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High Purity Niobium Industrial
Production

6.1 Niobium information

6.2 Niobium ore and refining

6.3 Industrial high purity Niobium sheet production
6.4 Quality control

6.5 Advanced sheet production for large grain cavities
6.6 Approach for single crystal ingot
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6.1 Information of Niobium

35000 ton Nb,O can produce, 2450 ton niobium metal in 2000
The demand is increasing by15 — 20% /year

Niobium deposit is over the amount of 500 year’s needs

90% of the total consumption of niobium is Ferro niobium for iron
alloy

Two kinds of niobium ore: Pyrochrore and Columbite
Pyrochore (top three mines) contains 2.5 — 3% of Nb,O; in
average.

Columbite includes both niobium ore and tantalum ore, which
needs a special chemical isolation refining method

Price of the niobium metal in the Ferro niobium is $15 US/kg
Price of the standard niobium ingot (250mm Dia x 1.5 m long, 3
times EBW melted) is ~ $55 US/kg in 2000. Now it will be
expensive by a factor 1.5.

F National Science Foundation NSCL Spring lecture on Jan 27th’ 2017
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Niobium needs

~— Pure niobium metal

~ Niobium metal

Pure niobium metal

- Intermetallic compounds

Ingot
Sheets, foils
Bars, wires

Grain, stuff to principle forms

Nb-Zr alloys

Biometal Nb alloy

Thermostable Nb super alloy
Electronic Nb alloy material
Superconductors: Nb;Sn, Nb;Al, NbTi
Ultrahigh temperature Nb;TNi
Hydrogen absorption NbTi

Shape memory alloy NbTi

Ferro niobium for steel

Additive to other metals

Vacuum-Gr Ferro niobium
Nickle-niobium

Common Nb,O4

Niobium oxide

Nb,O; additive to optical lenses
Catalyzer

L
J

Niobium fluorides, niobium chlorides
Alkali-Nb metal complex

Others niobium compounds

’ National Science Foundation
N n Michigan State University
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6.2 Niobium ore and refining

Niobium Ore: Pyrochlore, Columbite

Top three mines of Niobium ore
in the world

:Araxa; Catalao.
Canada: St. Honore

Niobium is 33"4 position with enriched metal elements on the Earth.

@‘ National Science Foundation NSCL Spring lecture on Jan 27th’ 2017
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Example: CBMM (company) in Araxa, Brazil

CBMM Niobium mine |

Araxa in Brazil

0 hr travel from

O Lz —
[\
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Niobium material production process

Nb ores
>
Crushing (powder)

>

Floatation (includes magnetic concentration)

aSe

Washing (Concentration of Nb,O;), Acid Leaching method, Electric furnace dissolution

for Other Nb except Ferro Nb ‘/ \ for Ferro Nb
<

q

High purity Nb,O; TEMIT reduction using electric furnace

< b ~ >
ATR (a kind of TERMIT method) Ferro Nb

Nb ingot

6] National Science Foundation NSCL Spring lecture on Jan 27th’ 2017
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Niobium material production facility in CBMM
(Brazil)

6‘ National Science Foundation NSCL Spring lecture on Jan 27th’ 2017
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Niobium material production process in
CBMM

CBMM
Nb Ore . Concentration
Pyrochlore Crushing — Float-selection

Electron urning @ 700,1100°C
beam \
: (Evaporate S) \
melting \
\
D &> |
o, o '
* [
Aluminum Termitt Reduction MB lt]llg
\ (Isolation)
. . Fe, P
Fero-niobium Sl e
National Science Foundation ] th
@@‘ bl NSCL Spring lecture on Jan 27, 2017
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Refining process in CBMM

Nb Ore  After concentrated (55%)

i | it

i) [SE——_

Large Grain Nb Ingot

F hational Sokence edroation NSCL Spring lecture on Jan 27t 2017
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6.3 Industrial high purity Nb sheet production
(Tokyo Denkai company, Japan)

1. Mother Material

ALBANY
Mb Grade 1 powder
-60 +200 Mash

TELEDYNE WAH CHANG

2. Pressing

Size:

B3x80x380 [mm]
Weight:

12.5 Kg / block

3. EB Melting( 15t}

e

The material is
supplied from
Side bar feader.

5. EB Melting
{2nd, 3rd)
The material is
supplied from
/ electrode.

VAR I LAY A v ULy

o

Z
)
N
=

5. Lutting

——o> Forging

Test Peece
e RRR,X-Ray, ICP

Base plate
Usa for next ingot

6. Forging

Cold Forging

Thies process is
done at another
CONMpANy.

