2. Nlobium Material for SRF Cavities

2.1 Niobium Mien
2.2 High Purity Niobium Industrial Production
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2.1 Niobium Miens

Niobium mine:Carbonatite

Big three mines in the world
Brazil Araxa’(

Catalao
Canada St.Honore

L | ,atafa{:h iJ

jAraxa

Niobium is 339 abundant metal element in the earth.

B1 {EfRo—4 7HiEH (m)
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Niobium Mien

- .

i, Brazil, CBMM, Araxia Mine

W
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Process of Niobium Refining

CBMM

Nb Ore Crashing — Concentration
Pyrochlore Float-selection

@ / |n|ng

g Burnlng @ 700,1100°C
(Evaporate S) \
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2.2 High Purity Nb Industrial Production

1. Mother Material

TELEDYMNE WAH CHANG
ALBANY

Nk Grade 1 powder
-60 +200 Mesh

2. Pressing

Size:
65x80x380 [mm]
4 Weight:

12.5 Kg / block

3. EB Melting(1st)

The material is
supplied from
Side bar feeder.

5. EB Melting
(Z2nd, 3rd)
The material is
supplied from
/ electrode,

5. Cutting 9. Annealing 13. Chemical Polishing
— Fmrging P —— ?E{U:;-?; 1Tit::nln ‘

Test Piece
— RRR,X-Ray, ICP

~, Base plate:
Use for next Ingot

6. Forging 10. Rolling
I | ‘ | Cald Farnina 40 WX L [mm]
Cold Forging
This process is
done at another ___-° -
company. 0'

7. Mechanical
grinding

11. Cutting

Remove a scale 4.0 xWx L [mm]
35%195 %L [mm]

8. Rolling

12. Polishing
14 xwx L [mm)

159

HF:HNG,:H3PO,
=1:1:1

14 Annealing

720C x 120 min
< 1E-5 Torr

15. Testing

Hardness
Gas content
RRR

Grain size
Tensile test

16. Packing

Tokyo Denkai
By H.Umezawa




Original material for high pure niobium
Tokyo Denkal




Vapor Presser for various metals

ur-[ — .
h Melting point —.
el forNb:2741K |
] : |
-~ 10°¢
2
ﬁm'zi
i
Mn : i
l[j—n‘.._ :
: LS .P/’E L | j
1000 1500 2000 2500 3000 3500 4000

Temperature [K]

Evaporated easily

_except for Nb,W,Ta
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Electron Beam Melting

First melting

Electron
Gun

Electron
Gun

Electron

Nb

Beam
Nb Powder block
Feedstock EVINIENe]
Molten Multi-melting ~ 1ngot
Pool —g—
Water
Cooled
Cu
Crucible

Nb
Ingot



EBM furnace and Nb Ingots

400kw EBM furnace Tokyo Denkai
" -3 | l/

Nb Ingots after multl melted

46



Gas cncentration [ppm]
R N W b O O N
o O O O O o o o o

Impurities

N

\ o C

\ =0
\ N
N X H
H B

e
L
X A
50 100 150 200 250 300

RRR
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Keys for High purity Nb Ingot production

Tokyo Denkai

1

1.2E-05

T

4180¢p3
H230p3
2305

1.0E-05

8.0E-06

6.0E-06

4.0E-06

2.0E-06

Effect of the vacuum

0.0E+00

150 170 190 210 230 250

RRF

270 290

310

Three keys:

1) High Vacuum,

2) 2) Multi-melting,

3) Large molten pool surface
(Large Ingot diameter)

330

350
300
250
200
150
100
50
0

W Effect of the multi-melting
250 /*
20 A
& 150 -
100 |
50 | | |
0
0 1 2 3 4 5 6
Melting times
230¢ ingot 3 times melting i
180¢ ingot 5 times melting} RRR=300
. [
| Ingot diameter effect | for A
:‘ 3rd180¢p
| B 1st 230¢p
A2nd 230¢p
4 3rd 230¢p
m 4th 230¢p
/;» o 5th 230¢p
s % y Build more 30,000 1/Se
0 20 100 120

0 60 80
Number of Ingot



Gas analysis In niobium

?

Tokyo Denkal

ridl

Case of N

Sample Flow

& linachangoover | NUlCmusic/manual)

shows st om. w0 [ Thermal conductivity Meas.

Gas analysis (Hydrogen, Oxygen, Nitrogen) HORIBA



Regression Analysis Result

K.K.Schulze: J. Metals, 33(1981), 33-41
1 O N H C Ta

= - - - - + ..
RRR 5000 3900 1550 4100 550000

Umezawa’s (Tokyo Denkal) result.

1 O N H C Ta 1

= + + + + +
RRR 5800 2273 16322 8911 604690 1249

Correlation of Measured and Calculated RRR

400

350 -

300 =

250

200 -

150 =

100

s0 | 1 O N _H C Ta OTHE
RR§5806227§16?TZT2391160469TO 1249
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Rolling

Cleanroom

Tokyo Denkal
Intermediate rolling Final rollin

Careful control against dust

o1



Vacuum annealing system

Tokyo Denkal
1400°C Max,
~1x10 Torr

Effective working zone
1000¢ x 1800L
Ta heater




Metallurgy of Nb

Remained roll rolled structure

Well annealed

None annealed
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Annealing Temp. and Mechanical Properties

Hv, Elongation (%0)

100 T
O Hv
X Elongation
80 ~10 % Torr |
60 %
7
7 7
' d
7 7
40 = N e 5
7
% e
7
7
0 [ O S ——— N S <
, /"¢ <«—Recrystalization —»
0 ,é ,é
600 650 700 750 800 850

Anneal Temperature [ °C]

Tensile (kg/mm?),
0.2% Yield Strength (kg/mm?)

30 T RRR~120 ‘ .
O Tensile
: 0, i
25 — X 0.2% Yield ]
@ 8\ ~1x10 ®° Torr
B I e - SRS A
v\
15 EN % AN
N AN
N ~
X X~ ~_
10 N i
N * S
30 S S S Mt K
0
600 650 700 750 800 850 900

Anneal Temperature {C]

Re-crystallization Temperature : 680 ~ 780°C

Vacuum Pressure : ~10° Torr
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High Pure Niobium Sheets

Tokyo Denkal




Improvement of RRR at Tokyo Denkal

600
Vacuum pump increased
from 50,000 L/sec to 80,000 L/se
500 N
400 z \\
300 300kW EB\I\/IF Installec L
200 4 _
EB power increased
from 300kW to 400kW
100 Y
Maximum RRR
m Titanification
O |
1980 1985 19 2000 2005 2010
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RRR measurement

H Measurement Vacuum M=tal |ur gl cal ‘f:.'l;_'..,!_'L:j_

Date \|B-12-08 15:13 Sample:].Mb—240-3 J.MNb—=254-3
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Tensile Test

Tokyo Denkal
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