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Design and Evaluation of Super-Heat-Resisting
Nb-Based and Mo-Based Alloys

Masahiko Morinaga *, Shigeki Kano™, Satoshi Inoue’, Jun-ichi Saito”,
Yoshiaki Tachi™, Toshikatu Yuzawa and Katsuya Manabe

[PURPOSE]

Both Nb-based and Mo-based alloys were candidate materials for the structural applications
in advanced nuclear power systems. Based on the extensive study of these alloys, provisionally
designed alloys Nb-W-Zr and Mo-Re-Zr alloys, have been first selected. In this study, mechanical
properties and corrosion resistance to liquid Li of these alloys were investigated in order to
design high performance alloys.

[EXPERIMENTAL METHOD]

With provisionally designed alloys and many experimental alloys, micro-Vickers hardness
was measured extensively. All of these specimens were heat treated at 1500C, the higher
homogeneous temperature than previous one, 1050°C. Bending test were also performed. For
Nb-based alloys, same test was also carried out with some binary and ternary alloys in order to
establish the guide for workability. In addition, the provisionally designed alloys were soaked in
the liquid Li at 1200°C for 1 hour. The weight change measurement, SEM observation, EPMA/EDX
analysis and x-ray diffraction of corroded surface were carried out after corrosion tests.

[RESULTS] _
(1) Newly developed prediction method was proposed for the micro-Vickers hardness of Nb-based
alloys . The parameters used in the previous prediction method, atomic radius and Young's
modulus, were no longer used, and instead the d-orbital energy level was employed in the new
method.
(2) The bending angles of provisionally designed Nb-based alloys were large enough while those
of Mo-based alloys were small. In addition, it was found that the hardness could be used as an
indication for the workability of Nb-based alloys.
(3) Both provisioally designed Nb-based and Mo-based alloys had good corrosion resistance to
liguid Li. However, weight changes were quite different between two alloy systems. Some
compounds were present on the corroded surface, but they were not identified yet.

[CONCLUSION]

The micro-Vickers hardness test, bending test and liquid Li corrosion test were carried out to
select the best designed alloy. However, the first designed alloy that is planned at the end of this
year was not selected, This is because there is the lack of clearly guiding principles on the liquid
Li corrosion resistance and the weldability.

Work performed by Masahiko Morinaga under contact with Power Reactor and Nuclear Fuel Development
Corporaticn
PNC Liason: Oarai Engneering Center, Technology Development Division, Frontier Technology Development
Section,
Yoshizki Tachi
* Toyohashi University of Technology
** PNC Oarai Enginecring Center
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Tablel-1 ZLEAIFIKEEEEDHE(at%)

T NbEESE SN
Nb-1W-1Zr

Nb-3W-1Zr
Nb-5W-1Zr

MoZE &4

Mo-7.5Re-0.57Zr
Mo-15Re-0.5Zr
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Table1-2 NbAAEDM & B ERH R

EREE @%)| 357 Ra4Tar%) &4 (at?
AL IL3 at%
REEBES - BRAEE k)
5.0Al 5V-17r 31Ta-4W-1Hf-1Zr
0.5Ti 10V-1Zr 36Ta-3W-2Re-1Zr
3.0V 20V-1Zr 31Ta-9W-1Re-1Zr
0.5Cr 36Ta-3W-2Mo-1Zr
0.5Mn 5Mo-1Zr
0.5Fe 10Mo-1Zr AW-4V-1Zr
1.0Co 20Mo-1Zr 6W-4V-1Zr
0.5Ni 4W-2Mo-4V-1Zr
5Ta-1Zr 6W-6V-1Zr
g-gﬁfo 10Ta-1Zr
. 2 -
= ORu O0Ta-17r
5.0Rh 5W-17r
2.5Pd 10W-1Zr
5.0Pd 20W-17r
| HEEE (wit%
2.5Hf SRe.17r BEE (%)
5.0Hf 10Re-1Zr Nb-1Zr
5.0Ta 20Re-1Zr FS-85
5.0W | Pure Nb
;_%‘I){W 5Re-20Ta
Sii © 10Re-10Ta
0 %Re 15Re-20Ta
iy 20Re-15Ta
5.0Ir
0.5Pt
5.0Au