7. Mechamcal
grnding
' } Remone & sCale
| 35 x 195 x L [mm]
==

3. Annealing

T20°C x 1 20rmin
< 1E-5 Tar

10. Ralling

4.0 xwxL [mm)] I
()
=

11. Cutting

8. Rolling

14 xw x L [mm] I

4.0 X W x L [mm]
12. Polishing
/.-"
i Emery Paper
sl

13. Chemical Palishing

=111

HF:HNOy:H3FO, I

14 Annealing

T20°C = 120 min
< 1E-3 Torr

15. Testing

Hardness
Gas content

RER
(_]1_\ E Grain size
L Tensile test
o L
16. Packing

SO e (br)

NSCL Spring lecture on Jan 27, 2017
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Primary Nb material for high purity Nb sheets

Tokyo Denkai

W Primary Nb Ingot
. Nb/H powder

- S e = A

* The main metal impurity in niobium material is
Tantalum because the chemical properties of
these two metals are very similar.

« Special chemical isolation technique between
Nb and Ta is required for high purity niobium
material.

» This technology was disclosed from the
nuclear weapon technology after Soviet Union
destroyed.

« Now Silmet Co. in Estonia produces high
purity primary Nb ingots.




Electron Beam Melting (EBM)

Electron Electron
Gun Gun
Electron
Beam Nb
Feedstock
Molten
Pool —_.-
Water
Cooled
Cu
Crucible
Nb

Ingot

@’ National Science Foundation
9]

Michigan State University
NSCL

First melting

WD Powder block
Molten pool

Multi-melting Ingot
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Why EBM is used for Nb purification

10%; —

- O - .

| Boiling pointof Nb __ Z | * Light metal are all
> | 274K é / evaporated below
g w10 | 5 1 meting temperature
o - o7 of Nb
> S 107} ¥ * Heavy metal
I = elements: Mo, Ta,
N 2 N .
5 21072 W remains as
S i iImpurities.
s .

107

--;/_:---;-

1000 1500 2000 2500 000
Temperature [K]

Vapor pressure of impurities in the Nb material

PR

National Science Foundation
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Electron beam melting (EBM) facility
(Tokyo Denkai)

400kw EBM furnace

o g7

F National Science Foundation NSCL Spring lecture on Jan 27th’ 2017

N Michigan State University Qs
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Nb sheets (Tokyo Denkai)

ﬂ 1—- % Nb sheets for KEK ILC R&D cavities
'=-"‘ *"“ |

|

T
i

{ =

NSCL Spring lecture on Jan 27t 2017
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Key technique: high purity Nb ingot production

1) High quality vacuum pressure = Facility cost
2) Multiple electron beam melting

—> No required facility change
3) Large molten pool surface => Facility change,

Large ingot )
Tokyo Denaki
300
\f i
250 — = v
1800 3R
",,.‘v1r"""'_'_'_#1 12606 4 v— 5} :2312: R —
200 / n \\ A Em 2308 5R
1 0E-G ._t.ﬁ
150 A - 3. v,
/ 5 0E-06 \ e < .—.'-—l. b8
100 7 L YR A 5 - )
1 ?» ; ; e Tl
20 4E-E '—‘o'- *':""‘— = ¢
O ]
2E-G
0 1 2 3 4 5 6
Meltl 1 .tl i 160 170 140 o pcin] 260 270 280 Ho 330
& RRF

Effect of the multi-melting Effect of the vacuum
@ﬁ :\\j]?é‘r?;:'nb'sot'g‘eca;o:”S‘?S'O” NSCL Spring lecture on Jan 27t 2017
S 1ICNI versi
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Impact of multiple EB Melting

Change of RRR over melting times
450
400
350 I T
300 + ! i
&: 250 ® J_ 1
o 200 .
150
100 1|I‘
» ]
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 54 109 181 202 235 295
Melting Cycles
@ :ﬁﬁ;gfgg&%r:sgps(ijsﬂon NSCL Spring lecture on Jan 27t 2017
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Impact of ingot diameter

Tokyo Denkai
Post adding 300001/sec vac. pump

230¢ ingot 3 times melting }
350 180¢ ingot 5 times melting J RRR=300
300 ) A
X * ° A
250 A:‘ 3d1806
200 - m 15t 2300
A 2nd 2309
150 A 3rd 2309
W 4th 2300
100 . /;» * 5th 230
n % Build more 30,000 |/Se
50 / :
0
0 20 40 60 80 100 120

