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B it 2R FH b o 10 KR S 07 3 ) 46 . AR IR Pr Oy, (BEEE KT 99. 9 %0 £ 850 °C iE4T Hikk 7,
DL AT REAEAE I R A ALY . B CaCO, . BaCO; Ml CuO £E 105~110 “CF T4 DL 2= 2 0 e Fff k. 4%
Jei K DL OB AL AE B LU AR B R A RS L WS IR TR S A0 SRR LR B HE A AR L AR R T
0.5 h IMRIETR A5, B0 B iy 09 J5ORHE AL ELA2 A 10 mm JEBE A 1~2 mm MR AL B Sk
HE 78 900 °C ik 24 h RIS TE 950 CHe%s 48 h, DL Bl PR & 2k, B B E45 WAT It S A & 4=
AR Ik
2.2 R X BHETE SN

R M A X B AT AL AT W A 5 0 L SR 8 B B SR S R I s T B AR XS R X
S HASER A D/ max-2500 BUFEHE X2 AT S s TAE S5 Cu K, 26, 8 Ui 250 mAL 45 & 50 kV, f1 58
B TR B SR G S O S I O 20=4°/min. F TS5 8RS 15 R 5 24
I 2 B R SR FH 2B A i 7 2L B 58 20=0. 02° I ] S H0h 1 Bb A,

3 HRREITR

3.1 tHX#HE
3.1.1 Pr, ,Ba, ,Ca,,Cu; Oy (y=0)4k %

Pr, ,Ba, ,Ca,.,CusOri (y =0 KR RFIFESH A X B AT EES TR 1, WE 1T LIE -,
Pr,—.Ba,—,Ca,,,Cus Oy (y=0) KR R FIEE S B S AH PIA L Pri23 Al BaCuO, ;1M B, B Ca & & (138
Jn. 224 BaCuO, 1y & B2 34, X 2645 JAE S0 A Pr123 4549, Ba M0 B — A #4096 Pr o
Pt Ca WAEAEE Pr il o5 8 HA B 0 Ba B FARRE S 48 Pr f 0 & WL A 2 H 224 BaCuO, .
3.1.2 Pr,_,Ba, ,Ca,,,Cu; O;;(x=0)%& %

Pr,_,Ba, ,Ca,. ,Cu; Osos (x =K R RFNFES (y=0.1.0. 2,0. 3,0. 4.,0. 5) 1) X F£& A7 5} K35 51 F
Kl 2, K2 8mxR:y=0.1.0.2.0.3.0.4 R HSA Pri23 HAH; y= 0.5 WM & A —4H.Pr123,
Ca, CuQ; F Pr,Ca;oCuyy O P,

o: The characteristic diffraction lines of BaCuO, phase

Pr,Ca;,Cu,,0,,

Ca,Cu0,
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K1 Pri—.Bay—,Ca,t,Cus Orps (y=0) K R RHIFE S K2 Pr—,Ba,—,Ca,,Cu;Oqsy(x=0) 1K F R I K5
(x=0.0.1,0.2,0.3,0. 4,0.5) ) X 5277 51 & (y=0.1,0.2,0. 3,0. 4,0. 5) iy X £k Air 4t ]
Fig. 1 X-ray diffraction patterns of Fig. 2 X-ray diffraction patterns of
Pr; . Ba, ,Ca,,Cu;O7.s system Pr; . Ba, ,Ca,;,Cu; O745 system

for x=0,0.1,0.2,0.3,0.4,0.5 for y=0.1,0.2,0.3,0.4,0.5
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3.2 FEUEYREEN
I DBWS-9411 ¥ X%f Pr,—.Ba,—,Ca, . ,Cu; O;., (x=0) RFIFEH (y=0.1.0. 2.0. 3.0. 4) 1 Fh K