¥ 3MARB L UHEEE

_26_

i3, TR~ SRR
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Table1-3 MoZE & D IHERAHRE

2TCREE (at%)

_ % _ %
3STLREE (at%)| LTLREE (at%)

REFEBEHS
0.5Ti 5V-0.5Zr 5Re-3W-0.5Zr
0.5Cr 10V-0.5Zr 10Re-3W-0.5Zr
0.5Mn 20V-0.5Zr 15Re-3W-0.5Zr
0.5Fe 5Nb-0.5Zr 15Re-6W-0.5Zr
0.5Zr 10Nb-0.5Zr 20Re-6W-0.5Zr
2.5Ru 20Nb-0.5Zr 20Re-OW-0.57r
0.5Rh 5Ta-0.57r
0.5Pd 10Ta-0.5Zr
5.0Hf 20Ta-0.5Zr 34W-5Ta-0.5Zr
-7.5Re SW-0.5Zr 34W-5Ta-8Re-0.57r
10W-0.5Zr 35W-8Nb-8Re-0.5Zr
20W-0.5Zr
5Re-0.5Zr -
10Re-0.5Zr A4 wt%)
20Re-0.57r
TZM
15Re-5W 0.5Ti
15Re-15W 13Re
20Re-20W pure Mo
25Re-10W :

¥ IMABLIURBEEZEUCETRESIE. TR~ 4FEBEM
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Tablel-4 NbEEE DM S B R

2TEREE (at%) 3TLHREE (at%) ETREE (at%)

HoEA BSHv)| =42 T8 S (Hv) BEB & X(Hv)

5.0Al 174 5V-1Zr 173 31Ta-4W-1Hf-1Zr 161

0.5Ti 89.5 10V-1Zr 212 36Ta-3W-2Re-1Zr 192

5.0V 174 20V-1Zr 300 31Ta-9W-1Re-1Zr 218

0.5Fe 121 36Ta-3W-2Mo-1Zr | 177

1.0Co 141 5Mo-1Zr 166

0.5Ni 123 10Mo-1Zr 198 1W-1Zr 122
20Mo-1Zr IW-17Zr 141

0.5Zr 93 SW-17Zr 175

5.0Mo 176 5Ta-1Zr 103 _

5.0Ru 276 10Ta-1Zr 115 4W-4V-1Zr 185

5.0Rh 218 20Ta-1Zx 120 6W-4V-1Zr 203

2.5Pd 153 4W-2Mo-4V-1Zx 201

5.0Pd 212 SW-1Zr 176 6W-6V-1Zr 227
10W-1Zr 222

2.5Hf 115 20W-1Zr 345 hEEE (wt%)

5.0Hf 167

5.0Ta 129 5Re-17r 232 2l 47, E 2 (Hv)

5.0W 182 10Re-1Zr 339

10.0W 231 20Re-17Zr 498 Nb-1Zr 118

2.5Re 180 FS-85 201

5Re 232 Pure Nb 59

10.0Re 366

15.0Re 460 5Re-20Ta 385

5.0Ir 267 10Re-10Ta 446

0.5Pt 111 15Re-20Ta 531

5.0Au 285 20Re-15Ta 592
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Tablel-5 MoZEEEH DM I S ERFER

