3. BfiE—A T M DR &;

B Industrial Nb production Process
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m Ingot slicing Technology
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Where and What is CBMM

Araxa 1in Brazil

40hr travel from Tokyo!
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m _Process of Niobium Refining

CBMM
Nb Ore : Concentration
—— Crashing —— Float-selecti
Pyrochlore oat-selection

—— -
f’— =~ ~

~

6

/|Burning @ 700,1100°C N
: (Evaporate S) \

\
\
1
1
I
(¢ [o) I
(<] R .. '
I
ATR :
Aluminum Termitt Reduction

Melting /
(Isolation) "
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CBMM Nb Production Facilities
By A.Ono

R
\ o .
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After concentrated (55%) Pellets

-

|

Large Grain Nb Ingot  sxx=pmmenss, —r 179
2011



—+ It

20005 Nb,O#EH T35000b A FE — NbEBHME T2450 &
BTEDMHY 15~20%/year

HEEEBE BIZ500F5

HEEDI %X, EEHAOIO=AT

#i A [ Z[EPyrochore&Columbite D 2F& M3 dH 5

Pyrochore(3 R #kIL) (R EL A FIZF152.5~3%DNb,0ZTE L,
%lumbite(i’)"“/’)")bﬁEETantalitelZiE':ET%)o TaZ {5 IE FE R B R L E A
JzO=—F 7 DONbERE1kgDIEEX(F15USKIL,

CBMM®M1Z# A>Ty (250mmox1.5m,3EEBW EAY, BARGIEEL) DIEEXIE
kg2 Y55USKIL,
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Process flow of the industrial Nb production

1. Mother Material

TELEDYNE WAH CHANG
ALBANY

Nb Grade 1 powder
-60 +200 Mesh

2. Pressing

———> Forging

2 =—> RRR,X-Ray, ICP

>
Nb
Powder

Size:
65x80x380 [mm]
g Weight:

12.5 Kg / block

3. EB Melting(1st)

The material is
supplied from
Side bar feeder.

5. EB Melting
(2nd, 3rd)

The material is
supplied from
electrode.

s

5. Cutting

9. Annealing 13. Chemical Polishing

Test Piece

’.: Base plate:
Use for next Ingot

6. Forging

720°C x 120min
< 1E-5Torr

HF:HNO;:H3PO, ‘%
=1:1:1

14 Annealing

10. Rolling

Cold Forging

This process is
done at another
company.

7. Mechanical

4.0xwxL[mm] \

720°C x 120 min
< 1E-5 Torr

grinding

Remove a scale
35x 195 xL [mm]

8. Rolling

14 x w x L [mm]

15. Testing
11. Cutting
Hardness
40xWxL[mm] Gas content
RRR
Grain size
Tensile test

16. Packing

12. Polishing

Emery Paper

REERE)
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Electron Beam Melting

First melting

Electron
Gun

Electron
Gun

/ Nb Powder block

Nb Molten pool
Feedstock

Water
Cooled

E Crucible

Cu
Nb
Ingot

Electron
Beam

Ingot

Multi-melting

Molten




ERERDA

Nb,W,Tall5H (&

T HTEERRT S,

10° k—a: .
NbE&ﬁZNlK—»‘H: |
| g,
~ 10}
%)
£
< 10%-
-
&2
91072
hﬁg ' I
Mn i/ A
10-4,_ e rene 44 .
i i IV / /: R 4
1000 1500 2000 2500 3000 3500 4000
&E (K)
K10 —A7DEBGAREMMNMNSATEBARBILEDE

RUE




EBM furnace and Nb Ingots

400kw EBM furnace RREMR (%)

= TAREE
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Fermi Lab SMTFFH
BInEZRBA=AT#
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High purity Nb

BREE 1 ERRROE

300 ¢ .

