
JouRNALoFTHEPHYsIcALSocIETYoFJAPAN VoL. 17,SuPPLEMENTBII, 1962

PRocFFnlNGsoFINTERNATIoNALCoNFERENcEoNMAGNETIsMANDCRYsTALLoGRAPHY, 1961,VoL・ II

TheCuriePointofHematiteCrystals
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TheCuriepointsofalargenumberofHematitecrystalsfromvarious localitieswere

measuredusingtheelectronbeamtechnique・ TheCurie pointswere found tobe

between640oCand688oC， and thedepression inCuriepointcouldbecorrelatedto

someextentwiththetitaniumcontentasdeterminedbyspectrochemicalanalysis. The

fact thatalargenumberofcrystalswithhightitaniumcontent (and fromdifferent

1ocalities)allhadaCuriepointofabout640｡Csuggeststhattheseareassociatedwith
themaximumamountoftitaniumwhichcanbeaccommodatedinthehematitelatticeat

roomtemperature,andthismaximumvaluewouldbe"=0.05,wheretheconstitution

ofthecrystal iswrittenas"FeTiO3(1－節)Fe203･

Theeffectona40kVelectronbeamofthe

magneticfieldduetoferromagneticdomains

havebeenusedtostudythebehaviourof

hematiteatelevatedtemperatures. Forthis

purposea furnacewas constructedwhich

｡couldheat thehematitecrystals toabove

700oC in the electrondiffractioncamera;

shadowpatternsof thecrystalweretaken
.as the crvstalswereheated toabove the

Curietemperatureorcooledfromthistem-

perature(seeFig. 1).

Intheseexperiments itwas founduseful

tostudythevariationwithtemperatureof
thesizes(denotedbyW)of prominentfea-

turesintheobservedshadowpatterns. The

results、 someofwhichareindicatedinFi9.2,

indicate that thefeatures arealmostcon-

stantwithtemperatureuptoabout600｡C.
From600｡Conwards thereisarapidde-

creaseinthesize, andbyusingsuchcurves
onecanobtaina fairmeasurementof the

Curiepoint, de6ning thisas the limiting

temperatureatwhichthesizeofthefeatures

becomenegligiblysmall.Thiswilloccurat

ahighertemperaturethanwouldbeobtained
fromthepointofinflexionofamagnetisation

curve. ForElbahematite, thelattertemper-

aturewouldbe675｡C,whereasthemagnetic

shadowmethodgives688oC,withanaccuracy

of twoorthreedegrees.

Anumberofhematite crvstalsfromdif-

ferent localitieswereexamined; twocrys-

talswerealwavsmountedsidebvside in
‐

theapparatus, one being fromElba and

usedasa standard. Inthiswaythedif-

ference inCuriepoints (dueto impurities

suchastitanium)couldbeestablishedreason-
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Fig. 1． Theeifectoftemperatureontheshadow

patternof the surfaceofa singlecrystalof

hematite,originElba. Thelengthofthecrystal

inthedirectionperpendiculur to the electron
q ● 戸

Dearnls／rnrn．

289



M・BLAcKMANANDG・KAYE290

I‘5 。

0

○

竜

◎

iX｡
I ･○ 00

0へ

O OO

OO

Q 八△△

00

芝
Ｕ
ｌ
玉

△

0．5

4

△

△

|/‘
6“士2

O IO○ 2○○”○ 4○○ 500 6○○ 70○
●

TEMPERATURE－C

Fig. 2. Variationof featuresize (W)withtemperaturefortwoprominentfeatures. The lower

twocurvesareobtainedduringthe coolingofthecrystal fromabove theCuriepoint, the

uppercurvesduringheatingthroughtheCuriepoint.

ablyaCcurately, athreedegreedifferencebe-

ingjustperceptible. Anexampleshowinga

largedifference inCuriepoints isshownin

Fi9． 3,andsomeoftheresultsobtainedare

giveninTablel.

All the specimenswere analyzed spec-

trochemicallvandthe titaniumcontent so

obtainedisalsoshown.

