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Synthesis of Yi sBa; 4Cus «0x (+1wtx Ce0;) Powder using Polymeric

Complex Method and Fabrication of YBCO single Crystal

Jae—-Weon Ahn

Department of Materials Science and Engineering,
Graduated School
Pukyong National University

Abstract

The Y, gBa; «Cua (O« powders are using YBCO single crystal superconductor. it is used SMES(

Superconducting Magnetic Energy Storage) and SFES(Superconducting Flywheel Energy storage)
etc. The Y;gBaz (Cu; 0, are consisted of Y123 and 0.4Y211. a commercial synthesis method are
solid-state method, or a fabrication of Y123 and Y211, respectively. But, This report is
synthesized a Y, sBaz (Cus«0, using a polymeric complex method. The result are that it is
synthsized of Y123 and Y211 at 850 for 24h. For Characterization of this powder, this study
have to fabricate a YBCO single crystal, measured a surface magnetic field to SURFACE
MAGNETIC FIELD DEVICE. The maximum of surface magnetic field are 0,196 Tesla. The slope, that

means Jc. of surface magnetic field are measured 0.4412.

Key words : Y123, Y211, Polymeric Complex method, single crystal, surface magnetic field
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Fig [0-2 . Pseudo-binary phase diagram of Y-Ba-Cu-O.
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Fig M-1. Synthesis of YBCO powder using

polymer complex method.
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Fig MM-2. Fabrication process of single crystal using TSMG.
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Table IM-1. Organic additives in the Yb2O; paste.

wt(%) 30g(71&)
a —terpinol 67.5(wt)% 20.25
buthyl acet 22.5(wt)% 6.75
ethycellulose 10(wt)% 3
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A
300C/h 9940C
1T/h
100C/h
920C
800°C
600C/h
Time

Fig I-4. Process of heating treatment for YBCO single crystal.
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3 YA WE =¥sPot. 28l "M-2-3. Sm seed AZ"A
o} o] AZF seedE 2 YWl HEUT vlgdwel: MgO

substrateE ¥o°} ¥}
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Sm-—seed crystal

Y, sBa, 4Cu; (O,

MgO single crystal

Fig M-5. EAZA YA A H HAHE
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V. 24343 9 n3
NV-1. A F3AP LS o] 88 YBCO ¥4HA.

O-1o4 ¢ o] HAFFHE ol &3 FA3 YBCO precursor
£ Y1237 Y2118 $4E & AE €32 regiong LotR7| 3
TG-DTAE °143l9 ZFHsd Btk TG-DTAE FA37] A%
A 8% YBCO precursor® 600CoA 2A17HE¢ €AE & s o]
AL vbefLe o] 83t remixingdt AEE AHEEFAY. ole f

71 8o A% dFe H2sEr] HEA oo Fig. V-1& TG -
DTAE 2A3% agolH, (A)e TGolx (B)x DTAE YEeldix 9l
t}. Fig. V-1¢9 (A)E 810C ¥-ZolAX 3% F2H44L7 dojvx
Athe AL Holx gtk FIHHAEE 11.81%E Jetgth. 37
AE @389 AAZ A% Rz AgHo] At} dAwt 810Te|
o]l 2T A& FFLLI dojdrh o FRHFAE Fig. V
-2¢] XRD Z#dA A& & F 5] isotopic exchangedl <
3 Aoz AlgHolAth Fig. V-19 (B)¥ DTAE A 1¥0]
o Aq7] F<E peak’lt 2707 A= AE & F Utk A AA FL
Peak= 830TolA e RHOZ o do Y1239 Y2110 Aoz
. F #HA §9YE Peaks 830TAA dojuyed], ol Fig. V-19
(A)dll A9} o] isotopic exchangeo] ¢]3 Ho=Z AlgE ozt
[14)

Fig. V-2¥ Fig. V-1°14 #1& 2:2 EAHE & ¥, XRD
FA4% AFolth. /715 A7l A& 600 CTollA 2413 €A

