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Up to this time with the development of substance La: of which main component is a rare

earth element Pr, this study has reported such investigation results that this substance makes

a semiconductor with an electrification mechanism by performing a specific sintering treatment

to it and its value of resistance suddenly decreases at a low temperature exceeding the boiling

point of liquid nitrogen and the like. However, the sintering treatment for the substance La:

was on the way of development and still insufficient one. Therefore it was necessary for that

to carry out an additional treatment. This report planned a special treatment program espe-

cially covering a continuously long time and performed with this. As a result of this, investi-

gations were carried out about physical properties of the sintered body La: obtained by the

treatment below the room temperature and at a low temperature made by a liquid nitrogen

coolant. Results obtained are reported as follows.

(1) At a low temperature of about (—)175 to (—)181(°C), its value of resistance becomes zero.

(2) It shows a floating phenomenon on the surface of a magnet of 1200(G) by Meissner effect.

(3) The sintering treatment program planned in this report is effective for superconducting the

sintered body La..
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Table 1. The program planned for a calcining

treatment.

Item SP ™
SEG T h ‘m
SEG 00 30 0:10
SEG 01 500 0:15
SEG 02 700 0:15
SEG 03 900 0:15
SEG 04 900 10 - 00
SEG 05 840 6:00 (EVONO:00)
SEG 06 780 6 :00
SEG 07 720 3:00
SEG 08 660 3:00
SEG 09 600 3:00
SEG 10 540 3:00
SEG 11 480 3:00
SEG 12 420 3:00
SEG 13 360 3:00
SEG 14 300 3:00
SEG 15 240 3:00
SEG 16 180 3:00
SEG 17 120 3:00
SEG 18 60 3:00
SEG 19 30 3:00 (EV OFF 3:00)
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Table 2. The program planned for the secondary
sintering treatment.

Item SP ™
SEG T h ‘m
SEG 00 30 0:05
SEG 01 500 0:10
SEG 02 700 0:10
SEG 03 900 0:10
SEG 04 900 1:00
SEG 05 840 0:10 (EVONO :00)
SEG 06 780 0:10
SEG 07 720 0:10
SEG 08 660 0:10
SEG 09 600 0:10
SEG 10 540 0:10
SEG 11 480 0:10
SEG 12 420 0:10
SEG 13 360 0:10
SEG 14 300 0:10
SEG 15 240 0:10
SEG 16 180 0:10
SEG 17 120 0:10
SEG 18 60 0:10
SEG 19 30 0:01 (EVOFF0: 10)
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Fig. 3 Programmed curves(a). Curves performed its
treatment(b).
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Fig. 4 The central part of equipment used for examin-
ing the low temperature resistance characteris-
tics of sintered body.
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Fig. 5 Test object La; and the main structural part of
test equipment.

Fig. 6 Calcined and sintered body La: taken out of the
central part of test equipment.
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Fig. 7 Changes in the value of resistance between con-
tact terminals of b and ¢ on the calcined and sin-
tered body.

