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Surface Morphology and Corrosion Behavior of AZ31 Magnesium Alloy
Deposited with Diamond —like Carbon Film
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Abstract: To improve the corrosion resistance of AZ31 magnesium alloy and expanding its application, two
types of diamond-like carbon (DLC) films containing Si—N and Si—O were deposited on commercial AZ31
magnesium alloy by using plasma immersion ion deposition (PIID). The surface morphology and corrosion be-
havior of AZ31 magnesium alloy deposited with DLC film were studied. The surface morphology of DLC film
deposited on AZ31 alloy was observed by SEM and AFM, the polarization curve and open circuit potential in
3.5% NaCl solution were measured by electrochemical method, and the stress and strain in air and 3. 5%
NaCl solution were studied by tension machine. The results show that DLC films on AZ31 Mg alloy are
smooth and dense. In 3.5% NaCl solution, the polarization behavior of AZ31 magnesium alloy with DLC film
is familiar with that of the uncoated. The open circuit potential of the DLC-coated magnesium moves towards
the positive, and their corrosion resistance is improved. Compared with that of the uncoated, the ultimate ten-
sile strength of AZ31 Mg alloy with DLC film is almost the same as that in air, and the elongation rate is slightly
lower. In 3.5% NaCl solution, the ultimate tensile strength is lower, while the elongation rate is higher.
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Fig. 1 Cross section morphologies of the DLC films
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Fig. 2 AFM morphologies of the DLC films
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Table 1 EDS analysis of the DLC film (w/ %)
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Element C-Si-N C-Si-0
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Fig. 3 Polarization curves of the samples in 3. 5% NaCl
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Fig. 4 Morphologies of the C-Si- O film immersed in
3.5% NaCl solution for 24 h



%1

S A AZ31 BEA G TURRSE G WA g TR ) 2 T JE 55 A il A7 28 85

S B I A A A BT R R R B AR A
AE 2t o X Tl L AR, R CEA S
Tl T 33K 6 7 5, A M 3 6 b 43 A 3 S A 1Y
A AL S BRI T BE AR T P G £ S ek vy
& I TR R TE 5 1) ] 4 e AR
2.4 EZKF3I.5%NaCl Bk A RE
Bl 5 e i DLC ¥ AZ31 85 & 4 Al
FUE AR VU DLC B AZ31 B A 4 #E 25 KM
3.5 NaCl i ¥ v i g — R A48 il £, 2 3 i il 4k
iR

300
a

250
< 200 —-AZ31
S C-Si-N
S 150t e
g , C-Si-0
Z 100

50 H

079 4 6 8 10 12 14 16 18 20 22

Strain / %
b

200
o 150 |
[ = C-Si-N
2 .
; 100 F —C-S1-O
2 AZ31
n

50 A7
0 7 8

Strain / %

(a) In air (b) In 3. 5% NaCl solution
K 5 R DLC Wi AZ31 B4 &M AZ31 BG4 T
25 SR 3.5 % NaCl i W v i F7 — 1y A5 i 2%
Fig. 5 Stress—strain curves of the DLC film deposited on
AZ31magnesium alloy and AZ31 magnesium alloy in air

and 3. 5% NaCl solution

eSS RIPIR C-Si-N @i F1 C-Si-O
W AZ31 BEA 4 MR BRPTH 38 B 43 71 2 250 MPa
1 255 MPa, £ H A VA DLC M AZ31 ¥4 4
W BRATHL9E FE 2924 250 MPa, R {7 DLC i
ERUT DLC MBI AZ31 864 4 m i IR bt hir
S B AH I s R TTAR C—Si—N @i Fn C-Si—-O

P A5 4 1 I 643 5310 O 16 0 F1 15 04, e 1T A T
FUDLC W AZ31 B4 A IE R 29 0 1820,
AZ31 B A 4t R UU AR DLC i Il 2 f5
fift SR mE A BEAR

£ 3. 5% NaCl & ¥ 2 11 T #1 DLC i it
AZ31 B B PR TP FE 43 5] 24 170 MPa(C -
Si-N)F1 180 MPa(C-Si-0),AZ31 £: 4 4 IR
Prhram B 190 MPa, £ AZ31 84 4 3 1 UL
DLC ¥l 2 5 HiAE 3. 5 % NaCl % W b i BR 470z
9 AT s R TR DLC Wi AZ31 86 & & i
A5k 6. 2% (C-Si—-N) . 6% (C-Si-0), 3
AT DLC # R AZ31 884 4 1Y IE ff R 2 Oy
5.7% , F UL DLC #ME AZ31 BE A 4 1 L& fif
L FRM AT DLC MM AZ31 454,

DLC 3 [ — i Al J5T 8 A5, B A 55 e 19 9
-0, A 7E DLC B #5 22 F2 foim A St e
2 [ B & T vk R P 2 4 O o 45 B 1 IR B A
HOR A AZ31 BG4 FL BT NN I B ) [
1% (H 3 YR DLC 38 % 9 7 g 475 9% mf
fig =ik GPa B9, PR AE 8 P A R R A% FR Bt
P FEAR TR MR TUR DLC ¥ AZ31 B4 4.