250 ] 1.4E-05 ‘\\ \\ \ E—

/I/ 1.2E-05 \ - al - B 23063/ —
200 A m \\ i\ ll\\ 2:330222
150 4 1.0E-05 « \,’\ l—l—.—\ \—\
} N MRS \ '.l LS
8.0E-06 ‘.” - S .5 E N
100 v ¢ 'Y 4 S < ;_l -
6.0E-06 —l—\?—‘—o—‘—-— — —
1 »
50 4.0E-06 ;—k":_" =
0 2.0E-06
o 1 2 3 4 5 6
Melting tir ' 150 170 190 210 230 250 270 290 310 330
Effect of the multi-melting Effect of the vacuum
HRER (%)
EHEILO=ER
1) GEZEE., 2) 2ERMHE. 3) XapmiE: KOFSA>dv k
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Effect of Ingot diameter

REER (%)
300001/secD B ZER > THEER#&
230¢ ingot 3[Elmelting

350 180¢ ingot 5[8lmelting }RRR=30(]
300 //." /
[ ] y [ A
250 A e ——AC : |
A A UM A" o..A‘A“A‘A A/:AA‘ u 3rd180¢
200 |- AN M %l1st230¢
A By / A 2nd 230 ¢
150 A A 3rd 2300 |
8 / ¥ 4th 230 ¢
100 /;» * 5th 230 ¢ |
50 B B / Build more 30,000 1/Se
0
0 20 40 60 80 100 120
Number of Ingot
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Impurity

80 ool
70 R\ le
60 |

\ N
20 \ X H |
40

0 ﬁ——l\\
20 \\i\\

10 < ik a
0 L x % 4 xx x\
0 20 100 150 200 250 300
RRR
I Cy Cc Cy  Co . Gy

= + + + 4+t + e

RRR 1500 4100 3900 5000 550000

Example : Cy =1ppm,Cc =5ppm,Cyn = 5ppm,Co = 7ppm, Ta = 400ppm (purity:99.9582%)
1 1 5 5 7 400

= + + + + ,
RRR 1500 4100 3900 5000 550000
Theoretical limit : Ta = 100ppm, RRR = 5500

RRR =188.8



RRR&EAfZ[BI 2L

RRR

Change of RRR over melting times

450
400 . .
350 E
300 [ - ° ®
250 [
200 | |
150
100 E
o0 g
0
A/R 1 2 3 4 5 6
- Max 93 128 289 323 378 396 370
* Average 46 90 183 240 296 301 329
- Min 23 94 109 181 202 235 295

Melting Cycles




RRREH 3 {8 & 3£ 8B D $H E

Correlation of Measured and Calculated RRR

400
350 ’ ’ /
s/
L 2
300 $ S ®
S
250 R
200
150
100 =
50 I O N H C Ta OTHE |
RRR58002273163228911604690 1249
0

0 50 100 150 200 250 300 350 400

192
RRR_Maesured




Regression Analysis Result

Umezawa’s calculation.

O N H C Ta 1

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

K.K.Schulze: J. Metals, 33(1981), 33-41

1 O N H C Ta
RRR 5000 3900 1550 4100 550000
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RRR[A_EDFESR

Vacuum pump increased
from 50,000 L/sec to 80,000 L/sec

500 N

400 - \

\,

600

300 300kW EBilF Installed L

200 .
EB power increased
from 300kW to 400kW

100 S

Maximum RRR
0 | N Tita\niﬁcation
1980 1985 1990Y 1995 2000 2005 2010
car
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Intermediate rolling

11-13/May/2011/
K.Saito

Rolling

RRER (%)

1)—2)l—L

I ZMHRAFEGEED
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Vacuum annealing system

RIAERE ()
1400°C Max,
~1x1076 Torr

Effective working zone
1000¢ x 1800L
Ta heater

------
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Material evaluations

N,DiZE

Sample Flow

or ; coexisisting gas
: compensation ,,’,‘gg,";{,re :
graphite mechanism oxidizing 1 |
crucible reagent 1 | columﬂ bypass
L] hangeover (manual) ! ! e
@ linechangeover (; ic/manual) Nz,Hz Nz Hz
shows existing gas. Nz,H:0 Ne

Gas analysis (Hydrogen, Oxygen, Nitrogen) : HORIBA



Carbon analysis

€32y ILYR, SREIKMER

ChOiZE

Industion furnace

Carrier gas purification unit

C —detector

o o
o o
Carri oy < Dehvd Dehyd
arrier gas - - Cco, _| Dehyar | | || Dehyar |
= = _-_ ator ator
O, ol S
o o
oo Ceramic Crucible
O, HC O, CO, H,O 0O, H,O O, O, H,O O,
CO, CO SO, CO, CO SO,
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Other gas analysis systems
HIAXRATTEE