La RREKIMEMREZ L TChwihnwi e, 22212
RAEZENTEL, X, MTIIHREEBOFTERIHEMA
EFEHI0( )2 FBPIHEAL, EEFHO0.0I[AIZHTIK
T T, La#MEROEMAT (be) MICEETLE
JEE2LI—F—IZATILZdbDTHE, Zhicky, &
BEOET I, (be) T OESME (R/be) 271k
THRME, EENLERNE LTIREBTEEEILN
%, BTIZEhiE, BARER La, ORERTHELIE
Hanho s &, (R/be) RERBETTHTHIEGME, #
(130Q/bc) SR T 5 HHICEEEF S hED B, KiZ,
#)(—)150(CHAL E THORIBI T, T 50 & H A
(T) DETEEERTZHIDTEL, (R/be) ETLT
7<H%, (=)160~(=)1T0(C)MDEBIHTIE, 2% D
REBIET LT L0050 8N, ZOFEETIE,
(R/be) HRBUCHWI T H2EAIVHET LD L) TH
5o THEBEUT HEBNIFIHM IIHRET LBEEHETY
FIRICBEI S T2, EL, BTk, REHTHRT
DRI T L BT OB, BEMEDORRIZ L 5%
TFOEEMAR L, REZEBOAKICLY, L U-HHE
FTEETOREEEL TR, Z2Tid, #058, 4%
WIS LEEE L2 LT, EEECRNL-EZ A, #
EBEEHSOAEZ S Aoy, ZoERHT (R/be)
PEIETT2HRIE, %OT, [La EBEEPTRTE
BOYHILIE] LT 2BBEBOTVDLRETHS,
RiZ, (—)180(T)FHET (R/be) id, FLAEL—FED
BIRPUREZ R OBBETICBEINB LI TH B, 20
REIIREEZMOBKERDE 25, #(—)183(T)E-
THRFEENDLITHS (KT7), UEXY, 2K
BEELE (AR ES(E)RFH=058:1:23) 2k
&, WHEBEO La, BBz 2oL LT,

(1) ZIRTT, #130(Q/bc) #RTEKRTH S,

(2) REDEKTIIHEV, Z0EMMELPEL RS,

(3) (—)160~(—)17T0( CHRLDIRIRIK T, #DIEPLEAS
BRI B0 L) %, FNELEERT,

(4) (=)180(THHETid, KIEHEZHFEOREL L5,

(5) BEMIZEARVDS, BRERE LTOLELBES
BT %,

L, TOEBEEHNTLHILPTE S,

3. BB 3 REENIE

Pra&Emis e LTHMR LW E La, OBERKLEE,
HB$ 5L, BECNTLNE (1K), BiE%E
FEMERIE L 72 BRICAT 2 ) B (BB2K) D2EICh:Y
FERLTW5E, F1XTIE, #) La. OEEICHL, &
oA (62)FEHIC RSB TH D06, FROBERIZH S
MEELTIE, RO THEEEZOLNS, L2 L, %2
RTIE, ¥ARMOEMRETSH), La 2L, HE
BRI DOZIAL T 5 —BHE & L TI3ZIRMTH 595,
MLFRIZ 2 5 B BEAE R La, OFRELEE) (RIRKTORR
RIEFOBA) POHELME I EATEL LS, Wtk
HWREEOMEZIFT AL L TRLT LS T
BenE)ThHb, £ZT, AWTIE, H2RLHEEBE
IR TV BB La o L, S CEBREERICR
SBERGLEE (55 3 RALEE) T EMT S,

3.1 @i
EIRMEAERT 2L T, BICE 2 R0UE%
X TOBBEEAR La o L, $3XMBEYERT S /2
OOFNBELBT Z EPUETH S, RIREIINEST,
HLT D La SRR L B, 0B, RETHIENOH
5, TFum, BEVRENbL, ZOBKTOHOL
RO VWEBX* 2T MG L 250, £1X4
BEOBAE La ik, LY —B, BEARETIOLE
5E)THD, R, ZOBELa, ZHFETHH, £3
RUBOBHETH-> T, REOFHEIIHR (2.18F
WEBOREH) ICEUTITR) ZEHTES, #£-T, (1)
HOTARAERMALY AL AHOMAN TEIZ (6 28H7
) E% DD, THITRRY T TIFERLAY A AN
ZE ($15HT/LT) 2HEL2DDOTHY, ZOBEMKIC
BIF5 La: OBFKTERX5 2 57295 TR, KRBT TL
a: DI|FUIFEEZRET 21 CBL T, ORERTFHICSB
FoemTOER, RUBWTHEBOERIETD L5,
(mFOEBIEREN 2, REER/RTICBTLHTD
BERK, RU La,BREAOKMEIC L 2838251 T& 5
FOMEEH B, X, CLARFBLEOLE) T, BA5(2)
~(MEIZBEIRLETE, FHETHY), 20T IHET
50, @CHICRERDEMTEIIHIB(KN)TH Y, 5§
2RABIZHANR, —BECBEDD L THRE LA, X2,



