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Table 1  Chemical composition of CP-Ti 

Ti Fe C N O H 

99.847 0.03 0.012 0.008 0.10 0.003 
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� 1  CP-TiZeijk ¡t¢ 

Fig.1  Macro morphologies of CP-Ti surface attachments: (a) surface attachment powder, (b) fluorine ion concentration above 50 µL/L, 

and (c) fluoride ion concentration below 50 µL/L 

a 

b 

c 



� 11�                              ���Y-CP-TiA_`abGH(Zeijktu�'                         �3617�  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 2  CP-TiZeijk£¤¥¡t¢� EDS=¦no 

Fig.2  Morphology (a) and EDS analysis (b) of surface 

attachments powder of CP-Ti   

 

 

 

 

 

 

 

 

 

 

� 3  CP-TiZeijk£¤ XRD�¦ 

Fig.3  XRD pattern of surface attachments powder of CP-Ti 
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� 4  CP-TiZeijk£¤ XPS§¦�� Ti 2p¨©ª�¦ 

Fig.4  XPS full (a) and Ti 2p peak fitting (b) patterns of surface 

attachments powder of CP-Ti 

 

 

 

 

 

 

 

 

 

 

 

� 5  CP-TiA«¬`abCD{9 6 mol/LGH(};~�� 

Fig.5  Corrosion rate diagram of CP-Ti in 6 mol/L nitric acid 

with different fluoride concentrations 

 

�A�F½��}~�C 50 µL/Lï�Ì 50 µL/Lð÷�

wÁ��_��º�»v¼­½¾�z1�C½��}

~�Õ/�>~5�wÁ�H¥����ÉÅ½��c

¥¶¢�¶¢Ä>Å�ÆÅ(5)�ÙQÍÎz�RÈÉ�

ÎÂwÁ�^_M�³��_����

[25-27]

% 

Ti→Ti

3+

+3e                              (2)�

Ti

3+

→Ti

4+

+e                             (3) 

Ti

4+

+2H

2

O→TiO

2

+4H

+                                

(4)

 

TiO

2

+4H

+

+6F

-

→TiF

6

2-

+2H

2

O               (5) 

20 40 6 0 80

•

•

•

•

•

•

•

•

•

•

•

•

I
n

t
e
n

s
i
t
y

/
a
.
u

.
 

2θ / (

o

)

•

R utile  T iO

2

48 96 144 192 240

0.0

0.5

1.0

1.5

2.0

2.5

C
o
r
r
o
s
i
o
n

 
R

a
t
e
s
/
m

m
·
a

-
1

t/h

 CP-Ti-0 µL/L      CP-Ti-10  µL/L

 CP-Ti-50 µL/L     CP-Ti-100 µL/L

                                     CP-Ti-200 µL/L

b 

Element� ω/% � at/%�

C� 7.17� 15.88�

O� 27.36� 45.47�

F� 2.76� 3.86�

Ti� 62.71� 34.80�

 

100 µm 

a 

0      4      8     12     16     20 

Energy/keV 

I
n

t
e
n

s
i
t
y

/
a
.
u

.
 

O 

Ti 

F 

b 

470 4 65 460 4 55 45 0

I
n
t
e
n
s
i
t
y
/
a
.
u
.
 

Bind ing  Energy /eV 

 Ex perim ental 

 Calculated

 Backgro und  

 TiO

2

  10 0% 

 TiF

4  

   0. 00%

 

b

4

3

2

1

0

800 700 600 500 400 300 200

F
1
s

O
1
s

T
i
2
p

I
n
t
e
n

s
i
t
y
/
�

1
0

5

 
c
p
s

Binding Energy/eV  

C
1
s

a 



�3618�                                       �������	
                                              � 48� 

CP-Ti ��������	
� 6 �
��� 6a�6b

�����CP-Ti�� 0� 10 µL/L��������

��� �!"�#$����%&'()*+,-.

