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Sdto @ d reported a new beta type Ti dloy [1]. Typicd

compasition of this dloy was Ti-23Nb-0.7Ta22r-1.20, and the besic g 1(;)00 e } 90%CWI

structurewas disordered BCC. Thefadllowing propertieswere observed E /

(seFig 1(a) g 800 ,{7 . 0VCW

(1) NorHlineer dlatic propertiesand very low Young'smodules _g 400 M'_ The alloy

(2) High strength and nowork hardening g — (CW:cold worked) -

Fabrication & room temperaure by 90% reduction in areg, and = Oo 2 ' 4 ' 6

oxygen containing enhanced the propertiesindicated above. As aresut (b) Strain/ %

of vaious dudies Sato conduded that this dloy possessad a © 41 Nb > 90%CW

didlocation -freemanner in the plagtic deformetion mechanism. = _
XAFS dudy were paformed for the ske of interpreting these :%L 2 Octahearal site

phenomeng, and showed the different surroundings of each atom. Near T Zr

the Zr aom, it wes suggested thet some oxygen d@oms were in 00.0 02 04 0.6

octehedrd sites On the ather hand, dmost no oxygen was near the Nb r/nm

aom (see Fg. 1 (b)). Comparing these two Species of the aom,

displacement of Zr caused by thefabrication ssemed to belarger. Fg.l: Mechanicd properties (8) and Fourier

[1] T. Satoet d: Scence 300, 464 (2003). transformed spectra (b) of thisdloy.
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A New Beta Type Ti Alloy

L !

Gum Metal (Brand Name)
The Metal with Flexible and Tough Properties like Rubber
(Gum)
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Mechanical Properties for Gum Metal
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Cold-Workability of Gum Metal
Cold Rolling Cold Wiredrawing

t=30mm - t=0.03mm ¢ =13mm- 3mm- 0.3mm

99.9% 99.95%
Reduction Rate of Cross Section Area

These Fabrications can be done without any Heat-Treatments.
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Effects of Oxygen contained in Gum Metal
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Before Cold Working
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After 10.6% Deformation
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Deformation of Gum
Metd

!

Another Manner than e
the Usual Dislocation [
Mechanism : oo

L
7 TOYOTA CRDL, INC.



Intensity / count

200000
180000
160000
140000
120000
100000
80000
60000
40000
20000
0

X-ray Diffraction Pattern

— CW-92%
bce 211
+= 10000
S 8000
Q
~ 6000 A
> /|
[z o~ — _/ / \\
S 2000
= 0 o~ . 4 \
50 60 70 80 90
| It 2theta / deg (CuKa) A
_JJ k% AN
- | | AN
20 30 40 50 60 70 80

Simple “bcc” Structure

2theta / deg (CuKa)
7L TOYOTA CRDL, INC.

90



Crystal Structure of Gum Metal ==) Disordered “bcc’ Lattice

for Local Structure Study using
XAFS Analysis
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Information about the Crystal and the Deformation Mechanism
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Samples for this XAFS Analysis
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1.2 — Before CW (0.1%0xy)
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Fourier Transferred Spectrafrom Zr K-edge
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Fourier Transferred Spectrafrom Zr K-edge
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Samples for this XAFS Analysis
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Fourier Transferred Spectrafrom Nb K-edge
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Fourier Transferred Spectrafrom Nb K-edge
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Comparing of Surroundings between Zr and Nb atoms
Nb Ti Oxygen

AN
PLSTSTSnE

Around Zr Atom __— Zr
(1) Atomic displacements are piled up.
(2) Oxygen atoms are in octahedral sites.

Ti

Change of Distance between Nearest Neighbour Atoms caused by
Cold Working 1

Very Large (Detectable on the FT Spectra)

Exist %ce of Oxygen
(A Probable Important Factor for the Atomic Displacement)
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Conclusions

(1) Large crystal lattice distortion caused by cold working
IS one of the most important factors of the plastic
deformation in Gum Metal.

(2) Comparing of surroundings between Nb and Zr atoms,
atomic displacements are piled up around Zr atoms.
Oxygen has tendency to be in the octahedral sites near
Zr atoms, which is a probable important factor for large
atomic displacement around them.
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TEM observation

Cold Swaging
(90%)

Ti-30Nb-10Ta-5Zr (+ O)
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Dark Field Images Rotation Axis
? e~ of the Sample
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Gonio Tilt: -9.4°
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Dark Field Images Rotation Axis

Gonio Tilt: -1.7° of the Sample

Gonio Tilt +6.1°
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Gum Metal Crystal
distorted by Cold Swaging
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