ITEREE %) 3R EE (at%) ZTLREE @%)
Eaw 2 B3MHv) | #F¥4 E 2 (Hy) By 2 & (Hv)
0.5Ti 190 5V-0.5Zr 257 7.5Re-0.5Zr 226
0.5Fe 177 10V-0.5Zr 217 15Re-0.5Zr 274
0.5Zr 181 20V-0.57¢ 301
2.5Ru 322 5Re-3W-0.57r 222
0.5Rh 215 5Nb-0.5Zr 244 10Re-3W-0.5Zr 251
0.5Pd 182 10Nb-0.5Zr 249 15Re-3W-0.5Zr 321
5.0Hf 381 20Nb-0.5Zr 325 15Re-6W-0.5Zr 314
7.5Re 197 20Re-6W-0.5Zr 326
5Ta-0.5Zr 202 20Re-9W-0.5Zr 368
10Ta-0.5Zr 260
20Ta-0.5Zr 342 34W-5Ta-0.5Zr 253
34W-5Ta-8Re-0.5Zr 282
5W-0.5Zr 190 35W-8Nb-8Re-0.5Zr 353
10W-0.5Zr 276
20W-0.5Zr 296 HEEE (wt%)
5Re-0.5Zr 191 A iE S (Hv)
10Re-0.5Zr 210
20Re-0.5Zr 300 0.5Ti 178
15Re-5W 269 13Re 195
15Re-15W 306 pure Mo 190
20Re-20W 385
25Re-10W 339
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Table1-6 NbEESEDOMIB X FBofE

Bo Md

Ti 5.470 3.017

\' 5.481 2.319

Cr 5.463 1.826
Mn 5.319 1.287
3d g 5.193 1.262
Co 5.012 1.182

Ni 4,901 1.015

Cu 4.709 0.477

Y 5.761 4,229

7r 5.828 3.666
Nb 5.867 2.999
Mo 5.825 2.376
4d Tc 5.659 1.744
Ru 5.259 1.384
Rh 5.130 1.366

Pd 4.925 1.021

Ag 4.692 0.517

Hf 5.890 3.758

Ta 5.930 3.139

\"Y 5.905 2.540
54 Re 5.750 1.925
Os 5.452 1.398

Ir 5.250 1.431

Pt 4.854 1.049

Au 4.707 0.484




PNC TY9623 94-004

1E)

ol — A& /My (EE

600 T

500 |

R =038 el

400 |

300 |

200 [

100 gt

Fig.1-3

0.05 0.1 0.15 0.2 0.25

NbZEEEDIEX & AMAD %



PNC TY9623 94-004

2 o ]
- e B S (1050C) B
100[ g FEE (1500T) I

Yy h— A& /MHy (EEE)

0 0.05 0.1 0.15 0.2 0.25
AMd

Fig.1-4 ¥ZBREEDREL 5 NbESEDOWES
& AMAD R



PNC TY9623 94-004

400 |

m . © ]
— L L] 1
350 \‘~ Hf —
;EfK/ . ,,;.o""ﬁﬁ | ®

1 i Ru * Y. _ﬁ;ﬂ“ﬁ
> 300 | e &
w250 | LI PR
r< 1 = _,,.f-"’sﬁffﬁﬂ.:
D200 fromet ]
= SR R*£0.56 |
; ] L1 1 1 i Lk 1 L Lol L 2 Lo L. L - I T | I W] i
ny 150

150 200 250 300 350 400 450
Yy h—AMEE/MHv (GHEE)
FHEA

Hv=-13.5 3 (ARwm * Cx)}+54.9 3 ( ABEw - Cv)+195.7

AEw:Mo & IRINTLEME DY ¥ 7 55 (TPa)
ARw:Mo & IMIITEEM & DFET-FEZE (A)
Cu B ETLR DIRIME (at. %)

Fig.1-5 MoEEE& DM S OEEME LETEME (1050C) DR



PNC TY9623 94-004

400 T
i ' .
& 350 proreSpy S
% - "€—Ru . 7 .

300 ; g . o]
- [ _,f"/ .
E : ) . o.ﬁ&"#“ ° :
XU 250 B e -
t%-( 3 {_.,;#?“"Jy:" . ]
AT S .
= - 8 R’:0.56 |
:’\ ‘150 3 | I T -] b I - . Lt LK LI Ll i L ]
A 150 200 250 300 350 400 450

