
�49�    �3�                               ��������	                                     Vol.49,   No.3 

2020�      3�                     RARE METAL MATERIALS AND ENGINEERING                          March   2020 

 

�����2019-03-10 

���	����	
���81071262�; �������������� 


���������1968 � �!"�#$�����%&
�'()���*+ ,- 110819�./0024-83689400�E-mail: 

zhangel@atm.neu.edu.cn 

 

�����Ti-3Cu���	
�������� 

 

�������

 

 

(�����*+ ,- 110819) 

 

�  ��123456789:;<=>?@ABCDEFAGHIJ9:KLMNOP�QR34567STU

Ti-3Cu BC VWKLXYKZ[\B]04567^_;<BC`abc;defgc�BChij�klmn

100 nmLopq>r�stu<LDEFvw�x<BCLyzK{|Z<BC;defgcL`atu<

L9:KY}67~L 92%vw�4567^L 71%Z�:L�������4567b�)F�vw3<L9:

KYZh����BC`aL;defgc�h��3<�9:� Ti

2

Cu'�:LGH���vw3<L9:�\Z 

����9:;<�4567�=>?@�DEF�9:K 

�������TG146.23        ������A        �����1002-185X(2020)03-0973-07

 

��������	
���������

�������������������� !�

�"#
��$	%&'()*+"#,-'./0

12���345678��9:;<�=>?@A

BCDE"#����FG0.1%~1%HBIDE"

#��FG1%~4%HBJDE"#��FG

4%~7%

[1-3]

HKLMNO����PQ�RS�*S�

�TUV15~20WU'PQ�XY/ZG3~4W'XY

F[\20%

[4]

H]^MN_V1200W/X`aT��

�bD�cT'defg���hi����30%

[5]

�

jk'Vlmnaop"#
���������

	
�qr	`st�Du� 

av=�wxf7yz{b|'}7}xf~V

 ���[|����������a/�b���

���������b��'��G����V��

���f���
���'�qG/�CDE���

"��RS�����x�����st ¡
    

�

[6,7]

��¢�£¤¥¦�9?@'Ti-3Cuxfy§~

V���¨©�ª7���ª'«¬~V®��¯

��ª°¯�F>90%±'²³´G��µ¶�rª�

���©
�'®V�·

[8,9]

�̧ �'́ G"#
�'

Ti-3Cu��¹b��º»V¼`½['¾Sxf¿À

�ÁV?ÂÃ�¹Ä��ÅÆÇÈ�9�ÉÊ£¤¥

¦ËÌjÍÎÏ½[}xf?Ð��¹ÑÒ7Ó�'

���®Vl�}xf?Ð��Ô�Õ�

[10, 11]

�¿

Ö´×�¢£¤¯�}xf�ØÙÚ'£¤!ÅÆÇ

ÈÛ¯�}xfÎ�ÜÝ�?ÐÞß��àáâ�¯

���ãä'åæ!ÅÆÇÈç	` Ti-3Cu?Ð��

Ô��jª�� 

�� �����

èéêë}(99.9%)7ëì(99.9%)íîï>�x

fqðñpòóô�'»õ	ö÷øùúûòó

üòóq Ti-3Cu xfýþ�G!������©q

ð'ýþ���ò 3��»ýþ× 800~900 	
�

��'pq� 15 mm'� 3 m� Ti-3Cuxf�
�

�� Ti-3Cu xf�

�¯�ÆÇÈ°��ÇÈa

�l±���ÇÈ×��ú�üe
�'��ÇÈp�

G 900 �/5 h'��ÇÈ����
��lÇÈ'd

Ö�G 400 �/16 h� 

è}xf���# 60 �� 10 mol/L NaOH��

e�� 24 h
�ÅÇÈ'�Ã	� !"7#$%

 &�'()*+ 2 ,'-.'×/010�e.2

1 h�»× 500 �ÇÈ 1 h'ü3)40'	� !

