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ABSTRACT

Perovskite compounds involving a Ba perovskite
are substantially important in an electro-ceramic in-
dustry because of having superconducting, fer-
roelectric, magnetic and ionic properties. For syn-
thesis and preparation, development of new methods
and processes are required. For characterzation,
precise-structural analysis is necessary. Concerning
properties of new compounds and textures, it is
substantial to exploit relations between the proper-
ties and newly analysed structures. As results of such
studies, it is intensively expected to find out guidelines
of development of industrial materials. Our Ba
perovskite group has published 169 reports and sub-
mitted or obtained 8 patents. These data revealed in-
tensive activities of our research members, whereas
this research report can not be allowed to contain all
our activities. In this sense, the outline of our group

research is described as follows.

Outline of the Ba perovskite research
I Study on synthesis of Ba perovskites and re-

lated materials.

In order to investigate structure-sensitivity, both
Ba perovskites and their related materials have been
synthesized and then characterized by various
methods. Bulk of the materials were fabricated using
solid phasereactions, freeze-dry, and coprecipitaion
methods. Films were prepared by rapid-quenching,
sputtering and MBE methods. Especially a mechanism
of crystal orientation of superconducting material
films was studied intensively. Synthesized materials
were characterized by the use of X-ray diffraction,
DTA-TG, and

electron microscopy. Measured properies consist of

neutron diffraction, high-resolution

dielectric, ferroelectric, piezoelectric, pyroelectric ones.

Relations with the data of structure and texture were

discussed.

(1) Study on dielectricity of Ba(Zn,Nb)O,-Pb(Zn,
Nb) O, perovskite solid-solution.

Chemical stability of Pb(Zn,Nb)O,(PZN) was

studied. Pure PZN 1is a pyrochlore phase, bhut a
perovskite phase is stabilized by adding BaTiO..

Films with almost full density was successfully
prepared by rapid-quenching. The value of dielectric
constant near Curie temperature recorded as 3000~
10000, whose value was by 2000 higher than that of
the sample prepared by a solid phase reaction.

A perovskite compound of (1-x)Pb(Zn, Nb)O,~xBa
(Zn, Nb) O, composition was prepared by a spray-dry
method. Compared with the specimens from the solid
phase reaction, shape of the particles is spheric, a
reaction rate is larger, and a dielectric is by 2000
larger.

(2) Study on a magnetic perovskite

Magnetic perovskites (La, M) MnO,{M:Ca, Sr, Ba)
were prepared by a coprecipitation method, which
were found to be homogenous and excellent in crys-
tallinity. In the case of (La,Ca)MnO, composition,
the material changes a charge ordering structure at
110K, that is, an incommensurate structure.

(3) Study on lead perovskite.

A measuring method of electromechanical coupling
factor piezoelectric materials has been investigated,
and more precise method was established. In the case
of Pb(Ti, Zr)O

of length to width and width to thickness and length

,, the effects of the sample shape ratio

to diameter on the measurement was analysed by the

finite element method.

(4) Study on thin films of superconducting related
material Nd,CuO,

After a multiple metal [ilm of Nd and Cu by
tripole DC magnetron sputtering, air oxidation of the
film gave rise to a c-axis oriented oxide of Nd,CuO,
film. This reaction process was traced by TEM,;
growth of the crystal orientation initiated at the
boundary between a substrate and the film at 700C.
At 10607, 100% orientation realized without any lig-
uid phase. This phenomenon seems a New Process,
so that we define as “Reaction induced solid phase

epitaxy” (RISP epitaxy).



By the use of MBE, a SrCuQ, infinite layer film
(superconducting related matetial) was synthesized
with layer-by-layer accumlation on a SrTiO,(100)
single crystal substrate by simultanious evaporation
of Sr metal and Cu metal which were contained in
different sources respectively, in NO, atmosphere with
a high oxidizing power. This film with c-axis orien-
tation is homogeneous in composition.

(5) Homogenization of oxide glass melts in a high
magnetic field

A glass melt of Bi,0,~Ph0O-Ga,0, system gave rise
to a pattern of large vortex motion by ZTesla. After
cooling of the melt, the glass still kept transparent.
Discovery of this phenomenon can cause develop-
ment of‘ a new non-contact mixing technique in glass
melting for elimination of bubbles and glass defects

and homogenization in compositions.

I Study on characterization of Ba perovskite
and related materials

(1) Analysis of crystal structure by electron mic-
roSCopy.

Research has heen performed to clarify crystal
structure, defect structure, incommensurate structure
and ultra-low temperature charge-ordering structure
by the use of a high-resolution high-voltage electron
microscope and an ultra-low temperature Lorentz-type
electron microscope for the specimens of alkalline
earth perovskite.

