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The St&bili~y Region of Cr02 at nigh T.~per .. ture and 

High Pressure and the Synthesis of Spinel-type Oxides Containing Cr4~ 

by Osamu J'UKUNAGA t .Akin. SAWAOKA, Shinroku SAITO 

(Discussion on the Arti~ioial Minerals at Osaka in 1965) 

Ab.tract 

1. Stability region of Cr02 

Cr02 has ~.n synthesized under high oxygen pressure by previous 

investigators. ne authors found t.hat Cr02 was stable in the higher 

temperature range under solid Fressure. The st.arting material ot the 

run. was undertirea CrOa whose composition was Cr02.S. the apparatus 

used was .. piato»-oylinder type high pressure apparatus. The boundary 

ourve bet .. en Cr02 and Cr203 was giT n by the expression, 

P(kb) • 7.4 .O.019T(oC) 

2. Synthesis of \leacrO ... 
If spinels like WeaCrO.(Ve = W,2Tt Ni2+, Co2+) are satisfactorily 

synth •• ized, it ia expected that er4T ion may be contained in crystal. 

The r •• ults, however, Were contradictory. With magnet.ic measurement, 

the curie point of C02Cr04 was in accorda.nce with that ot CoCr204. 

!he lattice constant ot the tormer was S.24A, while the latt6r 8.33 

to 8.35..\ • 



Abstract 

The Eftect ot Pre •• ure on the transition of Zr02 

by Osamu PUUNAGA, Shigeru MINOWRA, Sbinroku SAITO 

The Brd Diaeu •• ion on the Ba,ie Science ot Ceramics 
at Kyoto in 1965 

The ettect ot pre.sure on the monoclinic-tetragonal reversible 

tran,ition ot Zr02 was investigated. The pressure dependency of 

the above transition was estimat.d to be dTc/dP _ -8.02 x 10-2 

de,.bar-1 from the thermodynamic data of Zr02 by Whitney. As the 

experimental result has not b •• n obtained yet, the experiment of 

the pres.ure ettect on this transition was tried, to compare it 

with the calculated value. 

A Xennedy type piston-cylinder high pr ••• ure apparatul was used 

and the transition points were detected by the electrical resistance 

measurement ot ZrOa under high temperatures and high pr ••• ures. 

The measurements were carri,d out in the temperature and pressure 

rangel up to lSOOoC and 30 kb, reapectively. 

One sample ot Zr02 ueed in the pr.sent experiment is the Zr02 powder 

obtained by Kon.anto Chemical Co. Using the above sample. the 

transition point and the molar Tolum_ ohange were measured by High 

temperAture X-ray diffraetion at the atmoepheric pressure. The 

monoclinic-tetra.gonal tra.nsition point "tew .... r ".,.. 1140°0 and the 

molar volume change tV V~~T was -0.95 cm3/~ol. As the entropy 

change; S M04 T; the value by Coughlim and King waa used, which is 

S M-; T • 0.96 oa1/12101.deg. Using the Clausius-Clapeyron equation, 

the pr .. sure etfeo·t on the tranaion was calculated to be -1.2 x 10-2 

des. bar. On the other hand, the pressure aependency ot the tr nai­

tion point obtained by the expe~im.nt was -1.6 s 10-2 deg.bar. 



the Effect of Pressure on ~he Electro-Magnetic Property of iO 

by Osamu Ft1I:UNAGA, Shinroku SAITO t Shigeru IfINOWaA. 

'l'he 31"4 Discu sion on the Basic Sci nce ot Ceramics 
at Kyoto in 1965 

Hickel and cobalt oxid 8, whose 3d orbit~ are not fille4 in the tree 

electron states, are considered to have metal lie conductivities trom 

th band theory. The fact, howevert i8 'that these stoichiometric co -

pound. are in.ulators. Non-stoichiometric iO and Li-dop 4 iO (Lix 
i 1_xO) ha.v the resistivities of the order of s veral oh .em. almost 

equal to that of VO, TiO etc., which show metallic conduc~iont but 

the temperature coefficient ot the reeistiTities ot the former a.re 

still negative and semiconductor in this sense. 