A
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g A &9 8509 900 CollA Zzh 24X 74 EAHE 3 A =S
T, o] AEES XRD FH T Aolth 600 ToA EANHE A=
A Y1239 Y2119 Aol Yetubx] @krh. &A% Y203 BaCOs
a3 CuO% 2L 27IAE S0 AU shA 850TAA EA e
g 3 ABAAE Y1239 Y2110 EA3 A 7]dA Y1239 ZA
27} Orthrombic structure® 7FA 2 A=t A7t Fig. V-1
ol A 880TC A9 &<& peakollA] Zo| isotopic exchangedl] ¢]& 7
olg} AtgHZT ol 80T 90T A9 XRD &4 Z ol A
el & £ g%l 2 XRD patterns 7FA3 3lom, 900T Y]
peak”7} 850Col A Bt} ©f sharpdiA€ S17] wWEolth a8 o7
A o® ‘HPhase)d] H3rt ofde, HAFx WS}
Orthrombic structure®] 4] Tetragonal structureZ % 3}3s}7] w&o]
o, 900CAA EHag Fof Ao Yzt Fo tA Tetragonal
structure® 4] Orthrombic structure® ZAA 79 W37} o] Fo|A
g2 A XRD ZA Al Orthrombic structure® ## o] i
Fig V-32 Fig IV-29] 24 YisBa2sCusOxd =4E& 7HA 2 U
o} SHAT o] EAA TSMGHOoZ Y123 ©ZAS AZA
pinning center24 9&L& &= Y2119 AR =717 UE AA
magnetic trapping®] AZ2< AT B9 o o &% AT
o a2d3k71e Y2119 ¥4AE Z4AAZL & U+ dopping 948
A7 et

dopping ¥4&dlE Cesd Pt 5ol[15, 16] o] &= oy B AF
dre CeO:& H7MNAT Ce0:8 ¥ FAHF YBCOY FTHx
Iwt%E H7lstio. B2 ¢& F7HAE 2 $d BaCeO2 A Z 0
Hol 24T AL Adste Aog daA 7] WRo|th CeOq
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= AZ A 2o Fig. V-2 9 Zo] 850TaA 24N LE
¢t xS s YBCO e #4344t Fig V-294 & &
%] BaCeO:9 peak’t EAste AE AL & + YUy 2
AFoAME 429 YBCO 2Ax g2AAHE A7) fd4 CeOE 3
7t EEE ARG

Ce029] doping £+ g3 2 9L dd. PO Y CeOe
2& 92 9y mAe 53, YoptH e JAARILE HA=
FFo] distd, Y2114 ulAste} #As B HluAdgs F40
UAUAIRE oA E 17 7)1 HEE] FHEA &3 Aok a2y 2 7
A HE BAAFHLE V2L F A A4S 5o FY3e PEL
2A Y211739 aQAF &F7 wiAFEe] Y211 A Fo did 7t
o aANE BZE 5 YU oln o] WP L F3to PtO0l 9
3 Y2114 dAA el JdAES i vt vt B AFoAME
Y211 A& ¥AE CeO; H7MEHE TR
Moz ARE AFsn Azt B Y211 A4 2 IS

o] s R a3

2L
©2
o
b
i

Ce(nol H7tEFAE BY| st F TR A 4R, F, A7HE0
R BaCusOs# 1wt%E H7He BaCusOs e Azt o 2
2 Y2114 A 9] ¥85 packingdtith AFAE =2H AFLS 2

A =T SeHo ZAAFH g3 Y2114 A9 71T es AFE
o Ce0:E H7betA] &= AWM= A Aze] F7ketd Y21l
AAZ717F 53] F7hste 2AE 2Ath Wi, Ce0.& A7 A
HollAde @A Azto]l F7tstrzt: Y211 dAR717F Ae ¥R
ERATH 10A17te] Ad Follx Y82 AHER AR Bl £

2 m7tEFe) 4EE 23tk o] ZFHEL PIO:E M AAAFHL

H] % %
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2 AzH ARNAY A3t FASE, CeOr A7 AN Y211
kel Aol AAPL oulweh.

- 29 -



10.4 4

10.2 4

10.0

9.8 o

9.6

TG

9.4
9.2 4

4
9.0+

88 . Y

Temperature

(A)

0.04

054

DTA

-2.04

T T 1

T
200 400 600 800 1000
Temperature

(B)

Fig. IV-1. TG(A) and DTA(B) of the powder using polymer

complex method in an air atmosphere.
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¢ - Y123
B - Y211
'

' ' 900°C-24h
> ' L8 (N . N ’
= ISR
$
[d f
= I\ 850°C-24h
<LE _../\F—MJ‘\—-—J! A N I o
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T T 1 T
20 30 40 50 60 70
2 Theta

Fig IV-2. XRD pattern of YBCO precursors heat-treated at 600,
850 and 900C
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\| YBCO 850°C+1wt%

H YBCO 600°C+1wt%

T T T T T T T T T
20 30 40 50 60 70
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Arb. Intensity

Fig IV-3. XRD patterns of YBCO precursor heat-treated at 600
for 2hr and 850°C for 24hr.
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V-2. YBCO &% u|xl.