Yy — AWM S /My (FIEE)
E1RC

Hv=-13.52 (ARwm - Cu)+54.9 2 (AEm - Cw)+190

ABw:Mo & ?ﬁﬂﬂiﬁ%M & DY v JERE(TPa)
ARm:Mo t_z?ﬁﬂ[ljﬁﬁM & DEFHIEZE (A)
CuEEITLEDRINE(at. %)

Fig.1-6 MoEA&&NTE S DEERE L FHEME (1500C) DR



PNC TY9623 94-004

Tablel-7 Mo &4 OMAB X 'Bofi

Bo Md
Ti 5.238 2.799
Vv 5.212 1.893
Cr 5.068 1.187
3d Mn 4.849 0.781
Fe 4,716 0.691
Co 4.614 0.667
Ni 4.459 0.265
Cu 4,248 - 0.307
Y 5.549 4.233
Zr 5.511 3.457
Nb 5.578 2.651
Mo 5.453 1.890
4d Tc 5.236 1.237
Ru
Rh
Pd
Ag
Hf 5.630 3.523
Ta 5.642 2.819
\Y 5.554 2.113
5d Re 5.337 1.462
Os
II'-
Pt
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Table2-1 FTEMEIREESED
3 0 BT B BRkS SR
NbEEE

o HAYBE| BReh
(at%) () (MPa)
Pure Nb 159.1 101.2
Nb-1W-1Zr 154.6 126.4
Nb-3W-1Zr 158.9 163.1
Nb-5W-17Zr 158.0 226.1
MoEE&
A M BE|l BEREH
(at%) () (MPa)
Pure Mo 163.5 216.7
Mo-7.5Re-0.57Zr 5.2 240.9
Mo-15Re-0.5Zr 53.3 3634
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Table2-2 NbE2ITLHREE D3 H HITHRERE R

e HS) | BERIDT

(at%) (FE) (MPa)
Nb-5V 159.1 252.5
Nb-5Mo 160.9 288.1
Nb-5Ru 204 468.9
Nb-5Rh 16.3 349.5
Nb-2.5Pd 156.5 201.8
Nb-5Pd 54.2 404.0
Nb-5Hf 163.3 253.7
Nb-5Ta 156.6 154.3
Nb-5W 159.6 247.7
Nb-10W 11.7 351.8
Nb-2.5Re 157.3 207.5
Nb-5Re i6.1 382.5
Nb-10Re 3.3 —
Nb-15Re 6.4 —_
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Table3-1 WAALIFE S EERFE (at%)

— NbEEEH T 7V —

Nb-1Zr (HE#T)
Nb-1W-17r
Nb-3W-1Zr

Nb-5W-1Zr
\_ Y,

—MoZEEH A 7T —

Nb-1Zr (HeBH)
Mo-7.5Re-0.57r
Mo-15Re-0.5Zr
Mo-15Re
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(”ll-

Table3-2 #HERSM:

Af% (%)
LiOHE 99.9% Na:0.008 Ca:0.002

o Fe:0.002 Mg:0.001
E&l6g K:0.001 N:x0.009
- NbEEERT 7N ~
REBHHMARRED 7T — Ty 7 A AREREN
MEME lppm WT
o (gE) (LitERiR)
BZXEE 75ppm 81ppm
K 4ppm 16ppm
REARYE LB —-7 Ry 7 ANEERES
BRRIREE lppm BT
o (E) (LitRifR)
ZFEE 37ppm 49ppm
RG> 2ppm Sppm
N J
-~ MoE &R A 7t ‘ ~
HRBFHARRBO IO -7 Ry 7 ANBERES
BARBE Ippm MT
LR (Lism)
EFXEE 28ppm 3lppm
IK5F 3ppm 18ppm
HEBEFROYHB LB 7o -7 Ry 7 ANEERSEMS
BRRIRE Ip%m pr
. (w8) (LiERaER)
EREE 33ppm 31ppm
KRGy 3ppm 11ppm _
\. /
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Nb-base alloys

