05 €1 %= = f PACKAGING JOURNAL
2023 £ £ 1545 F 5 B Vol. 15No. 5 Sep. 2023

P RIS DU M-TaC 2)2iR)ZH)
sty S 1kRe

doi:10.3969/j.issn.1674-7100.2023.05.004

WMBE ' KiEIK
ZigiE | FEXT

B OE. RAEERHEALE ZK60 4542 5 @44 T M-TaC % Bk E, 7
VA TaC 3 2k BAE A3t IB | AFR T R B0 AL LE ) | 5ot it Fo it J AR b4

TER' HRER, AEZSIAEREMPEKRE, I FRE ZK60 4464 05 F
1 Tk K 2 iRbkgl . AT TaC £ Bk E, M-TaC % Eik B R @ ER k, FK0%
MU AL R BE, EENRE (4460%) , wERERNER (B4R IR % R 2.382

Hd AR 412007 pA/em®) .
20 HE R (E%)
A RN 5]

AL &3t 314300

KR #4£62; BAWAR; TaC; % EKRE; ZaHME; WRRER
FESES: TG174.4
XEHS: 1674-7100(2023)05-0023-08

NERFRERD . A

IR HARE, KR, FEF, F.£52K0RHTHRM-TaC % &
BRI ML M S AR [J]. SR F AR, 2023, 15(5): 23-30.

o

1 HRE=

PG 4 1A BT 0 A YRR AR A R AR 1Y
J12EERE, SRR S R A A A AR
PSR S i el Phgn I RNU =) ity = Y {5
ERIGIRRH B, Rk 2R P A 4 R R
AR 2ErERE, XREE IR 2 MR gk,
SN B & MR R AT S50 B

f AL 4 (TaC ) P& U 2 6 it Jo5 ik . i 5 A 2R
PIAHZS R 7 T AT RAF RIS IR RE, R UT 4Rk A
TR TH SCE R I RS M L. A Poladi %5 SR I
7 T 4 W B R I 45 TaC 3R 2, i AISI316L A
5 A S ok O R AR T — B S, T

pl

RE W . Bl T R B, RIS FEIRE
Al £ 19 TaC 1 2 RE B B 2 & Ti6AldV Bk & & 7
J1%, kst BE R DL KR K M T M R
M. M. Esmaeili %5 ™ 38 32 Bt 7 o 9 38 S AH DU FR VA 7E
Ti6A14V F2 1 il £ 1 TaC 34 )24 HE T 40 B il 286 KT
AR . Du S, X 4 CVIRGE, A B SO
S ARTE Ti6AI4V BG4 R 41 TaC W2, H
A AT TR A S T, AL P Y
JEE 5 %y 1.44 x 10° mm*/Nm, 104 Ti6Al4V 4k &
SEMHNZ—,

ARETR, W2 e A TR R L SRR 2
M54 RiF. MTFMERZESEEERZEYE
SHNHREPIEIK R B ER R, R2 - IRGA

i HHE: 2023-06-12

HEETE: S ARFFE SR E (20231150163 ) ; WA HE TR0 w5 E (20A159)
EEBN: WIBZ (1999-) , B, WIEARBA, WIE Db RAm LA, U 10 AR IRIZM R,

E-mail: 1262332121@qq.com

BREMEE: THER (1966-) , 5, IR, IR DR Eefz, WL, ERNSRmGRIZE SHMI LR,

E-mail: 10176@hut.edu.cn



05 €1 %= = f PACKAGING JOURNAL
2023 £ £ 1545 F 5 B Vol. 15No. 5 Sep. 2023

FUREAEAEERRINERAR N T, REREE ST
oL s U AR R, fER)E SR Z 5]
A AL R A AR S BOR VLR, R T
RIS, BEERIRIZNES EIERE, MTER IR 2 Al
M MR SIEREN R RL, TS
TR R IRBER | RS RO AR A Y
R W S R AR LA g . IR, &2 Tl B
AR W2 TSN, Bz T ReeF .
S AN TN H s b R S s U, A A DG S
MRS, ] PN A A e ST e f b 22 J 22 0 )2 A A 9 i
FEE('SI:

