UNIVERSITE
DE GENEVE

GROUP OF APPLIED
SUPERCONDUCTIVITY

- 0
°< 'f

-G E

Rapid synthesis of MgB, bulks

by Inductive heating

D. Matera, M. Bonura, C. Barth, R. Cerny, E. Giannini
and C. Senatore

EUCAS — 215t September 2017 — 4MO2-04

Geneva — Switzerland




Outline

* Introduction
 Fabrication Process

* The rapid synthesis

« Advantages with respect to a traditional process

* Results
« Good quality MgB, bulk obtained in few minutes
* B, enhancement
» Higher J- with the rapid synthesis
« Microstructural Investigations - X-ray diffraction / SEM

e Conclusions & Outlook

D. Matera EUCAS — 21st September 2017 — 4M0O2-04 UNIVERSITE DE GENEVE



Outline

* Introduction
 Fabrication Process

* The rapid synthesis

e Results

e (Conclusions & Outlook

D. Matera EUCAS — 21st September 2017 — 4M0O2-04 UNIVERSITE DE GENEVE



Fabrication technique - IMD

Internal Magnesium Diffusion (IMD) Obtained bulk
In-situ synthesis process @ ~ 9.5mm
H~=~20mm

50 wt.% Mg excess

B powders from Mg rods _
Strem Chemicals from ChemPur 1 Mg disk 1
99+% = (0.5 um 09 9+%

: o JL
filled in stainless steel metal sheaths B powders

that act as crucibles

i

Synthesis using
- Commercial Muffle Furnace
- Induction Furnace

Mg disk
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The Induction Furnace

gas injection Inductive calibrated
Ar-gas copper coil pyrometer
(up to 15 bar) water cooled to monitor the T

—/ i
stainless steel

crucible/susceptor A2

Internal view of the system Upper cover of the reaction chamber
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Resistance Furnace — HT Profile

nhnnﬂmn.nsn Heating ramp rate
~5°C/min

1000

Standard HT

To avoid
overheating

From RT
Up to

] 850 °C

) in~3h
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Resistance Furnace — HT Profile

h m S
0[4[:]5/0]:]0]0]

Standard HT

Dwell Temperature
850 °C

Dwell Time
- 2 h
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Resistance Furnace — HT Profile

a sample !!

h m S
(1]1|:|o]of:[0]0] Half a day to synthesize

1000

Standard HT

1  The reaction starts
650°C . at T higher

i than ~ 650 °C

at ambient pressure

‘N The bulk in the case of

“Standard HT”

N ) has been reacted
for almost 6h

\/‘
|
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Induction Furnace — HT Profile

h m S Heatin
g ramp rate
0[0]:/0]0[:]5]5] ~ 900 °C/min

1000 —— ———T—
900 | Standard HT ]
800 _ Inductive HT _ Overheating
700 - 1  can be kept under
600 . control
§ 500 - .
™ 400- .
300 - - From RT
200 . 1 Up to
100 ] 1 850 °C

InN~50s
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Induction Furnace — HT Profile

h m S
0/0/:/0[5]:/5]5]

1000

| Standard HT
300 - Inductive HT i

Dwell Temperature
850 °C

_ _ Dwell Time
200 - 7 5 minutes
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Induction Furnace — HT Profile

h m S
nn!nn'nﬂ The sample is ready !!!

Standard HT
Inductive HT

Sample-quench
30 seconds to reach RT

1 The bulk in the case of

_ “Inductive HT”

| has been synthesized
In ~ 6 minutes !
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Standard HT vs. Inductive HT

h m S a00 ]
1[1]:[0]0]:]0]0
“Standard HT” m 25
850°C 2 hours

no Quench

-------------

h m S
0/0]:[0/6/:]2(5
“Inductive HT” e

850°C 5 minutes
+ Quench
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Standard HT vs. Inductive HT

h m S h m S
1]1]:]0]0 100 [ 0[0]:10]6/:/2]5
“Standard HT” = £ soo- “Inductive HT” e
850°C 2 hours 850°C 5 minutes
no Quench + Quench

0 3 4 & t(é;) 7 8 9 10 1
38.7 Tc (K) 38.8
0.1 AT (K) 0.2
1.44 Paok (LECmM) 1.96
2.38 D (g/cm?) 2.13
64.3 K (%) 30.4
T and AT are
the same
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Standard HT vs. Inductive HT

h m S a00 ]

1/1]:]0/0]: 0o NS

“Standard HT” = 2
850°C 2 hours

500

T(°C

h m S
0/0/:/0/6]:/2]5]
“Inductive HT” e
850°C 5 minutes

no Quench + Quench
o
38.7 T. (K) 38.8
0.1 AT, (K) 0.2
1.44 Paok (LECmM) 1.96
2.38 D (g/cm?) 2.13
64.3 K (%) 30.4

p (40K) slightly increases
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Standard HT vs. Inductive HT

h m S h m S
1]1]:]00]:]0]0 I 0]0[:/0/6[:]2]5
“Standard HT” = g*”zgf “Inductive HT” e
850°C 2 hours 850°C 5 minutes
no Quench oy N\ + Quench

t(h)
38.7 Tc (K) 38.8
0.1 AT (K) 0.2
1.44 Paok (LECmM) 1.96
2.38 D (g/cm?) 2.13
64.3 K (%) 30.4

D and K decrease
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p (T, B) — B, & B, criteria

B, defined as the

I —
0 value corresponding
S i to the 90 % of the
0.8_ O .: -.. t -, -
> | 5 s ransition
= v 8 5 =
+ l ' N o o
2osdlo £ 2835 ¢ 5 —a20K
c ’ > S v A § 5
- o [l’> d SO vARVAN éj
g P9 99k
T 0.4 Po< A
g 0.4 ;D ) A
= -
02|} 7 = B,,, defined as the
- value corresponding
to the 10 % of the
0.0+ transition

