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Wear Resistance of MAO Coated Ti6Al4V Alloy Prepared by Ultrasonic Cold
Forging Technology
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Abstract: To improve the wear resistance of biomedical titanium alloys, ultrasound cold forging technology (UCFT)
was used as a pretreatment before micro—arc oxidation (MAQ) coatings were prepared. The grain size and surface rough-
ness of the sample treated by UCFT was measured by transmission electron microscope (TEM) and atomic force micro-
scope (AFM). Morphologies and phase composition were conducted by scan electron microscope (SEM) and X-ray dif-
fraction (XRD). Micro—hardness tester was used to measure the sample hardness. The high—speed reciprocating friction
and wear tester was used to test the wear performance of the samples. The results show that the surface of titanium al-
loys is refined with small grain by UCFT. The average surface roughness is only 36. 98 nm. The hardness increases from
330 HV,, 5 of the untreated samples to 518 HV, s of the UCFT-MAOQO samples. The friction coefficient decreases and the
weight loss of impreved by UCFT-MAO samples is only one third of the untreated samples. The wear resistance of the

MAQO coated titanium alloys is improved by UCFT processing.
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Table 1  Element composition of Ti6Al4V
(w/ %)

Element Al A\ Fe O

Content 5.5-6.8 3.5-4.5 <0.3 <0.2

Element H C Ti

Content
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Fig. 1 Schematic diagram of the UCFT device
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Table 2 UCFT pretreatment parameters

Parameters Values
Frequency/kHz 20
Amplitude/pm 30
Load/N 300
Spindle speed/(r « min™") 200
Freed rate/(mm + r'') 0.02
Number of shots/mm ™ ? 40 000
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Table 3 Chemical composition of the SBF (1 000 mL,

pH=7.25)

Composition Purity/ % m/g
NaCl 99.5 7.996
NaHCO; 99.5 0. 350
KCI 99.5 0.224
K, HPO, « 3H,0O 99.0 0.228
MgCl, « 6H,0 98.0 0. 305
CaCl, 95.0 0.278
Na, SO, 99.0 0.071
(CH,OH);CNH, 99.9 6.057

1 mol/1. HCI To adjust pH
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Fig. 2 AFM images of the samples
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Table 4 Surface roughness Ra of the samples (nm)

Sample All area Area A Area B

Untreated 49. 88 18. 94 87.60

UCFT 36.98 32.95 17.17
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Fig. 3 TEM images of the UCFT treated samples under different depths from the surface
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Fig. 4 Surface morphologies of MAO and UCFT-MAOQO coatings

2.2.2 M

B 5 D OIS e SOl P v B8/ O R A Ja
BURE BT TR S . S IR B TR R R BE 25 00 A
RCLYZH 5 ) o i W 7P 14 BB 90 Ak B X o 9 4
WTRIZ R R BEA W E . PR AR TR )2
AR 2 6] Y ST L BT B . (HJE L B S ()
TR JZ 0 I 5 B A 45 A A A7 TR L L TR 5 (b)
R TR PONR B ARl AL B v B
S (A T AL Ao 20 0 A Rl A o R R R
1R 2 PN T S R P S G R S U
THRRE.

2.3 RHERMEEN

&1 6 S Sl AR Ak R 7 i v B/ R A TR
JZRIAHA R . WIZ W FEE 2 TiO, k& A D
i Ti B3 K A (Cay, (PO (OHD,, HA) FlI
WilR =45 (Cay (PO,),, TCP), 2% HA M
TCP B4 3R W A h 5 T R B TR =
57 EAL T .

G AR E KA HA 58K A B A M
PRI PERT . 5 AW A B K A )& T IE BE IR
HARAAAE T A 16 g i b o B i DL AE W il K A
CTCAILY 153 0 d T D 2 | M /K 20 8 1) A L AL



92 2 EH X W L E

2016 4F

MAO coating
&

Substrate

10 pm

(a) MAO

(b) UCFT-MAO

5 MAO fil UCFT-MAO i # i) # 1 E 51
Fig. 5 Cross section morphologies of MAO and UCFT-MAOQO coatings
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Fig. 6 XRD patterns of MAO and UCFT-MAQO coatings
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Fig. 11  Surface morphologies of the MAO and UCFT-MAO coatings after wearing
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