Fig. V-4t FHASHHA o3 A4 AF}  Superconductivity

Commponent. Co. o4 AZ3 £LE SEME ol8sl] Yxta7]e] Holg B
o7& 29oltk. (A) Superconductivity Component. Co. oA AZ& 22
o, (B)& FAFTEHoZ AT FZoltt I8 (A+ AAHo=Z Qzke]
2717} vlF FElE olFx glon, FdAS 7T T YI23¢ Y211
TEE & 2 Zdside AS ¢ F Yok KT 18 (B)+ sub-micron
A7]e] & dBole} e Fo] FYsHAl EXHO] o]0 Y211RtelH,
Y1239} Y2118 fdARztol7t B83] FiEo] A1 ok &, e XA
80T 4 S EXEE oA Y1239 04Y2119] 24E AAF
oz 4L S wel JA 2717} sub-micron Y2118 AZE <+ 3l
AL, Y13 F e S IRl & F Atk °l& sub-micrond] Y211Y
27y ARAAZA meltingZAZolA ddsiA EEEHY 9lo] ARFFEEE
X F e 8% 802X Z8E S UTH17]. wEbA ZAAFE
o2 RIS 3HASHH Superconductive Component, Inc. AlollA]l #A|&3 22
Bt} o $& YBCO 23HE dEABE AR F+ U Aol AlgHeixH,
S2EE Azst BlaiAS ik
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Fig IV-4. SEM of powders using Superconductuve Component,

Inc.(A) and polymeric complex method (B)
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IV-3. TSMG®3Bol 93] A=x3 YBCO @Z2A EAR7

V-3-1. YBCO ©+dA44% 717

$8-HF Y1232 433 ALY F2E I U3 Y2FH 49
EARES FozN FAIY mEbA YI23EAA Y =R SLV|TFE
TEE7] A% g2 A7 3= ok (18, 19, 20]

A XA L+ra—-follME wEAAEQ] 7 EHLE
ofgol A <¢tBT ZAYF S Zx Utk WA o/l AYAA HA
Aol BAstE B9 o/f AWIA ZAZ B/ AW A =4
o] 24 Hi THLEE BE FF AT 93 dojdr
dhdio] Y2113 Aoz RE YI23rh d4EE WSS Y1239
ZAol Y EH AFUE 7] G Yi23dodME Y123/4%
o FPZ2AH Y211/94 9 BYPRAHo] 27| i THLE of
Yol A Y1238 B3 m48ie dojd ¢ gloh wetd Y1234 4
AE YV123/A4e] HYE 243 Y211/84 e HPzAo] g2y b
of Y1239} <AAHF Y2l1Alolol EAstes AU Ys=Furt &
AstA Ha o] Ao] ofs) Y21dlA YI23/AY AWEFoR Y7 &4t
gtogax EAHUSo] dojdtn AAFHI k. oy o2 7A
Y123/4% AW dojve SRS 777 GASA HEHA A
%S deHdA Y211 HeA e Fad dXo] oldHA R}
I e AARoln.

YA BFS /Y Ao AZ3 ARk oig o2 71
AEE Andd. 52 4AY AW A = T4 (isotropic)el 1L,
NF71A 9] Fe] FE3IE T HYRGS Zerh ¢d d4R

o] o] HF3H o]l YAEH shape accommodationdl] £] 3}
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52 2AEE 2t BYA 2¥E HE Fx Ut olgeE tixA
oz ZtA gAY AW AlE o|wHolx, Wuff theoremol| 2j3t
o ZAHE A BEFY FIELGE ZA FHed, 4371A Fol
SRAE BEF ZAAE A =3} nAYAIE AG71A % o

ol

2= 3/9 AW E rough interface$} singular interface’} &,
=2 3A4YAE rough interface® ztx, ZA YJAE  singular