Crystal structures, defect structures and incom-
mensurate structures of newly synthesized high Te
superconductors consisting of Ca, Sr and Ba have been
determined by the microscope, which is quite useful
for the samples synthesized under high pressure
because such samples are little in quantity and con-
tain many intergrowth defects, so that we can real-
ize high accomplishment.

Some typical results are as follows.

1) Structual analysis of Ba-Ca-Cu-C-O system super-
conducting material.

2) Element sabstitution effects on YBa,Cu,O, super-
conductor.

3) Analysis of defect structure of Hg-Ba-Ca-Cu-O sys-
tem superconductor.

4) Analysis of ultra-low temperature charge-ordering

superstructure of La,;Sr;;MnO, and LaSr,Mn,0,.
5) Direct observation of magnetic flux of Nb system
superconductor.
(2) Structural analysis of inorganic materials by pow-
der X-ray and neutron diflractmetry
Since measurements of high resolution powder dif-
fraction by a pulse neutron source as well as photon
factory have been recently availiable, analysis using
the Rietvelt method become popular. The purposes of
this study are to develop an apparatus which is able
to specify structural parameters and to exploit a new
analytical method, so that these methods are applied
to crystal structural analysis of high Tc supercon-
ductors and their related materials.
Newly developed softwares are availiable and
used in any neutron source or photon factory. A TOP
powder neutron diffractometer (VEGA) was set up in
KENS. A new version (RIETAN-94) has been in use
by revising Rietvelt specificating program (RIETAN).
By application of this program to intensity data of
various kinds of inorganic materials, satisfied results
were obtained.
Some results are described briefly as follows.
1) Pressure-induced structural change of
electron-doped superconductor Nd, Ce CuOQ,.

2) Structural change of PbBaSr(Y,Ca,.) Cus0,,, due
to introduction of oxygen into a block layer.

3) Crystal structure of (Cu, C)Ba,Ca,Cu,0y, ;.

4) Properties due to structure of Ba,CaCu,0,. ,CO,

5) Structural disorder and charge transfer in (Pbo5
Cuo_ﬁ) (SrovsLaovs) ,LCuOs, ;.

6) Rietvelt analysis of superstructure of YSr,Cu,AlQ,.

7) Oxygen atom site and disordering in a supercon-
ductor (Hgy, Tlys) ,Ba, (Y,Ca,.) Cu, 0.

I, Study on
perovskite related materials

magnetic properties of Ba
Research has been performed actively to obtain
data on magnetic phase diagram and magnetic interac-
tions by measurements for magnetic oxides under high
pressure.
Some results are presented here.
1) Negative pressure derivative of curie temperature
(NEPCO effect) was found out and conditions

under which the above phenomenon occurred were



investigated.

Two kinds of physical relations were obtained; a
relation between Curie and Hopkinson tempera-
ture and empirical equation concerning pres-
sure-derivative of Curie and Hopkinson tempeta-

ture.

A number of the above scientific and tech-
nological results are owing to much help by many
domestic and foreign researchers, and technicians.

We acknowledge their fruitful support.
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ué;_m:tﬁwﬂmcCiCM$+#m%L %
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o COETR

Fig. 222 TEM photo of the as-deposited film.
The film comprised the particles of

2nm size.
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$9.5|

o CORBLIETHRLID NCORZERbIL, HEShH
$800°C Tl XRD Tll#i/ 8% — v 2SBiN A 13 LDk X

SUIHEDE L, BRI ZEMMEEZ b > T
&R¢ L) ZEdbnrb, Lo LEREESEHIEN
LTW2bIFTIEZ% v, 900C TOWTE TEM % Fig. 2.
2612 T FHMirbtIEFE,rL R THEEE
T NCO # b 2SH M4 % b > THREL TWw 2 0 9Ei%

TEM

600°C. There were oriented grains on

photo of the [ilm annealed at

the interface between the substrate

and the film.

TEM

700C. There were oriented grains on

photo of the f[ilm‘ annealed at

the interface between the substrate

and the film.

2702 R T, HIANIC

HEE 101

ENb, COZ M5, 700CH 5 NCOMRPHEL
M6 B N3, Iz B oM d I E T & B AE L 721 T
HY, WELE AL E, IO L 2zE SR
SCHELTL %, 20O ELTL S b

DEBbiLs,
1000C THEUWLEE | 729 > 7V O Wil TEM % Fig. 2.
NCO OffdbkiAsk & CHiE L Tw
B, MR EOMICOT AP EBIEE IR
é‘mmtfmmemr B L 4 /8% — % Fig.
LY, PREEAI00m PLEKE L TWwWas o
&ﬁ?\éﬂ B AR v b T HEMRE NCO LYt A

Nd2CuO4

Srhio3

TEM

800T. The oriented crystal layer was

photo of the film annealed at

observed on the surface of the

substrate.

