SAND2008- 5051C

L . Sandia National Laboratories L . Relevance to DOE Programs
Long length scale-up of all solution-deposited coated conductors Transforming the Grid: Superconducting Cable G. Crabtree, ANL
Paul G. Clem, Mike Siegal, Cynthia Edney, Don Overmyer
Sandia National Laboratories, Albuquerque, New Mexico, USA Lower manufacturing cost by facter 10-100

Simplify the architecture

find multifunctional buffer layers

copper

Simplify the sequential deposition processes

Reduce the number of layers -~

cost ($/kA-m W aw materials
All solution deposition d
" . . . High manufacturing speed (10-90 meters/hr)
all-solution deposited superconducting wire . N .
SNL YBa,Cus05/STIOy/NIW tape Low wire cost 200 A/cm width 26 wire
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FY08 Technical goals

Transfer a high speed (30-90 m/hr) lab scale 2G coating process to
commercial fabrication of multimeter lengths

Demonstrate continuous processing of buffer layers and YBCO
DC HTS coil Develop a method for 1um+, high speed YBCO processing

Introduce artificial pinning center method to high rate dip coated YBCO

Improve solution planarization for IBAD processing

‘7—‘ — Requirement: km’s of IImi/ gg(s’tN[i([:n 2G coated conductor @ e ‘7—‘ /’: m_

L . SNL/Zenergy Power Coated Conductor Scale-Up

TEMS
All-solution deposited coated conductor

Process details:

Non-vacuum deposition
(GOI? YBCO Dip coated buffer and YBCO
SrTiO; (100) High production speeds (10-90 m/h) 2 meters of ¢
YBCO pyrolysis < 2 min
NiW (200) YBCO crystallization <10 min
Ni-5%W alloy substrates

1 kilometer YBCO/STO/NiW Lab scale-up equipment:
reel to reel coater Installed at Sandia summer 2007
3 Coating at 10-90 m/hr
7/07 First demo of YBCO/STO/NIW

10/07 Transfer of processes to Zenergy
10/07-7/08 Continuous YBCO and STO
processing at Zenergy; 30 days of
on-site personnel exchange sontia
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F l Reel to reel 200nm SrTiO; // NiW

degree of texture:

Faoo = 0.995, %, = 95-97%
texture:

Aw NiW = 5.5°
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Path to 200A/cm performance of
All-MOD YBCO/SrTiO4/NiW
YBCO
1.2 um
YBCO 0.6 um
SrTi0; 0.3 pm SrTiO, 0.2 um
Niw Niw
1.7 MA/cm? 1.4 MA/cm?
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Instant YBCO decomposition method

Dissolve Ba, Y, and Cu
in trifluoroacetic acid

« Diethanolamine stabilized Cu TFA precursor:
- Reduced volatility cu
- Rapid pyrolysis possible . \

Fy

A
-2 TFA
Add a N
diethanolamine SN TN
DEA
DEA
« Dip coat film sites

Dilute with solvent to
0.2M YBCO solution

Rapid thermal annealing (RTA)

for instant pyrolysis (~ 100°C/s)

.

Total pyrolysis time: 20-60s
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Reel to reel, 1 um YBCO/STO/NIW
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Why? Need metrics @ foeine
for multilayer YBCO aberiodda

@.‘ Impact of fast YBCO pyrolysis/processing

original TFA YBCO

dip coating — pyrolysis — crystallization — oxygenation
60 m/h 325°C, 180 min  780°C, 120 min ~ 500°C, 30 min

furnace size: 180 meters 120 meters

SNL YBCO instant vacuum
dip coating — pyrolysis — crystallization — oxygenation

60 m/h 325°C, 1 min 780°C, 10 min 500°C, 30 min

furnace size: 1 meter 10 meters

0 60 m/h YBCO/STO/NiW
reel to reel coater
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aracterization of all solution 2G HTS layer

‘ (a) XRD (c-axis, a-axis, 2" phases)
(b) optical microscopy
(c) continuous localized J,,

10m all chemical solution
coated conductor

W) Raman analysis of multilayer YBCO/SITIOy/NIW

YBCO
02+/03- YBCo

Cation
(a-axis)  Disorder

cuo | Y.0;

Yy
W\/ | \/’-’\’\—-(-B: moving scan, multilayer process 2
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— Vic Maroni, Argonne

Raman identifies defects not
visible in x-ray diffraction, and

€Ba-cy-0 1S @ useful metric for MOD

YBCO process control:

AA/\/ \/\(-A: moving scan, multilayer process 3]

€C: moving scan on @ Sandia
Laboratories

1+ two layer YBCO

Raman identifies defects in
pyrolyzed films and in YBCO

cu C-F Carbon
1) precursors to high Jc YBCO
contained glassy carbon and
resulted in c-YBCO

high J. ~ MA/cm?

2) precursors to low Jc YBCO
contained graphitic carbon;
crystallized films contained
a-YBCO, BaCuO,, CuO,

and residual C-F
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Wd) Raman microprobe of YBCO - Vic Maroni, ANL 'YVBCO BaZrO, APC nanocomposites
[yp‘ ; - 3

SIC
. . A : M
new Raman P at the Arg Center for Materials (CNM) Y(TFA), + (2+x)Ba(TFA), + 3Cu(TFA), + x Zr(TFA), MeOH VYBCO/BZO 'cl:‘A:E

« local regions of Ba-Cu-O phases (®);
* bottom bulk spectra show mostly YBCO (#).