Number of Ingots

@’ National Science Foundation
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Impurities in the RRR grade Nb ingot

32 : +c| + Oxygen is the main
"o impurity in Low
5 \ ol impurity in Low RRR Nb
50 \ N material.
40 \1 1+ RRR > 200, Oxygen and
30 . Nitrogen are main
fg Fi impurity, ~ 10 ppm
0 R T L * RRR can be estimated by
0 s0 100 150 200 250 300  the impurity concentration
RRR
L Cg  C¢c Cn Cp CTa

= - - - 4+t -
RRR 1500 4100 3900 5000 350000
Example: Cg=1ppm . Cr =3ppm ,Cy =3ppm .Cp = Tppm, Ta = 400ppm (purity: 99.9581%0)
| 1 3 3 ] 400
=—+ - +— + = .
RRR 1500 4100 3900 3000 350000

RRR =188 .3

@’ National Science Foundation
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Relationship between RRR and Impurity
concentration

Correlation of Measured and Calculated RRR TO (yo De n kai

400

350

300

250

200

150

100

50

1

O N H C . Ta OTHI

RRR580(22731632391 16046901244

100

150

200

RRR_Maesured

250 300 350 400

National Science Foundation

Michigan State University

NSCL Spring lecture on Jan 27t 2017
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Improvement of RRR in the Industrial Nb
Ingot (Tokyo Denkai)

600

Vacuum pump increased Collaborated with KEK
from 50,000 L/sec to|80,000 L/seq

500 ANy

400 0 \

\,

300kW EBMF Installed
300 —-

200 \

EB power increased

from 300kW to 400kW
100 y
Maximum RRR
M Titanification
0 ‘ ‘
1980 1985 1990 1995 2000 2005 2010
Year

F ational Science Foundation [
@_)‘ :JA i éhig;n SState i ;Vers?tyt NSCL Spring lecture Onsiaitg ?78‘;';{;602127
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Nb sheet production facility (Tokyo Denkai)

Cleanroom

Intermediate rolling

Final rolling
. 'R

A s

Effort to dust not biting in the Nb sheets

@‘ National Science Foundation NSCL Spring lecture on Jan 27th’ 2017
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Vacuum annealing furnace

Tokyo Denkai
1400°C Max,
~1x107° Torr

Effective working zone
1000¢ x 1800L
Ta heater

@‘ mﬁgikssiii?;ﬁ535?55@” NSCL Spring lecture on Jan 27t 2017
N
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6.4 Quality Control (Gas Analysis; H, N, O)

Tokyo Denkai :m | - .

Oxygen * Nitrogen gas analysis system ﬂ

§L 5 2.

Case of N,

Sample Flow Odelzatlon process DCtGI‘HllIlatlon amOunt Of Nz
— by thermal conductivity measurement
D COMNzHe high-temperatut | COANOLHIO | GOzNaHzO XB .
! o : I - J X E N
il purge gas line I"\ﬁlr‘_""l : =L'b.-|: .-'_f:.'
extraction | ! Hz detect 3

] 1

i

I
|
! ! : / 2 detector |
tice t ‘i I (TCD) -
F——— - p— | o separation i
carrier t e . P —
gas Al IEY” : ! o W : @, B or=a W'umnl_ — W
L 3 — T - W — 5 T % %

& " e & 4 |
B 1 :
et | coexisisting gas 7't H flow rate
f compensation (e,,']‘gg%‘l’h,e decumazer: ¥ delydeamor { ! | controller flow meter
grapt bl:a mechanism oxidizing | Qg essmpeen
Ciicewe: reagent 1 y column bypass
@ linechan | | mechanism
geover (manual)
@ linechangeover (automatic/manual) Nz,Hz Nz,Hz
shows existing gas. Ne,H20 Nz
R 2T e e P NSCL Spring lecture on Jan 27t, 2017
Michigan State University
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Analysis of Carbon contamination

Case of C

Ceramic crucible, RF heating

Carrier gas purification unit

Carrier gas
O,

|
OOOOdOOOO

Industion furnace

Co,

Dehyd
rator

!zegassing

ooooqoooo
I

O, HC

0, CO, H,O 0, H,O

@’ National Science Foundation
9]

Michigan State University

NSCL

C—detector
Dehyd
1| rator [ ]
Ceramic Crucible
02 Hzo 02
CO, CO SO, CO, CO SO,
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Other contamination analvsis

