DOI: 10. 1991 /j. crki . enll 1974 /if . 19%. 04. 011
Vol 14 No. 4 Powder Metallurgy Technology 1996. 11

( . 110015)

WRT & TelFaANIiM LA Rk R 1. et 5K E
HRZ FBHHEEEE (AR R AR mEmLAE T FHik &
SRE ARk E BT YBCO R BB MBAEREEE THIHEA
JE RI3k 2|27 10M Pa, Re—Fe-N % V& A1 #H0y Ff7 & JE£ 2| 10M Pall k%
B E AR T B & BT AR T RE B R L Y AR,

R AR AF# ATH £ M

80 , , (77K)
, , 361 P. Granguly  D. G. Hiknks
, Te Y Ba2Cws Oz YBCO- 123
: : o, Tc
) Physica c .
1 Te , , ~
1911 Kamerlingh Onners ~ ~ 7 ,
Leiden 4. 2K
, 70 Te .
20K, NbGe 23.2K'"? 1986 (1) 123 (YBa2 CuwsO7~)
J G. Bednorz K. AL M l'l.He[' Grenoble Cedex
Las« Bax CusO3+) 30K P. Strobel P. K. Gallagher
) Y Baz Cuz 07+ ,
"l R I Cava La, Te 600~ 1100K 100~ 10"
36. 2K, 1987 M.K- Wu  MPa "
Y Ba—Cu-0 , 90K ,

: 1996. 2. 29.



298 Vol. 14
( 1) . 300C tl ,
’ 77 X= 07 ) o YBCO N
(Orthrohombic), x= 0.5 x<0.3 ,
| Cu( )y~ Cu(Il) , 10
o YBa,CuyOq -

900C | , 4 e

( Tetragonal), Cu Cu

L)~ Cu ) )

0.70
0. 60
0. 50
95%Ar/5%0,
W 0. 40
4
0. 30
0.20
0.10¢}
0. 00 . . L
200 300 400 500 600 700 800
BET, C
I YBaCu O~
Fig. 1 Thermogravimetrical curve of
YBa CwOrxphase
I YBaCuwOr+ A
Table 1 Crystal structure of YBa: Cw Orx
X a b ¢
0 3. 828(3) 3.891(2) 11. 679(4)
~05 3.841(5)  3.889(4)  11.736(7)
P. Strobel
, logPo2~ 1/T
ol 2 1.50
- 1 65eV N
J Mizusaki Lat- x Six Fes-

0.01

0. 001
9 10 11 12 13
1/T, 10°/K
2 YBaCu; O

Fig. 2 Balancing relation of YBa CwsOzx phase

A. Ourmazd
YBCO (
3),
"2 W. L F. David
) Pmmm, 6. 85
. a= 3. 8187(2)A ,p= 3. 8833
(A , = 11.6687(6)A V!
(> 950C )
, 10~
20M Pa .
, 1989
900C ~ 7MPa ,
YBCO- 123 t
1987 , P. Monod
G. Demazeau 500C ~ 3MPa
, 1989 D. E. Morris



No. 4

299

3 YBCO- 123

Fig. 3 Crystal structure of YBCO- 123 phase

100

g0t YBa,Cu,04.,

60 |

401

BSWERE, K

0. 00 0.‘20 0.40 0. 60 0.80 1.00
E28
4 YBaCuOsx Tec
Fig. 4 Relation between the Tc of YBa, G O «

and oxygen content

700C~ 6M Pa , 6.
90" "' K. Conder , 326C~ 0. IMPa
(1bar) 300h s > 6.95,

"1 P Vairus
Te Y Baz Cu3z Os+ «

X ( 4, )
, Te 80~
90K'"!
Y- 123 Y
, Nd Sm Dy
Y ., 123 ,
[20] i
K. K. Singh
Nd# x Baz-x CusOy
15M Pa( 150bar), Y- 123 ,
log Bo,~ 1/T , YBCO
, (9,
Te ( 6"
M. Tarascon P. H Hor ,
Ce Pr Pm Tb Y- 123 s



Vol 14

300
100 , , Pr
0. 55 125.26]
(2) 124 (YBaCusOs)
124 , 123
g Cu0 124
B CuO
" LY :
N 124 s
-Ba-Cu-0O
Ba-Cu 123 .
0.001 + L .
o0 9 10 11 12 13 14 Y Yam?da
1/T, 10Y/K [Cu-0] - 124
, P. Fischer, B. Bucher Pp.
Bl 5 Nd.Ba Cu0, A5 YBCO RS FELE Ligh tfoot e
Fig. 5 Balancing relation between Nd,.,Ba,_, Cu,0, D. E. Morris Y, 124
system and oxygen of YBCO system
50 ) Nd Sm Eu Gd Dy Ho
Er Tm Y 70~
40
“ //_—&_A 79K'"°! S. Adachi N.W atanabe
H: 20 (Y-Pr) 124 ,
g Pr 3. 8M Pa
¥ o Yoo PrBaCu®  z= 0.7
5 [32.33]
Nd-Ba-Cu-0 °
10 Y. Yamada Pr
- 124  (PrBaCusOs)"™!
0 A L
o 5 10 15 20 25 30 35 . 950~ 970C~ 0.5M Pa
HE, MPa 24, X
Ammm, 950~ 957C
6 Ndi .Ba-.Cus Oy Te ) PrBa:Cw Os ;
Fig. 6 Relation between Tc of Ndy ,Ba , 965~ 976(: 124
CwOy system and oxygen pressure ’
Ce Th Y 123 s 247 Pr2 Bas Cu7O15-5 . Pr
’ [22.23] Il - 124 X R
Newmeier Pr— 123 Z Guo ’ Y- 124
[ 20,35, 36] 2
241 1.. Soderholm s ’
2 124
Table 2 Lattice constant of 124 phase
124 a b c
Y- 124 0. 384050( 6)nm 0. 387105(8) nm 2 72319(6) nm