Measurementsofthelatticeparametersof

theabovecrystalswerealsocarriedout,and.

theseshowedthegeneral change inlattice

parameterswhichwouldbeexpectedfroln
thetitaniumcontent.

ThelowestCuriepoint foundwas643｡C,

foranumberofcrvstalsfromdifferentlocal-

itiesanddeductionsfromthespectrochemi-

calanalysesandtheX-raydatasuggestthat

this is consistentwith 1.5%titanium, at

themost, being incorporatedinthelattice.

It seems reasonable toconclude that this

amount of titaniumisthemaximumwhich

canbeaccommodatedinthehematitelattice

atroomtemperature. Inthiscasethesolidus
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Table1． CurieTemperaturesofvarious

HematiteCrystals.
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Fig. 3. Comparisonof the shadowpatternsof

twonatural singlecrystalsofhematitehaving

widelydifferingCuriepoints, one(originElba)

havingaCuriepointof688｡C, theother(origin

St. Gothard) havingaCuriepoint of 643｡C.

Thelengthofeachofthecrystalsinthedirec-

tionperpendiculartotheelectronbeamis4mm.
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(1－％)Fe203. Thiswouldimplyaslightmodi-
ficationof the soliduscurvedetermineby

Uyeda.

Curveshouldpassthroughanxvalueof0．05

(wherea typicalmemberof thehematite-
ilmeniteseriescanbewrittenasxFeTiO3,

DISCUSSION

S.OGAwA: Istherenoany temperaturedifferencebetweenthesurfaceand the
thermocoupleposition？

M.BLAcKMAN:WhilelwouldnotwishtoinsistontheaccuracyofourCuriepoint

determination, thespecimenwasverywellsurroundedbythefurnaceandindependent
tests showed that the thermocouplereadingswerereasonablyaccurate. However,
thereal interest liesinthedifferentialCuriepointmeasurementsandforthesethe
accuracyofthethermocouplemeasurementsisnotreallyimportant.

JouRNALoFTHEPHYsIcALSocIETYoFJAPAN VoL. 17,SuPPLEMENTB・I1, 1962
PRocRFT)INGsoFINTERNATIoNALCoNFERENcEoNMAGNETIsMANDCRYsTALLoGRAPHY, 1961,VoL. II

AnElectronMicroscopeCapableofSimultaneousRecordingof

anElectronMicroscopiclmageandanElectron

Di任ractionPattern
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Anewdeviceofthethree-stageelectronmicroscopecapableofsimultaneousrecording

ofanelectronmicroscopicimageandanelectrondiffractionpatternisexplainedandan

exampleoftransformationduetoheatingof anevaporatedfllmofA150wt.%/Cu50
wt.%alloyisshown.

It iswell-known thatwecanobtain,by Onthewayofthetransformationit isquite
ineansofathree-stageelectronmicroscope, impossibletoknowtowhichcrystallographic
anelectronmicroscopicimageandanelectron stage the image under observationcorre-
diffractionpatternfromathin61mspecimen sponds. The important advantage of the
byvaryingthestrengthof theintermediate hree-stageelectronmigroscqpeispartlyl99t
lgns. ReCently, anelectronmicroscopewith insuchanapparatus. Inordertocoverthis
.a cine-camera has been developed and defect,wehavedesignedanelectronmicro-
thecontinuousrecordingofatransformation scopepermittingthesimultaneousrecording
whichoccurs inacrystallinespecimenby ofanimageandadiffractionpattern.

Fig. 1 is a blockdiagramshowingtheheating,cooling,ortension,etc.,hasbecome
possible・ But， 1nsuchanapparatus， it is cinematographicapparatus4attached toa
aifficulttoobserveanimageandadiffraction three-stageelectronmicroscope・Thestrength
Patternsimultaneously,andeitheranimageor oftheintermejiatelensisyariedrggpect!vW
adiffractionpatternisrecordedalternately. bymeansofthetworegulators 22and23,