AZ3L BEG G AR B AR R ER RN T, &
SO RN, AR B R 7 R bho ) 3t R
T A ) el L B Tk 2 Al RSO A% TR I AR
TF L1 22 o Ak 107 g B v o BHL Ik 7 9% o 7 5 Ak 1) —
WAL 1 R A A 2 O W ) N e TR BE AZ31
PEA e R AR 5 AR AR RO T R
B VS il L W 2 TEBE 5 2 BE AR R B LR &L
P T OAZ31 BE G 4 WA, SR AE 2 1 T
DLC # [ AZ31 85 4 B A BT W k2 L Wl 12
THEAATE 3. 5% NaCl 7 1 BH M 75 il 2 2, BT
PLAE 3. 5% NaCl % W b 2 11 Ui L DLC i it
AZ31 BES A M REMR R AZ3L BG4 .

3 & it

(1) 7£ 3. 5% NaCl i b 21 U DLC
B AZ31 B 4 SR AT DLC #E AZ31
P b A A MR AR AT R s LT H A 1) I 1)
ool 1m0 UUA DLC MR AZ31 854 4 i i fily
PEMG A 4R 5384409 NLO JCE XS DLC [ A4 Tiif ioh
PR AK

(2) FEZs S, R PO DLC i BE AZ31
H4 5RMMATI DLC #E AZ31 84 4 ik



86 2 EH X W L E

2014 4F

FRHTHL 58 A7, 298 250 MPa, & i i # DLC
W AZ31 B A i A ff R g/ MR R A N
LEERENEMBERTHEDTH O TEE
B A B I

(3) 7€ 3. 56 NaCl i, R i DLC
HE AZ31 85 A 4 1 A B B0 B 5 B L 2% 1T R DT AR
DLC H#fE AZ31 B4 4N, HLAE i 56 K F 1 R
U DLC Wi AZ31 B4 4. fEA M 3.5%
NaClIEW Pt &4 N T ®E AZL A 4
FEARR KT HE R &A O LK AZL BEE4E0
T2

2% Uk

[1] LiuN, Wang]J L, Wang L D, et al. Electrochemical corro-
sion behavior of Mg—-5Al-0. 4Mn-xNd in NaCl solution
[J]. Corrosion Science, 2009, 51(6) . 1328-33.

[2] YuZ., Zhao HY., Hu X D,et al. Effect of elements Zn, Sn
and in on microstructure and performance of AZ91 alloy
[J]. Transactions of Nonferrous Metals Society of China,
2010, 20: 318-323.

(3] BB, =2, e WA w eyt w4 2o 1. 9

H224R . 1999, 48(6): 1095-1101.

[4] FRE, hEM K. PECVD 3§l £ 25 4 I 7 3 158 1) 28
BAE vk [T, MR 4Rk, 2011, 25(1): 73-78.

(5] ZRImJr. AZ91 B 4 2 1002 45 W o R 11 ) L 4l A B
AERTSE (D] mat: Mt BT R %, 2010.

[6] #zefe. AR, 3% E Vg 58 b (SWRD 55 58 7 42 5 fi 85
FHE R R (PTID) WF 5% Je s B i JH LT ). h E R im TR,
2012, 16(3): 1-9.

[7] GuoY Y, ZhaoH Y, JuDY, etal. Structure and electro-
chemical properties of DLC/SiC films on the surface of
magnesium alloy by plasma immersion ion deposition []].
Material Science Forum, 2013, 750. 298-301.

[8] A%, BAE&MEMm S 4L (M. Jbat: b Tl th
A, 2006.

[9] Bighse. $5aE2 4R AWM K& 450 Kok kR (D]
Kb hE R, 2008.

[10] VP, 2o, 2090, BE & 4 0 0 phoL 3 B 5 o TR 3%
gri 1. MPEBRE S T2, 2008, 16(3): 314-318.

fEE Ml : LT BT T L g 185 5 114051
TR KA B 516 42 5
Tel: (0412) 5928 052G 2T [FH)

E-mail: zhy@ ustl. edu. cn

= =) EI=
(AT i« BOHE 2E)
B N Y R N e e

c KFIBBHAMANE -
MBAKBE AR RER LA

Th BH R B e B A A BRZS w2 20 Rl Aok 2 P i % 0 A alb 2 — o 2 "l RZ T 1998 4R B T
T O P 3 B B TT B A AR Se I TF R 1~10 kW R % 22 i CO, S0 4 75 il g 1B
B T T Bl AT O BR B WO I ALK S R IR T & RV BE S e B BT 4 A R R IR
TN T T2 AR LS Bk BRIk RS S AN )R B e 4 A RO T % fA R Mg &2 7 80T & i
IRBL A2 R B30 0 T FL M LA EREe AL R B BL IR L TRT VRl i UL 20 Hs 4 AL L SR AT e
A PLEE RS B I ML G BB AF o A TEOR ) Z W T A A VBT iR e TS BRI SR SRR T L

2 F HATHA EZ LR 14 31, 2007 4E 8 A L T PHUTHMES R 4UE TREARBET L.
2009 4 6 J 2 AN E N B KB Rk R E L 2w O 4 ORI 2 BRI R & 5
237 B A Ak B L R 2 GUR ST R T O A8 B BOR ST [ SRR A AT L AR v AR AR 55 . 2009
AR 12 J1 PR B R OGS AR AT BR 2 w9 5K Mk AE B AL ™ b BB A E S AL F ™ il 4 o 1A Al 7K
FHER Oy B [ 140 3 7 Ml AR (BRSO R R 55 1) B B AL 55