Pr— 124 0. 38853(2)nm 0.39016(2) nm

2. 7308( 1) nm




No. 4

301

(3) 247  (Y2Bas: Cu7O15- %)
J Karpinsky Y- 247
1K Kaldis J. L. Tallen
) , Te
94Kl ] Y. Genoud 100bar
, Te " G. Triscone
X~ T, Te )
, J. Y. Genoud 1700bar
[421
Fu-Guo Tarnfair
2.0~ 2 4MPa 990C
(YPr) - 247 | ( Yo,
Pr:)2 Bas CurO15- 8 , Pr
z , Te , = 06207 Te¢
80K 20K™! A. Matsushita 247
123 , 2M Pa
990C 247 ™
(4) 1212
A. Maignan
0. 00
—0.05}
% | 1 MPa
% —0.15f
B —o0.20f
& 5MPa
—0.25
—0-30, 10 20 50 20 50
BE.K

7 (PbesCugs) Stz (Cap s Yos) Cuz O7 400C

X
Reation of (Pbo7Cw3)Sr:(Ca.sYos)
Cw O between magnetic rate after treat-

Fig. 7

ment with different oxygen pressures at
400C and oxygen pressure

44

42
40
38
36

34t

WREERE, K

32
30
28

0 1 2 3 4 5 6 17 8
®E, MPa

8  (Pho7Cug3) S (Cags Yo 5) Cuz07400C
Te
Fig. 8 Relation between Tc of (Pb.7 Cw.3) Sr
(Ca5Yo.5) CO; after treatment with
different oxygen pressures at 400C and

oxygen pressure

“ , 1212
, Pbi- x Sp2 Cao.5 Cuz » 07 5 880C ,
0.5~ 8M Pa , X
Te ( 7
8) 1!

X. X. Tang D. E Moris (Pb, Cu)
Sr2( Ca, Y) CuzOy ,
001125510 15MPa 10~
15M Pa , 0] M. Ka-
to  Bi Si2-CaCu20s o 300~ 400C , 0.
1~ 108M Pa ,

T,
(5) HgBa2Car 1 CunO2¢ 2 5(n= I~ 6)
’ n B
1201 1212 1223 1234 1245
#1201 (&= 006 ),
Te 95K, 1223 (& 0.4 ), Te
135K, 9
20M Pa 400C  4h

a R c



302 Vol 14

R Te 4~ 15K, 3
3 HgBaz2Car 1Cun O 2 5 Te
Table 3 Lattice constant and Tc¢ of HgBa Ca, ; Cu, O, 2. 5 before and after oxygen treatment

a.A oA Te, K a.A ¢.A Te, K
Hg- 1234 3.8514(8) 18.905(7) 106 3.8522 18. 948(5) 120
He— 1245 3.85326(7) 22 1041(6) 101 3.85327(9) 22 1278(7) 110
He- 1256 3.85323(5) 25 2835(8) 95 3.85342(9) 25. 306(2) 110
2 5 N
1984 Sagaw a Nd-Fe-B Table 5 Properties of N system rare-earth mag-
Te netic compound
, Nd:FesB 315C (4 Te, K Mg/ o emulg
. Smy Fay 389 100
sz Fe]7N23 749 139
5 TC, N
Ndz [‘617 330 77
. ) G N H Nd2Fer?N2s 732 178
Re2 Fel7 Fe—Fe , Nc&kFerr N3 746 40.0
Pra2Fe17 290 82
Te, 1990 Re-Fe—N
PraoFei7N2 5 728 167
( sz Fen Nx ) N TC 73OK N B Pr, Fers N3 731 39.6
150K""
° 0. SMPa s
5
, . 1994 | O. Isnard
4 B (e}
) 250~ 350C  15MPa
Table 4 Properties of B system rare-earth mag-
. , 2. 85 2.95,
netic compound
dl’&l“e N Te
Te, K Mg tp /M ou.
Y,FeyB 571 30.7 M. > s Nd2 Fer7Ns
La, Fey4B 516 30.6 T46K,
Ce, Fej4B 516 29.4 14K( 5) [52,531
PrFeuB 565 37.6
NdFeuB 588 37.6
Sm2 Fe14B 618 33.3 ,
Re-Fe , 400~ 3
500C ( N N, X= 22
~ 2.6, 3.0 :



No. 4 N 303

o =

[c BN I Y

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

B Krevet, W Schauer, F Wuechner, et al. Appl Phys Lett, 1980,36( 8): 704.
S Forner, B B Schwartz. Superconductor Materials Science Metallurgy, Fabrication and Applications,
1981.

