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Stripping Process of the Magnesium Alloy Micro-arc Oxidation Coating
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ABSTRACT: Objective To propose a stripping process of the magnesium alloy micro-arc oxidation coating, so as to improve the
reutilization of the magnesium alloy. Methods The chemical solutions which contained nitrate acid, potassium fluoride, citric acid,
SDBS and corrosion inhibitor was used to strip of the coating, and the orthogonal experiment was designed to optimize the formula-
tion of the coating stripping solution, using the stripping rate and surface roughness and the judgment criteria. The role of each
component in the coating stripping solution was analyzed. The relationship between the weight loss and time during the stripping

process, and the relationship of coating thickness with corrosion rate and roughness were discussed. The optimized coating stripping
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solution was then used to strip the magnesium alloy micro-arc oxidation coating, and the macro- and microstructure of the surface
was observed. Results The extreme difference of the chemical reagents on the stripping rate and surface roughness of the magnesi-

um alloy substrate after stripping was in the order of R ... .cia>Rir >Reisic acia >Rspps >R indicating that the concentration

corrosion inhibitor 3
of nitrate acid had the biggest effect on the stripping rate and surface roughness, followed by the concentration of potassium fluo-
ride, and the concentrations of citric acid, SDBS and corrosion inhibitor had the least effect. During the whole process, the weight
loss and the time did not have a linear relationship. The weight loss and the stripping rate were high in the beginning and at the end
of the process, while in the middle of the process the weight loss and the time had a linear relationship, with a stripping rate lower
the initial stripping rate. There were no corrosion products on the surface of the magnesium alloy according to the XRD pattern. As
shown by SEM, the pores in the layer after the second micro-arc oxidation treatment on magnesium alloy were compact and uni-
form, which had no obvious difference with the coating after the first treatment. Conclusion The best composition of the stripping so-
lution for of the magnesium alloy micro-arc oxidation coating was nitric acid 90 mL/L, citric acid 8 g/L, potassium fluoride 35 g/L.,
dodecyl benzene sulfonic acid sodium 5 g/L., and corrosion inhibitor 6.5 g/L. This solution led to good stripping of the magnesium al-
loy arc oxidation coating, causing little damage to the magnesium alloy substrate, and with high stripping rate and low cost. It can
therefore be use to repeatedly strip and repair the unqualified magnesium alloy parts covered with the micro-arc oxide coating.

KEY WORDS: magnesium alloy; micro-arc oxidation; stripping of the coating; corrosion inhibitor; nitrate; potassium fluoride
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Fig. 1 Extreme difference analysis of factors on the stripping rate
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Fig. 3 The relationship between weight loss of the layer and the

stripping time
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Fig. 5 The relationship between layer thickness and corrosion

rate, roughness

H1 & 5a W] LLF M Bl B2 JEE B 3 86 5 4
BRI B oo A ot Bt 2 B, B TR 38
iR S ) A 3 TR P 940 JEF ol A TR K SR A 14 42 o
R, PR e 2 TR X 5] Sh R
BEPR SR ORURS B2 A A8 L IR 2 — B . TEAR LI 4%
TR R R AE 2% LN, LRI LA B, A
Sl BT a1 UK, A S AR C 7 0 R B R P Ak 3
B BRI AZ2 ioh 500 2R 47 9 Y 3R 58 AL A B S A
A — BRI B5 . 3 P45 40 76 T R v v T
Tl b, AR, DR A AR RS [ S G B

HiIE 5b W LLE B R AN IR R 564 4
SR LR B SEAAH ], Ra fHAE 0.6 ~0.75 pm Z
) 6 e T 4 RO ST U2 1 RELRS B, L 5 o
JEIELRE R IG I | B N5 B G 4 R A 3 THT 118 HEL S 2 % 1
WA, 0 T A A A AR MR S b R R G 114 2%
W, O BTG BE A e T A AR S BE B 4 3R IA
RGP FER A A8 RIEDEH

2.4 REERTEREMHKWESH

SR FHReARE L 7 1) 38 B VR R BR B A5 4 T SR Ak e
J2 B AT 5 R B Y 22008 A UL 6, R AR Ak i
SR RS P BE B 4 TR R T T S UL B 7, e AR o3 A
ZERILE S, HE 6 K 7h AL A A Y R
A DB BE A £ oM A AR 2R B i IR S A BE S
S SRR TR AR PUIR IS . SO AT
BEG 4 FERTE 1000 A5FHH HL 8% R AT LA i b 7 2]

a  JBERIBERAT b [RZEBERS

Ko BeGa oMz IR BRATS /92 VB
Fig. 6 The macro-morphology of the layer before (a) and after
(b) the stripping process

b EZRERG

K7 B oA AN T MRS SE AR T SEM TE55
Fig. 7 The SEM of the magnesium alloy before micro-arc oxida-

tion treatment (a) and after the stripping process (b)