X-ray Fluorescence Analysis system

Photoelectron
’ f : X-ray Ka B X
La

&7 o Photoelectron o ”
& i\ ]

-' L%ED@I:{»*- w

g Kffd = 40 & —
e

Nucleus

Tokyo Denkai

NSCL Spring lecture on Jan 27t 2017
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ICP-OES Analysis

st lgvitadqe
Jil2 JugluQ

>taa1ad O ——

SiIEID

smegsld -

1il2 tuqal sushg lssiedge

_lozizA

) ) oribsir)

l107) aoiaubal
T

(haloaT) 1918°H)

aduT <reud) -

2510 100 =% :
EIRPREI (I

Tokyo Denkai

yBlgE

10’ ¥8108

]

mis1d

slqmes

2T YTIED) f
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RRR measurement

R Measurement Vacuum Metal lurglieal Co.,Ltd.
Date 88-12-08 15:13 Sample:1.Nb—-240-3 3.Nb~-254-3
Test-1D:88/12/08 2.Np—-240-4 4 .Nb—-255~-4
L ey e i poe e i
E~05] NEN T ‘ S(11:3.00E-5 Qcm
: | [ A(11:12.5000 mm?
e ! — e 4 L(1): 80.0 mm
| | RRR(1): 85.3

[

1| S(2):3.00E-5 Qom
|l At2):12.5000 mme
|| Lt2): 80.0 mm
RRR(2): 85.0

S(3):3.00E-5 Qom
Al3):12.5000 mm?
L(31: B80.0 mm

RRR(3): 82.5

S(4):3.00E-5 Qcm

Al4):12.5000 mm?

Lt4): 80.0 mm
(4}: 101.3

Qcm)

(

Sample Hei_sistivity

RRBRR
(293.0/10K)

g.ool L—r"1 | | | -
E+00 O | | 14

0 100 o 200 T 300
Temperature (K)

L
I N -

Tokyo Denkai

@
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Grain control

Rolled structure can be seen

Well annealed Nb sample None annealed Nb sample

R
NSCL

National Science Foundation i th
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Tensile Test Machine

RIXEAE (R

“,_F il'.uulili.."m' m B .;'1:“ Irji:::‘h'

- . i) a2 WETE ]
T-1 T [ ]
B [} iba P | ErE= s L S = cloddad | REEY S O G
T 4 1 LT TR
| | frod H. H ol il el | 4 |
| i D TaTE e e - 4|
-1 THEFTH|
i
P P : "y Eeilo! N A
T CINN (S T : il T ST D N I
| E e Baag : H h | -
; e e i, A - A B
S PR i : : .
. L : - : .
E o s - : : ..... .- ........... : .......... .. I..-...
:" 2 T i I . -
...... i o e il o S TR U A
-1 1.5 A _ i it~ .
R (S Pt orrrs O R (P R CREN A
Y R PO - PP U FONP PN S |
(L] (=10 § - (- - -k == [-X ] E (-]

R R R ()

@

@ Michigan State University . .
NSCL Saito - Slide 31
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Tensile Test

Nb SRR

Nb SIsREAEREER S EESR

Ae2TBEEM

; AR EEE1 - 0.5 mms min AR - 25 mms min
374 =i 0.5 mms min SREE RS - 28 mms min MEEST - 1 mm E RN i M. Mighida
-4 1 mm A N.Mishida
: ik Fif
A FiR o] [ 1 S ibae
s E= (i) i EXiv mm mm mm
B M M M 1-1 3970 f.350 2h264
1 = 12 gggg ggig ggﬂg T 2.070 B.040 25 440
' : = B A& 6 BEE LT WS £ | BN Estendard | BHEAUTH
E S A | BAZ T PHE LR | BEESoded | EHRE0FS T 2% - T4 T kN
748 024 T, B kN -1} N/ mmZ N/ mmZ m N/ mm2 %
i} M mme M mmz mm N mmz E T-1 uRet] 144129 150734 251E1.2 JE65781
1 - 12 123%2 g%gggg 23312515 g;gggg gggg;g 1-2 54 3067 148280 120516 270003 431718
- ' ' B2 EFo mEn
%?l B D A EXii kM
15'-3_‘4 kN T-1 EXRELE]
= gﬂgg; -2 ERRFIL]
1] T T T
LT e o o T B T T o S w e T | e e [
1 o e ol s e o e i e i sy i T e e e o T P P R R R
g ""V(:—""r ----------------- it i I o R ] P b B [
45 --/J% ------ /-/'-K- ------- ‘-\\----------- S | e s s i i B ——— I - -
g [ g e fens o k- i e i bl it bk b e R e s : : : : : :
e e T e e i e i e i W B : B - ——— ] ~
i | T e s 7 ——— ;T e e P s ERN | - ] s T g e
e e e e e e R fmmaefoves e T e
e e e e A e SR S R SR LS U] LECE SRt SRRt St g
2 : 7 / / ............................................... 5\\
G o A e {730 13— ——, — g— s | | |
i e e T~ O S il e Pl G | Sl i i s i =R T
Rl e e R i e | i e it s ]| SRS ot (S Bt e il i it i It i el \F
0 AT A T A T A y IHcitaidaktok sttt o oo fadoiditos i, gdokdoe ity Sl o b eniteiderboit S ool itodolt-idod ookt y reieReitolte, donoroit ok ekt 5 MMM N -7 5 - ) e~ i -
—005 2 4 5 5 1o 12 14 16 -0.08 2 4 6 3 10 12 14 16
i = i Ee (mm)