L
WY
<

Upper stage
Middle stage

&

o

o0
T

0.06

004

0.02

Weiht change, AW /mg-cm™

0
Nb-5W-1Zr Nb-3W-1Zr Nb-1W-1Zr  Nb-1Zr

Fig.3-2 NbEAE OWALIE A ERR



PNC TY9623 94-004

Table3-3 EALITEEREHE R

NbEAEER B 7N
EEL(LE ERTE
(ﬁiﬁi}) TE (mglent ) P (mgfem )
Nb-1Zr +0.082 +0.091
Nb-1W-1Zr +0.028 +0.028
Nb-3W-1Zr +0.073 +0.079
Nb-5W-1Zr +0.072 +0.073

Mo /:.\ ~F 7 S L
Ea®

W S = EEZ{LE

(at%) LB (mgfent ) FE (mg/em )
Nb-1Zr _ -0.008 - -0.008
Mo-7.5Re-0.5Zr +0.001 . 0.000
Mo-15Re-0.5Zr -0.007 -0.008
Mo-15Re -0.007 -0.003
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Nb-base alloys
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Mo-base alloys
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g O OB OB DHgE 0 wix
T # 5 M i
Ca 0.001
Fe 0.001
Mo 0.005
Ta 0.03
ir 0.001

]
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BEEOMEL L ORI TER
(BB A —H — 12 & A45HE)

JEORL T W

RARE METALLIC TO. LTD.

ISHIKAW A BLDG.
20-1. MISAKI-CHO . 2 GHOME -
CHIYODA-KU: TOKYO: JAPAN 101
Tel:03-3263-6948 . Fax:03-3263-6859

REPORT _OF ANALYSIS .

Material: Tungsten,  Shot (W lome ¥ 1. 5mu'  Quantitv___ 100g
Lot %o: 40420~ 14% Sample Ho: . Purits: 99. 9%
Customer s Name:  BBHGEIRYE , Invoics ¥
Dato: 1904, 05, |7 ' .

Element ( Impurity ] Determination { k3 L ppm)

Az ‘ iess than 0 ppw

Al l=s$ than 10 ppu

AS less than 10 ppm

Ba less than 20 ppm

£ less than 30 ppm

€a less than 30 ppm

Cd less than & ppm

Co less than 3% ppm

Cr less than 10 pom

Cu less than 20 ppm

['e less than 59 ppm

K less than 10 ppm

i l=ss than 10 ppm

Mg less than © ppm

\n less than b ppm

Mo less than 300 ppm

N less than 10 ppm

Xa less than 20U ppm

b less than ;5 ppm

N less than 20 ppm

0 less than 30 ppa

F less than 50U dpm

Pb less than 1D ppm

b less than  F ppm

Si less than 20 ppm

Ta less than 20 ppm

Ti less than 20 ppo

i less than L0 ppm

r less than 20 ppm
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BEROMEEB X AP TTES
(BB A — B — 2 & 5 45Hr{E)

JEE . Mo

RARE METALLIC CO. LTD.

ISHIKAWA BLDG.
20-1. MISAKI-GHO 2 CHOME
CHIVODA-KU. TOKYD. JAPAN 131
Tel:03-3263~6048 Fax:03-3263-6859

REPORT OF ANALYSIS B

¥aterial: Molybdenum, Shot (M) 2mng X 2. Eﬁm' . Quantity 344
Lot No: 40420-144 Gampls No: Purity: $9..9%
Customer- s Name: Wi A invoice Ne.
Date: 1994. 05. {7

flement § Impurity ) Determiﬁatién { % X “ppm)

Ag less L'Hé_'m 5 pon

Al ' less than 20 pon

As less than 10 ppm

ba less than 20 ppm

¢ less than 30 ppm

Car less than 21 ppa

Co less ;llén #0 ppo

Cr less than 20 pPm

Cu _ les_s t_han 'ZlD ppm

P less than 100 ppm

K less than il pom

Mg less than %?ﬂ‘ppm

Mn ‘less than 55 ppm

Na less than 10 ppa

bt less "l;h:':m, i'U rpm

p ~ less thaii 20 ppm

Pb ‘ less than 10 ppn

S : less than 20 ppm

S les:s than 30 ppm

T less than 130 ppm

W

less than 306 ppm
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BEROMER L UMY TR E
(FR A — 7 —Z X B 55H7fE)