(FEHX®) AET X R Ka WOt X R

3K ——oxmy K@

L 4 0% S

K« v & —

La R+
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ICP-OES Analysis
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RRR measurement in Tokvo Denkai

R Measurement Vacuum Metal lurgical Co.,Ltd.
Date :88-12-08 15:13 Sample:1.Nb—-240-3 3.Nb—-254-3
Test—1D:88/12/08 2.Nb—240-4 .Nb—255-4
d‘ CCI T T T T T T T T T T T T T T -1 aml
E-05] ‘ ‘ ‘ st 0E-5 Qom
AUl 5000 mm?
1 L1 .0 mm
RRR 85.3

Lt .0 mm
4 RAR 85.0
2z S(3):3.00E-5 Qcm
3 11 Al $12.5000 mm?
z L(3 0 mm
3. RRR 82.5
DE- sS4 0E-5 Qom
4 Al 2.5000 mm*
) i I 80.0 mm
- RA 01.3
E
[
n o
| RRR
(293. 0/10K)
0 |
£

300

Temperature (K)
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Hardness and Mechanical properties

I 1 1 I i | | I |
- TRISTAN |
| mo | BLORERED
T Q100 B>~ 150 |=OHICEH, <45
EE i 1o |CO
E E — WY
o O A 1 =o |RRR>120
g X - gy i F - = Elongation > 45%
c £ . VS. IS——*""—"— : ; 1 otk
% B - - (200D /"/\~><” 2w
v 0E : CRT RN 5
T T H\!(ZOOg) vs. " ~o 1 9 T
o O B o/o_Y__S___ - \\: - TEISTAN/ :t
ﬁ _@ Hy ro forming ] :§EI (HE)
c > B Wrmk[e Fracture g oy
v -° -
< 1 L’ I | | 1
80 100 120

Vickers hardness Hv(200g loaded)
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Tensile Test Machine

RRERE (BR)

i s — & fa™ A U ey
| ‘ ?*“ur — L £ X — L -

R Je— ] [ 1- [ il 0] B
| AUTCORADH ! : ; ZE 10y F A% BXET X ¢ $4) 14
1 1 L t 'i.:Y Hr.'—;'-‘h' Krnd ew el 1 4
1.1 by bt | 19 13884 b1 b3 A [ e Al

i ] 1 F {

.....

L BT

oz 0it
REl +RQIHE ()
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Mechanical Property (Well annealed case)

||<|<| 17 [ Pt |[loox =
[—] (=]
SSEBEMm
ABEE : 0.5 mm/min ABREE? - 25 mm/ min
PES1 1Tmm A4 N.Nishida
B4k FiR
B3 [ 1= & TPok
By mm mm mm
1-1 3.970 6.350 25.264
1 - 3.970 6.340 25480
E2Y.0] A Sl IEA B ) e P8 1E & Standard BER S O3
N7A-3 0.2% 0.4, 1 kN
By N/ mm2 N/ mm?2 mm N/ mm?2 %
1=1 505389 144.129 139734 25151.2 46.5781
i B 54.3061 148.280 129515 27900.9 431718
EY 1] AL Y]
By kN
1-1 3.63344
1-2 3.73219
6 T T T T
sl 1 R I AAREN M CARMRE SR RN SR W
s ——— 1 — s Mt e M PR S e
4 - == = A e == ----E- -------------------------------------- E ---------- E AAAAAAAAAAAAAA
~ 35 R - i (A A M D e e S WM — e
% 3 --------- /-)').'{_-’-d;?’{f:- -------- Yoo ----i---"---m\---'\\' --------
B IR I e e T e R h T e
' 2 ';}}' '/'(/f"""""""""":"" Ty "\\\\ """
'Is ', --?--.- ~ ._I -------------------- L] e o -_.—: ------------------- l__ ety P -.l--_-
12257 S e e e e ST RS o P e e R P
osf— o . Lo
N R SR | i RS R SR A < S IS S| R SIS A
-0.05 2 4 [3 8 10 12 14 16

B it —» &z Et2 (mm)
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Mechanical Property (Non annealed case)