SEANUEAT T SRS R B R AR S % Sk (23], KB RAENIE FSECIREN T B

(0. 01 nm®*) FIf & AR TR 1. y=0. 3 FE AT X 5 ZA77 5 3 B WEAE AL 1A 5 T & 3,

Table 1

x®1

Pr,—Ba,,Ca,,Cu30745 (x=0) EHHREFSHBEEREF B (0.01 nm*)#

MEHBEREWBEER (@B P4/ mmm H Pmmm)

Fractional atomic coordinates, isotropic temperature parameters B(0. 01 nm®) ,and site occupancies

in the structure of the Pr,_,Ba,_,Ca,+,Cu;0;1; phase (space group P4/mmm or Pmmm)

y
Atom Pmmm P4/ mmm

0.10(Pmmm) 0.20(Pmmm) 0.30(P4/mmm) 0.40(P4/mmm)
Pr,_,Ca,  1(W1/21/21/2 1(d1/21/21/2 B=0.3 B=0.3 B=0.3 B=0.7

2=0.1825(1) =2=0.1838(1) =2=0.1810(1) =2=0.1810(2)
Ba, ,Pr,  2(01/21/2=  2(h)1/21/2=

B=0.3 B=0.3 B=0.3 B=1.0
Cu(l) 1(a) 000 1Ca) 000 B=0.3 B=0.3 B=0.3 B=0.5

Z=0.3523(1) Z=0.3523(2) =2=0.3523(2) 2=0.3525(4)
Cu(2) 2( 002 2(g) 00z

B=0.3 B=0.3 B=0.3 B=0.8
“O(la) 1(e)01/20 2(H)01/20 Occ=0. 07 Occ=0. 10 Occ=0. 55 Occ=0. 56
“O(b) 1(b)1/200 Occ=1 Occ=1
02 2(q) 00z 2(g) 00z z=0.1565(15)  ==0.1562(9) z=0. 156 9(9) z=0. 157 9(10)
0O(3a) 2(r)01/2 =% 4(1)01/2% 2=0.3695(14) 2=0.3705(20) ==0.3700(5) 2=0.3700(15)
O(3b) 2(s)1/20% z=0.3700(18) ==0.3700(22)

O content in Pr123 structure

R-P

R-wp

7.07
6. 89
9. 64

7.10 7.10 7.12
5.00 4. 66 5.00
7. 41 6.5 7. 14

Notes: (1) Except for the O(1),the occupancy of the other is 1;(2) The isotropic temperature parameters B (0.

Fig. 3

01

nm?®) of oxygen are fixed as 1. 0;(3) The contents of Oxygen are given.
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Observed (+ signs),calculated (solid line) , Bragg diffraction position (middle) and difference (on bottom)

of X-ray diffraction patterns for samples Pr;—,Ba, ,Ca,+,Cu; O7.,(y=0. 3)



312 = £ 7] i &5 i 518 &
SN R R G Ca &8
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0393 \ HIRES (y=0.1.0.2.,0.3.0.4) Pr123
0.392F T 10175 AHE RIS (e, b TV BN R 4) 8
= oz} . BT IESR— W7 i R WAL, y=
% oa90] 0\ Joazo B 0.1 F10.2 BORERH N IE S 5 va=0. 390 33(4)
< NS
S osml A\.\ = F10.38936(1) nm,b=0.38953(4) Fl
o — . 0.38773(1) nm,c=1. 173 38(4) £ 1. 168 20(2)
oy e T gm0 s 04 ORI B S
03870 oy B a=b=0. 387 80(0) Fl 0. 387 67 (0)
R e o 50160 nm, ¢=1.166 00(2) Al 1. 16520(2) nm,

K 4 Pr—.Bay—,Ca,yyCus Oris (=0 FER MBS E a b.c A
SAILPRBLV B Ca & BHI9 5 fk

Fig. 4 Variation of the lattice parameters a,b,c and V

with Ca content y for Pr;—,Ba,—,Ca,+,Cu; O;+5

PR 5B R A ITET
FHES 7 RA Z B IEs TR 2, FIH
2% 2 B4 B Brown M @52 A
T Pr.Ba.Cu(2)# Cu(1) B4 #r. 43 5
7 3.196~3. 352,2. 165~2. 238,2. 056 ~