» BZO nanodots size = 15-30 nm
» Two populations of BZO nanodots

10000
gy 8000
g 600G -Bulk: (85%) randomly oriented
§ - Interfacial : (15%) (0O1) oriented
4000

100 nm

Spectra

200 300 400 500 SO0 00 BOO
Raman shift / om-1 J. Gutiérrez, A. Liordés et al., Nature Materials (May, 2007)

W . . SNL Nanoparticle Synthesis
anocomposites: strong enhancement of

vortex pinning performance in TFA-YBCO

J(sf, 77K)= 6.5 MA/cm?

J(1T, 77K)= 2.2 MA/cm? > Overall increase of J. (H)
Hy (77K) =9 T

» The strained microstructure is

10 T=77K 1 very effective for vortex pinning
Hile 100
? T ] T=65K TFA-BZO ICMAB
S o~ 80tHllc )
< = ¢ ""W‘%
= S 60 )
_"u 01 g
YBCO-BazrO, = 0
—=— Nanocomposite w® HolEr-doped AMSC
001 YBCo 20 NbTi 4.2K
0.1 1 10 0 TRAT
H (T) 4 6 10
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MOD nanocomposites can generate
higher magnetic fields; + 500 % vs NbTi !

- I SNL-ICMAB nanodot collaboration

TEM of BaZrO, Crystallite Nanoparticles

Crystallite size: 5-7 nm

[Ba,(;-ONep)(u-ONep),(ONep)(HONep);(py)], + Zr(OR), a-BazrO,

TEM: as prepared

Dispersed in solution for YBCO-BZO films

SNL YBCO with SNLICMAB BaZro, nanodots

30.00 nm P
Sufebiebitons 10
-Synthesized BaZrO,
Ziaf?:rzirthr;l::ht;ydgve J. measurement study vs. BZO type, % loading § 10°
is underway; 5 different BZO nanodot routes. §
-These nanoparticles Films being measured on both LAO and NiW. 2
are then used in films > £
amorphous : # Potential method for high throughput, BZO -
- nanodot-pinned films.
Boyle et. al. J. Sol-Gel Sci and Tech. 1999, 16, 47-55 s
s “ '- Hernandez-Sanchez et al. Chem. Mater. 2007, 19, 1459-1471 & “ , L 2 = 5 ., 2 90
u @ m ] u initial results: oriented BZO particles, @ m
=1 Laboratories 5, slight enhancement of J, observed Liboratores:
Caic 'CMAB = ICMAB o .
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FY 08 technical activities

1) All-solution coated conductor scale-up (SNL, Zenergy CRADA)
2) Fast reaction rate, multilayer YBCO scale-up (SNL, Zenergy CRADA)

3) Solution routes for pinning and IBAD substrate planarization

Project funding Budget
DOE OE: Scale up of all-solution buffer/YBCO 300K
Zenergy Power CRADA funds-in 250K
Personnel

C. Edney, D. Overmyer: technicians (full time)
J— P. Clem, M. Siegal: co-Pls (part time)

Sandi
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wesearch Integration and Tech Transfer

to Zenergy Power CRADA: ultralow cost 2G scale-up
1 km reel-to-reel equipment, substrates, project guidance
—Woody Gibson, Bert Nelson, Michael Backer

to Los Alamos National Laboratory: IBAD sol-gel planarization
multimeter a-Y,0, planarization tech transfer to LANL
—Vlad Matias

with Institut de Ciéncia de Materiales de Barcelona: BaZrO, pinning
nanoparticle flux pinning for solution precursors
-Susagna Ricart, Xavier Obradors, Fernando Martinez

with Argonne National Laboratory: Raman defect analysis

correlation of J_ with chemical & structural defects

—Vic Maroni, Dean Miller @ma
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v FYO08 Priorities and Plans

FY08 CPS Technical Milestone:

Reel to reel pyrolysis and crystallization of 1 MA/cm? YBCO and buffer layers
[V]Completion date: 7/1/2008

FYO08 Plans:

Tier 1:
/1 Develop continuous reel to reel crystallization process for buffer layers
V1Develop continuous crystallization furnace for YBCO
O Demonstrate 1 meter length, 150 A/cm, 30 m/h, reel-to-reel 2G process
10 meter lengths; 1.4 MA/cm?, 30 m/h reel-to-reel continuous 2G process
Tier 2:
[¥IMultilayer YBCO for 1-2 micron thickness films
VI Correlate electron microscopy and Raman to understand J, vs. substrate quality
/IWrite conclusion reports for SC Power Systems CRADA, evaluation of path forward
Negotiated 3" year of CRADA
[V Transfer low-shrinkage a-Y,0; planarization coating method to LANL (< 4L — 1 nm RMS)
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, Summary ETstiolabor T 301 A
NiWw (200) 352A

1) Sandia research: thicker (1-2 um) fast reaction rate YBCO,
commercial scale-up of all-solution YBCO/SrTiO4/NiW

2) Scaled-up to continuous 10m lengths with Zenergy in 2008
FY08 DOE OE funding $300K

Other research collaborations:

a) Argonne: Raman analysis of YBCO/STO/NiW

b) ICMAB: High throughput nanoparticle integration

c) LANL: IBAD substrate planarization layers with LANL

- @i,

W FYO09 Milestone and Plans

FY09 CPS Technical Milestone:

Reel to reel pyrolysis and crystallization of 150 A/cm high rate YBCO and buffer layers
O Completion date: 7/1/2009

FYO09 Plans:

Tier 1:
Develop multilayer process for MA/cm?2, 30m/h YBCO deposition/decomposition

Decrease A¢ of reel-to-reel 2G process buffer layers to < 6°

Tier 2:

Incorporate pinning nanoparticles into high rate YBCO processing, measure pinning forces
Write conclusion reports for Zenergy CRADA, evaluation of path forward

Decrease roughness of a-Y,0, LANL 2L planarization coatings method to < 5 nm RMS)
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