NdzC04

TEM

900C. There were oriented grains on

annealed at

Fig. 2.2.6

photo of the film

the interface between the substrate

and the film.
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1
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R A6 Sr & Ti, & 2 Ti 5T AL H L, ﬂﬁﬂTéﬁm,mﬂﬂ M% AL 7o
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ZOmEIZL Y, Aln létﬁ SN W) Z ik W EEARE AR E L Tnw &, BEIEINRT
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ZEDbhror, 72, 1000T LA OWLER 3 EAE T
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Table 2.2.2 Composition of the buffer layer and
substrate by FE-TEM. The diameter

of electron beams were focused on

Cu Nd Sr Ti
substrate
o 0.28 0.00 52.93 46.78
Fig. 227 TEM photo of the film annealed at Latom®%]
e 15 @ buffer layer
1000C. The oriented Nd,CuO, and . y 18.47 50.08 543 26.02
buffer layer were ovserved. [atom% ]

Nd2Cu04f
Buffer layer?

.
SrTiO3
—
N A®

Buffer layer

SrTiO3

(a) (b)

Fig. 228 TEM photo of the film annealed at 1060C. (a)Lattice image. (b)Dilfraction pattern.

The buffer layer of 20nm thickness at the interface was observed. The spots along

a-axis except these of SrTiO, and NCO were present.
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2. 3 BEAFCBHEBECHITIZTONARE

2 3 1 EU®IC
RO T AHA MEEIEEOTERTUE L, Sk

AR E R 20 S TN D 7 o THRIE <AF5E

ENTRTND, 20 TH, *ETAHA MEEWIZ

BiTA 70 b AMAREICEHTNE, [wahara ik o T

SR, MR L T &7z BaCeO,, SrCeO,, CaZrOjz &%

BRE LR ELTHY), SHTH I LDRE T

D& UCHERE, DMLY, AL F - R RERNE

%Tﬂﬁblkhtﬁﬁnﬁ Sl b TwAH, ZTOETIE

:ngxu71ﬁ4b%@A&%f,%®M@Mm%

T AARERFIE SIS T O BE L e B & TR

Ty OGS B2 BEIZ LT, BREA 4 2 EHAE

BWIZBT D A4 AE, Fic7o b AR LT,

HZr, (PO # i 2 Y EAF TR T & 2D TEDOHH

WEEITH o TOARTIE, ERRONRTTAA 4 bRE

Rz, JabrEROPLRERITHE L LTEoE

WOBRH I RIFT 5 720FEL TV D E V)

T, EHiE, o) YERLE & IER G Y K

DKFERE G RET TR RV e P L5

B & o Twho HZr,(PO,) 13 #% D fEME, ~)7

RE#E E101F

BRENIEE LD D BN, FORELEEEA TV 3K
BRI BIT S 78 b v OfEEE B L OYP-NMR
ARy NV R, BE OIRRETIE, HZr,(PO,) 3
AEEREFELTWEY, REFTo 70 b a8k
ZORERIK T TRTCRR S E % T aifgentg &
LClllE Lagam L Tw <,

kb, EREBTLT, A-M-0F%M=Sb % &)
T, A4 AMEEEMEOBRE R K17 o TELDS, Bk
DEZABIIFNNEE > TV L AL TEE
VA

i

Y

Lo

2. 3. 2 EBR

B OERFEI IS TR ST B 72
DI TEEWEY b, EENER IR &
AZZED TV ARE L CHEROERRE R L

720 ZOM, REFEOTIMEMEE LTy, B
A YNy —FETHEE 3W(—23LEIZS LT
W= RN e BRI, BEA -5
A DR AR KA, NS (10T /h) Tl L
72589, F 72¥P-NMR (&, MSL400, HB{REm8947 A
7, HoOV AW, JREE161.99MHz, FEE #1000~
3000, FiIZTIT =72, OB, MESKEHAKSE7
RREClET 55618, Rz, B22(~10%Torr),
ML (F9280C- 1 W) DFEHFT T ) A HT AF /38
ALy 7 ZZHEHALTHEB L,

2. 3. 3 JObinEEN

CITHHLOTELETTHLRVY, BEDLDIC
TN RN ITTEDOET - Y it LTE L EMT
DR B, 70 b \H)IINY F o0, D (uud)
T, FOBEMWIE+e, TAVAE Y 12=1/2, ALY
1=1/2, F££=0.00066pm, F1ENL=99.985%, % &FL
N Tnd, 26, FF, 5F, KTEIRDEL)
LEEE & oTwnh