2.132 Ml 2.332~2.423, H¥,Ba Fl Cu(2) B &ML T % E; Pr B91L-& M UL 7E Pr123 54
Pri™ Fl Pr'” 47 ; Ca(D AL S M A 4> Cu & FHAE N +3 . UL B4R UGS B E T ER,

JEA T 2RO EEA IEHI Y

#&2 Pri_.Ba,_,Ca,y,Cu; Oy (x=0)EEMEBBIEKMULEH

Table 2 Selected ionic distance and valence of the Pr,_.Ba,_,Ca,;,Cu; O7+;5 system

y
Atom Pmmm P4/mmm 0.10 0.20 0. 30 0.10
Distance Valence  Distance Valence  Distance Valence  Distance Valence

Pri . /Ca, —0O(@3A) X4 —0(3) X8 2.481 3.196 2.465 3.312 2.461 3. 344 2.460 3.352

—0O(@3B) X4 2.474 2.463

—0(2) X4 —O@2)X4  2.774  2.165 2.766  2.238 2.757 2.266 2.754  2.288

—OA X2 —0)X4 2.897 2.898 2. 866 2. 864
Ba,_,/Pr, —0ODB) X2 2.895 2.893

—0O@BAX2 —003) X4 2.937 2.924 2.935 2.934

—0@3B) X2 2.938 2.914

—0O(A)X2 —0O1) X4 1. 948 2.332 1. 939 2.417 1. 939 2.423 1. 938 2.407
Cu(l) — OB X2 1.952 1.947

—0(2) X2 —0@@2)X2 1.836 1. 825 1. 829 1. 840

—0O@BAX2 —0@3)X4 1.958 2.056 1.950 2.093 1.950 2.116 1.949 2.132
Cu(2) — O3B X2 1.963 1. 958

—0@2) X1 —0@2) X1  2.297 2.291 2.290 2.367

Pr, ,Ba, ,Ca,.,Cus O (x=0)F G G5 RE 1B 25 A TE W] T 2544 h Ba W07 B A REBE Ca U,
] A Pr A0 Ca B TR IF 98300 Pr 090 & . AR AT, Ca F1 Ba &R 20K + 48 . B A1 11k 24
PR AR # B23T s R N TRk B . Ca® 5 Prt” 40T, R I, XRD 43 M7 RSG5 40K 16 25 SR R 0 L 7
Pr,.Ba, ,Ca,;,Cu;O; s (x=0)1K K Pr.Ba Ml Ca B T8 A LB AN B TR b A v R 2] T 8
KRIVERT . TEFRATH L 5544 T, Ca B F4E Pry Ba, ,Ca,. ,Cu; Orpp (= 0) 7 F o (19 5 K Al 2 02 y

=0.4,
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A DL Ao 45 R, A AT DA R 458 .

(1) 950 C. =AM TPy Ba, ,Ca, ,CuyOrs (y=0 KR RINHE G EJE S A WA, Pri23
BaCuO, ;1 H., ffi Ca & 5 B35/, 2240 BaCuO, W& EWEZHE M. Pr,,Ba, ,Ca,,Cu; O75 (2 =0)
AR y=0.1.0.2.0.3.0.4 BWHEMA XA Pri23 H4H;y=0.5 MHF S &H —H:Pr123.Ca,CuO,
Pr,Ca;,Cuy Oy o A Pri—,Ba,—,Ca,,Cus Orus (x=0) RFIEES (y= 0.1.0.2.,0.3.0.4)F Pr123
KA TIERZ =T RMNEEMEL, y=0.1H10.2 BEES AIESS T FR .a=0.39033(4) 1 0. 389 36(1)
nm.b=0. 389 53(4) 1 0,387 73(1) nm.c=1.17338(4)F1 1. 16820(2) nm;y=0. 3 Fl 0. 4 HIEEF H DY
FHR RSB 9N a=b=0.38780(0)F1 0. 387 67(0) nm,c=1.16600(2)Hl 1. 16520(2) nm,