ARSCHETF IIRERREE ARG, it RER I S R
FEE FEER 4 ZK60 Rl 45 T TaC/TaC+Mg/Mg fikk
R Z2%Z (RS M-TaC) , I LURRAL 825
2 (U5 TaC) fERXEE, BFSE T IR IZRIBOIE S
rnAHEER . S APERERI S Ph Ik BE, DU AR LR
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2 SRIg

2.1 EBEHME

ZK60 BE45 4, JEJE 2 mm, ZRIETWHH 4@
BHERATE mER, JERE 250 pm, WiVLS7 ARoE R
FARANA; oKW, TR T A R
ndly RS (Mg) #. kb (TaC) 8, ZiJE
99.99%, A& ®75 mmx S mm, FiEHH (dbE)
FHECA PR H s A, 4R 99.99%, Bk L7 <k
AR E] B . BAC, TN B A A A R
o5l
22 EREE

F7E I VEAL, KQ2200DE, R il (X 4% A
FRAE]; SIS B IR B AL, TPC-450, dbai#s
FHARHATBRA R HFELOEHL (UNIPOL-810) |
F I EIHL (SYTH-180) , L BHAH & & il & A
PR HE]; Sk S H F B HUBE (scanning electron
microscope, SEM ) ( SUS000 ) . X SR ATHMY ( X-ray
diffractometer, XRD ) (Ultima IV ), HASH /A
JB T 1 % 8% (atomic force microscope, AFM ) ,
EasyScan 2, %fit- Nanosurf 28 ;4% fi #0543,
JC20001, i RETFHARBESAMRA A IR,
MFT-4000, HERL2ERBE 2 AL F YRR o s 5
WM, KH-7700, HA HIROX Aw]; HifL T
Ve, SP-15/20A, :H Bio-Logic FFFEX A 1] .

2.3 iXERIE

1) JLJC kb3

T 5t 800#. 1200# F1 2000# 11 SiC 7> 4% ¥
ZK60 BEA A RMATECH, P WS R 1 & Nl4
B, HESEmSCR. KI5, B lee
FETCK CBE R A T PE 10 min, Bl A WOABLIR T
i,

2) RS

V5 T A P G R A 3 ) [ A B REEAIL 1
He R b R EBRRE S, KR FELR
I TR PR, RS EC: AAE 1.0x 107
Pa, WRSFEI% 200 W, G & 20 mL/min, JE7ERT
8] 15 min. RFH E RIS Mg 870 5 XU Mg h4h
J2; 38 I SR S TaC 30 B U T S Mg B Y ik
55 OUHR TaC+Mg #8244 255 TaC L RE)Z R FH 5 4t
TS TaC B 28 . HAKGI & SHUNR 1 s,

K1 REBHHESHE

Table 1 Deposition parameters of coating

Z TaC M-TaC
ZE 1 1 2 3
WRIE AL TaC Mg Mg TaC TaC
TS5 /W 275 50 50 200 275
PR /(mL-min") 25 20 20 25
ORI E] /min 420 30 245 420

24 BRERESHEDN

1) THOMEEH FRAE

K5 RS T B W AR R R R S
W TR ARFAE 5 38 3 i S AR AR S 2 R
FIF X AT S TR 2 OB AR 5 d AR 4544

2) HERERTI

TN RE 30 3 ik A 0 e SRS AU 2R T 7K 422
fili A, RPEAN AR TH B R R

ghaveng: RARIRAAER TR 0~30 N, ik
HE K 15 N/min, WPRKEER 6 mm &40 T, TR
EWEE 71, R SR BB E IR IESL.