interface® 7} t} Rough interface®t singular interface Al@ ol
ZAste 94 kinkd YEo) e PEE 5 Atk 94 kinke 49
29 9AAGozZA A} kinkolA e xS FF A o]go] oY
A Adglo] 719H L BAT F oA, AWNEE FIAI = 9
&< ¥t rough interfaces ©l# ¥ HUA kink7b B HH4,
singular interfacedl® A AW ¢tk ZWA rough interfaced A=
Ao &7t vl g wel ngdYxte] 4F 2 &He FAAH
7172 A= 3, singular interfaces Y9 FIEAE TodFE dF
kink7b 7] g, 929 FAAAE AFHFE M2E 2244
S AAsAY Awdl d EAsE UHHAAAS 2L dAEF
EEL Woly Awutgs AAY F Y. WA singular
inerface® AW LEEE =3 AR AL AEREA w7
T2 APt 23d AR iR FHe] HF3] sold T
071 de] AFHAY UHAYLLI} 28 B aA4dAe HA
& A} AWEkg uj7)Fe] FHAAE 2= EFANIIT
Z gAY,

Y-Ba-Cu-OAlol A Y123, Y211 28]z Hido] F&3te XA LR
oA Ao Y SMEE 06 winE 22 ¥ido] Bast Cu 5%
B EG [21] 2822 o] AdA XA Add Fad &4

s
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ARe ygA9 oz AT & Ach YI2Y/AZ AWM
auge 2579 AWL AAs] TN ¥ £ Ao YI2y/AN
Aol roughstth 7HAsHH AW JUAZHR ] 7tgH 2
2 dojgd & U1, AWFEEE AULE E02E Y9 flux ¥
of et oA A Yiy/AY 23 AW FolAM Y2114 Aket
A AAte AREYIL B Fe YE FFEY] WEd +AH2
2 AAsa Fig. V-5 (A)olA RE uisl e o|FEFE o7
A B Y123/A A Al singular stokn MRS E AR @
= 7 dxEY A& o) & A Raa 2-D HA
Aot M AL} 2 kink D] oslA AH kink7b A o
S kink® 9AEo] #AEA HAo2AM F T4 Aol IPdY.
o] E3t= AW BYL £AFHo 2 Fig V-5 (B)o] YErAT
Singular AW rough AWeo] YehteE 24L& Asvd EX
o)AL dAT F e 7IFEL SFAEZIE AHES Jackson
[22]0] A<t3tETh o] Al wE2W AHWE roughness= @
(Jackson parameter)ell 2]&] ZAF €.
a=¢& (L/KT)

Ex AANA o Ad &Y 1w L golth L &84
Fdolm ki BRT AFoltt, ool 28t oW rough A™E

rlr

—

o}, Y1239 tid o ¢ 202 Ao HEHJAZ] dEo
[23] Y123 AlH L singulardt Aoz 4= F Qo
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Fig IV-5. A schematic of (A) Rough interface and (B) singular

interface.
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V-2. YBCO %o mtg a44F&E

Table V-1clX ¢t Zo] ZPAPZEEE FASAUT. A7|H FHE
£ % & holding temperatureo] A 9] #3E F#3 At} melting %

£ 1040TE LAZANAFILY s255E9 YAE5EE o] A
aAIRE 995TC el A F &2 Aol 008 @ 018 a9 & A&
Bolz g=th A 994TAA FAE 2xdME 0.09 : 0179
& 7HX 3 Jeon, 993TAAM e ZANREEE HF o AAe
AL & & Aok 995CAAe ZAAZGEEe sty BHY
holding temperature?] HA(AT)7} AZTE AAAAAEEE ¢ B
& Zolg Az U Rez AlRFHARGY. °]& TTTHA
(Temperature-Time-transformation)d| Al # 23l BH Pzt 2
=(AT7F ARSLE AFE=e A3 F7heles B¥S dHeEdx
lo™, Table V-19] A Fd3ittes AE & + AU o
A large single crystal® AZT A $-d AAAAZEE7E 2 powder
g o83ty e XA FHE ANeE AxT 7Hed Ao
Atgso] Atk X7 superconductivity component. Co.ollA A|ZF
powderZ YBCO single crystal® A7 7% Table V-13} Zo] A&
A HE ol FAFTERCE PAT IR HAARS AU AR
H|ZE sl W holding temperature’t R44E ARAMAELS] Ijol=
O AdoeE A& & F AUk ol TITHAES BEdsd BE AT/ A
AFE ZARAGAEEE ARE AE S T F IR0 LY AolEx
ARRFEES Aol NS T F AU ol A 3o Y21IF
A9 Y29 YIZBFY Y= Ao|7t YO #ihg ZZAATH, Sitd
Y 47 whgat Y1237F d4doks A 7IQ1E et mAlgt #
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AstA Y2119] 4RI E8lg Y& Y123 AAFZoMe =574 Yok
o)zt glojAck whebr Y21lollA 23 Y A7} #olxAl oA
7] wjEol we APYAEES Uerd 5 AT [17].
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Table V-1. ZAAZEE A,