(2) 78 Pr123(PrBa,Cu; O7. ) @544, Ba B ¥ 7T LI Pr & F AU (E AR BB Ca B T L. Ca
BRI PrE TR

(3) ARFTJAHT, Ca F1 Ba &R 00 + & )8 , AT AL =R BT IR #3600 s R, NB PR R R E . Ca*'
Pr" B4, K, XRD 2B &S ks B 45 R R W . 7€ Pry . Ba, ,Ca,,Cu; O (x=0) K FR Pr.Ba fil
Ca BT H M EER T B F R FR S 7 RMIEM. 78 950 C. =&MU T .Ca BF1E
Pr, ,Ba, ,Ca,. ,Cu; Or oK R B R R M2 Y 2 =0 B, y<<0. 4,
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Subsolidus Phase Relation and Crystal Structure
in the Pr,_.Ba,_,Ca,; ,Cu;0;+; System

SONG Gong-Bao'?,LIANG Jing-Kui** ,RAO Guang-Hui’

(1. School of Material Science and Engineering ,Southwest University
of Science and Technology ,Mianyang 621010,China;
2. Institute o f Physics ,Chinese Academy
of Sciences sBeijing 100080,China;
3. International Center for Materials Physics ,Chinese Academy
of Sciences s Shenyang 110016 ,China)

Abstract: Subsolidus phase relation and crystal structure in the Pr,—,Ba,—,Ca,+,Cu; O;1; system were
studied by X-ray diffraction combined with Rietveld structure refinement. The results indicate that all
of the Pr,—, Ba,—, Ca,, Cu;O;.5 (y=0) samples contain a BaCuQO, phase besides the Pr123 (PrBa,Cu;O;15)
phase under 950 °C in the air. Furthermore, the content of the BaCuO, phase increases with increas-
ing Ca content. The samples of Pr;—,Ba, ,Ca,; ,Cu; O;.;(x=0) (y=0.1,0.2,0.3,0.4) contain only
one phase,Prl123,except for the sample with y=0. 5 which contains three phases,Pr123,Ca, CuO; and
Pr,Ca;yCuy; Oy, . Otherwise, the Pr123 structure takes place the orthorhombic-tetragonal transition in
the Pr;—,Ba, ,Ca,;,Cu;O;4;(x=0) system (y=0.1,0.2,0.3,0.4) with increasing Ca ion content.
The structure of the Pr;—,Ba,—,Ca,;,Cu; O;.;(x=0) samples with y=0. 1 and 0. 2 is orthorhombic.
The lattice parameters are a=0. 39033(4)~0.38936(1) nm,b=0.38953(4)~0.38773(1) nm,c=
1.17338(4)~1.16820(2) nm; The structure of the Pr,—,Ba, ,Ca,,Cu; O;,;(x=0) samples with x=
0.3 and 0. 4 is tetragonal. The lattice parameters are a=5b=0. 387 80(0),0. 38767(0) nm,c=1. 16600
(2),1.16520 (2) nm. In the Pr123 structure,Ba ions could be replaced by Pr ions,but could not be re-
placed by Ca ions. Ca ions partially occupy the sites of Pr ions. The ionic radius plays a more important
role than the chemical properties in the mutual substitution of Pr,Ba and Ca ions in the Pr123 struc-
ture of the Pr,_,Ba,_,Ca,+,Cu;O;.s. The highest content of Ca ions in the Pr,—,Ba,—,Ca,+,Cu; O;1;
system is 24=0,y=0. 4 under 950 °C in air.

Key words: Pr,—, Ba, , Ca,, Cu; Q7.5 system; phase relation; crystal structure; X-ray diffraction; Ri-

etveld refinement



