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ABSTRACT: The work aims to improve corrosion resistance of magnesium alloy. Effects of different content of boric acid
content on microstructure and corrosion resistance of Dacromet coating on AZ31 magnesium alloy were studied in methods in-

cluding electrochemical test, salt spray test, X-ray diffractometer (XRD) and scanning electron microscope (SEM). The Dacro-
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met coating on magnesium alloy consisted of Zn, Mg, MgCrO,, ZnO, MgO, Cr,0; and CrOs;. B,0; appeared on the coating as

boric acid was added. The content of MgCrO, and MgO decreased while the content of Cr,03 and CrOj; increased (reached the

limit value in the coating containing 2% boric acid) as the addition of boric acid increased. Micropore and micro-cracks were

present on the surface of the boric acid-free Dacromet coating. Density of the coating containing 2% boric acid could be im-

proved. The coating density was reduced again with the further increase of boric acid. Corrosion current density of the coating

with 2% boric acid was 5.068x10™ A/cm?, 1 order of magnitude lower than that of the boric acid-from coating. Capacitive arc

radius and impedance of the coating on electrochemical impedance spectroscopy reached the maximum as 2% boric acid was

added, and the corrosion resistance was the best. Boric acid promotes film formation. Adding 2% boric acid can increase the

coating density and improve corrosion resistance of the coating.
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Tab.1 Formulations of Dacromet coating

wt%
Sl e o o Gl T
BO 30 8 0 16 0.2 Bal.
B1 30 7 1 16 0.2 Bal
B2 30 6 2 16 0.2 Bal.
B3 30 5 3 16 0.2 Bal.
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Fig.1 XRD analysis of Dacromet coating with different con-
tents of boron acid for magnesium alloy
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Fig.2 Surface morphology and EDS analysis of Dacromet coating with different content of boric acid for magnesium alloy
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Fig.4 Polarization curve of the substrate and Dacromet coat-
ing with different content of boric acid for magnesium alloy
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Tab.2 Tafel polarization curve fitting of the substrate and
Dacromet coating with different content of boric acid for
magnesium alloy

Simples Jeor/(x107*A-cm ™) Eon/V RyQ
Magnesium alloy 6.237 —1.4587 346
BO 4.463 -1.3559 392

Bl 4380 —1.4248 398

B2 0.5068 —1.4573 708

B3 1.900 -1.5011 511
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Fig.5 Electrochemical impedance spectroscopy and the equivalent circuit diagram of coating with different contents of boron acid
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Tab.3 EIS fitting results of Dacromet coating with differ-
ent content of boric acid for magnesium alloy
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R AR T ¥R 2R BB B, I 28U M Y, 5
e Ak 28 2 56 45 A — 2K
2.3 B IRMELS T

B 6 RS R T IR A Jin & 38 7 B U 2 v AR 2
J& 1k 75 h 5 A T ROUE S AR R IR 1 BO TR 2,
LB b e A 22 FL I B TR 24 80, T8 b R B
K (HE 6a), BN 1%MER)E, Bl ¥R h 2 1H 5
AL, (HEEEE (K 6b); I 2%MiRi5, B2 ik
ERE N &R U A RS, REDREE (E
6¢); I 3% IR , TR )2 i 4 by 2 1 R i o 3
Bk AL =, Je R & R By R 25 A A
JEPh T (E 6d ). ARUSIMINRRN, BEA4& 5 KE
(R 5% IR S, (04 22 Hh 5 A A 2 B LA MgCrO4 . MgO
FEY, TRl 2 TR AR S AR 25, BRI T IR
TR PR, TR 2R . A 1%R )5
VR JZ RO TR G ik AT Bk ™, (EXT SR B AR P8R
B N 2% MR s , MR IEHE T #E i Rt 1L
[ i 2 R 3 2 1 A A D = T IR Z M BURE, 1S
T A AR X 2 2 2 R AR TRk, A I ok e B
UL MR & RPN E, 3% B0k 2
BER G I EE A TR, Rt 48 Ry i 32 ol 1 Ak I 4
BB, nTAE M, BN 2% R AE IS IR A 2 Al
PO R o, 8 ok BE e«