superconductive N superconductive N _
25 AT
component. Co. component. Co.
A 22 o] (mm)/A &A1 2k (h) A tE A F 4 E (mm/h)
995C 4 /50 4.5/50 0.08 0.09
994TC 5/ 50 6/35 0.1 0.17
993C 6.5/50 8.1/30 0.13 0.28
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V-3-1. YBCO @249 A -A713 5497}

YBCO A% ©@ZASAE tdtr] s bS5 2o AFER
%% & o] &3t Surface Magnetic Field& Z&A33 A .
AZEEZAE FA37] A8AM d2F 2 FAE ol &2
o, ol o]&3d FAHFT YBCO ZxAE YZEAY Surface
Magnetic Field® Z+Z} Fig. V-7914 2o F3 ith

Fig. V-89 19L& #AAFEHZ LT YBCO 3= ©
A A oJSurface Magnetic Field& A3 ZAolt}. Surface Magnetic
Field& =A3%7] gsixe YBCO AL ©ZA 9o magnets
et 284 H¥W 2AERAELAAE 2FAEAHES UYEA E
) WX o= magnetic field7t 334 2 Aoltt. gz o] dd
BAAALE Po]FHA field coolingg A HWE ZAEA
magnet®] A& L 7IAA €t} o] 2 A magnetd AZFEL 7HA A
trapped magnetic field&tz =& 3o},

2 dAFdAEs 05 Tesla?l AFAZ7IE 7F2 NdA magneto =
YBCO 7%= ©ZAE field coolingdtd FAstAt. olde] FA
X 77 Kol A trapped magnetic field= 0.2 Tesla®l @& 71A X
AU

Ref. [24]el 4= Fig. V-6ellX Jeld ZA3 field cooling & %
e dZ2Ae diFo g AFELS FdAHd dADAFEEE
A8t A& ot 2ol YA

rr

il

dB/dx =pole e (2)
4714, B AAE Yetl™ & ATAAMY FHAEE YE
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31

Z Yegdlz gtk 412 field coolingdted
A A4S JAAFLESY ZdHA @S YEd F de 4ol
o A= A1) 2L guE ZHA 2 AT Dk A dd
QA &L UetdoE. o] HdAE 7718 Z7E A dA
AFEE7 3 $5& YedY. Fig. V-694 & trapped field&
YBCOY 43 JAHARLEE FHE + A& 71€7] &€ Eolx
it Fig V-7914 & YBCOBZAY AFEXUEE Holxn
agoli, o] APARE A dAAFoR AFHUYE AE B
od 4 Aok AW AAE 02 Teslad #2 7HA 1 QU

Table V-201A #ZEL ddrid FAFHFHOLZ A= o] ¢

I

X

% AAFAEE M £ Yde AL FAT & Qo #AY
9242 Az A me 2Rd F QAT 2o 54

- 43 -



Table IV-2. Slope values as a sort of powders and fabrictation method
of single crystal

EUEH | 71¢7)
A 53 0.4412
Superconductive Component, Inc. 0.4136
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Fig IV-6. The trapped of magnetic field along the centerline
of the sample
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Fig IV-7. The trapped magnetic Field flex density of the sample
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1. YBCOL BT YI23%} Y2112 FAHS Y. old 22
FPexe o)z sty 7 & dAEE 9, HA ERE
e waez sx ok B A4z AYHn dE YBCOS
rae paAsAN o AxFoz oM IAHIE Fa A
ou, mwgEol & Y AL & F AJYh FHAR B A7

o = 80TAA 24412t dAEE To2A YBCORE S &

oX,

AAAZS AFlE  fAL=d  @g &AL AT
Superconductive Component, IncAbell M=% A Bt} 2ZAHFEE
7t BagE AL BAL F 5 AU olE wAF Edo] U
A BE27E Hojgl7] gEe] XA Ysre Aolel o AN
o] e AFALL g3iso] wy wWE AFYFEEE L F
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3. 5L Jc#e 92 F A ol YBCOXAZAY §8E =4
T U A ZFA g 2ol ZEF TP aFsE FHHeE o

€513 Aot
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