J(QZJ?"T‘I?:% 78 pm

—H A EHRE (H) 74.1 pm
H—O k&HEE (H,0) =~99 pm
H--O 44 0EEE (H,0) =~177 pm

0—0 IfE#E (O—H--0) =—~276 pm

¥/, BRI EOBEREEE I OWTANERE RS
ERDE Do T VA,

7r(1.22) < P(2.06) < H(220) < 0(3.50)
{cf. Ba(0.97), Sr(0.99), Ca(1.04), Ce(1.06),
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Y (1.11), Nd(1.07), Yb(1.06), Si(1.74))
(M1 Allred (2 & A, Pauling TH KFEZ W)

HZr,(PO,) A& & 121%, AA & (h-HZP) B L U3 h &
(c-HZP) DR 7% 2 Z D D45 A ENHFET 5577, T
BiELbIZ, ZrO,F 7 A Fur, PO, FFAFO
YHTEE A S NTEEA 4~ 3 RIvE S % R
V5, M231, 232(Ref. 6, 7 & WIBH) 22 EFRA
B L EOEREE L, M2.33121 h-HZP
BT AEERELA, ZrOoF 77 AFur, PO,T T
AFBR Y, BIXUHOEBEKRELZRS, h-HZP T
&, M1, M2% 4 bAHL0HIZZIRTIIML 44
MehEDb, M1 A FOHZRDERE, M2H A4 k
DAFRTRTHEE234D L 5 B, —F, ¢-HZPT
EREHEY A bo—HEOAYH D, TU DR

¢ (hexagonal)

X231 7NHE MZr,(PO,),

Cubic - M Zr, (PO, )

X232 37 H & MZr, (Po.x) 8

B L LTO, TN A MHEOBOERIZAD L9
W SN TWwWb, h-HZP T, M1-M2 [#it 2 &
D ZrOF 7 NN v OBFEALF Y 3MHLN 25K
EWVHOE, M2-M2 MIX, 4fAOBEA+ M
194 M 26400 E 4 HOBEAF 0% 5
BCIEASFAE T A1, c-HZP TlX, EREMK—Ers
MAREIIEREA A Y 6 L) 2 2OH S 57,

X2.35121%, DTA, TGA & )5 7&K IK

HE (HZr, (PO,), * nH,0) DA J & (h-HZP) B X OS5 J5 &

(c-HZP) DIN#L (5 C/min) 1 & & 7% ) W& ZE L 2R
¥, Bt o n EIZFIRIC BT 2K DO=

f

[¥12.3.3

M*,,\M
NIk HZr, (PO,) S s s M1 A4 b
(NHER @ ZrO,, DUIE{K @ PO, ERfK @ H

M1H%4 1))

) §§y‘§,§nni§ ——
X234 NJdh HZr, (PO,) fEdbtiE & M2 41 b
O\HiA @ ZrO;, WA PO, ERfE M

244 M)
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R LTWEYS, OB, by e+ 5 0, E'ﬂf) DICBIFHTa kR HO0 R ENHLY S BIEARL
SRNO T b AL Z OREIR DT L IKTRKS AR AR AR TIIER23TO L H kb (72720
b h-HZP, ¢-HZP &b Ms,mu\@ﬂa_%écbnmfi}iﬂ( F DR EH%E i*ﬁﬂ%b’%/j< W) o IREEIZ DR
HE %)L, h-HZP Tid Te=221T 1285 )7 & (Z4t B, FEBIZIE, KFEEEGIREWEB) & LF (1 4 ‘/'l'ft
B O ATEANEMHER A RT, 2L, ks bE©)REA Ik E(CB) A3Z2 My, WEMEIZIR A IKRE