In the present experiment, the electric conduct.ivl ties of 10 and Li­

doped NiO were measured a.t ver,y high pressure and it was tried to 

e~lain the higb pre. sur .ffect on the conductiTity fro the point 

of view ot the hopping 04el. A Kennedy-type ot a high pressure 

piston-cylinder apparatus ana a .imple squeezer with Bridgman-ty 

anvils were used in the present experiment. 

~ne example ot the experimental results in Lix 11_xO in ca •• of x _ 

0.1 is described below. As shown in Pigs. 1, 2, 3, the electrie 

conductivity ecreased with increasing pressure at constant tem­

perature. The pressure coefficient of the activation energy of the 

electric conductivity ot LiO.1 iO.gO was estimated to be AVaet • :: 

(?; q/. p)f :: -l.02 ~- 1.9 x 10-6 eV/bar and (~q/~ p)T '" o. 
fbis means that at the time ot hoppine ot a positiTe hole, the dis­

tance between i2~ and ~i3~ seems to be shorter than the relaxation 

of lattice, which makes it difficult to explain the mechanism ot 
tbe electric conduction trom t e hopping odel. 
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High Pressur Synthesis of Perovskite- type 

Oxid Comple Containing PbTT 

by OS&mu FOKONAG , Takehiro ~ GA 
Shoichiro NOYURA, Shinroku SAITO 

, 

(The Japan Soc! ty ot Physics at Okayama in 1965) 

Abstra.ct 

It i8 difficult to syntbeeize some perovskite .tructur -type oxide 

compi x A(BxB' l-x)OS contai ing Pb~T at A-site and paramagnetic ions 

Ni2+, C02+, Co3~. Fe2+, P 3+, tee in a p rt of B-sit. at atmos heric 

pressure becaua. bO and 12°3 easily sublimate and have loy melting 

temperatures. The m Iting te perntures, however, lncrea • with 

increasing pre.sure. Satis:t'aC'tory resul-ts W' re exp etcd in the 

ynthesis ot these compounds at high temperatures and high pressures. 

A piston-cylind r type high tem~Grature-high pro.sure apparatu8 was 

u d in the rang. to 45 kb., 17000 C. Table 1 shows the experim ntal 

result. and Pb(NiW)1/20S' Pb(Co2/SYl/2)03' etc. wer synthe ized 
satisfactorily. 

Tabl I 

Temp. Pres. Duration Starting 
.(°0) (kb) (bl') Ma.terial Note 

)/2. Os 850 35 1 PbO,CoCOa,If2W04 
Pb(Ni )~ 03 850 35 1 PbO ,NiO,H2 0 .. 

It 1200 36 1 t1 

It 800 30 2.5 " 
Pb(Co~ .~ )03850 30 10min. PbO,CoC05,Ji2 °4 
Pb(P 11)~ 03 J 850 50 1 PbO,PeO,R2YO. 

'£11>(00 o)Yz 0 850 30 1 PbO,CoO,MoOa 

to a. .0atR 
It ... pyroehlore 

" - PbMo04 
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Deteclling ethods of Solid-I,iquid and Solid-Solid 'Pha." Tra.nsi tio s 

in Inorganic Com ouna. at t1gh '1' m er turos aDd Pr.s ures 

by Shinroku AlTO, Ioahiharu DZAlC.I. Shinobu yon., Osa 

!he 4th ni.Co..ioD on the BasIc Science of Ceramics 
at agoya In 1966 

Abstract . ~ 

a~ inveatigations about solid-liquid and eolid-solid pha •• transi­

tions ha.e been done un e~ high pressures &Ad hig t. perature_, and 

still it i. important. The i COy.~ ot ne. p ases und r high pres­

sures d t. r&tures abont silicate inerals, s.ems to .e been 

worked out. Hoyever, there still r ina a lot of que.tions OD the 

stable regio a. ~he data ot the P-T diagram 0 t solid-liquid and 

solid-solid phase tra sitions un4er ato oap ric press re aTe POI'. 