Faots FHel

XIFHMEE B X B 5 4 K 5 8 U R 1 el P R 1 52 13-

cB2 R
Bl 6 ANFE S EES &AL T RZEEEM 75 h (RT3

Fig.6 Microstructure of Dacromet coating with different content of boric acid for magnesium alloy in salt spray corrosion 75 h

3 Hig

1) BERERwPIRZEEZH Zn, Mg, MgCrO,
KEALY) ZnO. MgO. Cr,05. CrOs#Hi., HINAER
&, WEH I B,Os. MgCrO,. MgO 5 & Fifi 5 il iR
SR AL, M Cr,05 Al Cro; &N, I
TETIRR I AR R 2% B2 Rk B e, #—
IR & 2 2 3%, B3 URJZH MgCrOs. MgO
) AR AN T, TS I A A & s . AR
M2 1435 5 B 1R S22 R AR AR L B R s, TR 2%
FR TR 2 ECE HEREA B &, Yt — 21 I m R &
BF, TR )2 A S50 M IR

2) WAL rh R, BEE MR &=, w2
4D JE o L A7 AT, T o L 9 8 R 2 LA 0/ N I B K Y
R I 2% R, TRJE W ik 7 5 S A
PLEAEVT, BT N 5.068x107° Alem?, R
BN TR 2R AR T 1 AN B S AbE B R
B, Bl IR AN it 38 0, R Z AR A2 FIH
PO RIT W/, AN 2% ER IR ik B e KAE, B2 iR
JZ B ok B 4 o

3) ERFIE M 75 hJE, ARG MR 1R 2 0
FKHEHFA AL, FHERBIREL, BN 2% 1
B2 RERM & BB U A BHIE D, RIZEEUE.

S -

[1] LONCA M. Dacrotizing Effective Protecting Against

(2]

B3]

(4]

(3]

(6]

(7]

(8]

dB3 %2

Corrosion[J]. Finishing, 1990, 14(9): 35-38.

GRAY J E, LUAN B. Protective Coatings on Magnesium
and Its Alloys—A Critical Review[J]. Journal of Alloys
and Compounds, 2002, 336(1): 88-113.
POMMIERS-BELIN S, FRAVRET J, UHART A, et al.
Determination of the Chemical Mechanism of Chromate
Conversion Coating on Magnesium Alloys EV31A[J].
Applied Surface Science, 2014, 298: 199-207.

RRIR, darh. BER &Ik T 2N)]. R
R, 2006, 35(3): 51-53.

XU Guan-qing, MENG Zhong. Study on Non-chromate
Dacromet Technology for Magnesium Alloy[J]. Surface
Technology, 2006, 35(3): 51-53.

HIGASHIYAMA T, NISHIKAWA T. Anticorrosive Coat-
ing Composition: US, 4266975[P]. 1981-05-12.

EIF, EE, BmE, 5 AP RBHEAHE RN
LERMP BBl 5 T AR, 2013(2): 138-142.

WANG Qing, PEI Zheng, TONG He, et al. Research
Progress in Dacromet Coating Technique[J]. Ordnance
Material Science and Engineering, 2013(2): 138-142.
TR0, AN, WM. RS T 2]
HL % 55010, 2001(2): 5-8.

YU Xing-wen, LI Zi-song, CAO Chu-nan. Preliminary
Research on the Technique of Zn-Cr Coating[J]. Plating
and Finishing, 2001(2): 5-8.

il e, SIS, AR, S S OIRBERA E IR 2 T
TPk 5 85 F BB ST (3], fh2E AR AR S N A, 2002(1):
48-52.