A

Sl | Print [[100% =]
[ —] -~ [=]
A2l BEmA
AREET : 05 mm/min ABREED - 25 mm/min
PES1 1Tmm A% N.Nishida
ik F1F
EZ [ ]
E mm mm mm
1-1 3.940 6.340 26.276
= 3.990 6.340 25408
B 1] S EA-AN Y] TN -] TRET & 2 DB TE ¥ Standard RS T
e ) 0.2 % 1. 3 kN
X1 N/ mm2 N/ mm2 mm N/ mm2 %
1-1 152.924 220.692 6.28125 41259.5 209375
1- 150.786 204733 713281 37860.0 25,7760
E2Y 0 RS iR
Eiy kN
1= 5.61281
1- 517906
6 T T T T
LY A i e i
5 ""!Ye‘:-""f';:_:_" '\ """"""" v taeeraiat Botototio) b (et Leloialy iatatala EEolabels miatotaly lotatat b Nt
s '/'/{%"" //"' """" \;\'\" R e R TR EEEEE LR
P A S Y A
PG ;"'f"" - S :"3\"""': """" \f"" - - I
%3 M """"" L SSeeT] B 1\\ """"" \ \
& S R | R ] Bt AN s fisAmeAs] AT i AT s | WA A | v T
¢ T : .
15 e """"'"""""""'l""'""7"\I """"""""""""""""
| A et S E
(1o M S I o R Sl R B S M A I S S K
-0.05 2 4 6 8 10 12 14 16

BEfEH > B it 2 (mm)

Gbsel



Development of Large
Grain/Single Crystal Nb material
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Large grain niobium cavity R&D in Jlab

Large Grain TESLA Cavity Shape SC, WC_Heraeus Nb

¢ T=2K after 120C 12h bake

m T=2K after 600C 10h heat treatment
1.00E+11 -

Iest#Zbaked
l‘l"l’l’:’: ‘l‘. M s %® e rd
. LA TN ¥ BN 5 |EDM slicing
L 34 QQQ“’ ‘l‘ 1 )
] ’ ._xq'- v
1.00E+10 - = i
]
o
o [ ]
[ ]
y Quench
1_00E+09 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
0 5 10 15 20 25 30 35

Eace [MVIM]

Large grain Nb sheet production can bring a cost down.
BCP could produce 35MV/m gradient and it brings further cost down.
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LG material from Tokyo-Denkai

Nb Disc
Lot No.1447-1
KEad b7
2.8t X 2709 - 30®¢(mm) 1pc
1,426 gr
HRERElaH

11-13/May/2011/
K.Saito

Nb Disc
Lot No.1447-2
heddtt ki
2.8t X 270® - 30®(mm) 1 pc
1,429 gr
REERmaElsH

RAKRZERMEBEPESR/—h
2011
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Development of
Cost-effective Nb Material
Production for I1LC
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Multi-Wire Slicing Method

K.Saito Splay liquid abrasives

Single Crystal-Large Grain Niobium
Technology Workshop in Brazil 2006

1. Mother Maternal
p—
I
ELEDY b )
™ |
Powder ‘ —
I
— |
) e Ior )
-/ HE— 6. Nb sheet
| 7 20 ?ﬁ%‘ :
/ TR0~ I ,':\
1/ 12,5 Kg / bloch ot 4 o
4 ;ﬁ?“\i]ﬁ% 4
3. EB Mekh i1 I o o . 0 0
st ] Slicing used very thin piano wire (0.16®)
A o) o | T . . .
/7 : AR AR and liquid abrasive

G P sechedt apld e e
X o b / ], e

L/NP l / Iﬂ.'-, Leben

‘ / ."’I!ﬁL’C/ ; W
A
tn /,.—J._\‘ _L-"
. W
/ \ \__/

This technology is well established on silicon wafer slicing.
However, the experts had very critical opinions about my idea.




Benefits of this slicing method

9. Rolling 13. Anneag,

Fabrication process of Nb sheets for

Superconducting Cavities s
yo Denkai Co,, Ltd Umezava
1. Mother Material 5. EB Melting _- S
(2nd, 3rd) O, !__‘j
P |
10. PotigyMg 14. Testin: q
1 ; \
2. Pressing _ 6. Cutting »

11.R g 15. Po, ing

150sheets/3days,

5 e | o [ . [1f 450L ingot 1s
| " | ready.