THER, KEFICHESIUE, B, &k 5RhACIRAE

2 & A, 236101 FiREEHI0CH T O o-HZP 72.3.1 Comparison of the electrical properties
N — of hexagonal (H-HZP) and cubic
@%Jc*] ¥ v A (10k, 100kHZ)ZEfLZ R ¥, 7B
{10k, 100kHZ) %1 T ® (C-HZP) HZr, (PO,),* niL,O
h-HZP (2B 5 iR AL DK 2 &1 SOk 12 Rl S
NTHWDLDTI I TIIEEL 7, Mo s £ L Characteristic Hexagonal Cubic
WL EFL3IDE I 733'%) o 72721, (HEOEE{LT Crystal structure R3IC (>T) P23
N . . . n(H;0) ~0.4 ~0.3
AN F =TGR OB DE T LT b O i s ¢ Dehydration 160-210 °C 150-230 °C
RKOTH D, T ABEE(300C), EiEfbo s temperature (C) .
Phase transition Tc = 221°C
F—LBIZAHMDIEI) PSR ENVERTHL L Protonic conductivity ~1.3 x 107¢ ~2.2 x 1077
S —— ok B E i " (pellet, at 300 °C) (s/cm)
B3 %o HZr,(PO,) A “¢ﬁ%@H%4 b ORTrasC Protonic conductivity ~1.3 x 10~ ~2 x 1075
EMLIFA b %, S TIEREMAET A b2 FRS  (grain, at 300 °C) (s/em)
Activation encrgy (eV) Ep = ~0.44 E. = ~0.52
10 ———————————————r—— H* ion pathway Ml « — M2 site Ellipsoidal cage
M2 — — M2 site
5 a°°°°°°a° °°o°°° 1 [210]
w ° -
S L . | [001] o 0
g sl ° ] JH N S
5 : H-O Zr
5t : : H, /N
g p® o P—0 0-P-0  O-P
ao“""mmoooamﬂ"ooa \ / H
- 1 Zr
b (a) ooc000000000"0000000000000000000000°°°°ﬁ / \
% 0o °o°°°°° O O
N Mt e o T E
100 200 300
Temperature, T (°C) (— @ RAREL A A UHE)
[%2.3.6 Temperature dependence of susceptance (= 2 KRHE)
of C-HZP at different frequencies (heat- X237 HYA MBI DS RIFAREE (2 m)
ing rate: about 10Ch"): (a)10kHz; (b) T O BHACRE () T oI
100k Hz. (s I N e ERR)
r.t. 00 TEMP {*C) 200 300 400
4 |-Tc=221FC
H-HZP dehydrgtion
<t n=0
(n=~04) g d-hexagonal Pt hexagonal —
N —
C-HZP dehydrgtion < n=0
(n=~03) |4 cubic
(d = distorted)

X2.3.5 Structural changes of hexagonal (H-HZP) and cubic (C-HZP) HZrz(POJ):;nHZO with

increasing temperature.
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Table 6.1 The condition of the sample preparation
for NiMn,O, (v: inversion parameter;
q: quenched to room temperature; f[:

furnace cooling)

Temperature Time
v (K) (h) Atmosphere
0.79 1073 (q) 72 In air
0.82 873(q) 72 In air
After 1223 71 In air
0.91 773 (q) 76 In air
After 1173 71 In air
0.98 973(q) - In air
After 1073 73 In air
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CuCr,0,m Hi 38 JE Bl ix Cu0(99.999%) & Cr,0,
(99.999%) & TH B, ABERENA v ¥F—%fEx L

W FHE E X NiMp,O,D L XL RIBETH B, 1) v 7k
DFREHE L e —F 107 e LT, BBEFRTIATEK

(47h) DIRIE TEA &7z, fie < BB Table 6.212
RL7-EBYTH D,

EENT (p<17GPa) 3 TOBEBMEROMWEILE A b
) v RIS MRS LTy T Y
(CH,CH,CH,CH : CH) # Wz RF L ¥ — L KL
FHVIc, Wi Ay vy —RIEEsEEIL s
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BTV EVERTRT o010 Yy EE L
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Table 6.2 The

preparation for CuCr,0, (q: quenched

conditions of the sample

to room temperature)

Temperature Time
Sample (K) (h) Atmosphere
A 1323 (g) 46 In oxygen (0.1 MPa)
After 1473 47 In oxygen (0.1 MPa)
B 1123(g) 52 In oxygen (0.1 MPa)
After 1473 47 In oxygen (0.1 MPa)
7
=Ty v =098
0.23GPa
|
L )
Ni MnZOA
1 TC"IL ] | 1
100 200 ’ 300
TIK
(a)

Bk L7z v 7 (WME=77-83mm, M =4.0-4]
mm) 124008 — > D 14 W FEENT, 10kHz DEGR
WMLT, BOA Yy v A%MEL, HCOA V¥
7y A EEERIHEIT A, T4V F IV LCR A —
% & WV T300Am (89 4 0e) D CHDA v 57 %
yARPEL, EHIEM S/ 0 AT X VB
Bl T, MR L 720 Mg Xy a2y e Hn,
GP-IB Ca ¥ Nu— b & h/z, BIE T CHSEIURE
ahE W T IR L7z, F /o RS R
TEEDTTHRIE Lz, WaEEBARFImETR (0.3
1.5Kmin™) TiTh N7z,

