LR £53% 2
- 184 - SURFACE TECHNOLOGY 2024 4E 1 A

BXMESEERENFZREVEENZ I

B, KO, RIREL®, =",
Ao °, *PEIW°, %MED“

AL TWAKRR (k= TiE=FE, /N 310014;
2. DERER TRMRBASIRIARAT, L T8 315201;
3. EBREARS EFENESNARER, £E 200011;
ABBPNARZE, | K R 518172)

HE: B6 4xTe2 (TCA) ERHN. BHHT @B LRk B #2080 048 IR RO R B 5
B8R GFHAFERETFOBK, @idiR KiE TC A B4R B i A stiet, F& %
P REYE ST H AR TC4 Ak LiRAR4R B, FFAERB &R IIRE 650, 750, 850 ‘C FiB K 5h, 4 A2+
W F RMAL, AR, XRD., XRIRAL, BEHEEFRIEI, AL T35 e A 4 0 R I3t Ta iR B 68T
S N FHRE AT XS RIE, R A& Ta BEARKEE, E—EXNEBKBET, 4
LEMEIFE A E . B KB 650 Cor ey A Z 8 (16.68 GPa) e i AL (208.90 GPa) & &, X~
W TS ARGRN B-Tas, BAREMIERG., 2750 CERKE, RELAZKNLEARE (2082 N), 1k
FEg AR, B WAk SR RPFAALFHEEAMME (COF) &, XA THESL KRR 4T
FAEIT K, BIKTREES, R TESRENREG. XA TRDRECGEEE, THRIKERER @
WALERTG, TLAFJR kiR B R BRI RARAE A, AR & AR e B AR . B B A 28 S T iR B K AR AL
%, MY T BEEEER, LRGTREGEEMLE, £ 750 CA» 850 ‘CiR KB E T4 E 0 Kror>80%, &
m&i%%i%ﬁgﬁcﬁk%ﬁxé%@«éﬁ REME, HHRELG, WA, MR A
B F T

KW TC4 4ko%; mEImikgY; B K; 6% E; Tak Bk, AWMAEE

hESES: TG166.5; TB34 XEkMREM: A  XEHS: 1001-3660(2024)02-0184-09

DOI: 10.16490/j.cnki.issn.1001-3660.2024.02.018

Effect of Annealing on Mechanical and Biological Properties of
Titanium Alloy Tantalum Coating

L1AO Shizhu™? ZHANG Songhong*, SONG Zhenlun?, YANG Lijing”,
YANG Chi*, ZHENG Jisi®, ZHOU Zhengyin®*

(1. School of Chemical Engineering, Zhejiang University of Technology, Hangzhou 310014, China;

WimBH: 2022-11-18; fEiTHH#I: 2023-03-20

Received: 2022-11-18; Revised: 2023-03-20

EEWMB: BEELEALITR (2023YFC2509100, 2019YFE0118600); LT o E¥ 5 FHE, LARBRFEFRMEL LA
RER., LEXEXFoBEEFRMALAAD (2022SKLS-KFKT006 )

Fund: National Key Research and Development Program of China (2023YFC2509100, 2019YFE0118600); Shanghai Key Laboratory of
Stomatology,The Ninth People's Hospital affiliated to Shanghai Jiao tong University School of Medicine, Research Project of School of
Stomatology of Shanghai Jiao tong University (2022SKLS-KFKT006)

BIAgat: B b4k, kAL, RIRS, F. BRNKREEERENFRAHERG Y], A@HAK, 2024, 53(2): 184-192.

LIAO Shizhu, ZHANG Songhong, SONG Zhenlun, et al. Effect of Annealing on Mechanical and Biological Properties of Titanium Alloy
Tantalum Coating[J]. Surface Technology, 2024, 53(2): 184-192.

*E{S 1% ( Corresponding author )



53 FHoW

BELH, S B KRSk A & LR IR T2 S B 0 R 185 -

2. Ningbo Institute of Materials Technology and Engineering, Chinese Academy of Sciences, Zhejiang Ningbo 315201, China;
3. The Medical College's Affiliated Ninth People's Hospital, Shanghai Jiao Tong University, Shanghai 200011, China;
4. The Chinese University of Hong Kong, Guangdong Shenzhen 518172, China)

ABSTRACT: The work aims to solve the problem that the modified coating of titanium alloy (TC4) is easily damaged due to
the corrosion of body fluids and the friction between bones in bone implantation and replacement, which leads to the release of
toxic metal ions, tissue and cell necrosis, thus causing the failure of implantation. The mechanical and biological properties of
tantalum coating on the surface of TC4 can be improved by annealing process.

In this study, TC4 titanium alloy with the size of ¢ 25 X 2 mm was selected as the matrix, which was ground to 2000# with
sandpaper. Ta coating was deposited on the surface of TC4 matrix by magnetron sputtering technology, and annealed at different
heat treatment temperature of 650, 750 and 850 ‘C for 5 h. The cross section morphology, composition distribution, phase
structure, bonding strength, wear resistance, corrosion resistance and biocompatibility of Ta coating were tested and
characterized by scanning electron microscope (SEM), energy dispersive spectrometer (EDS), X-ray diffraction (XRD) scratch
instrument, multi-functional high temperature friction and wear testing machine, electrochemical workstation and biotoxicity
test.

The microstructure of the prepared Ta coating was relatively dense, and became denser at a certain annealing temperature
without obvious micropores. The hardness value (16.68 GPa) and elastic modulus value (208.90 GPa) at the annealing
temperature of 650 C showed the highest performance, which was due to the generation of strong B-Ta peak, improving the
hardness value significantly. After annealing at 750 °C, the coating had the maximum bond strength (20.82 N), the excellent
corrosion resistance, the smallest fluctuation of the friction curve, the most stability and the lowest average coefficient of friction
(COF) value. This was due to the mutual diffusion of elements between the coating and the matrix, which reduced the interfacial
stress and promoted the increase of bond strength. This was beneficial to improving the density of the coating, reducing the
microporous defects on the coating surface, hindering the corrosion solution through the coating path action, thus improving the
corrosion resistance of the matrix. At the same time, it effectively prevented the large area of the coating from falling off,
reduced the friction surface area, and improved the friction performance of the coating. The RGR of tantalum coating at 750 C
and 850 ‘C annealing temperature was >80%, showing good biocompatibility.

In conclusion, the annealing process significantly improves the mechanical and biological properties of the coating. After
annealing at different temperature, the microstructure of the coating is more compact and uniform, the hardness value and bond
strength are higher, and the wear resistance, corrosion resistance and biocompatibility are better.

KEY WORDS: TC4 titanium alloy; magnetron sputtering; annealing; bond strength; Ta coating; biocompatibility
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Fig.7 Electrochemical corrosion test results of 4.3 pm
Ta-coated and uncoated TC4 samples in SBF
solution at different heat treatment temperature:
a) polarization curves; b) Nyquist diagram

F 1 IRFESHEMARL LT ENRRFIFESE
TCAKEEHIBIMEBAL For
Tab.1 Corrosion potential E., of bare and Ta coated
TC4 titanium alloy calculated according to the
potentiodynamic polarization curves

Samples E o /mV Jcm/(mAcm’z)
TC4 —-652.09 8.179x10™
TC4/Ta 4.3 pm —414.94 3.174x107*
TC4/Ta 4.3 pm/650 C -251.39 4272107
TC4/Ta 4.3 pm/750 C -232.14 2.655x107*
TC4/Ta 4.3 pm/850 C -210.50 6.073x107°
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