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ABSTRACT

By means of the secondary ion mass spectrometer, the tracer diffusion of oxygen in rutile single crystal
was measured as function of temperature and oxygen partial pressure. The tracer diffusivily was determmed
from the depth profile of *0. The Po. dependence of D suggests that the dominant defects in Til;-, are

oxygen vacancies (V') and interstitial titanium ions (Ti

**) ). The doubly ionized oxygen vacancies are promi-

nent al low temperature and Po,. However, the tetravalent intersiitial titanium ions predominate at temperature

above 1200T.
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Table 1. Impurity Analysis of Single Crvstal Rutile

Element TiOs {(wi%)

Al 0010

Cu 0.0004

Fe 0.010

Mg 0.009

i 0.006
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Fe faiq $29 Wsiel we DePoroz
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Fig. 1. (a) Crystal structure ol Ti0; (rutile)
() Open channel {(c-axis projeclion).
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Fig. 2. Apparaius [or 0 diffusion in low Po.
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Fig. 3. (a) Concentration profile of 0 vs penetralion
depth in TiOs.
(b) Plol of erf™! (C.-Ci/{C-Co)) vs penetralion

depth.
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Fig. 4. Temperature dependence of oxygen tracer dif-
fusion in TiOs at Po,=0.21 bhar {refs, 14~186).
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Table 2. Oxygen Diffusion Coefficient in Rutile as a
Function of Po. and Temperature

Temperature Pos Diffusion time D
139} (har) (10* sec) (m%/sec)
1173 Jox1078 3.60 28x10"1"
1173 391074 3.60 241071
1173 261071 3.96 46107
1173 26X10°1 3.96 3.8%i07®
1173 141077 4.14 1.0X10°"7
1173 1.4X10~Y 414 1.3X10°%
1273 10x1071 1.68 25x10°7
1273 101071 1.68 J1x107"
1273 83x107* 162 42X10°7
1273 8.3x107* 1.62 541077
1273 80X 10" 1.80 9.0x10° 1
1273 BOX107% 1.80 12> 10"
1373 65x107 1 0.60 1.4>1071
1373 6.5x1071° 0.60 1.7x1071%
1373 26x10°1 0.60 34X10°%
1373 26X1078 0.60 3.0X10°%
1373 2.3x107" 0.60 74>107%
1373 23107 0.60 621071
1473 60X 107¢ 0.24 1.0x10°"
1473 601077 0.24 8.9 10
1473 201077 (.36 94X 107"
1473 1.0x107% 0.36 1.3x 107
1473 1ox10-8 0.26 1.7X10°%
1473 90x10" ¥ 0.27 22X10°8
1473 9.0x 1078 0.27 24X10°%
1473 25x1071 0.36 25x107%
1473 16X 1071 0.36 29x10°5
1473 16107 0.36 2.4x 1071
1573 161078 012 5.1x10° 1"
1573 1.6x107* 0.12 43x10°8
1573 5O 10710 0.12 66107
1573 5010710 0.12 6.0210°15
1573 1Lex 107U 012 8.5x107%
1573 16x107Y 0.12 9010715
1573 251074 012 36107
1573 25x10718 012 401074
2 Zhevh

TiOol| 4 okel & 24ke] ojahd 2 o] 247, open
channel#} ske]@ fztzhel] 27| FFE Pk Fol
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Fig. 6. Dependence of oxygen diffusion coefficient as
function of Pos and temperature in TiOz-y
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Fig. 7. Concentration profiles of 0 vs penetration de-
pth at constant Po,
1) Po,=20:x107? bar, 2) Poa=1.0X107" bar
3) Po,=10X107" bar, 4) Po;=25X10"" bar

Fig, 8. Cracks in single crystal rutile (diffusion time=
16h, diffusion temperature =1200C and Po,=
1.6>10°Y bar).
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