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1

pH2O 10-4 atm 

1000 C Ti3O5

1

Pt3Ti Worrel [1,2]



[3-5] TiO2

TiO

[5]

2 (a) Ti-Ni-O [6]

Ni3Ti

Ni3Ti Ni-Ti

Ni-Ti-O

2 (a) Ti-Ni-O  (b) Ni(ss), Ni3Ti

2.

2 (b) 2 (a) Ni(ss) Ni3Ti

TiO2, TinO2n-1, Ti4O7

Ti3O5, Ti2O3



Ni3Ti

Ti2O3 TiO

Ti-Ni-O

3 1000 C Ti-Ni-O  3 (a) 

Barin [7] 3 (b) 3 (a) 

log pO2 – log aTi [Chattopadhyay], [Liang], [Barin] 

Chattopadhyay, Liang, Barin Ni3Ti [6-8]

Ni(ss) Ni3Ti

TiO

Ni(ss) Ni3Ti Huet

3 (a) Ti-Ni-O  3  (b) Ti-Ni-O

log pO2 – log aTi

3.

(IV) 1 : 3 



800 C

4(a)

 1000 C 4 (b) 

2000 C 2500 C

5 cm 

800 C 1000 C

X

 (XRD) X  (GI-XRD)  (SEM) 

X  (EDX) 

4 (a)  (b) 

4.

1 XRD GI-XRD

EDX Ni(ss)

P1 2000 C F1 2500 C



F2 800 C U1 1000 C U2

1

Sample Filament
Ni, TiO2 (XRD) Not observed

Ni, Ti2O3, TiO2 (GI-XRD) Not observed

F1 0.2 Supercooled monatomic hydrogen 1000 2000 12 Ni, Ti3O5 (XRD) 1.6  0.4

F2 0.4 Supercooled monatomic hydrogen 1000 2500 12 Ni, Ti3O5, Ti4O7 (XRD) 1.9  0.4

U1 0.3 Usual hydrogen gas 800 - 6 Ni, TiO2 (XRD) Not observed

U2 0.2 Usual hydrogen gas 1000 - 12 Ni, Ti4O7 (XRD) 1.8  0.5

Exp. #

P1 2.4 Low temperature hydrogen plasma 800 - 6

Temperature / C Treatment
time / h Product Phase Concentration of

Ti in N(ss) (at%)
ReductantThickness of

sample / mm

P1, U1 F1, F2, U2 

5 800 C

SEM  800 C

P1

U1 5 (b) 

1 GI-XRD

5 SEM

6 1000 C U2 F1, 



F2 Ni(ss)

EDX Ni(ss) 1

2 1.6 ~ 1.9 at% Ni(ss) 

Ti3O5 Ti4O7 Ni(ss) 1

1000 C U2 XRD

Ti4O7 Ni(ss) 1.8 at% 

U2 2 XRD EDX

6

5.

5.1 1000 C

XRD SEM-EDX XRD X

X X X

Lx [9]

Lx
sin
2  ln 

1
1 G       (1) 

, X G X

Lx 0.99 

SEM-EDX X

Le

[10]



Le = 5.025 × 10-12 AE5/3
0

s Z8/9       (2) 

A, E0, , Z

s 0.182 (1), (2) X Ni TiO2

X 7.4 m 27 m Ni 0.44 mm

XRD SEM-EDX

Ni(ss)  

1.6 at% ~ 1.9 at% 2

Ti3O5 XRD SEM-EDX

7

XRD

Ti3O5

Ti3O5

7 1000 C

1000 C

Ti3O5

Ni(ss)

Ni(ss)

Ti3O5



Ti3O5

5.2 

[11] 1000 C 10-2 atm

10-4 atm 946.1 kJ mol-1

 4H + O2  2H2O       (3) 

 RT ln pO2 = 2 G (H2O)  4 G (H) + RT ln pH2O
2/pH

4   (4)

1 1 atm 10-4 atm 

8 3

 i) High energy state, ii) Energy released state, iii) Equilibrium state

2 1) Releasing energy process, 2) Relaxation process

i) High energy state 

2) Relaxation process ii) Energy 

released state

TiO Ti2O3  Energy released state

Energy released state 2)

Relaxation process iii) Equilibrium state Relaxation 

process

800 C 1000 C

800 C Relaxation 



process Energy released state Ti2O3

1000 C

Relaxation process Energy released state 

Equilibrium state Ti3O5

[12]

8

6.

Ni-Ti

Ni3Ti



7.
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