.32 . *®om A

2015 £ 10 A

WPARATIE o B T BRI, AnT&] 7a Tz, HiI&1 8 RIAI,
AR B RS T 5 0 T A B 4 R T S R A 1]
EER I N Mg, U WTIR 55 A R 3 T 0 5k A% ikt
a7/

P9 S BEA & — U S A I TR B S — ik
TR E LN T 218 SEM JES, T LA 1, iR S
B G B BRI B R AT — OIS A I TR A 2
PRALAS A, FLR B KA UBEAR A 32, S —

A

A Mg

After stripping
process

Before treatment

10 20 30 40 50 60 70 80
20/(°)
K8 AR ARl SOR RS BE 5 B L AR T XRD 513
Fig. 8 XRD of the magnesium alloy before micro-arc oxidation

treatment and after the stripping process

b WO

Ko BEa e — RO A AL KB R E — U0 4 Ak 2 i
SEM JEAR

Fig.9 The SEM of the layer after the first (a) and the second

(b) micro-arc oxidation treatment on magnesium alloy

YOI T B2 DG A S 22501, X 3 A 4 ]
B IEBGR IR A BB & &l B T IR B R L
anO

3 Zig

1) IRBREE G SO A AR 2 1) d5 AR IR I5E
J AR 90 mL/L PR 8 o/ L, AL 35 o/L, T
BESETERETR AN 5 o/ L, BRIk 5] 6.5 ¢/1.,

2) TERCHER PR TP AL B BE A 4 IR e
JE oty A EL A b A E AR v SIS 2 P9

3) BEA AL Z 1R By & 5 i ] 5 3E ™
IR R X IE HEEA SO E LR AR5
PEIE R, FEIR RS 0T, RS2 R i 7% 1 1B 5 1
J& , BRSO

% 3k

(1] W& WIsE GRG0, TR, 45, F B/ B 5 B A A £
ARBGBFE SR FHBART]. AR ,2010(4) :10—11.
PAN Ming-qiang, CHI Guan-xin, WEI Dong-bo, et al. Cur-
rent Status of Research and Application of Micro-arc Oxida-
tion of Aluminum Alloys and Magnesium Alloys in China
[ J]. Materials Protection,2010(4) :10—11.

[2]  EB5& Heke AN . AZ3 BES S BERT AL I T
WEFE[J]. il 5 B4, 2002,29 (1) :24—27
WANG Bu-mei, XUE Feng,SUN Yang-shan, et al. Pretreat-
ment for Electroplating of Magnesium Alloy[ J]. Journal of
Chinese Society for Corrosion and Protection,2002,29 (1) :
24—27.

(3] BRdnzs, Zed = SHule. B4 &b vk T2 Mo
[J]. BB 541, 2006,12(4) :35—37.

CHEN Kou-jie, LI Jian-san,GUO Yan-ting. Study on Process
of Bright Pickling for Magnesium Alloys[ J]. Electroplating
& Finishing,2006,12(4) :35—37.

(4] ZEY D BULE 5. AZ31 IR EE G S A BT

TCRBRUE T W5 [ 1], L BE 5344, 2011,31(6) :20—
22.
QIN Tie-nan,MA Li-qun,HE Zhong-chen,et al. An Investi-
gation of Chromium-free Pickling Process for Electroless
Nickel Plating on AZ31 Wrought Magnesium Alloy [ J].
Electroplating Pollution Control ,2011,31(6) ;20—22.

[5] ®A#SC, D# X8, 45 AZOTHP 554 41k 3 4 p - B
BT ZMM5E[T]. Ak, 2013,28(3) :24—27.

(TF#% 45 )



LR

4510 14

SRANEE  KFE T K IABARE Fe6 TR 2 ZUI I B PERR - 45 -

[12]

[13]

Ti( CN) IRZHIBEFELT]. #4854, 2006,20 (S2) :468—
470.

ZHU Lin, HE Ji-ning, YAN Dian-ran, et al. The Study on
Ti(CN) Coating Prepared by Reactive Plasma Spraying
[ J]. Materials Review,2006,20(S2) :468—470.

AR A A R A2 A AU BT TiICN/Fe 42 Y
BIRIZEXAO TT B R S [ )] ol TR AR,
2013(3) :84—89.

ZHAO Jian-guo, LI Jian-chang, HAO Jian-jun, et al. Influ-
ence of TiCN/Fe Metal Ceramic Coating by Reaction Nitro-
gen Arc Cladding on Wear Resistance of Agricultural Tools
[ J]. Transactions of the CSAE,2013(3) :84—S89.

I A5, T A AUBRI 5 17 e S w5 AR
[J]. PAbHEE R 52545 2013 ,34(5) :53—58.

SU Bin-bin, XU Yang,JIAN Jian-ming. The Actuality of De-

velopment and Research of Wear Resistant Part for Agricul-

[14]

[15]

[16]

tural Mechinery[ J]. Heat Treatment Technology and Equip-
ment,2013,34(5) .53—58.