Erit = Ete (mmd

Not well annealed Nb sample Well annealed Nb sample
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Hardness vs mechanical properties

T L) i .
i TRISTAN (KEK) ] For successful hydroforming
| _ H, <45,
RRR > 120
Elongation > 45%

-~ & 100 m3 ° "
£ E S @
£ E Q 2
- = o C
o O - &
Xx X (o] .
=~ = 353 Hydroforming
= 5 . “o & | of TRISTAN cavity half cell
c C . c L
¢ O 10 , e
n o - Hv(ZOOg) vs - : 7] o
L T F _0.2%Y.S. .1 ° Punch
‘" Q Hydro forming ]
qc_, >; Wrmkle Fracture
" ?\l :‘J>—c:—:@ 1w

o ]

1 Lu' ==
80 'IOO 12( (Ol 1=
Vickers hardness Hv(200g loaded) ~
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6.5 Advance sheet production
for large grain cavities

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
0t 000 0,
[ ] L XY N ." ‘ ‘ .
1.00E+10
[=}
c
v Quench

10064 —"———m"-"7+75-1-+=-—+—-—"7r—r——— T

0 5 10 15 20 25 30 35

% Large grain Nb sheet production can bring a cost down.
2 | BCP could produce 35MV/m gradient and it brings further cost down.

B 1n 271, 2017
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Early LG Nb sheet production

Sawing, thickness of saw ~2mm

* Loose lot of material

» Cutting surface is very rough and needs
mechanical polishing

By H.Umezawa @R Ef#

Michigan State University

(E(.-j National Science Foundation NSCL Spring lecture on Jan 27t 2017
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Post mechanical polishing

Nb Disc Nb Disc
Lot No._1 447-1 Lot No.1447-2
HefRtt b hird: Tnali b
2.8t % 270¢ - 30®(mm) 1pc 2.8t X 2709 - 30®(mm) 1pc
1,426 gr 1,429 gr
ERBEBAERASH ERERafed

36
- National Science Foundation i th
@ Michioan State University NSCL Spring lecture onSJgn 27 : 2017
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Multi-Wire Slicing Method

K.Saito Splay liquid abrasives

Single Crystal-Large Grain Niobium
Technology Workshop in Brazil 2006

b o
Powder . ot
s B0
_"’,', Prisising 6. Nb sheet
'T/f 24 L el _:-_,- ™
Pl IR0 \
¥V _.-"'I '. ) n L] ll'.l Py — !
.‘.- Ka/k z;i%ﬂ ~ ""-i
& ¢ |
EB Mokmng | 5 . = - . =
. Slicing used very thin piano wire (0.16®)
= Ty - o - . =
/ : AR ARTES and liquid abrasive
" J..‘ eled | ﬂET_l,; -.J_é B
N/ | /] e \
T I P = L ’
iy Ay — s
' frelr =
)
! , ! “'\I ,'l'
g ), v
111 fa
s "

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

@‘ National Science Foundation NSCL Spring lecture on Jan 27t 2017
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Benefit of MW Slicing

Fabrication process of Nb sheets for ©. Rallleg 17, hnan
‘:up&rcnnducllng Cavities -
. s HI £l P e
1 Hail = ED Habtin T
— 2nil, Lrd 1:_,__.--"
14 Tasting

150sheets/3days,

1f 450L mngot 1s
ready.