M RE . SR LAk T ARSI R (1 it
ThkgE . MHEER A AR AR, HrilEh TR
e, B (PO AR, 1 Ag/AgClL S FLHA
DT S AR 2208 5 AR RS, PR
Prkkesss, HEH L emx 1 em W TAERR., K5
B RE A S Bh A 02 1 90 min AR IE = FLAR K 5
PIRGAE o SRR 7> NaCl (8 g/L ) . KCI1 (0.2
g/L) F1 Na,HPO,12H,0 ( 1.44 g/L) . WAk
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R, Al LUK M-TaC 2 22 P& RZ 1R, A
HNZ TaC 4 2676 nm, H[A]JZ TaC-Mg 4 453 nm, %
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ARG, Horh Z 2002 BARFN LR T B
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MR AARRAT IR, 534h, ST 20
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b) M-TaC
1 %Bi#E®E SEM BR

Fig.1 Cross-sectional SEM picture of coating samples

2000 nm
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b) M-TaC
2 #Bil#RE SEM BR

Fig.2 Surface SEM picture of coating samples

50.0 nm

b) M-TaC
3 REREREAFM BR
Fig.3 Surface AFM picture of coating samples
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Fig. 4 XRD images of ZK60 alloy and coating samples
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Fig. 5 Photos and contact angles of water drops on

the surface of samples

322 REHLBE

& 6 Jg TaC B2 M-TaC £ J23RE 1 Rl JR th £
RIS .

Ml 6a AT, TERIRCEE (d,) 2 0.75 mm B,
TaC UAE L T IRJZ v FILICRRER , IS (911 2
i () N 3.75N, Uil TaC HZ 245 E Tk 3.75
N. HE 6b Al %1, M-TaC {FRAERIEKIE (d,) F 1.2
mm Ab T SRR, XA I AT (f) A 6 N
T TaC ¥)Z2%)2, M-TaC ZJZBIZMNE5E 114
K 60%. ZZWRZEAMEREIIE S 2 R T TaC+Mg/
Mg 25T, i ZK60 FEi 5 TaC 14 )2 2 6] Y
Ry i et AN N )0 e CTE 2 71 S & N LY T )
MEAFENUGE, WM TIRIZ /AR R G SN T,
HSR T U2 SRR S 2 A P,

R TR RZEXRE - FAR RGN T H 5
M, SR FH ANSYS #44%F TaC il M-TaC 1% )28 FE 10
BRI THA TR BROC o, S A BRI R A
ZHESCHR [33-35], MRMITESEC Y gk 2 FR,
SIMTEERANE 7 PR

T2 MEEESHE

Table 2 Performance parameters of materials

Bk PP /GPa YARALL BB R EC/(107°KT)

TaC 294.0 0.240 6.65
50%TaC+50%Mg 169.4 0.295 9.22

Mg 44.8 0.350 26.10

ZK60 45.0 0.350 28.00

- 26—



HEE, ¥

05

30 30
25 125
load force

2 E Z
z 0 20 E
S . g
S 15 £=3.75N friction force 15 <
- J1 e
g 2
= 10t E

50

1 1 1 1 1 O

a) TaC

$EERMBESITRAN-TaC £ RRBEHIHNE 515

30 30
25+ 25
load force

5 |
z 20 20 %
3 5
& 15 /=6N 152
o friction force S
g d=1.2 mm 5
10t E
S5t 1
1
1
1
0 i 3 3 ! 5 6°
1
1

scratch distance/mm

substrate exposure

b) M-TaC

6 HREREMHIIRE LSRR

Fig. 6 Scratch curve and scratch morphology of coating samples
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Fig. 7 Residual stress nephogram of coating samples

f & 7 AT, M-TaC i J2 URE 1) B Kok 4 A0
717 230 MPa, # TaC ¥R)Z2FE1) (390 MPa) Jigi/)s
41%.

M 2 1] A, ZK60 FE R I K R B R
28.00 x 10™/K 5§ TaC A ik R %L (6.65 x 107°/K )
M ZE KR, M-TaC il H: P i T % Mg #il TaC+Mg
HR) 2, SUEE] TaC W2 MPEIK RECEM AR L,
IR TIRZ | SRR G FR AR 1. B, A
b T TaC B2 4RE, M-TaC iURE 19 55 K sk Ay U

W, A TERETE R

323 BE BN

& 8 i ZK60 45 4. TaC Hl M-TaC iRtk 78 5
PURIREE T s i AL i 28, i3 Tafel MR
PIA WAL IR A BN S PR (B ) o JETlH
MBI (Loy) « FARER (B,) FBABARERE (B,) ,
3 FR.