/���01234 50 µL/L5�67�!"���8

9� :*;<���=�>? CP-Ti���@ABC

D�E:�F
BCD�CGH4IJK�� LIJ

C-MNC��@OP�Q&DR��'(;ST�U

#'(QVW�XYZ����H4 50 µL/L7�[\

],���^MNWQV�DR��_`

[28]

-Pa�

��bcD[\d���efghijk(4)�gh�

>?��bcDl4mn��@BC��- 

2.2.2  ����� TiO

2

���	
�� 

o6pqr�s�CP-Ti���@BCD�mnt

u���vwx��y3ztu�{���Y|�P

aYZ�{��01[\23-� 7 L;}���0

1���~��{��01.��7���c��-

o� 7���������01L 0� 10 µL/L7�

YZ�{��01.��7�23�� L���x

2���yX��7�L 192 h7����01L 10  

µL/L���~��{��01o�������XY

Z����01L 50 µL/L7����894 144 h�

YZ��{��01S� ��x6�����y�

4 192 h 7�{��01������������

�j���4 CP-Ti ����01 50 µL/L ����

���/�� � 144 h ��XYZ����01L

50 µL/L�67�YZ�{��01��� 96 h[6

�4�W����da}7���� 96 h���tu

��[89� ���/� TiO

2

-oa��� ��

�/� TiO

2

�� �¡./YZ�{��01�¢£

���¤ ���/� TiO

2

6:(q�{¥¦§YZ

��{��-M¨�©� ª�gh(4)f@A���

/� TiO

2

- 

ª��6qr���«¬tu�����/�

TiO

2

��@�j��qL 2­®¯ 1­[&tu��

BCD��@��@OP� 2.2.1 (q°±p-¯ 2

­[&�/� TiO

2

���BCD6�f�-o§��

BCD��@²)<³�´�µQ�����D�;

vw�>?��QV¶W�·YZ�����dY|

�{��`¸4BCD������BCD6�CL

f�¹º�»­�:��a�j�·}7efgh 

(2)~(5) �¼½gh�¾f���j& CP-Ti��Y|

{���@bcD�bcDY|�¿}ÀÁ

[28,29]

- 

����¾�j�,/ÂÃÄÅ�ÆÇ��gh

89ÈÉ����·tu��!"�#$�bcDm

nLBCD�L�/��f�Ê³¹Ë��¯ 2ÈÉ�

���/�f���j��89o§BCD���Q 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


 6  CP-Ti���������� 6 mol/L�������� !"  

Fig.6  Corrosion morphologies of CP-Ti surface in 6 mol/L nitric acid with different fluoride concentrations: (a) 0 µL/L, (b) 10 µL/L,   

(c) 50 µL/L, (d) 100 µL/L, and (e) 200 µL/L 
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Fig.7  Curves of titanium ion concentration with corrosion time 

in corrosion medium with different fluoride ion 

concentrations 
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Formation Mechanism of Surface Attachment of CP-Ti in Nitric Acid Containing 

Fluoride Ions 
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Abstract: Titanium has excellent corrosion resistance and can be used for long-term operation in boiling high concentration nitric acid 

medium. It is an ideal material for reprocessing equipment. The white attachment of the surface of CP-Ti in nitric acid with fluorine ion 

were analyzed by SEM, EDS, XRD and XPS characterization methods and its formation mechanism was explained. The results show that 

when the concentration of fluorine ions is below 50 µL/L, the corrosion rate of CP-Ti decreases and then tends to be stable gradually. When 

the concentration of fluorine ions is 50 µL/L and above, the corrosion rate decreases first and then increases, presenting a "v" pattern. The 

phase of the white attachment on the CP-Ti surface is TiO

2

. The formation mechanism of the attachment is divided into two steps: firstly, 

the porous film forms on the surface of the CP-Ti; secondly, TiO

2

 is grown with the pore of porous film as the base point and then falls. 

Key words: CP-Ti; fluoride ions; TiO

2

; porous film; nitric acid 
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