NiMn,0, (v =0.98, 0.23GPa) & CuCr,0, (sample B,
0.75GPa) & O L ERH R o0 B R % B2 0 &R
TE - 72% ) OREZEL % Fig. 6.112RT K7 ¥
YV URIROE Y — 7 1E NiMn,0, D¢ RT D3¢l
BN, —FF CuCr,O oW TCiEZ DY — 7 [T
ENBolz, WEOKEEICE TS X ML N-GR
Aol

p~1os T/K, (D
ZF L TR LD A 7 = X L1283 5 B4R
p-1 oc 12K, (2)

ZITCIEEBELT, K3 —REABTUERTH
o BTFXF VI VE—=OPELENE)PIEL LK
& DIRSEMAFHNARTE T 5 o B R — IR M O
 ERATAEH5OHEE 2 O R SR 29
EM O TN S F 1) —REERD -,

Zyar vyt 4A s, (Mo, Ni.,) [Mn,..Ni,]O,
T A3993K (v =0.98) % H1409K (v =079) £ TH

143
Sample B
- 0.75 GPa
L4l
P
139 TC 1 I L
’ 100 200
T/K
(b)

Fig. 6.1 Variation of the relative magnetic permeability (magnetic permeability of the sample

over the magnetic permeability of vacuum) with temperature. T.: Curie temperature; T,

Hopkinson temperature (the temperature of the Hopkinson peak):

v: inversion parameter

(Mn,Ni,_,) [Mn, ,Ni,]O,; { ) indicates tetrahedral A sites and [ ] indicates octahedral B
sites. {a) NiMn,O, {» =098) at 023 GPa, (b)CuCr,0, (sample B) at 0.75 GPa.
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vy =079D & &
T, (K) = (140.940.1) + (5.0+0.1) p(GPa), (3)
T,(K)=(1345+0.1) + (454+0.1) p (GPa), (4)
y =082 & X
T, (K)=(129.3+£0.2) + (4.6 £0.2) p(GPa), (%)
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vy =091D & &
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v =098M & &
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FHFF B(CuCr,0) 22T

T, (K) = (133.75£0.08) + (1.98£0.09) p (GPa), (14)
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=7

T YRR O ) — <V A R VE FeV,0,8 4 v
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vy RS EE AW, SEHDTTHE L,
NEPCO % (9 7% P 5 a negative pressure derivative
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Fer" V0,12 B L Tl HZEIEEHT Fe,0,(99.999%) &
V,0,(99.996%) Td B, 7V 3 Fifohiz Az
V,0,% 723K T 2 h DWW C1073K T 2 h KEZR T T
LT V,0,% %72, Fe,0,& V,0,& #IEREFLEET 1 ¢
2ENITIh 7 b 2P CRA L, KIZ026GNm™
THIELT, Uy 7RO Lz, VORI
DT(963K) # DL ST L7201, —HV,0,1CL
TR Wz, XKIZ 2wt% @ PVA (polyvinyl alcohol :
PVA)ZRBIRTINLOEREWE ) ¥ 7IRICHEE T %
EEDINL T =L LTHW, TN, 5 —3
ML e & k3 (IR 101303208 @ 1) DIREH A%
L 6873K TITh iREM = ME L Tl Lz, X
ZHERE A AT o 120 Z D8 & RIS T Table 6318
RLTH 5B,

Ti""Fe?, 0,42 B8 L T3 B3 FUEHE Ti0,(99.999%) &
Fe,0,(99.999%) T 5, TiO, & Fe,0,& % MRS FL4k %
Hnw7lhrdc1inZT1 0 1 EVETES L,
Z L TO26GNmM™* CHILE LT, J 7RO L7,
RKIZ 2 wt% D PVA (polyvinyl alcohol : PVA) & /34 &

FeVZO4
Sample B

0.77 GPa

1.0

|
200 300

(a)
Fig. 6.2

1015

F—& LTHW, 2O ¥ —1£225 4 T873K
T2-16h WEWMEMEL TEE L7z, RICHERE 21T -
720 Z D& LIRS Table 6.31ICR L TH %S,

EEEEANET Dol e BekE Lo v ok
FH%6.9-89mm, WEH37-44mm, 5 H%3.0-3.9mm)
(2400 D 1 A V& A E, 10kH, DB AT L THT
A58y ARME L, TORCA Y ¥ 2 5 VA
B O EREERIZ BT 5,

FeV,0,(sample B ; 0.77GPa) & TiFe,0, (sample D ;
045GPa) & O ILEREE, GARI O ERR & B 22 OE,
HCEH 72 0) im OB E LT Fig 6212777,
FeV,0,& TiFe,0,& D FIZDOWTH 7 F Y yah#
WL BHWE — 7 2 S 7z, TiFe,0,(sample C &
DIZDWTIEp>103GPadD b ElF ¥ — 7 A/ &E L
o THal) —RELRTH Y VIREITBINC AL

Table 6.3 The preparation conditions
for FeV,0, and TiFe,O,, where the

relaxation time of furnace cooling was

sample

2.8h: g, quenched to room temperature;
{: furnace cooled; p, oxygen partial

pressure.