HI 3% 3 AIHL, ZK60 BEA 4 M il v 62 —1.429
V, HHZF TaC Fl M-TaC iFE (0 FE bl A7 4350 s
0.462 V F1 0.466 V. AL, ZK60 BEA4: il e i 2%
JE M 8.119 pA/em’®, # TaC KAL) (4.341 pA/em®)
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F1 M-TaC iRAE1 (1.959 pA/em®) 43954 K 0.87 f35H1
3.14 4%, A (1) PR RIS R LR (R, )
RN/ HES T 55 X5 0 1) ., HESIF AR A, B
Ry(M-TaC) (3875 Q-cm’) > Ry(TaC) (2725 Q-cm®) >
Ry(ZK60) (1261 Q-cm’) .

:LO (1)

R
P 231 (BHB)

WH, B BE, Lo, 8/, Ry 8K, BEEHI T

JE R RERE BT HE, eSS R, M-TaC
ZIZWRIZRE L TaC BUZRIEXT ZK60 A Pt iy
PR T A7  M-TaC 1R PR T T8 P i 1 1 TaC iU,
SHB S R ZMEE 22 RS K. S
REMF RE TR | BRRSS & SR B b T Hy
Mg Fl TaC-Mg H[a]J2IE i) 22 )2 4546 AT AR 1E )2
HhEEIE PSRRI, DA AE 2 JE Tl 25— X LR Y
120, BRI A bl i B, P, M-TaC iatpt:
FEIH HE TaC 3R s 4 AR T T8 e i

2

log(i//(mA-cm2))

-20 -18 -16 -14 -12 -1.0 -0.8 -0.6 -04
E/V(vs.Ag/AgCl)

8 ZK60 FE&RARRFN BRI EE
Fig. 8 Potentiodynamic polarization curves of ZK60
alloy and coating samples

R3 ZKo ZEERAEXHENEMSY
Table 3 Corrosion parameters of ZK60 alloy and

coating samples

B E../ Lo/ £/ pJ R/ P/
o V  (uA-cm™) (mV-decade™) (mV-decade™) (Qecm?) %
ZK60 -1.429 8.119 425 52.2 1261

TaC -0.967 4.341 41.8 78.0 2725 46.53
M-TaC -0.963  1.959 23.4 68.8 3875 75.87
4 Z5ie

ASSOR R DS BORTE ZK60 BE5 3R TR

T M-TaC ZJZ2 M1 TaC HLZIR)Z, XM T BN
OWEEH . WRZEE A S ERE, TSR
e

1) BFRZ 2 LRGSR 2K, REE
FHER ZK60 B AT Rl B

2) MHTF TaC HJZIR)Z, M-TaC Z)2WERH
HUREFESE N, SRR

3) Z)EEEMREW] R BE A 4 R I TaC TRJZ M)
Siaveremnm g i Egl, HA g E 60%, JE
ot EL Y 4 B kN 2,382 pA/em’s
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Microstructure and Properties of Sputtering Deposited M-TaC Multilayer Coatings
Deposited on Magnesium Alloys

HU Xujun', ZHANG Haibo’, LI Haiyang', LI Wenyuan', DING Zeliang'

(1. College of Mechanical Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China;
2. Yubang Power Intelligent Equipment (Jiaxing) Co., Ltd., Jiaxing Zhejiang 314300, China )

Abstract: M-TaC multilayer coatings were prepared on the surface of ZK60 magnesium alloy with magnetron
sputtering technology. The layer’ s microstructure, adhesion performance, and corrosion resistance were investigated
with TaC single-layer coating as the control. The results indicated the coatings exhibiting a porous columnar structure and
hydrophilicity, which could significantly improve the corrosion resistance of ZK60 magnesium alloy. Compared to TaC
single-layer coatings, M-TaC multilayer coatings showed increased surface roughness, decreased hydrophilicity, improved
adhesion (about 60%), and enhanced corrosion resistance (with a corrosion current density of 2.944 uA/cm’ lower).

Keywords: magnesium alloy; magnetron sputtering; TaC; multilayer coating; adhesion performance;
corrosion resistance
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