JFBL | Re

Report of Mnss Speciengmqihie Ansiysls

AR NORHEW ANALYTICAL LABORAIOIY *<

23 Copol Siteel, Merimack, Hew Hempehire 03054
Phone (B03) 429:9500 Farx {603} 429.9471
GLOV DISCHARGE SIRRVEY

SAMPLE N, Il‘i".:-‘:
PLATE NQ. Climax
DATE; 6/3/91

B.

Ubman

Climax Halybdenum Co.

REhculum

Lot # 5-8-93/1

F.if. 7 Vurhbnl/Tiinnn

Shipping emo 3-121R2

ANALYSIS ppma  ppmw || ANALYSIS ppma ppmw J| ANALYSIS ppIma pprnw
Li 5.04 As b4 5m
Be Se +Eu
0.2 Br Gd
F R Tb
Na v.0G Sr Dy
Mg 0.3 Y He
Al 0.9 Zr 0.2 Er
s 0.7 Nb Tm
r u.07 Mo i3 ¥b
5 0.7 Ru Lv
(=} to Rh Hr
K 0.05 Pd mE
Ca 2 AE w 25
S Cd £0.3 Re Ha for
Ti 0.4 In 05
v 0.2 S £0.1 Ir
Cr 4 Sb [
kin 0.1 Te Au
Fe 20 T Hg
Co 2 Cs m
Mi a Oa Pb . 0.4
Cu 4 La Bi
Zn 3 Ce T
Ga Pr u
GCe Nd

NOTE: Elemenis not reparted less thaa:

O.innm

TO:

Bo Clunan - Morwalk

FROM: Jerry Baker - Coldwater

Sintered Ahenium Pellels

Oxygen
Carbon
Sullur

Nitrogen

Per Celdwater Leica Analyzer

AMALYSIS BY: Rich £ ldplont
=

RHENIUM AMALYSIS

May 19, 1693
Lot 3-9-93 Lot_5-8-03
71 ppm 50.1 ppm
22 ppm 15.6 ppin
B ppm 10.7 ppm
7 ppm 0.5 ppm
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EROMEBI UMY TES
(Eﬂ%—ﬁ—mi%%ﬁ@)

BRATES:91090079 ARERNES
. _ _ F—k—FulBRREE ForEIE
3 {4:1981-02-05 & 0 EE R
- % = & Let No % . = % & (%)
(%) THRERPEE BoO# Fe c | w ) SN
HERA —F —Fo misr | 0.15 max | 6.025 max | 0.005 max | 0.07 max | 0.007max
——————— E-654 0.044 0,001 0.001 0.043 {0.001
m e h . A4 X
Spa-vAARNyY (RG) ] Lot Ne b0 = - BE % (%)
1.3a0~33na R Mg 5 i ce } sn | B
2 A A B | 0.02 max | 0,005 wax | 0.02 max ! 0.003 max | 0,.00toax
13. 0k, £-634 {0.02 (0.003 0.005 § {0.003 {0.0001
Ske X 3 65 I
] A # it Lot Na £ oo . BE % %)
e EXS & & HE Zc | i
w7 B 10010 max ! reo ]
E-654 0.004 rea

rRER G EARELASLELOTHA S L EMWLET.,

BEELE T yQJZ,T%
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1994.2.8 &M
Nb-1Iro ) F O LREARBRER (FHRSE)

1. B 1993%8A~124#
2. REER HATA

3. HBREHSE ®HE. ®H

4 HEREHN

FrRifMNTsmAGe0 I Fr LT AR MELTFHETILD., TOFHOEREE
BAN-LIric2WT, VF P LPRTORAREEZHE~S,

5 WEHFE .
Eh-1Ir®l O &+ Sl ohic, Wh-12rBBERF AN, BBV F Y LMCERBARLT
RBRFORAEHER~I,
) RBEF+ 2L
BlicR+ THEEHR2ERLAN-IIHoEMFEZ0F+ 7L ZRA VS,

