
i-Hf-Zr-V-Nb

. ., ., . ., 2014 

i-Hf-Zr-V-Nb

1 2 3

-

-

-

i-Hf-Zr-V-Nb

i-Hf-Zr-V-Nb

-

-

-

-

-



-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

X

-

-

-

-

-

-

-

-



i-Hf-Zr-V-Nb

-

-

-

-

-

-

-

-

-

-

-

-

-

450

I, 
a
.

u
.

400

10 20 30 40 50 60 70 80 90

2

(3
1
1

)

(2
2

0
)

(2
0

0
)

(1
1
1

)



-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

(Ti-Hf-Zr-V-



i-Hf-Zr-V-Nb

-

-

-

-

-

[MAP 1]

 C
o

u
n

ts
[x

1
.E

 +
 3

]

70.0

60.0

50.0

40.0

30.0

20.0

10.0

0.0

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00

keV

Z
rM

N
b

M
z

Z
rL

I
Z

rL
a

H
fM

z

H
fL

I

H
fL

r

H
fL

r3

H
fL

b
H

fL
b

2

H
fL

a

H
fM

a
H

fM
rN

b
L

I

Z
rL

e
s
c

N
K

a
V

L
I

V
K

b

N
b

L
a

V
L

a
T

iL
I

T
iK

a

T
iK

b
V

K
a

T
iL

a

Ti — 25.31 %

Hf — 9.83 %

V — 4.57 %

Zr — 7.6 %

Nb — 7.99 %

N — 44.7 %

12000

In
te

n
s
it
y (

c
o
u
n
ts

)

10000

8000

6000

4000

2000

0
0

Channel

100 200 300 400 500 600

Ti

Hf

Zr, Nb

509 (TiZrHfVNb)
60

50

40

30

20

10

0

0 200 400 600 800

N

Hf

V

-

-

-

-

-

-

-



-

-

-

-

-

-

-

-

-

-

-

-

-

I
x
I
x

I
x

-

X I
x

-

I
x
I
x

-

I
x
I
x

-

1E-12

1E-13

1E-14

1E-15

1E-16

1E-17
0

m/z [a.m.u]

20 40 60 80 100 120 140 160 180 200

N509 GDMS mass spectrum

io
n

 c
u

rr
e

n
t 

[A
]

(Ti, V, Hf, Nb, Zr)N/steel

Ti+

V+

Ar
2

+

Zr+

Nb+

Hf+

Ta+

0

m/z [a.m.u]

20 40 60 80 100 120 140 160 180 200

N509 SIMS mass spectrum with oxygen flooding 6*10–6 Torr 

 s
e

c
o

n
d

a
ry

 i
o

n
 c

u
rr

e
n

t 
[c

.p
.s

]

(Ti, V, Hf, Nb, Zr)N/steelTi+

TiO+

VO+

V+

Ar+

Zr+

ZrO
2

+

ZrO+
Nb+ NbO+

NbO
2

+

Hf+

HfO+

1000000

100000

10000

1000

100

10

1

H+

C+

O+

Na+

K+



i-Hf-Zr-V-Nb

-

-

-

-

-

-

-

1E-12

1E-13

1E-14

1E-15

1E-16

0 0 0

time [s]

400 400 400800 800 8001200

N509 GDMS raw data
io

n
 c

u
rr

e
n

t 
[A

]

Ti
V
Zr

N

Nb
Hf
Fe

10000

time [h]

N509 SIMS raw data

 s
e

c
o

n
d

a
ry 

io
n

 c
u

rr
e

n
t 

[c
.p.s
.]

Ti

V

Zr

N

O

Nb

Hf

Fe

1000

100

10

1

0.1

0 10 20

100

10

1

0.1

0 10 15 20 25 30

time [h]

5

N509 SIMS depth profile

Ti

V

Zr

N

Nb

Hf

Fe

I x
/
I x

[%
]

100

10

1 1

10

100

0.1
0

0.1
0

time [s] time [s]

400 400800 800

N509 GDMS depth profile

Ti

V

Zr

N

Nb

Hf

Fe

I x
/
I x

[%
]



100

10

1

0.1

0 5 10 15 20 25 30

time [h]

N509 SIMS depth profile

Ti

V

Zr

Nb

Hf

Fe

I x
/
I x

[%
]

-

100 100 100

10 10 10

1 1

0.1

0 0 0400 400 400800 800 800

0.1 0.1

N509 GDMS depth profile

Ti

V

Zr

Nb

Hf

Fe

I x
/
I x

[%
]



i-Hf-Zr-V-Nb

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-



x



i-Hf-Zr-V-Nb

x