In our laborato~ •• ar colleettna data ot 801id-801id a d ,oli4-

I" u14 Ph Be transitions using a quenching ethod. a diff rential 

the~l ana1i.i. (DTA) ethod and v&riations of t e eleetrical resi.t­

ance, etc. specially in pre •• nt paper dyna 1e methods (the DTl, th 

81 ctrioal resistance meaauze ent) are shown and so • re.ults obtaine 

by usin, the ••• ethods are discussea. 

1. Apparatus 

Pre.sur • yere generated by a piston-cylinder appar&tus. Atter a 

aample was .et in a hiah pres.ure cylinder vertically.up rtea by t.wo 

.eparate ISO-ton r It it was pre •• ea by a GOO-ton rams. The apparatus 

.as calibrated by i(l)- 1(2) 25.4 kb, Bl(2)-Bi(3) 27.0 b. and Tl(2)­

'rI(3) 36.7 kb. 

2. Experi_ental aedure 

(a) Electrical resistaDce measure ent: !h. principle of t is 

.ethod i. an abrupt cha ,. of electrical r aistanc. after solid-SOli 

phas. tr&uaitions. sa ph .... lDbly i. sholm in Pia. 1. III t.his 

method a thermal electrical moti. torce 1s generated by a t mperature 

ditterence b.t ... n ~ sample ends. 

(b) '1'A met.hod: Th n method was developed :for t.he inve.tS. 

tioD ot the melt.ing eurve of t • pure metals at big te.per tnre. 

and pre •• ure. by Kennedy, erlon t and Jayaraman. '!'he nt! etbod 1. 



especially useful tor the investig&tion ot t e elting curYes, but it 

i. ditticu t to u.. over 1300 °C &s t ere is no sui Ie a Ie con­

tine. In thi8 r 8 ct tbi. thod yants ore d v 10 ent. 

3. 

gon 1 tranaition of zr02' A8 i. 2 aho ~ 

transition as detected trom t abrupt chan. tnt of t e cur 

p otte lOB (r& ist nee 0 ) T • lOOO/f(Dg). In this e r· ent. 

a. 701u ehange LJ. • 0.52 ± 0.07 cc/mole using by ... big tem rature 

x-ray dtffraetion at the at s 

(by Coug 11 ing) cd a ranst 

t .. tmo herie re sure. S 

ric r ••• ul', Ii :: 1 20 ± 3 calf ole 

ion t. erature 70 & 1383 ~ 10 at. 

Tel • -1.20 i:. (0.16) -.c 10-2 aer/b r 

was decided by ~ e CIa yron equation. fbi val was reAsonable. 

f.b ressure d endenee of the monocl ie-tetra.onal transition ot 
tr02 ie shown in 19. 3. 

( ) (X - pt.re.n itio ot artz:his- transition a. b. inv ...... 

~i ted up to 10 h. by Yo r. It inT stir ted up to 0 y the 

D'fA. eth,C)d and decided th tv! Ie int of (X iO:l - f3 :102 - Co a1 teo 

dTc/dP = 2.87 x 102 deg/br was cons! ~e with the Yoder" value. 

t this curve wa not Ii ear, t it s concav to rd t • pr .sure 

~. fbis Tesult is shown in Pig. 4. 

(e) elting curves o~ ABCl: .Itt g CrT. t AIC1, g r, 

&NOs' laCt,Cl, etc. yere et r ined p to 40 b. uain tbe DtA 

ethod. ea. res lts Y re s rized by t e i 0 '. aquatio. r 

SA ple the Simon' equation t Agel is shown in P(kb) • la.S 

(T/728)4. 1], ig. hon t meltinl eune o-t AgCl nel]) 

