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Abstract

In the YBa;Cu3z07.5 (YBCO) high temperature superconducting thin film fabrication via the chemi-
cal solution deposition method, BaF; is an important intermediate phase during heat treatment. In
this paper, BaF; thermodynamics stability was analyzed through calculating the standard Gibbs
free energy change (AGr) of the reactions related to other intermediate phases within the temper-
ature range of 700 - 1000 K. Two thermodynamics methods, the Gibbs free energy function me-
thod and standard formation molar Gibbs free energy method, were utilized to obtain the AGr
values. This study confirms the formation priority of BaF, relative to other mesophase at high
temperatures while the possibility of BaCO; formation was found at 700 K.
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1. 5|

REBa,Cu;0;.5 (REBCO, RE fRFEMAM LitRMHA . L. Z%)mEE S HTS)MEHE 298 H
HEIERNHATR[L] [2]. ERZHHISEBAR S, (BRI (CSD) A BAME « 351 LT  IRESR R
ARSI 2T R St A, DR R A P AL R R B2 A . & = IR SR AT IR TR(TFA)
2 TV (Y BCO) iy i 5 VeI 1) ol 4% 1) 4 ) A WLU TR (MOD) 6 2824 R [3] [4]. 7E MOD-YBCO i
FEA, AT ORVAR AL DT A, AU RS IAR . 4R FR A AP R[] [6]. VRS IR
R, ALK ER A o R A, P AR B R I TR ET A, 2 SR PRSP R R N A YBCO
o TEEHHPIAHS, BaCO AN HNRHFEN, FONETELRIRE FMREE, SBRRAN YBCO #HH
(B S PERE, 1M BaF, — MBI N2 REE AT BaCOs AR K IRIAH[6] [7] T4 2R Fh [EAH (1 B Ak AL I mT DA
NIELEE AN L )45 YBCO SRR Fe A S Hr o

7E Clem HIBFFE[8]H, {4 H] Thermocalc™ 4% 454kH" %45 BaCO,/BaF,/BaTiOs I # /1 K s 1tk
AT TAHE, fE0°C - 1000°CIgFETE [ N BaF, i filit B A L BaCO,; B s AR E 1« FEAH i, @ik
ST RE M P R AR L AL OSSR T BaF, MR e, R LB R R IRAH AT YR, R CuO. N T B E—20 T fif
BaF, #HICI [ B, K A H 7 okt H AR 35 A0 W7 B B BR 81k (AGY) , 22 (T) 4 700, 800, 900
F11000 K, 33 63 75 1 76 o 1) 8 AL T BBl AA o
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Al CuF,. (HAERMIAZILA YoCu0s: Bay,Y,Fou, Ba-O-F[5] [6]&H e AR AIAH. 1 FiX 8 rb (] AH (1)
PRI FM L AT, RAEE SR AN BOaxX S (a4 . ] BEDE Ko b3 v () AR B 36 A S B R 36 G 5
Lo — MR AGr B A1 IEH H BRI R [ A REEEARAE -1 T R 4. BRI, 3 AGr 5
LRI LAY F R RE BaF, LR B AT e, FRIE— PRI BaF, 78 A (AR A o 1 A2 B pi etk
FEAT T, A T )5 A T B RS SR EOE A ot AR bR AR R 2R 5 AT B R E BT AR R

2.2. YIREHRTE HEERET

KA O] 4R B )5 o5 A1 397 T B PR B0 I B R B 75 A 7 B REAE AGT BT RAR A (7 72
A AL A T B AR ng) B A T 1 B BERR AR i DA ARV R AR ZE UK A 00 RT3 30 1-3 PR

JNL(R)-(Q) T K @ir and AH; g 208 X8 1T LAAE S 5 SCHR P IEI[9] . (EAFER R (K 2), Ba(OH),
Wi 681 K, TIF A ¢r A 298 - 681 K Z AV A5 8cd, PRIL i i B2 VRS B BAE A 7 2
BRI RMEAMESS RN, WRESE MO RAIR S KB AA —EmZE, TR KK .

AH 298 = Z ( niAH if.298 )products _Z ( N AH i,f.208 )reactams (1)
A¢r = Z(niﬂ,T )products _Z(niﬂ,T )reactants (2)
AG; = AH,g —~TAg, ®)

2.3. WP RARHE /R S TR B H AES
ANTRTIRJEE ™ VA b B K 5 A T B B REAGr B 1S DURDT SEIE R A & 5, TSR

Table 1. Possible conversion reactions of BaF,

1 ATRERERY BaF, ¥ LR KL

Fr5 RBIT5E
(@) BaF; + CuO—BaO + CuF,
(b) 3BaF, + Y,03—3BaO + 2YF;
(c) 3BaF; + Y,03;+ 3CO,(g)—3BaCO; + 2YF;
(d) BaF,+ CuO + CO,(g)—BaCO;+ CuF,
(e) 3BaF, + Y03+ 3H,0(g)—3Ba(OH), + 2YF;
U] BaF,+ CuO + H,O(g)—Ba(OH), + CuF,

Table 2. Gibbs free energy function ;1 and standard molar formation enthalpy AH; ¢ g in reference [9], the unit is J -mol ™
= 2. XY RBIFFEBERERIEAH; (o0 FNEMHTEHAERE o7, HP TERM KRTRNEE, FRBHIESL
J-mol ™t Fg B AI[9]

kvl AHt 208 P100 800 900 $1000
BaF, —1207084 118.279 124.868 131.210 137.268
Cuo —155854 55.690 59.701 63.604 67.374
BaO —553543 84.164 88.330 92.343 96.178
CuF, —548941 89.147 95.266 101.181 106.866
Y203 —190539%4 130.667 140.105 149.182 157.845
YF; —1718369 137.227 145.319 153.068 160.439
CO2(a) —393505 225.440 229.058 232.568 235.946
BaCO; —1216289 139.866 148.475 156.898 165.077
H,0(g) —241814 198.413 201.285 204.057 206.716
Ba(OH), —943492 127.457 135.237 143.017 150.797
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WHFE@G)FTR[LL], FHRAAMAGEEIH 7 &% CHk[11], W 3 Fix.
AGT = Z(niAGf'T )products _Z(niAGf al )reactants (4)
3. BZR5118
3.1. AA#MAETENEERBN S EHETHERLE

A1 PRSI T A E B REAR A (AGY) 3 Y LT B B (PR TS VEHEAT T, AR 45 R AR R
4 N5 B .