176 Bulletin of Nagoya Institute of Technology Vol. 48 (1996)

MEEMHEICL AWML, BBLELRZ L%
i, KbAF4RAEEFHERIET R, ¥4 ARERICH
BENS La R HEIT 2 &2 WS RIE R 600
A, FOBRBEIIOVTD, EARMICITAR (2.15K
M) OFFEICELTITR) L TESL, LAL,
ZOBREICBT S La, BEAIERS TRWVWOT, s
FHIEDRVE S, BRBFIERICERI ARIEE
5w, JIZTIREY, FMAEERN M EEDY, ¥
A AERZHTATNT =N L, ¥A41HR-VY—TH
DFEIZTE VA AOREHESZ S LT, BERERE
%9, YAAREHLETAE, ¥4 X, KhasA
A, EMEMR, La #WELATE, ¥4 R V¥ —TH
DFED HFH LD, La, REAIIERERO T @iz
ETHRETHILZLHPEL, fEoT, ThiKihi
L, EHEEOLFESE T8l LETAZ L
&, ¥4 AREEH S La BIE, RUTERERKEZ —
FICL CHEHE S Y, LaBEAOATEY ¥ 2 & CTHE
RTx5,

3.2 3 3RWIBERD La, RFHE

AR L7 BERIBREDT21218 % Lay i3, HEo TH 3 REE

HUEAERTLIEMOBREATHY, FRTLEDE

TR 2 IREBICEI NS, ZORBEIZHITS La, i

BT oORREER NS,

(1) FR~FiEE - AMEH28(mm), EX#5 (mm) OMBIR,

(2) MEBREE - BEMHEICE A, KRBT 2 HEBRAEL
& LT, SFEAMETCE X Ev,

(3) BERS  BETT, 7RAY—ILHRBBIZR
S (FRY—TIREFHERS).

IRHON, HEENE, F2REEFLUELYERLI-ERO

La Biksfk GEVEERIGERT) AR E X, B

LAHREREB/TEY, COEKT, REEEBEREERS

NBRVOPR, ZOVTIEHSHIBEFIREZEDELHT

H5,

3.3 FEIRNETOTS L
EIRMBICERT L US4 K3IFRT, 22
2, EIXRME SO Y S AL, NEFTERMK(h)25E
F19(hICKREDTH Y, MEYE R (H gL,
) EFMENTIAEE LS, X, ZONEEFNR
T, FRICETA(hBIIEREB ) Enhy,
BEREZREETL () EIE 1L XMED10(h) 2K L,
BT LMBEE LD, &5, FHIZETS(W)EBTI,
FE1RUEDS1(h)IZx L, 53 RAETIX174(h) & %
D, THI3AEICHZFE-THI LIRS, ZDLEIH I,
% 3 RMBZBIT 5 La, I3ERMCTHIEIES L4,
ZOEBRETICERBERSh, Z20#%, BOTYwo

Table 3. The program planned for the tertiary sintering

treatment.

[tem SP ™
SEG T h :m
SEG 00 30 0:10
SEG 01 500 0:15
SEG 02 700 0:15
SEG 03 900 0:15
SEG 04 900 20 : 00
SEG 05 840 12:00 (EV ONO : 00)
SEG 06 780 12 : 00
SEG 07 720 12 : 00
SEG 08 660 12 : 00
SEG 09 600 12 : 00
SEG 10 540 12 : 00
SEG 11 480 12 : 00
SEG 12 420 12 : 00
SEG 13 360 12 : 00
SEG 14 300 12 : 00
SEG 15 240 12 : 00
SEG 16 180 12 : 00
SEG 17 120 12 : 00
SEG 18 60 12 : 00
SEG 19 30 6:00 (EV OFF 6 : 00)
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Fig. 8 The trend curve and the treatment-performance
curve for the tertiary sintering treatment.
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The low temperature resistance characteris-
tics of the sintered body La, performed by the
tertiary sintering treatment.