HE Jian-bo, LU Dao-rong, HE Bai-lin, et al. The Re-
search of Corrosion Resistance and Structure of Flake
Zinc Containing Boron Thermosetting Coating[J]. Chem-



c 14 -

Fom f

&

2017 4F- 8 H

(9]

[10]

[12]

[13]

[14]

ical Research and application, 2002(1): 48-52.

MCCOY J W. The Chemical Treatment of Cooling Water
[M]. New York: Chemical Publishing Company, 1974.
JEIBE. NaCl ##H AZ31 85 &2 MR psE[D]. K
Ji: RIFHLT R, 2014,

ZHOU Na. Study of Corrosion Inhibitors for AZ31 Mag-
nesium in NaCl Solution[D]. Taiyuan: Taiyuan University
of Technology, 2014.

BN, 223k, E20), . BRI B X EE A 4 FHAR
PRI T]. I b5 B iR, 2005(5): 275-279.
QIAN lJian-gang, LI Di, WANG Xue-li, et al. Effects of
Concentration of Sodium Borate on Anodizing for Mag-
nesium Alloy[J]. Journal of Chinese Society for Corrosion
and Protection, 2005(5): 275-279.

S, AR, DB A S WORE AL ZR b )
FRENAOVE IMLER BT S ). Wil & R ATRLS TR, 2016
(4): 918-922.

SHAO Wen-ting, JIANG Bai-ling, FANG Ai-cun. Effects
of Sodium Tetraborate in the Electrolyte Systems on Mi-
cro-arc Oxidation of Magnesium Alloy[J]. Rare Metal
Materials and Engineering, 2016(4): 918-922.

HU H, LI N, ZHU Y. Effect of Chromate on the Electro-
chemical Behavior of Sintered Zn-Al Coating in Seawa-
ter[J]. Surface and Coatings Technology, 2008, 202 (24):
5847-5852.

AL, A, 2307, & IR T AZ91 BG4 Ce- Mn
ALEERAREE AR, FPEHRER, 2012(9): 43- 4.
PAN Yan-hong, DUN Jun, LI Wen-fang, et al. The Ce-Mn
Liquid Chemical Conversion Formula Optimization of

[15]

[16]

[17]

AZ91 Magnesium Alloy at Room Temperature[J]. Ma-
terial Protection, 2012(9): 43-45.

BRETT C, BRETT M, BRETT A, et al. Electrochemistry:
Principles, Methods, and Applications[M]. London: Ox-
ford Press, 1993.

AREBE, XIWPE, £78, . BERS R R AR IR D
FE[I]. FIMFAR, 2016, 45(4): 124-131.

LIN Rui, LIU Zhao-hui, WANG Fei, et al. Development
of Corrosion Surface Modification Technology for Mag-
nesium Alloys[J]. Surface Technology, 2016, 45(4): 124-
131.

JAERRE, XU5F, XA, 45 Mn X Mg-5A1 BE5 218
PhERERRZMA[T]. BORL AR, 2012(11): 12-17.

ZHOU Gui-bin, LIU Zi-li, LIU Xi-qing, et al. Effects of
Mn Addition on Corrosion Resistance of Mg-5A1 Magne-
sium Alloy[J]. Materials Engineering, 2012(11): 12-17.
SONG Y, SHANG D, CHEN R, et al. Corrosion Charac-
terization of Mg-8Li Alloy in NaCl Solution[J]. Corrosion
Science, 2009, 51(5): 1087-1094.

BAEZR, XUAEE, XA, S 3% B 0] HERE i 5 B BE
BRE MR M. BB, 2014, 35(10):
1027-1032.

HU Jin-dong, LIU Xi-qin, LIU Zi-li, et al. Effect of Addi-
tion on Corrosion Resistance of Thin-wall High Strength
Pile Pipe Steels[J]. Corrosion & Protection 2014, 35(10):
1027-1032.

HU H, LI N, CHENG J, et al. Corrosion Behavior of
Chromium-free Dacromet Coating in Seawater[J]. Journal
of Alloys and Compounds, 2009, 472(1): 219-224.