Sample Temperature (K)  Time (h) Remarks
FeV.0
A 1473 (q) 2 -log pe(MPa)=13.59
B 1173 (f) 4 In an evacuated silica tube
After 1473 (q) 24 -log ps(MPa)=13.59
TiFe:0s
c 1473 (q) 49 -log po(MPa)=13.59
D 1473 () 1 In an evacuated silica tube
After 1473 (q) 50 -log p.(MPa)=13.59
172k ! Sample D
N F 0.45 GPa
Tc
1701
| 1 | 1
100 200 300
TIK

(b)

Variation in the relative magnetic permeability (magnetic permeability of the sample divided

by the magnetic permeability of vacuum) with temperature: (a)FeV,0, (sample B) at
0.77 GPa; (b) TiFe,0, (sample D) at 045 GPa. T. is the Curie temperature, and T, the

Hopkinson temperature (the temperature at the Hopkinson peak).

O»
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Fig. 6.31Z FeV,0, (sample B) & TiFe,0,(sample D)
EDF 2] —REDHETNENERY . ZOMITOMRAL
WREERIZDOWTH o) —REDOE IS IETH
5o WAHEFEEEHWTRD &9 BRI LN,

A (Fev,0) 1220V T

T (K)=(111.1404) + (4.8+04) p(GPa), (15)
B B (FeV,0) 12DV T

T, (K) = (111.6£0.1) + (3420.2) p (GPa), (16)
A C(TiFe,0) 122 T

T.(K) = (103.8+0.3) + (3.7£0.7) p (GPa), (17)
L D (TiFe,0,) 12D\ T

T.(K) = (102.6£0.3) + (4.84+0.5) p (GPa), (18)

SCOBBRRLVBEETOF o) —EER - >ORE
(A & B) & CEBEREZEOHT—RT 5, @R COW
HETOF 2 ) —imBEEIEEED & 12K 2 Hve &
B L D RWEE ARSI N/ &L, HHZ AL
Fe@xry bu¥—IHp S MEARRNL &/ AL AL

120 Sample B
L . —
./
< [ T
o L -7
110-
—I 1 l i
0 I p /GPa
(a)

BOGHDT Y ASIBNSL b, ThbbENT
)=V AE RN B NEA 8= A A RIS
b Y7 B(FeV,0,) & D(TiFe,0) 13/ —< I A
VAW FIVB) & A v N—= A A F V(S
T DNZEE A EREC L b ERFIE, RER
LB BEDEIWEIFHFTHEREINTNLTH S,
(Table 6.3)30 K A (FeV,0,) D F 2V — i O L /11
K B (Fev,0) O F N L Y 1AKGPa 7PIT K& <,
B C(TiFe,0,) & 3K D (TiFe,0,) D FE St 55 13 £
MAEOHBTBEWII T 5,

FeV,0,& TiFe,0k 7% v Vi (T,) 3 Fig. 64
DEINCENPEL AL ERTE, FTFr v
E— R E B0 89 23 L (BRI & K, (—X
[EFTHER OmMEEICKT TS, RO L) 2
RSERANE SR VTR S Lz,

B A (Fev,0,) 12D\ T

T, (K) = (105.840.1) + (1.9£0.1) p (GPa),
B B(FeV,0) 1220 T

(19)

1o
: -
= 6 ~
x 5 /’/
e TiFe, 0,
1001 Sample D
L1 1 | 1
1
p /GPa

(b)

Fig. 6.3 Variation in the Curie temperature T, with pressure p; (a)FeV,0, (sample B); (b)

TiFe,0, (sample D).

120
| FeVZOA
- Sample B
< L
= L
110~ e e
| 1 1 1
100 0 1
p /GPa
(a)

105 e

- _ "
« : TiFe, 0,
. Sample D

95}~
Cl i ] ]
0 1
p IGPa

(b)

Fig. 64 Pressure dependence of the Hopkinson temperature T, (a)FeV,0, (sample B); (b)

TiFe,0, (sample D).



