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Thermal oxidation behavior of
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LI Xu"* PENG Xiao-yan"*, DUAN Yu-lu"*, ZHANG Lii-guo®, ZHAO Yi-rong’, WANG Xue-wen®, XU Guo-fu"*

(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
2. Zunyi Titanium Industry Co. Ltd., Zunyi 563004, China;
3. School of Metallurgy Science and Engineering, Central South University, Changsha 410083, China;
4. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: The morphologies, roughness and phase structure of hardened layer of commercial purity titanium
(CP-titanium) after thermal oxidation at 600, 700 and 800 C were investigated by AFM, SEM and XRD. The diffusion
mechanism, formation of oxygen-diffusion zone and stratification during the thermal oxidation treatment were analyzed.
The results show that the roughnesses of hardened layer increase and the oxide particles grow up continually with the
increase of oxidation time and temperature, and the main phases are TiO,, Ti,O, TizO and TigO. The oxidation process of
CP-titanium is that oxygen atom passes the gaseous phase/oxidation film and oxidation film/metallic matrix. The
structure and property of oxidation film change and lead to stratification due to the acceleration of oxidation reaction and
the decomposition of oxidation film.
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Table 1 Colors of oxide films on CP-titanium after different thermal oxidation treatments

Color
Temperature/ ‘C
0.5h 2h 6h 12h 18h 24 h 36 h 48 h
600 Purple Purple Purple Gray Light Gray Dark Dark
yellow yellow yellow red gray gray gray
Dark Dark il il
700 Gray ar ar Silver Silver Hoary Hoary Hoary
gray gray gray gray
. White White Light Earthy
800 \ H H T:
Silver gray onty onty yellow yellow yellow awny yellow




2192 A G A R

2013 4F8 H

650 nm

Bl TS AR R T AFM 5

Fig. 1 AFM images of CP-titanium after oxidation: (a) 600 C, 0.5 h; (b) 600 C, 12 h; (c) 600 C, 24 h
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Table 2 Roughness data of CP-titanium after different

thermal oxidation treatments

Thermal oxidation

treatment Sy/mm S,/nm Siax/NM
600 C,0.5h 35 27 401
600 C, 12 h 81 66 606
600 'C,24h 133 102 917

35 K127 nm, T3 100 pm® (B TR S K
401 nm. A& 1 3L AT BN, R A
AACTT IO B . BEE AL TR AT, gkl
RN, A ORI T 5 4UR T o . E
PSRRI, ATAFRIRE B2 5 R . ek 24
h )5, Sqv Sa M1 S 70 K INE] 1331 102 H1917 nm.
HI T PR R O RDRE LI, T3 e B i e A4
B USRI REANE SR T 20T .
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Fig. 2 SEM images of CP-titanium after oxidation: (a) 600 ‘C, 24 h; (b) 600 ‘C, 48 h; (c) 700 °C, 24 h; (d) 700 °C, 48 h; (¢) 800 C,

24 h; () 800 ‘C, 48 h
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Fig. 3 Stratification phenomenon and element distribution of oxidation film section of CP-titanium after thermal oxidation: (a)

Section of sample, 800 ‘C, 2 h; (b) Section of sample, 800 ‘C, 12 h; (c), (d), (¢), (f) SEM images of stratification, 800 ‘C, 24 h
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Fig. 4 Unusual grain-growth phenomenon of CP-titanium during thermal treatment: (a) 800 ‘C, 2 h; (b) 800 °C, 18 h; (c), (d) 800

C,12h
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Fig. 5 XRD patterns of oxidation film of CP titanium at 600 and 700 C: (a) 600 ‘C, 24 h; (b) 600 ‘C, 48 h; (c) 700 C, 24 h;

(d) 700 °C, 48 h
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Fig. 6 XRD patterns of CP-titanium after thermal treatment at 800 “C: (a) Deciduous oxidation film of CP-titanium (800 C, 24 h);
(b) Oxidation layer under first film (800 “C, 24 h); (c) Deciduous oxidation film of CP titanium (800 °C, 48 h); (d) Oxidation layer

under first film (800 °C, 48 h)
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