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Effect of Crystal Aﬁisotropy on Mechanical Properties of Refractory Metals and

Alloys with cph Type Crystal Structure
Akira TOHYAMA, Kivoshi KIUCHI and Masahiko KIKUCHI

Department of Material Science and Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received March 1, 1996)

Refractory metals like zirconium (Zr) and titanium (Ti) have the excellent corrosion
resistance in highly oxidizing environments like reprocessing nitric acid. However,
there are few experiences for practical use as structural materials of these materials.
Mechanical properties of these materials, so the tensile test and the impact test of
zirconium, titanium, and their alloys were examined with a function of testing
temperature. Both 0.2% proof stress and ultimate tensile strength of zirconium decrease
with testing temperature, it is suggested to play an important role of the low
temperature creep on the mechanical deformation. The crystallographic anisotropy appears
clearly in the impact value of zirconium it has a very low impact value along the
crystal orientation of the cph slip planes like (1010). This property is not seen in
titanium which has the same crystal structure. It is necessary to consider zirconium

showing a remarkable decrease in the deformation resistance along such specific crystal

planes.

Keywords: Refréctory Metal, Anisotropy, Crystal Structure, Crystal Orientation
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Table 1 The chemical composition of the tested specimen. T

Z Ti Ta Hf Fe Cr C O N H
Zr 99.7 % 0.07 | 0.06% 0.01 0.139 | 0.003 | G.0008
Zr-15Ti bal. 15.31 0.008 | 0.047 | 0.007 | 0.003 | 0.072 | 0.0008 | 0.0005
Ti bal. 1.001 |} 0.017 | 0.014 | 0.005 | 0.044 | 0.0054 | 0.0003
Ti-5Ta bal. 5.1 0.020- 0.08 | 0.0031 | 0.0009

* Zr+Hf ¥Fe+Cr




JAERI-Research  96-020

“UoT198d1p SUT[0d 8y} 0}

W01719011p BUTT[0 B4 0] U0T}03J1Ip 100 BUTFING JO ADUAIJIIP 3Y)
UOT)2a11p N0 SUIIIND JO BOUAIRJJIP I} pUB SuQW[oads }S9) STISUI] JO MaTA J2TJRWAYDS y T 31y
pue Suswidads )$3) JORAWI JO MOTA OT)RWAYDS ¥ g 814

Ol
/Y5 m_ﬁ 9 ¢ ME
. LA oL /=
uon2anp Buyjjos oy - == - ‘m I__,I e I e
| _
_

- e - |
St or  o©¢ o
yolou AWwwZ - - |

WweggxolLxXs

uonoalp 7

uonOBIP O

|
W



JAERI-Research 96-020

(=]
I['Il!lill|rIrTIlIll[lll$||III]I_TIl]llIlflill (L?)
- Z
- -
L 10
— & 44 C <l —-H o
- 4 m
| E) 4
- L 12
- o o« _ < < — v
i Doc o o
N o< e 1o
— 40 < 8] - ©
L 4 o™
5 1o
= « ® - 0
L ]
N 1o
= - ® _O<‘.i — ©
- 1e
[ <« o< 32
C a0 o < ]
-lr|||||1|l1_1|1|11||1111|||r||l|1111111_11||l|-O
< o o o o
o © < Y]
(24) eany jo ucionpay ‘vonebuo|3 [ejo ]
=]
Illl[lIllIlIil[Tlll]llII|IIIIIII!I|IIII!II'III[III-g
L 4 o
— o <« 4® —H o
- <4
[ — 0 ]
- aa g, o « <0 33
- [+ 2N a 4
L 2Emm ]
F NN E
- oo =]
- C < « @ — O
i ®e40d 1«
C 4o
- o < « ] - w
C 1o
- o <« < [ ] - O
- 0« < . 419
r o <q | ® i
FlllllllllllllllllllIlllllllllllllll_ll]lll[1l]llll_o
o < (=] <o [w] (=)
[=] [w (=] [=] o
Ly < [&] (&Y} —

(edW) S1N''S'd%e0

Temperature (T)

Temperature (C)
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Fig.3 The effect of temperature tensile test

on the total elongation and the reduction
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on the 0.2% proof stress and ultimate

tensile strength of zirconium
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1507C

50C

Photo. 2 Effect of testing temperature on SEM photographs of fracture surfaces of
Zr-15Ti after the Charpy impact test.
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Photo. 4 Effect of testing temperature on SEM photographs of fracture surfaces of

i-5Ta after the Charpy impact test.