IR HATE i ey & %1015

T,(K) = (107.5+£0.1) + (1.5£0.1) p (GPa), (20)
EF C(TiFe,0) 122 T
T, (K) = (1025+0.1) + (2.2+£0.3) p (GPa), (21)
¥l D(TiFe,0,) 122V T
T,(K) =(101.2+0.2) + (3.3£0.3) p (GPa), (22)

HE A (Fev,0,) DELETOFRTF v yiEIXHE B
(FeV,0,) ® F N X N17K 7217 v, & L CEHE C
(TiFe,0,) BIETO R 7F v ViR FE D (TiFe,0,)
DENLVI3K7ZITEV, 3K AFev,0) D F T F
¥V VREDETIMIEHE B(Fev,0) D E N LY
04KGPa ' 7213 /& vy, F 7238 C(TiFe,0,) DIE JI1H
13 A D (TiFe,0,) @ 1L & D1IKGPa' 72 1) 7/ &
Vi, B 7V B(Fev,0,) & D(TiFe,0) 13/ — ¥ VA E
AVEN(H Y TVB) A v R=AAE R VEI(F 2T
VDIZEEA EREC XY FRFIUEV, RS
HEB LD LR R TR ENTD S TH L (Table
6.3) o

Table 645 0 AV X NI 7 2 )REHEERDF 2 1) —
EEDTE M 1E-347 L +5.0KGPa  DFEFHIZH 5,

Table 6412, WESN/EGHEE5FETHOAE 2V
TR LR DI I % F L0 TH b, ZNHOH
T O DMALWREER, (Co**) [Mn*"Co**]0, & (Co™)
[Cr**,]0, 72U ASNEPCORIHEAZRT, 22 T()&
[ Ji3F N ZNAE R IEFOMNEER A & NHEB AL
BAEARBL TWh, Table 64755 Z 0O DO
EIHEAARG B Co e O TWwWTH2Z Do
DOREEREE T A= VEIPEA - VPO L L0 TH

Table 6.4 Pressure derivative, dT./dp, of the
Curie temperature of the spinel-type
ferrimagnet: N, normal spinel; I, inverse
spinel; v, inversion parameter of spinel-
type structure. MnCo,O, and CoCr,0,
exhibit the NEPCO effect (ie. a negative
pressure derivative of the Curie

temperature for the magnetic oxide).

Substance Magnetic structure dTe/dp (KGPa ™ ") Reference
FeV:0« (N) Triangular 3.4-4.8 4)
TiFe:04 (1) Quasi-Neel 3.7-4.8 4)
MnCo:0« (1) Neel -3.47--33 1)
CoMn:0«( v =0.33) Neel 2.7 £ 0.2 2)
(v=039)  Neel 1.5+ 0.2
CoCr:0s (N) Quasi-Neel -0.3- -0.1 2)
NiMm:04 ( v =0.79) Triangular 50 0.1 3)
(v=0.82) Triangular 46+ 02
(v=091) Triangular 3.8 £ 0.1
(v=0.98) Triangular 3.5+ 0.1
CuCr:0: (N) Triangular 1.6-1.98 3)

BHZEDITINDG,

Fig. 6.512 Table 640 A ¥ 5 VIl 7 « 1 @i 441K
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YV =23, ROBRSRANEFEE T
‘/oniz,

T,/K= (5+3) + (0.92£0.02) T./K, (+*=0.9821),
(23)
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10K TH 5D,
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(AT, /dp) = (0£0.2) + (0.74+0.05) (dT./dp)
(r*=089) (24)

ZORDE, RTF Y VREOEIMEF ) —
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Fig. 6.5 Correlation hetween the Curie tempera-

ture T, at 0 GPa and the Hopkinson
. at 0 GPa for the
FeV,0,,
CoCr,0,

temperature T
ferrimagnets
CoMn,O,,

spinel-type
TiFe,O,, MnCo,0O,,
and NiMn,O,.
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Fig. 6.6 Correlation between the pressure
derivative dT./dp of the Curie tempera-
ture and the pressure derivative dT /dp
of the Hopkinson temperature for the
FeV,0,,

CoCr,0,

ferrimagnets
CoMn,O,,

spinel-type
TiFe,0,, MnCo,0,,
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(a) The correlation between

the

compressibility (x) at 0 GPa and one

half (b)of the pressure second deriva-

tive of the volume for 67 elements. - A

V/V,= kp+bp’+ecp’, AV:

change in

volume, V,: volume at 0 GPa and p: pres-

sure. (b)For 64 elements, excluding ele-

ments which have large compressibility
(x# >0.3 GPa’'; caesium (Cs), rubidium
(Rb) and potassium (K)). (c)For 54
elements excluding elements which have

large compressibility (& >0.035 GPa™).
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Fig. 6.9 The compressibility, «, at 0 GPa versus the coefficient, C, of the cubic term in p in
Equation (25). (a)For eight elements. (b)For « <0.15 GPa'(five elements).
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The correlation between the atomic radius (ru) at 0 GPa and the compressibility (# )
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logarithm of the compressibility for 65 elements.
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The correlation between the ionization energy, Ei, and the work function, at room

temperature for 64 elements. A line shows the result of the least-squares method.
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