1a. Dat of other at rial_ are to be s own in anot ~r aper. 
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~. lecf .. ric~l Conductivity of iO-sy.t •• under Hig ITessure(II) 

by OsaDIU AG t Shinroku SAI'fO, Shigeru »INO 

~ 4th Discu •• ion on the sic Scienee ot Cera ea 

at Nagoya in 1966 

Abat.ra.ct 
/11 

In the pre.ent experiment, t se ".re .investigated. (1) e variation 
.~ 

of t • electric resistance and th activation en~rgy of conductivit,y 

of Li-doped NiO with Li concentration at bigh pres ure. (2) The 

Se.beck coefficient in the te perature range fro room ~mp.ratur. 0 

700 °e. (3) The pre.sure depend ncy of the ·0.1 poi t of NiO were 

inv .~ig&ted. the Seebeck coetlieient was obtaine by measuring 

te p rature ditference and natant!a! drop fixing t.o coupl •• of the 0-

couple on the both ende ot a .a~ 1. under high PI" ssure enerated by 

a pieton-cylinder ty. Igh PI" .eure ap ratus. the 81e tric co f­

tieient was measurea by ri4gman-typ anvils "it ra ii of 5.64 

and 10 ra perature de~n4ency of the resistance of Lix il-iO is 

,ive by the tolloying apreasions, 

T/B. _ A1exp( -ql/kT) at 'f >'1* 

Tin. A2exp(-Cl2/k't) a.t 'r.('1'-

where T* is lutat'ly eel t.mp.ro."ture. In the ran 0. x 0 .. 02, ql Q2, 

d in the r~nge x O.02~ q q2. 

ig. 1 show th pressure varia~e. of ql and q2 of samples t x - 0.01 

and x • 0.1. If he result a ove 30 kb. • extrapolated to teat­

llolJpheric reasure, it agreed with the Yalu obta.ined by th •• s­

ure ent u*ing a aingle cryst 1. t the pre.sure lea. than 30 ., 

however, pr .sure dependency of q ... not linear. 

Pig. 2 ahows the result o~ the eaaurement ot th t m erature var­

iance ot S. beck coefficient under the high presaure. Aa allot t Il 

had a.itive th rlrlo-emt OC(ftV' .cle,-l), they .ere conaidered to aTe 

aitiye ole conduction. Aecordins to eik.s. 

ex. k/e({t/2k'r - InCo!( 1 - ac» 
where Q- i. trapping potential, C ia hole concentl'a.tioD, and Co is 

concentration of dopant. erefore, plots otxtuJ.deg-1) va. 10oo/! 

beeo linear. 
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Pig. 3 aho .. 'the plots of ex V8. 1000/r. The pre.aure dependenCY' ot 

~heae Seebeck coefficient was positive and was eontrary to ~he result 

by Young .t a1. 

Pig. 4 .how. the pressure dependency o~ Neel temperature TN of OOD­

Li-do d HiO (green NiO powder) dTN/d, was nearly 2.6 x 10-3 deg.bar-1 

which wa. almost in accordance with the esti at. by Janusz, dT~P • 

2.0 x 10-3 deg.bar-I • 
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Difl rential Thermal Analysis of ENOS under High Pr.S8ur~. 

by Shinroku SAITO. Osamu l'UKUN'AtU, Shinffbu YAMAOKA and Yosbibaru OZUI 

A phase diagram of noS was determinf'd up to 'the pressure and tema. 

p rature of 45 kbar &nd 600~O by differential the~mal analysi using 

a. single-stage piricm-eyUn4er type high preslJure apparatus... This 

p per iliacus,es in detail the modification of Kennedy'. press ter 
DTA 8tudy, pressure measurement. in the sample cell and temperature 

measurement under higb ,res.ures. Three neY polymorph. of KNOst 

pha-s. V" phase VI and phaae VII were detected by the '.Of. technique. 

(1) Kennedy· 8 press waa modified to serve easy-controlling of 

pre.. space by changing end:;".loa.ding ram pod tion. Several ue1miques 

for preventing the short. ning of the lead wires Yere discussed. 

(2') Pressure measurements in the cell of talc-AgCl •• re ca.nied 

Dut using ni and 11 foil with a electrical resistance cbange 

technique. ~he ea.libra.tion Cllne tor a 30 mm. long cell based on 

the measurement at room temperature was obtained as tollows; 

P :& 0.97 L - '.7 (kb.) 