TeB L, B S5 TERG A, AR BORTEAR AL TR BHE
FE PR BAR (1], IR AR ,2013,5(4) :1—S.
QIAO Xin-yi, LYU Yu-fen, WANG Rui-jun. Application
Status of Thermal Spray Technology in Extending Service
Lifetime of Materials for Agricultural Machines[ J]. Thermal
Spray Technology,2013,5(4) :1—5.

GU Y F, HARADA H, RO Y. Chromium and Chromium-
based Alloys: Problems and Possibilities for High-tempera-
ture Service[ J]. JOM,2004,56(9) :28—33.

JUHET , B AE. B R v B S B S i o A (0] T
5% 4%F,2010,35(12) :17—21.

FAN Yan-li, LYU Ya-fei. Analysis of Wear Debris during
Friction[ J ]. Lubrication Engineering,2010,35(12) :17—
21.

SO OO OO O - OO - O O - - O - - O - - - SO O - O - O - - O - - - O - O - - O - O O - O - O O - - O - O

(L% 32 71)

HU Jian-wen, MA Jing, LIU Ming, et al. Study on Pretreat-
ment Process of AZO1THP Magnesium Alloy before Electroless
Ni-P Plating[ J]. Heat Treatment,2013,28(3) ;24—27.
FEDT 8, ok B 2 B0 B R BES  RmAL  BE Ni-P
BEMTZLT]. MRS, 2002(9) :33—34.

XUE Fang-qin, HAN Xia-yun, GUO Zhong-cheng. Electro-
less Ni-P Plating Technology for Magnesium and lts Alloy
[ J]. Materials Protection,2002(9) :33—34.

LEI Xi-ping, YU Gang, GAO Xiao-lian, et al. A Study of
Chromium-free Pickling Process before Electroless Ni-P
Plating on Magnesium Alloys[ J]. Surface & Coatings Tech-
nology ,2011(205) :4058—4063.

FIAR, B A H TR MR, AZO1D BE A BRI UE T 2
MRFE[ 1], AAE 5 ERE 2009 ,29(4) :10—11.

LU Shen-bao, ZENG Dong-ming, ZHANG Qi-lin. Investiga-
tion of the Acid-etching Pretreatment Process for Plating on
AZ91D Magnesium Alloy[ J]. Electroplating Pollution Con-
trol,2009,29(4) :10—11.

NWAOGU U C,BLAWERT C,SCHARNAGL N, et al. In-
fluence of Inorganic Acid Pickling on the Corrosion Resist-
ance of Magnesium Alloy AZ31 Sheet[ J]. Corrosion Sci-
ence,2009(51) :2544—2555.

VERE BRI, B AH SR, S B B 3 T A I kR R By
PHEOR[T]. MR EE Tl R 2241, 2001 ,33 (6) - 753—
756.

XU Yue, CHEN Xiang, LV Zu-shun, et al. Corrosion Cha-
racteristic and Protection Technique for Mg Alloy[ J ]. Jour-
nal of Harbin Institute of Technology,2001,33(6) ;753—
756.

[11]

[12]

[13]

[15]

FYRT RN XU, S BRG] BERTF Y IR
[J]. ¥1&,2001,50(10) :583—586.

WU Zhen-ning, LI Pei-jie, LIU Shu-xun, et al. Present State
of Research on Corrosion of Magnesium Alloys [ J]. Foun-
dry,2001,50(10) :583—586.

FERITR, AR, MR 4, 55 B LG 4 i RS i 5 B A
PRARFRL )] ALBE S ERR,2002,22(3) :1—3.

JTAO Shu-giang, KUANG Ya-fei, CHEN Jin-hua,et al. Cor-
rosion Behavior and Anodization of Magnesium and Its Al-
loys[ J]. Electroplating Pollution Control,2002,22(3) :1—
3.

R T TS S A R A B [ D] R
K2 ,2014.

GAO Hui. Study of the High Efficiency Corrosion Inhibitor
on Magnesium Alloy[ D]. Chongging: Southwest University,
2014.

FLEW, R, i A A R IR  HER e G B B 4 v Y
SRS BAR [T ] B ¥R, 2011,30(11) :53—S55.
KONG Gang,WU Shuang, LU Jin-tang, et al. Status of Re-
search and Application of Citric Acid and Citrate in Metal
Protection[ J ]. Electroplating & Finishing,2011,30(11) .
53—55.

R B0 B AR, 2. BRSO b AL BE R L
BRI AR IE SAE R LD ). o A 64 )8 2+ 4i, 2007, 17
(5):790—791.

GUO Dong, FAN Zhan-guo, YANG Zhong-dong, et al.
Effects and Characteristics of MgF, during Electroless Nick-
el Plating of Magnesium Alloys[ J]. Transactions of Nonfer-
rous Metals Society of China,2007,17(5) ;790—791.