He3k 4 M3 5 P AGr Brdl et IRAE &) 1 rp AT LLAL M, W AR B, FIPR AR [R5 07 03 2 AGy
{EIEAAAR], JCHAE SN (a) o £E 2.2 F 73 A i ¥ B2 21, A5 P o5 A1 i B el g bR 2027 S5 Ba(OH),

Table 3. Standard formation molar Gibbs free energy AG; 1 in reference [11], the unit is kd-mol™

3 3. HXYRIE AR EE/RE T B BRAE[11] AGr, BAIA kImol™

kv AGt 700 AGtg00 AGt 900 AGs 1000
BaCO; —1033 —1007 -981 —956
BaF, -1092 -1076 —1060 -1044
BaO —487 —478 —468 —458
Ba(OH), 746 722 697 -673
Y,03 —1699 -1671 -1643 -1615
YF; —1540 -1516 —1492 —1468
CuO -92 -83 =75 —66
CuF, —431 -416 —402 —389
CO4(9) —395 —396 -396 -396
H,0(g) 209 204 -108 103

Table 4. Gibbs free energy change AG+ of the reactions in Table 1 calculated using Gibbs free energy function method, the
unit is kJ-mol*

* A4 ERYREGHEREREE, R 1POUERNERERE THSEHRATEREST AG,, BAIR kImol™!

75 AGro AGgoo AGgoo AG1000
@ 261 261 262 262
(b) 400 397 393 390
© 51 6 39 83
) 110 127 144 160
© 282 323 363 401
@) 221 237 252 266

Table 5. Gibbs free energy change AGt of the reactions in Table 1 calculated using standard formation molar Gibbs free en
ergy method, the unit is kJ mol™*
F 5 ERMREMVERRSHHBREEE, & 1 PHAUERNETRERE THEMHBEHEE AG,, BiiA

kJ-mol™

= AGrgo AGggo AGggo AGio00
(a) 266 265 264 263
(b) 145 145 145 145
(© -5.55 10.7 26.8 427
(d) 116 131 146 161
G 94.4 104 113 122
® 216 225 233 241
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Figure 1. Gibbs free energy change AGt values of the reactions (a)-(f) in Table 1, calculated using Gibbs free energy func-
tion method and standard formation molar Gibbs free energy method, which were labeled as 1 and 2 respectively

E 1 ERYEREHTERERBUEERCA DIERYRE SR EEREHRHBMEEERRCA )R, KFERN
@-(NETERE THEHETEHEE AG

(1) 5 S (A BFF 75 BB (e) A (F)) 223 it B 4 SR 5 L Sl e i 22 - SR, FH R 2508 S 2 (@) I (F) T T
BRI, wE 1 FR,

B T RBL(C)Z Ak, AGT M{EII N IERL, FRAIXLL g N AEAREIRAS FARME ) I M AT XFF RBE(c),
B FROET SRR AGLBEE T BT E AR, 700 K I 1) AG 475 i fE, {HAE 56 = 1) 900K A1 1000K
B, T RIEA.

3.2. MILMSHBEIAEE LR B

700 K (Z1 427°C)IF, AGy A8 42 T BUAE AR IR A J Ak R ARG 960 35 8 B 9 VA W o) 45 (1 SE TG B ot v
BaCOs 17 1E 1 SR Al o AEBATTZ AT BE 7 [6], A B FH 98 &5 B0 A% 48 TFA-MOD 2% 10.3% (IR IR U »
M FH S 08 4 S B SE AR 1AM 1% T LAFE 400°C A 1) BaCO4 HIAFAE . 7EBAIHAE NKIBEFT P [12], fif
FIIEB9 7. 7% HTIRIE W, X S 2R AT S &t T 78 400°C Al 500°C Al 1] BaCO3 AHAFAE .

UEAh, fE ERPIE T H[6] [12], ERE KR T BOA Kl £ BaCOso. XA G AT HEIH R T W4~ J7
Mo B, M) AGRE T FHmim i, 858 R N AR NI, S BURML(c) M5 AT,
BaCO; #1674 BaF,. K, f£ MOD b H rfp g v — BB & UL [6], 28— AL BRAN BT M
HEpR 25, X4 580 BaCO; [ BaF, #7401 S N EAT

4, 4Eip

TEAWEFLA, A &5 A1 357 1 R B bR 2505 R bR v BE 7R AR BT A 0 1) e ARV R v, TR EYE L
700 K #1000 K (&4l &5 HEEZ AL AGy, KA-HT BaF, AT REMIFEAL N . SRR 1A THR I AG
BARARBANT . BFFLKI BaF, #6>h BaCO; HIR MM AGr7E 700 K SF %, TH7E S milid FoNIESL, X
SRS AT IKIA ) MOD-YBCO M 7t — 5. B 7t ] AR (iR B2 R 560IE BaF, AR E PEIEE B TR
i"f MOD-YBCO T2 # b B 1) A [R]AH ()3 AR I 72
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