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XIE Ting-ting*, MAQO Shou-dong”, ZHENG Bi-zhang”, YU Chao*, WANG Shao—-jic*, SONG Zhen-lun"
(a. Zhejiang Province Key Laboratory of Magnetic Materials and Application Technology b. Key laboratory of
Magnetic Materials and Devices, Chinese Academy of Science, Ningbo Institute of Materials Technology and

Engineering, Chinese Academy of Sciences, Ningbo, 315201, Zhejiang)

Abstract: Ti/Al multilayers were deposited on sintered NdFeB3 magnets by direct current magnetron sputtering.
The structure and corrosion resistance of Ti/ Al multilayers in a NaCl solution were studied. Ti layers with a hexa-
gonal close packed structure were obtained in the Ti/ Al multilayers. The columnar structure growth of Al layers was
successfully interrupted by the intercalated Ti layers. The Ti/ Al multilayers showed more compact surfaces than the
Al single layer, and the more compact and smooth the surface are, the more the number of bilayer period is. For the
NdFeB specimen coated with Al single layer, the corrosion current density was approximately 1. 9X 107> A/cm®.
The corrosion current density of 5-period Ti/Al multilayer was approximately 1. 1X10"" A/cm”, about two orders
of magnitude lower than that of the Al single layer. With decreasing bilayer period, the corrosion current density fur-
ther decreased. These findings show that the Ti/Al multilayers present better resistance to the fast and destructive
corrosion than the Al single layer and show further improved resistance with decreasing bilayer period. However, the
long - term corrosion resistance of Ti/Al multilayers is inferior to that of the Al single layer, which may be ascribed to
the combined effects of galvanic corrosion and high stress.
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Table 1 Main deposition parameters of the coatings

Base pressure/Pa 9.0X10~*
Ar flow rate/(mL * min ') 20
Work pressure/Pa 0.2

Direct current power/ W Ti, 300; Al, 150

End-hall ion gun U(V)/I(A) 150/1
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Table 2 Specific deposition parameters of the coatings

Coating Layer Deposition time/s Controlled thickness/nm Measured total thickness/pm

Al single layer 6600 4.55

Ti single layer 9300 5.35
Ti 100 50

5-period Ti/Al multilayer 4.59
Al 1265 950
Ti 100 50

10 -period Ti/Al multilayer 4. 64
Al 600 450
Ti 100 50

25 -period Ti/Al multilayer 4.78
Al 200 150
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(a) Al single layer (b) Ti single layer (¢) 5—period Ti/Al multilayer (d) 10-period Ti/ Al multilayer (e) 25-period Ti/Al

multilayer (f) EDS results of an element line—scan across the 5—period Ti/ Al multilayer on the NdFeB specimens
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Fig. 1 SEM topographies and backscatter electron image of the cross—sections
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(a) Al single layer (b) Ti single layer (c) 5-period Ti/Al multilayer (d) 10-period Ti/Al multilayer (e) 25-period Ti/Al multilayer

I8 2 NdFeB L2 Al 26 Ti A0 Ti/ Al 2 )2 B K 108 51
Fig. 2 Surface micrographs of Al layer, Ti layer and Ti/Al multilayer on the NdFeB specimens
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Fig. 3 XRD patterns of Al and Ti single layers as well as

Ti/Al multilayers on the Si specimens

2.2 EimiERe
ARPEARE NdFeB A L 459 ik NdFeB A 78

3.5% NaCl¥EWH R 1 h J5 45 14 3h A7 A £k
M & 4 FrR. %A Tafel A GE B2 %5 i 28 617
PUA G RN AREEAE 3. 5% NaCl 3 P 9 & Ji itk
HLQE E,,, FE B i i 2% 1, 91 F 36 3. RPEHT
EER) B h L i 2 8.4 X107 A/em’,
Al/NdFeB FI Ti/NdFeB iU HA A7 14 B R ik i
WM. 19X 10 ° A/em /N F AR5 B
FE B4l AL BEA 4l Ti 52 68 NdFeB #4 14&
PRt —E IR BE . 5 I Ti/AlL Z)Z K
R BB AR LR 1.1 X107 "A/em”,

—a— |: Al single layer

—e—2: Ti single layer
| ——3: 5-period Ti/Al multilayer
| —v—4: 10-period Ti/Al multilayer
04F s 25-period Ti/Al multilayer
0 6. —— 6: Bare NbFeB ‘3

E/V

logi / (A-cm?)

Bl 4 B 2l Al gl Ti it & Ti/Al Z 2B NdFeB i £
fE 3. 5% NaCl ¥k i ¥ 3 oz i Ak iih 28

Fig. 4 Potentiodynamic polarization curves of the NdFeB
specimens coated with Al and Ti single layers as well as

Ti/Al multilayers in a 3.5% NaCl solution
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Table 3 Polarization data obtained from the NdFeB speci-
mens coated with Al and Ti single layers as well as Ti/Al

multilayers in a 3. 5% NaCl solution

Coating E,./V 1,,/(A+cm ?)

Bare NdFeB —0.83 8.4X10°°

Al single layer —0.97 1.9X107°

Ti single layer —0.96 1.8X10°°

5-period Ti/Al multilayer =~ —0. 98 1.1X10°7

10 -period Ti/Al multilayer =~ —0.77 1.1X10°7

25 -period Ti/Al multilayer ——0. 80 7.9X10°8
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Fig. 5 Optical images of the NdFeB specimens after 9 days of neutral salt spray test
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Fig. 6 Open circuit potential (OCP) of the bare NdFeB,
Al/glass, and Ti/glass specimens in a 3.5% NaCl solu-
tion
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