[From room temperature to about (— )110

()]

Fig. 9(1)

R(Q)/bc T (C)
1200 R 90
1000 RE H 0
800 -50
400 BH -100
200 T EEFRREREEE 150
0 H HHH 180
24 28 32 36 40 M
Time goes (minutes)

Fig. 9(l1) The low temperature resistance characteris-
tics of the sintered body Lai performed by the

tertiary sintering treatment.
[In the region of (—)110~(—)170(C)]

LHL, REEBOFEMICHEBEIRZASH, BE
ZH DG EDER 4 ISEIT LIRD B &, ZDEHifE(R/be)
bEDNIKD, KRE LTETOLB* S bon, &
B2 E LTRUE, EBHRENOBELRT LS T
Hbo X, 0(CTMTEIZESL &, FOBEIIZ— BB
%Y, TOHROBRICELRETCORMLETA LS
ThHbo ZDXHI, BENETT 2080 BT,
(R/be) dH¥MLEITA2DTHY, B#EKLYiZtL A
FEEECBHETRT L) ICALRS, B(D)TRS
£ 912, (R/be) ZZDHDERIRTH MO — & %3l
LEHDE)THEHA, (—)150(C) FHEDNERICES &,
COBIMERNIZD, ZOFEEIETOEXSLIRIED,
(—)160(C) L TIE, EHMICALBRIOELAICES
£9THB, X, 20 (—)160(T) ke LT,
Dtk (R/be) RBATHICELETBY, 208410
BL, BOTKELZEIE ZOMMEDEESRTRLZ &
BTED, 512, (R/be) BT 5% ETII,
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R (2)/bec T (°C)
1000 g 50
800 i IIRI 0
600 : -50
400 18 -100
200 T -150
0 111 _; —180

48 52 56 60 64
Time goes (minutes)

Fig. 9(J11) The low temperature resistance characteris-
tics of the sintered body La: performed by
the tertiary sintering treatment.

[In the region of (—)170~(—)179(C)]

R(2)/bc T (°C)
600‘:: ST IR 00 I S S T ‘50
400 I S— -100
200 R i -150
100 FREISHET g & 1 -180

0 T

68 72 T6 80 84 88
Time goes (minutes)

Fig. 9(1V) The low temperature resistance characteris-
tics of the sintered body La: performed by
the tertiary sintering treatment.

[In the region of (—)179~(—)180(C)]

(R/bc) OHRICEHLIHMLWEELE) oD, &
MMM E LT, BEAE—FHNRBAOREETUL
Iy chHr, X, M(I)izxniE, (R/be) i (—)175
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R (@) /be T (C)
600 S355E333535S -50
400 —— -100
200 R -150
100 jpoe = o n e = 180

92 96 100 104 108
Time goes (minutes)

Fig. 9(V) The low temperature resistance characteris-

tics of the sintered body Lai performed by the
tertiary sintering treatment.
[In the region of (—)180~(—)181(C)]
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5 3 R % M L7 La, B AIE, COBRMICEWTE
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ZOFEWAIE—, PLAALZLDOEHINIRT,
72720, HI0EE9 (I)~(V)DrR#Ez EHE I E72d
DIz, ETRIET B, X522 TR, AHEBIIIAA
F— BRI VRERRELET A L AR T HTODER
BRAL A, 12000G) OBATH ETHER % v i

R (2)/b T (°C
= o
800 mﬁ R 0
-5
400 [t -100
200 - ~ __ T ; -150
0 E— — oA e el _130)
0 60 108
Time goes (minutes)

Fig. 10 The situation on the whole in which (R/bc) attains zero resistance.
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