2y HehRh
@ & 10X10x2mm
@ B¥ BR12/F+ 7T
® HH Nb-1IZr. NOEAE. NoE & &
3 vFL
B 99.8 %Rtk

) RBERUY F9 408545

REBEREVVF D LOF THELA~NDHEA2AHSFZTLI BRSO Yo — 7%
v ARATITY. EHRAAFIER. VF v LEMBTIHR. BT+ v 7TEILAK
B (10¢X501) DUFvLEAN, SV FE—FTH+ 7TRAEMBLT
VFOLEBINL, TOLMORBAEHBRAAL AL -2 AN, BILY T
L icEHEBRE LY - 2dH b,

VF O LAEMBRT RO 0 —~THy 7 AREHRUTET 5,

rau—-7Hy 7 ARBHESEHE

BEREE lppmkElTF
EREE 100ppmBlTF
. =1 -6 1T (k4 1oppm)BLF

ABERF#srakod+y 7R, B —T7Hy 7 ZAATND -1 Z r8io

Fr 7EARMBEEORCAN S,
B F+7ENOINH

Lfio& r 7ELEBESFITAN, MBT 5.

—EHEOOMBEEIUTEL, ThELERKBDET.

O EE 12000

©® B 100%M

6 mMBEOLBRE OBE
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EMBETE, YO—THy 7 ABTF+ 7 ELEMBLTY FOLEEIL,
Fr TRADSRBEANF—EMO BT, $4, REEOY 77 APRANES
FEB3RBDUFILERAF Y LR Ay TICERT %,

JF B LD otk Y — S EART YESTHREBL, VF Y LERER
FAS - ORBEEROMT, 0%, RRAOERANER CABBREE TV,
BERREBET 2, RRFBEE%R. ALRBRF 2 LROE[CH > THCT++ 7
ENRESRS, BICRTESETNHT S,

AFVLRAGy TEERLAYF oL, ERREESNRT 3,

PLELEOBBYET,
6 HERESR
6. 1 EHH(Nb-1Zr)E 5
ERMASESOBAFEOERL T EAH., AIEATLAN-1Irk>2WTHEARKES
B,
() HE8K
“HME  Nb~-1Zr (EE#)
ma (%)
C =0.01 Si =0.005
N =0.01 W =0.03
0 =0.015 N i =0.005
H =0.001 Mo =0.005
Zr 0.8 -1.2 Hf =0.02
Ta =0.1 Nb Bal
Fe =0.005

- B 1200°C X 8049 H 22 el
2 F+FwN
FyFEIRD C-2

6.1.1 BHEHEERI

n UvFoi
BLEE - 99.8 %LELE
e (%)
Na:0.010 Ca :0.003
F e :0.002 Mg :0.001
K :0.001 N.: :0.022
R l6g

2 HRBARUREBRORNLY ~-~DHEILAL
ABRAFR. ++ 7EELAOBRBENEHOBBIRKOVWTLAEANRZZH, UTOL5i3
BARBRAFLS—t, B2EASH6EL2HM ALK,
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(3

(4)

{5

Fy T ENMAME HREERA

LB NBR~5, NBR-6
R WBR-3. NBR-4

TE NBR-1. NBR-2

SBEEBLPYFYLOF+ TELADHARASL
HEEEIALED I o~T7HEy 7 ARSHEASEE

BMEREE 1 ppm BAF
&= ~61°C (/K4 9 ppm) —~ —48°C (K4 49 ppw)
(M (U F7 LiBpE)
BREE #7150 pom (HEFE)
R 8 o i E E
iR B 1200°C (b —# 8K : 12307C)
110 & B 1) 100 hr

FoeTEALDPOSODEBRFRUVYF P LOBDOEL
-7 Ry 7 AABHSKES (VF 7 LABRT-ERE)