4. EB Melting(1st) 8. Mechanj#al
ripdin

4

Current

2% waste 0.7% waste

X
High Purity Forgin Peelin Rollin Cuttin Grmdln Light CP
NbIngotH ging [ z [ = : z o gl

Y
157 waste 27.4% waste Annealing
Multi-slicing 6% waste ‘
0
. . 4 Waste ratio [%]
HII:I‘;:)I flll‘lty Slicing H Light CP M
ngot v il Current 45.1
8% 0.7% wast
170 Waste Slicing 14.7




_RRRZEAE

Change of RRR

550

500

450

400

350

300

250

200

1 2 3
Melting times

4

By H.Umezawa @R IR Ef#
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Successfully Developed Wire Sawing Method for Nb Ingot

IHCT-TOYO
|_E450 E-i2H |

l
- ‘” t!. W — VTV DRFIREITET
g LI _

2 B S

15 T
| W “ /_l — =
—— g Ee (O
e = RS
. BEARV /R 8 =




LG Nb ingot Wire sawing sample

ZATHMBEIXNERE ! 2
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Step by step tests for more sheets production

58 sheet9(3:2t
- > e

!

for Jlab)
!

1‘ \

o
v h
o ‘ ‘

2700 6lmmL, * | - B 265® 307mmL




Sliced 102 Niobium Sheets for Cavity Fabrication

RRR reduction by this slicing
1s small, within the material
variation.

480 — 430

Degradation of RRR by this slicing is
about 10% . but it is within the location
variation of the Nb ingot.

219




Feature of The Multi-Wire Slicing

o Weight KEK19sheets ] {;H {H}«}%}?%%H?‘}'}f%'}
: Verv Umform
1400 |- o o ] I
L) s 00"'—.00'&1#0—‘ o o o ® | E‘ 000 |- n
| | | &
20 | 2 | |
%) g L : !
= S a0 2.906 = 0.038 mm :
L e e 4 £ 7 | |
[ | | = Scatter
1387 1.2 geatter S B 0.13%
g 0 09‘% [ +Tickness
300> . . i . ‘ ‘ - ‘ 0 P e R ‘
0 5 10 15 20 0 5 10 15 20
140 .
h KEK 102 sheets All
Verv Smoot 49+ 18um 20 YN BT
: : Max. 2.906
8 I A l \ Total| 1144.621
3 3 ? 100 Poits 408
0 / Average 2.805
g 67 { """""""""""""""" ‘ """""""""""""""""""""" l """""""""""""""""" ] 30 Center 2.803
g ( ) — = RMS 2.806
E ° 4 ] _3 —\ S.T deviation 0.020
0ttt ) B A 7 ot 60 Dispersion 0.0004
| J \ Errorin S.T 0.001
DY I A — — i 40
20 \
0 1 1 |
0 5 10 15 20 A
sheet No. 0 _—, ==
2.7 2.75 2.8 2.85 2.9 2.95

Thickness[mml]



Single Crystal Nb Ingot~ & &
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An idea of the niobium single crystal ingot production

Improvement of crystallization at Tokyo Denkai

Ingot;No.1
Ingot No.3

Single Crystal

Grains grow
column likely by
EBM.

- Make a seed with
single crystal

Ultrasonic check by

Umezawa Tokyo-Denkai 222



Seed plate for EBM Nb Ingot

Use nearby 9 sheets Cut out large crystal piece
~gEDM by, Y.Kobayashi

Ultrasonic diagnosis Ultrasonic diagnosis EBW of large
as received crystal pieces

After BCP

"Ultrasonic investigation by
H.Umezawa 1

We are very much looking forward to see the EBM result, which will come out on the IPACI10 in
Kyoto.
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3 @ = @ 4C-4B Yes
3 . - ‘l " 4A-(3C,3B) Yes
W 3c3B  No

1. Each same crystals, doesn’'t make a grain boundary (GB).
2. Even if same crystal, deferent angle make a GB.
3. Reveres side makes GB (i.e. angle is different). Weld Bead

doesn’t make GB.
4. Same crystal, same direction doesn’t make GB
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3. Summary

1) SC cavity performance is very sensitive with material.
Therefore accelerator physicist has a great care
about the characteristic material parameters.

Close talk is very important between physicist and niobium production firmes.

2) Now niobium material with RRR>200 is very reliably produced

in industrial production.

3) Ingot slicing technology has been succesfully developed,
that could reduce the Nb material price about to half of the current.
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