"7#$% &�*+ 2,'×10�e.25	� 

6	7�89:ú%Î�; (FE-SEM, ZEISS 

SIGMA 500/VP)�dª<=
��>�Î�ÜÝ?@

7qððA�× X8BC8=(XRD, SmartLab, Japan)

Ú
�
���bðA�	Dú%ª< (X-ray 

Photoelectron Spectroscopy'XPS)ðA7EFxf?Ð

GH�I×J�7�©KL� 

	MDNOPÎ�;°CLSM±Q��>?Ð�



�974�                                      �j�%&'()                                                � 49� 

Þß�'RS` 20 X ��;TU9:�>?Ð� 3

VW�'X«��YZJ[\']^ LEXT _`ðA

aÐÞß�b�	cde×àáâQ�= SL200B 

(KINO, KL)ÚQ���?Ð�f �'MV�>�

3VgQ�'�da�b�>hijkl� 

m� 3 gnop�10 gqrs�5 g NaClt#u

vV 1000 mL�wx yJz�{|��'è pH}

) 7.0~7.2'	~����7n����'×[�w�

������ 30 min'�Ã3�'× 4 ��10��

�1I5	� 

	�Bè�>���×ñ�����c�e'

×y����gè�>�Ã'»�×�>?Ðdt

1 mL�����'4 hè���	��S�Ã'&

�	 30%�50%�70%�90%!"� 10 min'�×

10�¼d.2'?Ð�f× SEM�?@�>?Ð

���ÑÒ��� 

���e�/�N7L Öê�êij-¯�¡�

¯��ªÌ¢£e7¯�l¦¤(QB/T 2591-2003)
�

¯�Ì¢�~�¥¦§�: (1) ð¨èùr��(©ª

«)�ÛîÜ(ë}«)7Ì¢Ü(ÅÆÇÈ� Ti-3Cu x

f)��×!"��e�� 1 h �` 12 ¬e'M

¬ 1 V�>H(2) �ñ�� 80 µL f®¯g°±��

�à�u��ÚH(3) èà�V�����²� 12¬

�Q�#0�(37³1) 	�bÛ´�µ90%�/0�

e¶· 24 hH(4) 24 h�Ã 12¬'d# 2 mL�

È¸ �×¹º»Ú¹º 5 min¼ð*+�>?Ð�

���»� 100 µLÚ½*+��Ó�u¾¿¶·Ø

Ú'ÀÁ���`/0�e¶· 24 hH(5) 	öÂ

�Ã>Z=QF¾¿Ú�Ä�Z'íîÅ�°1±>

h¯�F

[12]

'¯�F RÆ90%�xfjÍÇÈGV¯

�´	'¯�F RÆ99%�xfjÍÇÈGV�¯�

´	� 

100%R = ×

��������	����

������

     (1) 

������	
�

2.1  ����� Ti-3Cu ���	
������ 

\ 1� Ti-3Cuxf×ÅÆÇÈ�� XRD\<�

ÉÇÈ� Ti-3CuxfÊ�O α-Ti7 Ti

2

CubÜq�Å

ÆÇÈ'Ë!º»V α-Ti7Ì�� Ti

2

CubÍ'Ã

Â!}ÎÏ�C8Ð'Ñ@ÅÆÇÈ'×}xf?

ÐJq!�Ò}ÎÏÓ���çÒ�ÔadÕ£¤Ö

�¥¦b�+

[11]

� 

\ 2.Ã!Ti-3CuxfÅÆÇÈ��?Ð SEM

J[�\ 2a �ÅÆÇÈ� Ti-3Cu xf�?ÐJ[�

9^f×ØÙDÇÈ'?ÐÁV@ÎÚÛ'?ÐJ

L��aÜ'ÝÚâGÞß��� SEMJ['à$×

[á�'?Ðº»âðaÜ�\ 2b GÅÆÇÈ

Ti-3Cu xf�?ÐJ[�bÛ`ÉÇÈ� Ti-3Cu x

f'ÅÆÇÈ?Ðº»1ãôäJ['¸ÅÆÇÈ

� Ti-3Cu?ÐaÜ'båDæ'çÂèé¯'×9

:ú;?@�VêëìQí��ÞßÐ'�çÒ��'

ÞßVîï�]^
�¥���ÂJq�ð_G

100 nm�ñòó�¬� 

\ 3 G Ti-3Cu xfÅÆÇÈ�� EDS ª<'

xfGHô�k? 1�×É
�ÅÆÇÈ� Ti-3Cux

fe Ti �ô�� 97.45%'Cu �ô�� 2.55%'ax

f�ñpqðØ¿õx�9ÅÆÇÈ�?ÐV Ti� 

 

 

 

 

 

 

 

 

 

 

� 1  4567~^L XRD�� 

Fig.1  XRD patterns of Ti-3Cu alloy before and after alkali heat 

treatment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 2  Ti-3Cu4567~^LBC SEM`� 

Fig.2  SEM morphologies of Ti-3Cu alloy before (a) and after (b) 

alkali heat treatment 
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� 3  Ti-3Cu<4567~^L EDSY� 