ExEERE 0.8 ppn — 0.2 ppm
i 3= —65C (k% 5 ppmd — —52°C (K4 3lppn)
Y F L E

HZERERT, VFOLPABELTHWAHETFIRE W,

Y FOLRIEER

N (wt. ppm)
1 21.6
2 32.0 iy 26.8
3 450

6) MBxBFEORRAFAR

RERBEREZR-THEL, BHRMNEOE(LBE W,

M migoRBRroER

gzER
Bk

S g

A w T

ERRETHEBIIL-/L. BEOBHEUEIEBRFOHEIALZNBETENELEL, —F
ToHBRRFOoE#RY (BEHI0 P L2BOLOREXTHLEREM .

6.1.2 BEHER2

HEEUHARI T, RRAFOHSRABNBERE - TEERBCENELLALD, TOHE
REBARILDICHIRAOBREZOLBVWHFLVWESE (H2) TERBRET -

(1 UFoL
i B 99.8 XEE
et (%)
Na:0.010 Ca :0,003
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Fe:0.002 Mg :0.001
K 0,001 N: :0.022
HE 16g

2 BRBRALVFI-—~OHBRF#EH2%
HEBERd, RRITRERET - bD6BL., FRABRA B0 1 2EEL.
EE@RUToL), BLERKERELFRORBRZ 2H S HaAT LI LR,
CoT. BEHBRFOEERERBRL EALTH 5,

vy TEAVARLE mEARA FREERR
& NBR-5, NBR-6 | NBR-11, NBR-12
R NBR-3, NBR-4 | NBR-9, NBR-10
T NBR-1, NBR-2 | NBR-7, NBR-8

B REBABLSCVFILOFy 7RV NOEELAD
RBAESRLBO/O— TRy 7 ARFEREH

MEERE I ppn ELF

=] —81°C (k% 9 ppm} = =37°C (K4 179ppm)
(D (Y F o LERE)

EEREE 210 pom (H w2 ZRBELpuBl FTL ST, COE

THEHE) '
1) RBRF OmMEERE
fo #4i3 BE 1200C (E—F B K : 1208°C)
i E 100 hr

6) RBEOF+ P IRTRNAE R
e T EANMEEOATEERERB LA LS HERNS - 2. BBER. BX

FEORLBENIANTVWAROMNRBREINRALOT, TOHAIZIDESEHEARKEAL.
BIULLAbDEEDLRD. FLEXTANFER. BMIRETH 32, FLE( A
54 b:Si0-AlL 0 MAEAS I~%m ORI TCERBRE(LTVAIEN D, &
+FELDSREMUA)F Y LERNLS A P ERIGLTHOMENTE, ThE
LS4 M LORBEEC L - THIBIHANEL L LD EBDAS,

6 ++7EAPCORRARGY 7o LORDWL

o7 Hy s ANBEREE (VF Y LERT-ERE)

By R B 0.7 ppo - 0.3 ppm

HEEEK 93 ppm - 83 opre

A —64°C (K% 6 ppm) — —47°C (K4 56ppm)
s ) F LA

BHICIYF7LNEN (FHHEAZR) ERBLAXI RENERS
hTHED. TORLHNORREBHBRLVFILOBELD100 TUESH
ke ABOQUFoULRELRERL TV,
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U FOLGIRER

N (wt.ppm)
1 1510
2 1480
Eig 1500

DFOLBENAGEVWOR, RRPEBEREFLENEN, TR+ y
TELMARHKALRLHEEL SN S,
M MBRORBRENE
e, FHOVWTFhoRBEF L, FHREXARER>TEH., RNBWE 0TI
Wig
B maMEoRBROTER — K 3
fil, FRRBKLLARRR2TRER N >, REOEERIN0 ng BTT,
RBHAOMNIABMBICEEERAECADh oo, TRCHMIAALRBRE I
ORBAERIENTOPHBEOREN/ IS Mok, SERBRCHHLABRFERME
FOBEENICHUTEME VLD, COLRMIAIMAOBERLIZbDLEE
bhis,