Magnetic Field (T)
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]—M— Standard HT - B,
:—0— Inductive HT - B,
{—0O— Standard HT - B__

D. Matera

1O~ Inductive HT - B, _

B., and B;,, Increased
for sample

“Inductive HT”

0 S 10 15
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HR

]—M— Standard HT - B,
:—0— Inductive HT - B,
{—0O— Standard HT - B__

1O~ Inductive HT - B, _

B., and B;,, Increased
for sample

“Inductive HT”
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Jo(B)at4.2 Kand at 20 K

10— Standard HT - 20K

Better in-field properties
In the case of the sample
“Inductive HT”

—O— Inductive HT - 20K

0 1 2

Magnetic Field (T)

7

Bean critical state
model
slab in // field

] T By = 2Am (T, B)
:]C( ,B) = Vd
Am (T, B)

separation between
the 2 branches of the
m (B) loop

V the volume
d the thickness
of the sample
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] No evident differences
1 in the low field region

Better in-field properties
In the case of the sample
“Inductive HT”

J- (20K, 0T)
~?2 -10° A/lcm?

Different behavior at
high field

Jc up to 1 order of
magnitude higher for

—0— Standard HT - 20K )
‘ the Inductive HT

) —O— Inductive HT - 20K
lO ! I ! I ! I T I T I ! I !
0 1 2 3 4 5 6 {

Magnetic Field (T)
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Magnetic Relaxation

0044 —m 17—
004355 N Inductive HT 5 _
ok a7 Magnetic
0.043 ’ Relaxation Rate
10,0425 _ dlogm
= ] ] - d logt
& 0.042
= é é
0.0415 3 3
; S =0.0144 1 Evaluated from m (t)
0.041 4 i curves acquired for
{ linear fit from 300 to 6000 s 1 6000 s at various fields
0.0405 - 7 at42Kand 20K
0
10 100 1000 10000

t ()
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SVs.Bat4.2 Kand 20 K

o6 ——m——mrr——r—-—rr—r—r—rr——rrr——yr—r— ;
: : S is related to the
] —M—Standard HT -4.2K pinning potential
0.05 - a —@— Inductive HT - 4.2K 4 U
- —O— Standard HT - 20K 1 energy (Uo)
_ i —O— Inductive HT - 20K |
< 0.044 . K,T
g - S =
c ] ] Uo
2 0.03 - -
2] ’ o Thus
S - © | | §=1 pinning efficienc
& 0.02- = / ] | S =1 pinning e y
o
_ o | |
o / /:/ ] Inductive HT :
1 B — ; higher pinning
0.00 +-——1—+——1F——"—"7"—"——"F—r———1——7— ——— efficiency at high fields

| | | | |
05 10 15 20 25 30 35 40 45 50
Magnetic Field (T)
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J. (B/B.,) & S (B/B.,) at 20 K

10° T T 006 —mr—————1——— 71— 77—
—DO— Standard HT - 20K 0.05 ] O ]
10° —O— Inductive HT - 20K 1 O Standard HT - 20K ;
] . O Inductive HT - 20K / ]
% 0.04 / -
—~ 1 ’ 1
NE (ned /
< 10° S 0031 . i
N < ’ ]
—~ 3 0
& 0.02- u .
103-5 | B o i ]
0.01 .- -
. ot~
102 ! ! ! ! | ! ! ! ! | ! ! ! ! | ! ! ! ! I T T T T O'OO LN L L LA DL AL L A HL L L L A R L LA B
0.0 0.1 0.2 0.3 0.4 05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
b= B/BCZ b= B/BC2

The enhancement of J and the reduction of S at high fields
are related to the improvement of B, in the “Inductive HT” sample
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X-ray — Lattice Parameters

Rietveld Refinement Standard HT Inductive HT
a (A) 3.08552 (2) 3.08575 (4)
c (A) 3.52272 (3) 3.5237 (1)

No relevant variations in the lattice parameters
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X-ray — Indexing

Rietveld Refinement Standard HT Inductive HT

a (A) 3.08552 (2) 3.08575 (4)

c (A) 3.52272 (3) 3.5237 (1)
MgB, (wt.%) 79.9 (6) 83.2(4)
Mg (wt.%) 15.7 (2) 10.6 (2)
MgO (wt.%) 4.4 (2) 6.2 (1)

Inductive HT

T MgB, (= +3%) MgO (= +2%) | Mg (= -5%)
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X-ray — Cristallite Size & Strain

Rietveld Refinement Standard HT Inductive HT
Thickness - <001> (um) 0.1315 0.1389
Width - <100> (um) 0.2161 0.1903
Apparent Strain (%) 0.11 0.11

No significant variations in the apparent crystallite size
&
In the apparent strain
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Microstructural Analysis — SEM

SEM analysis

No evident
differences in the
average grain size

Dendritic regions can
be observed in the
Inductive HT sample
(not in Standard HT)

Detector = SE1
EHT = 20.00 kV WD = 5mm
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Conclusions & Outlook

Alternative route to synthesize good quality MgB, samples in few
minutes instead of hours

In-field performance improved = increased B, => higher disorder in
the system

Microstructural investigation: in Inductive HT dendritic-like structure,
no other clear evidences of enhanced disorder

Other advantages of the proposed route:
* Heat treatment parameters inaccessible with traditional furnaces
 Scalable for powders and wires production

Study the effect on disorder generated by “C doping + rapid synthesis”
to evaluate B, and J- Improvements in MgB, bulks

Thank you for your attention !
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