Fig.3  SEM images (a, c) and EDS spectra (b, d) of Ti-3Cu alloy before (a, b) and after (c, d) alkali heat treatment 

 

� 1  ������ Ti-3Cu �	
��� 

Table 1  EDS analysis of Ti-3Cu alloy before and after alkali 

heat treatment (at%) 

Element O Ti Cu Na 

Untreated Ti-3Cu - 97.45 2.55 - 

Alkali heat-treated 50.62 35.73 0.79 0.8 

\ 6.Ã! cp-Ti� Ti-3CuxfÅÆÇÈ��

?ÐÞß�7àáâ�¥¦?@'ÉÇÈ� cp-Ti 7

Ti-3Cu xf�?ÐÞß� R

a

bð¨G 0.523 7 0.812 

µm�9ÅÆÇÈ Ti-3Cuxf� R

a

bG 0.801 µm'

Ñ@¾SÅÆÇÈ×}xfØ�?ÐJq!�Ò}Î

Ï Ó�Ò'¸Ûxf?Ð�Þß�ãäy��ÉÇ

È Ti-3Cuxf�àáâ_G 51°'ÅÆÇÈxf?

Ðàáâ� '_G 40°'Ô?@ÅÆÇÈj½[x

f?Ð�f �� 

a 

100 µm 

c 

60 µm 

Ti 

Cu 

Ti 

Cu 

Ti 

Cu 

 

0       2       4       6       8 

I
n

t
e
n

s
i
t
y

/
a
.
u

.
 

Ti 

Cu 

O 

Ca 

Ti 

Ti 

Cu 

Cu 

 

Na 

0       2       4       6       8 

Energy/keV 

I
n

t
e
n

s
i
t
y

/
a
.
u

.
 

d 

b 



�976�                                      �j�%&'()                                                � 49� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 4  4567 XPS��� Ti 2pAO 1sACu 2p|h �� 

Fig.4  XPS patterns (a) and Ti 2p (b), O 1s (c) and Cu 2p (d) high-resolution spectra of alkali surface treatment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 5  4567~^ Ti-3Cu<�¡�¢¡� 

Fig.5  2D (a, c, e) and 3D surface (b, d, f) morphologies of the samples before (c, d) and after (e, f) alkali heat treatment: (a, b) cp-Ti;  

(c~f) Ti-3Cu 
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� 6  4567~^£¤BCLDEF�GHI 

Fig.6  Surface roughness (a) and contact angle (b) of the samples before and after alkali heat treatment 
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� 7  cp-TiJ4567~^ Ti-3Cu<L�:��K 

Fig.7  Bacteria adhesion on cp-Ti (a) and Ti-3Cu alloy before (b) and after (c) alkali heat treatment 
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� 8  ¥¦§:_ Ti-3Cu<¤¨BC©ª 24 h�: «¬ 

Fig.8  Bacterial growth of staphylococcus aureus cultured on Ti-3Cu alloy sample surface for 24 h: (a) cp-Ti; (b) Ti-3Cu; (c) alkali heat  

treated Ti-3Cu; (d) antibacterial rate 
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Effect of Alkali Heat Treatment on Surface Characteristics and Antibacterial 

Properties of Ti-3Cu Alloy 

 

Zhang Erlin, Liu Boqun  

(Northeastern University, Shenyang 110819, China) 

 

Abstract: The effects of alkali heat treatment on the microstructure, surface roughness, contact angle and antibacterial properties of Ti-3Cu 

alloy were studied to reveal the possibility of applying alkali heat treatment to biological surface modification of Ti-3Cu alloy. The results 

show that a layer of titanate gel is formed on the surface of titanium alloy after alkali heat treatment, and a large number of nano-sized 

pores of about 100 nm are distributed homogeneously on the surface of the gel layer, which reduce the roughness of Ti-3Cu alloy but 

improve the hydrophobicity of the alloy surface. The formation of the titanate gel layer on the alloy surface reduces the antibacterial 

property of the alloy from 92% before treatment to 71% after alkali heat treatment. The bacterial adhesion test also confirms that alkali heat 

treatment reduces the antibacterial property of the alloy. It is believed that the titanate gel layer partly blocks the contact between Ti

2

Cu 

phase and bacteria in the alloy, so the antibacterial effect of the alloy decreases. 

Key words: antibacterial titanium alloy; alkali heat treatment; microstructure; roughness; antibacterial property 
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