J G Bednorz, K A M uller. J Phys, 1986, B6t 189.
R J Cava. Phys Rev Lett, 1987, 58 408.

. , 1987, (6): 412.

M K Wu,et al. Phys Rev Lett, 1987,58 908.
P Granguly, D G Hiknks. J Phys, 1987, 27( 2): 229.
P Strobel, J J Copponi, C Chaillout, et al. Nature, 1987, 327 306~ 308.
P K Gallagher. HM O ‘Bryany et al. Mat Res Bull, 1987,22 995.

P Strobel, JJ Copponi, M Marezio- Solid State Commun, 1987, 64 513.
J Mizusaki, M Yoshihiro.et al. J Solid State Chem, 1985,58 257.

A Ourmazd, J A Rentscher, J C H Spence, et al. Nature, 1987,327 308~ 310.
W IF David, W T A Harrison, et al. Nature, 1987, 327 310~ 312.

, . ,1992. 83.

D E Moris, N G Asmar, et al. Physica C, 1989, 159 287.

D E Moris, J H Nickel, et al. Phys Rev Lett, 1989,7347.

D E Moris, et al. Mater Res Soc Symp Proc, 1990, 169 245.

K Conder. Physica C, 1994, 225 13~ 20.

P Vairus, A A Aligia, J Garces- Physica C,1994,235~ 240 301

Yuh Yamada,et al- Physica C, 1994,23F 131.

K K Singh,et al- Physica C, 1994,224 231.

JM Tarascon, W R Mckinnon, et al. Phys Rev, 1987, B36 226.

P H Hor, R L Meng. Phys Rev Lett, 1987,58 1891.

J JNeumeier, T Ejornholm,etal. Physica C, 1990, 166 191.

L Soderholm, et al. Nature, 1987, 32& 604.

L J Peng, P Klavins, et al. Phys Rev, 1989, B40 4517.

P Fischer, J Karpinski, et al. Solid State Commun, 1989, 69 531.

P Lightfoot, S'Y Pel, et al. Acta Crystallogy, 1991, C47 1143.

M Shimoda, Y Yamada, et al. Physica C, 1990, 171 444.

B Bucher,et al- Physica C, 1989, 157 478.

Y Yamada, T Matsumoto,et al. Appl Phys,1990,29 1,250.

S Adachi, N Watanabe, et al. Physica C,1993,207 127.

H B Lius D E Morris, et al- Physica C, 1994,223 51

Y Yamada. Appl Phys Lett, 1994, 64 64.

Y Yamada, J D Jorgemsen, T Matsumoto, et al. Physica C, 1991,173 185.
7 Guo, N Yamada, et al. Physica C, 1994,220 41.

J Karpinsky, et al. Physica C, 1988,153~ 155 830.

E Kaldis, et al. Physica C,1991,190 185 189.

J L Tallen,et al. Phys Rev, 1990, B4t 7220.

JY Genoud.et al. Physica C,1992, 192 137

G Triscone,et al- Physica C, 1992, 210 1.

JY Genoud, G Triscone,et al- Physica C, 1994, 235~ 240 443.

Fu—Guo Tarntair, Teng-Ming Chen. Physica C,1994,235~ 240 367.



304 Vol 14

44 A Matsushita, et al. Physica C,1994,227 254.

45 A Maignan, et al. Physica C, 1991, 177 461.

46 X X Tang,D E Morus. Phys Rev,1991, B43 7936.

47 M Kato. Physica C, 1994, 226 243~ 249.

48 J J Capponi, JL Tholence,etal. Physica C,1994,235~ 240 146

49 M Sagawa, S Fujimura, M Togawa, et al. J Appl Phys, 1984,55 2083.
50 K H JBuschow. Mater Sci Rep, 1986, t 1.

51 Hong Sun, JM Coey, et al- J Phys Condens Matter, 1990,2 6465.

52 O Isnard,et al. JM M M, 1994, 13t 76.

53 Yang Fuming, et al. JM M M, 1994, 13t 255

STRUCTURES AND PROPERTIES OF POWDER M ATERIALS
AT HIGH PRESSURE OF OXYGEN OR NITROGEN

Wang Chonglin
(Metal Research Institute, Academia Sinica, Shenyang 110015)

Abstract This report reviewed the relationship between structures or properties and gas
pressure for high Tc superconductor and rare—earth magnetic materials. It is indicated that
with the changes of oxygen pressure (or nitrogen pressure), the structures of the materials
will be changed and it will result in obvious changes of superconducting and magnetic proper—
ties. In case of equilibrium state the oxygen pressure of YBCO system of sintering tempera—
ture was up to about 10M Pa and the nitrogen pressure of Re—Fe-N system reached~ 10M Pa.
A dense material manufactured under the condition of high gas pressure may have excellent
properties.

Key words superconducting material magnetic material oxygen equilibrium nitrogen e-

quilibrium  structure property
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