Current

m | 0.7% waste | ?% waste

High Purity Forgin Peelin Rollin Cuttin Grindin: Light CP
s v o s ot o cot mgl
Y

27.4% waste Annealing

Multi-slicing 6% waste ‘
(i}

. . 4 Waste ratio [20]
High Purity Peeling jci - M
Nh [ﬂgﬂt Sllcmg H nght CP

| 15% waste ‘

v I Current 45.1
0.7% waste Slici 147
icing -
1 th
L@m e R NSCL Spring lecture on Jan 27, 2017
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Successfully Developed Wire Sawing Method
for Nb Ingot

[HCT-TOYO . KEK/TokyOdenkai/ Izumi-tech
[*Eis0 ean i

| '[ mi "_!1; \
1 il -/

v [

"«ii J_’J‘_ L F'l | ‘ p
: A | co—
! =

Processing time: 3 hr

4
§ £ 39
F National Science Foundation : th
g@‘ Mickzan State Liiversity NSCL Spring lecture on Jan 27, 2017
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LG Nb ingot wire sawing sample
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Slicing test up to 100 sheets

6

(281) pesl 58 sheets(3.2t for Jlab)

o T
i | P \
4 b 1}

s

fmmi
A e

y ¥ Y.
00
004

H}W;sl-:t*’}h=|hii-ﬂr!' P

;**

2700 6ymin] + 1

2650 307mmL

BY |
‘ National Science Foundation NSCL Spring lecture on Jan 27t 2017
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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% .

Michigan State University

@@ Lokl sl S NSCL Spring lecture on Jan 27, 2017
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Feature of The Multi-Wire Slicing
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6.6 Approach for single crystal Nb ingot

Improvement of crystallization at Tokyo Denkai

Ingot;No.1
Ingot No.3

Single Crystal

Grains grow
column likely by
EBM.

I

= Make a seed with
6 single crystal

W

[

f i}
ki

Ultrasonic check by NSCL Spring lecture on Jan 27, 2017
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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 investi

___H.Umezgwa E
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Mismatching Test

Grain Boundary?

JORNG 1D -
2 @lbp. R Yes
B 3A-(4C 4B) Yes
3 @ *@ » ‘ 4C-4B Yes
. - ‘l . 4A-(3C,3B) Yes
: 3C-3B No
. Each same crystals, doesn’t make a grain boundary (GB).

1
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

F. National Science Foundation 3 th
@ bl NSCL Spring lecture on Jan 27", 2017
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Cutting out LG-Nb Single crystal piece

National Science Foundation
Michigan State University

Cut out 9 single crystal parts from 9
large gran.

The sheet size is 105 x 10Smm square.
EB welded together and produced 300 x
300 mm square sheet

NSCL Spring lecture on Jan 27, 2017
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EB welded sheet

@‘ National Science Foundation NSCL Spring lecture on Jan 27th’ 2017
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Ultrasound inspection in the water

National Science Foundation

@’ c = NSCL Spring lecture on Jan 27t 2017
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Ultrasound inspection result

00262
€Tt atia il coontsissialis s vl Tssradsfed i T s
o000zE

After buffing and Buffered Chemical
Polishing (BCP)

Observed non-uniformity in the thickness
due to the buffing

Observed grain boundary mismatches at two locations

As Received
Observed wire sawing trace marks

F National Science Foundation NSCL Spring lecture on Jan 27th’ 2017
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Completed single (not perfect) crystal
seed plate

F National Science Foundation NSCL Spring lecture on Jan 27th’ 2017

Michigan State Universi
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Single crystal sheet plate on the Nb seed
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EB melted ingot on the crystal seed

« Cutting the surface skin of the EB
melted ingot.

* Aclear boundary can be seen
between the newly EB melted part
and seed ingot.

F National Science Foundation : th
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Ingot slicing

$294mm Upper No.30
Wire slicing
411mm Bottom No.1
. 100mm Sliced out 30 sheets with
207mm 2.8 mm thick
No.15 is closed to the

U Single crystal seed plate
(2.8mm thick) crystal seed plate.

In this EB melting, the single crystal sheet became
“potato-chips” shape at the first EB fitting, the single
crystal seed was lost. Failed!!

ational Science Foundation : th
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Sheets wire sliced from the ingot
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Homework

* Homework 2
HW 2-1

Submit your report about how industrial niobium material was improved in
the purity.

HW 2-2
Final residual metal contamination is Tantalum in niobium ingot.

If the residual is 100ppm, what is the theoretically highest expecting RRR
for the niobium ingot?

F National Science Foundation NSF Site ViSit, June 18-1 9’ 2013
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