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ABSTRACT 
Porous titanium was characterized after its surface modification by acid and alkali solution 

immersion. The results show that the acid surface treatment caused the emergence of flocculent 

sodium titanate and induced apatite formation. The surface modification of porous titanium 

promotes biological activation, and the application of porous titanium is also improved as an 

implant material because of the exis- tence of C and Si. 
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I. INTRODUCTION 
Porous titanium has been proposed as a bone defect repair material, to achieve an adequate 

bone bonding degree, materials must have a good biological activity  [1–3].  Dense  titanium  has the 

disadvantages of poor biological activity and of a mismatch with the bone elastic modulus [4–7]. 

Surface modification tech- nologies can improve the biological activity of the porous titanium, 

improving the degree of binding and reducing immune rejection [8]. Alkali-base surface modification 

can allow the formation of a layer of bone-like apatite on the titanium surface, providing the structural 

conditions for bonding of the bone tissue on the implants and obtaining a good biological activity. 

This paper adopts the method of powder metallurgy to prepare porous titanium materials, 

using rice husk as the space holder and acid treatment to improve the bioactivity of the porous 

titanium material surface. 

 

II. EXPERIMENTAL 
The samples used in the experiments are porous titanium. The kinds of sample were 

immersed in 10 ml of the acid and alkali solution (1:6 concentration ratio) and placed in the drying 

box at 70 °C for 5 h. Finally, the surface of the sample was cleaned with ethanol and deionized 

water,  and  then  dried  for  1 h  at  60 °C. Fig. 1 shows the immersion of the sample in the alkali 

solutions, which was carried out in such a way as to optimize the contact. 

 

III. RESULTS 
Fig. 2 (a-c) shows the microstructure of porous titanium before (a) and acid and alkali 

treatments(b-c). Fig. 2 (d) shows after the acid and alkali treatments EDS in (c) spot‘‘①”. From Fig. 

2 (a) it can be seen that the sample surface is very smooth, the aperture of the poresranges between 

10 and 200 lm. The pores present mainly a small and irregular single-hole aperture. Si atoms present 

in rice husk play an important role in bone formation and mineral- ization, Silicon can promote 

osteoblast proliferation, differentia- tion and collagen production, silicon can help human bone cell 

culture, leading to increased bone formation [9]. Fig. 2(b) shows the micro morphology of treated 

sample, from which it can be seen that flocculent material is more abundant in the convex portions of 

the surface than in the flat parts. Fig. 2(c) shows the presence of deep cracks and the irregular floc 

morphology. It also shows that the increase of flocculent material with acid and alkali soaking con- 
tact area, evidenced by the fine acicular substance in the flat area with a characteristic dimension of 

about 4 lm. The EDS scan anal- ysis of the flocculent material is reported in Fig. 2 (d), and shows that 

the elements present are C, O, Na, Ti and a small amount of 

S. A preliminary analysis suggests that these substances  may derive  from Na2TiO3  and  

rutile, generated  during the treatment of the material. 
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Fig. 1. Schematic diagram of the alkali immersion sample. 

 

Fig. 3 shows the X-ray Photoelectron Spectroscopy(XPS) spectra of various elements on the 

surface of porous titanium after the alkali treatments. The main components  of  the  sample  surface 

are five elements: Ti, O, C, Na and Ca. The binding energies of Ti2p3/2 and Ti2p1/2 are 458.27 eV 
and 464.27 eV, respectively, which correspond to the chemical valence of Ti4+; and the binding 

energy of O1s is 531.39 eV, corresponding to the chemical valence state of O2— in X-Ti-O. The 

corresponding material should therefore present a titanate structure. The binding energy of C1s is 

284.7 eV, corresponding to the carbides in the valence state C—4, which here corresponds to TiC, The 

wear resistance of porous titanium is increased as a bone implant material attributable to the presence  

of TiC. Na1s had a single peak at 1071.78 eV, corresponding to the Na+ valence state. Ca2p has a  

double  state  position  in Ca2p3/2 (346.62 eV) and  Ca2p1/2 (350.15 eV),  which corresponds to the 

Ca2+state. In addition, Ca is not the main component of the reagents used in the experiment, but it is 

largely present on the surface of the sample. To understand this result, tests were carried out on pure 

NaOH, in which the content of Ca2+was found to be 0.01%. A 0.0005% Ca content in the NaOH 

solution is sufficient to induce apatite formation [10], therefore it  can  be  inferred  that the Ca2+ 
found on the surface of the sample after alkali heat treat- ment derives from the NaOH solution. 

 

IV. CONCLUSION 
After the treatment of porous titanium sample, the following conclusions can be drawn. 

Porous  titanium  samples  after  acid and alkali treatment present a smooth surface with flocculent 

material. The presence of acicular nanometric material was ana- lyzed by XPS and found to have a 

high Ca and C element content. The presence of Ca element will induce apatite formation, increas- 

ing the biological activity of the porous titanium surface, and the wear resistance of porous titanium is 

increased as a bone implant material. 
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Fig. 2.  SEM images of porous Ti materials before (a) and after (b,c) alkali treatment and EDS 

(c). 
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Fig. 3. XPS analysis results of alkali-heat treated specimen: (a) Ti 1 s binding energy range, 

(b) O1s binding energy range, (c) C1s binding energy range, (d) Na1s binding energy range, 

(b) Ca2p binding energy range. 
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