(8) The chang. in emf o~ Chromel! lumel thermocouple with pres­

ure up ~Q 31 kb. was laid withiu 2QoC at GOOoe. 

l4} Phase diagram of GOS above 14 k'b. was simUa.r to those o'f 

CaNGS ' TINOa a.nd BbNOs. 
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Influence ot nydrost&tie Pressure on the Mechanical 

Properti 8 o~ Beat Treated Ste~l 

by Sbiuroku SAITO, Norio 1tAN£TAKE, Toahimitsu TSUMtJRA 

The Btr ss distribution at heat tTeated steel can be remarkably 

changed with the condition of heat treatment, while the .imilar 

phenomenon can be expected ~ pressure treatment. which means here 

in this paper to bring metals under isostatic high pressure environ­

ment atter thermal preparations. 

The purp •• e of this pal'el' is to tind the manner how the residual 

stress should be distributed in steel rode specimen after pressure 

treatm.niand concern. also to what mechanical properties 8hould be 

brought as the results. 

'rYo types ot high pre.sure vessels ... ere desillled. The SlIlal1er one 

bas the pressure chamber ot 35, ~ 150 3 and the larger one con­

sists of two chambers ot lower ~nd higher pressures re8pective~. 

In other words, the inner shell of higber pre.sure is enclosed by 

th annular outer cylinder and ha. the Tolume of lOO~ x 200 mm3 

enough to set A certain heating device within. But th present 

paper 1. only limited to the pressure treatment at room temperature. 

Change of residual stress dis~ributionl Residual etress distri­

bution is changed al ost to the opposite sign. For example, in case 

o~ SCM 22 ste.l specimen (0.9 mm roa; 0.2 C, 1.1 Cr, 0.2 fo), resid­

ual tensile .tre S ot a.bout 40 kg/IIID tllkes place an the eurt&c& &B 

oil-quenched, .hile this disappears after pressure treatment of 

2000 'kg/em2 and compressive stresA of a.bout 20 kg/mm2 ca.n be abserYea 

instead. In generD.1, the stress d!strilnttion alollg principal a.xis of 

quenched .teel rod i8 a& following aer08S the erOBS sectionr tensile 

stress at the central part, compressive stress at the middle a.nnular 

part and tensile stress ta.k s place again at the outer p&r~, increas­

ing larger ~ow rds the surface. But atter pressure treatment this 
pa.t~e:m is altered. a1 ost upside-down. 
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Change of snecific volumez the initial s~ci~ic volume of tb 

$am~ spocimen upp r mentioned is 0.12798 cm!g as quenched. Increasing 

the amount of the applied pressure up to 2000 kg/em~. ~ monotonous 

d crease of specific volume is observed up to 0.12189 kg/mm and th 

slope beeo 88 extremely gentle after about 2000 kg/em2 • 

V&riation of su.rtace bardnes-s I, The exist.nce of ctnnprNsive 

stress on the surfa.ce suggests that the surfa.ce hardness .. nd mecb&ni­

cal strength may be increased. In a case of low carbon ateel, .xperi­

ments show that the surtac hardness can be incr.ased in eve~ cas. of 

changing pressure levels a8 well as temperature leTels of tempering, 

this is, 2000 ...... 6000 kg/Dlll1 as pressure level and lOO.",,40Qoe &s 'te perature 

level in a.ddition to the level ot a-s quenched. TIlt,s i.clination is 

held even in the eases of high. speed steels and speci .. l steels. 

Increa.ae, of -tensih strength, reducUon and elongations These 

va.lun a.re inerea.sed in nearly same fa.shion. The sloplts be:tore 2000 

kg/cm2 ot a. plied pres.are are steeper than the ones a:tter 2000 ka/~m2. 
In .. ease ~t SCM 4 steel (~.4 C, 1.1 Cr, 0.2 Mo) the inc~ment of 

elongation is observed as much as 20~. Contradiction between simul­

taneous increases of hardness a.nd plasticity seems to be contributed 

to the increment of dislocation generated in the eV'ent ot changing-ot 
the stress distribution. 

Effects on impact value I Impact va.lues a.re also. inereased but 

get. remarkable etfect by tempering temperature, having the ma.ximum 

points at about gOOoe, indifferent to pressure levels. 

Increa.se of endurence lildtB; atigue teet reveals that pres-
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