI'207'2H20 4.7
DOW20
NaHF, 3.3 50-60 or
MgSO,7H,0 4 90-95 5
70%HNO; 43
Na,Cr,072H,0 35 99-100(boiling) 90—-120
NHS85
NaHF, 2.5 30
MgSO,7H,0 34 50-60 or 90—-95 30
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Table 2 Formation mechanisms and protection mechanism of chromate treatment coatings

[7-8]

Mechanism First stage

Second stage Final stage

. . Occurrence of oxidation of
Formation mechanism .
substrate metal and H, evolution

pH value between metal surface and

Compound consisting of

solution rising chromate and metal forming

Mixed layer of

Protection mechanism .
chromate absorbing water

Self-repair completed after absorbing water,
but effect weakened at high temperature

Nice protection capacity
obtained in dry environment
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Table 3  Compositions and temperatures of  stannate
conversion coatings'"”!
Solution Concentration/ Solution
composition (gL™h temperature/‘C
NaOH 2.5,5,10,15 60, 70, 80, 90
K,Sn0;3H,0 30, 40, 50, 60 -
NaC,H;0,:3H,0 10 -
NayP,0, 50 -
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Table4  Processes of several phosphate/potassium-permanganate chemical conversion films!'® 2 3073¢]
Process No. Bath composition Parameter Material ~ Jo0/ (mA-cm72)
pH =3-4
109 Manganate and phosphate t=20—-30 min AZ91D -
=50 C
pH=2.5
S 10-30 g/L NayHPOy, 4—6 g/L Zn(NO3),, =20 min ZK60 0.11(substrate)
0.5-2 g/L Ca(NO3),, 3—5 g/L NaNO,, 0.5-2 g/L NaF 0=50 C 0.023 7(coating)
65 mmol/L H;PO,4, 40 mmol/L NaF, 29 mmol/L ZnO, pH =2.4 0.27(substrate)
38301 102 mmol/L Zn(NOs),, 28 mmol/L NaClOs, =1-3 min AZ91D 6 0 (:oatin )
34 mmol/L NH3'H,O, 7 mmol/L organic amine 6=40-45 C ’ &
pH =3-6 0.691 8 (DOW1)
4B1 40 g/L KMnOy, 150 g/L K,HPO, to maintain =10 min AZ91D 0.585 8 (Phosphate—
0=40-70 °C permanganate)
53] 20 g/L Na,HPOy,, 7.4 mL/L H;PO,, 3 g/L NaNO,, 1.84 pH =3+0.2 AM60 10
g/L NaNO;, 5 g/L Zn(NOs),, 1 g/L NaF =5 min
8 mL/L H;PO,, 3 g/L ZnO, 4 g/L NH;-H,0 pH=7-8
6 3 g/fNaNo | g/L NaF T =5 min AZ9ID B
> 0=25-30 C
=5 mi
734 20 g/L KMnOy, 60 g/L MnHPO, o Sg’fg AZ91D 0.01
pH=2.15-2.5
Q35! 7.0—7.5 g/L H3PO4(85%), 2.36 g/L ZnO, 2.04 g/L NaF, =3 min AZ9ID 0.27(substrate)
10.6 g/L NaNOs, 3.0 g/L NaCl, 1.2 g/L organic amine 0=45-55 °C 0.014—0.029(coating)
o136 20 mol/m’ KMnOy, 100 mol/m’ NaB,Oy, pH-8 AZO1D B

50—200 mol/m> HCI
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Fig. 1 Chelate process of phytic acid on AZ91D magnesium alloy
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Fig. 2 Combination of phytic acid conversion coating and palladium ion
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Fig.3 Formation of PA conversion coating (P;=Na,PO,4, HPO4, NaHPO,, HPO427
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