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c'oNCLtistoNs

I h..nudj_Lrf lltc !lcctrouL,nLlu(lr\ tr\ ol nol).crlstallinc \a:O-l l?Or sampl.s (5 5 : o ri 1,
0r r rJ-(rz)K ttd\ f\ecn ptflanrcd. It \as sho\rn that thc specific resislanc(, decteascs r\rLtr |l14
incrcase in Nar() conicnl du.' b thc incrca5c in lhe cLrnle;l of ll _ alumjna phase. [.he sLqt! {rith! sample rith Nrr(f6Alr(\ composili(nr indisared thar rire increuse in the conrp,Ltir,rg
pressure rcsulls in the dccrease in th('llnalc(famics corducti!itv.
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MAGNETIC PROPRRTIES OF I\'ITJ'CHANOACT'IVATED OXIDE
MBr{)r

A.YA. Fishman, V.\'a. lllitrofanot' S A Pctrova' R-C Zakharov

ltlttitutc ol .veta!lurgr, Urul! [Jt(ncl1 ol Rutsidn 1(t)dcm)' 14 5tic]x e^f

l 0 l ltttlotdten l ekare rinburg 62t)() l 6 llnssiLt

ABSR.T\,CT

,A magnctic slud)' of lhe orilanal coarte'gtainad rllrd nlechlnicall, dclil'alci

lVInrOo po*rlers is Presenlcd. lt i\ rhorn lhirl thc mcchllnilal a!ti\'0liul ol po\ldcr ls

confinrcd bl fhe sigrilicanl d€crcase in Lhc Inttgncliritil)tl lbe pammagnetic (P\'l)

tinimagnetio (fiM) transition temperalurc is feduccd also

INTRODT;C'TION

Stud) oilirc dillarcnt properties of mechanoaal ir aied orides makes il possiblt

ro detemlin; thc acli\ation proaass inllltcncc on lhe sfruclure. dcftcli|eness cation

distribution, cha.ge altd orbiral stit€s of ions. As onc of the conseqllcnccs of lhc

intensi,,c nrechanical tclivation is the appcilrallce ol ntulodispefs!'states. !pccitlcilt of

co|sidcred pfop€rlies in nanocq,slellinc oxides is cofisiderrd ai th€ salne limt lt ls

Lno$n to\r lhat thc dccreasc ;n the crystallilc siTe causes a d€creasc of sorne phasc

lransilion temperalures and such charactcrisllas as lalcnl heat and order pamncters'

I he prccesscs of m ech an{)actil alion ma\ also lcad to ne\r ilpes ol-phase slatcs due to

the redistihurion oi calions b.llvctn the crlslallographicall! inequi\alen1 stlblalliscs

ofthe crystals, rcdo\ reaclion and othcr. In the prcsenl $ork lhe m'in atlcniion i\

dcvolcLl io lhc analysis of lhe aetjYaiiou cffects associated lvith lhe mdgnclic

propcfies ol N'lnrOr o\idcs in metastable sl3le at lo$ lemp€ratures'

Sample preparation and chrracterizalions

This paper sludies tha dilferenoes 01- nlaSneti' proP'rlics of the Ltfigintl

coarse-grai;red S, and mechanicall) ilcli!aled S. samplcs of o\ide MnlOl'

Mechanoactivaliott \\ils carfieal oot ir Yario_Irl?Incl','rt mill l'ulveri?e11e J {|ritscl) in

glasses ol{Lrngslcn carbide. Volumc'of dru \\_as equitl 1o 250ml loadrng ol cnlshing

balis was 13009 dnd a malerial nras5 was 20 g N{illing $as nlade "drl"' the dumllon

'r\ as J min
'l hc phnse conlposilion of oblained subslances' the size of coherent scafterillg

donlains (ist)) sJrd microstrcsscs \!ere dclcnnincd by X-ra) diilraclomerel I)B

ADVANCII (ilruker) lradialion Cul(o. lii-frllef posilior-scnsitive delcctor

VANILCI). I I ighl.mpcralLrre \-ft) sludics of lhe slability of rtechanoaolilaled

o\ides $as crrri!:d oul u\ing high-lenperalure chanrber HTKl200N (Anton I'aar)'

Ihe rcslLtls of thc difliaclion analysis of lhe initial and mechanoacti!a1cd

oxides Mnroi arc presented io fable l-2
Tho presentcd data or the lcnpcrature bchalio' ol thc grindtd lbr I mlnules

o\idc Mnralr show lhal mccllano?rcli'ialion tfeiitlnenl \\ilh a small itnrcunt 01'

centrifuSsl I'arlor {20g) i d sharl ti'ncs savc thc phase cornposilion of thc po\tdcr''rt

t!'nrperaturcs bclo\r l0'C:-
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I able L Charoclerislics of initial And ntechAnicalh act:!alcd mangancsc
o\idcs lvln()i

a\ cragc sri/c I hc cr) stal l.ttiee

0,10

0,08

0,06

0,04

0,02

0.00

C+ilrl phisc ofcoherert
scatlcring

dorllalns. nlrl

Table 2. The lempcrature boundarics ("C) ol-1hc phase existencc duri g
heating arld cooling ofmechanicall) acli\aled mangancsc oridcs Mnror

!lagn€tizetion fl easuremerts

lhc fi.'hj-cooled (l.C) and zcro-i!ld,coolcd {ZFC) lentpentur. rlcDendcnccs
of rr:€nelizalion and rhe hvslercais curvds \rcrc pL.rfonncd with using of a \ ibratrxS
sanple magnelomcter C$ogcnic CFS-9l-(-'V I l. ln ZI C mode. rlle sirnrFlc has bccn
coolcd from room lcfifrcrature to.t K in the absence ol- d.-rnsgnr{ic {]eld. th!'n the
lield uir-r upp)icd at 4 K and magnetization data $ere rccordcd !\hil!'incrcasing the
tempcmlure. In FC modc. lhc sample lvas coolerl tiom room leFperoturc to 4K in
prcscnce ol .L-r)agnclte iicld (samc rnaeiitude whieh $as applir'rl during ZFo
nreasurenlent) altd llte Inagncrizittion dula \!cre rccordcd rrith i creasing lempcraturc.'lhc temperaturc dcpcndcnces of ll':c (/cliusccptibilit), ibr tha samples S and S,
rllcil.sured under;aF(-- dnd Iickt-u(|()ling li(l conJitit'rrs are prcscntcd in Fig. l-{.

Bcfore discussi<rn ol rhcsc rcsults it is necess4tl lo nole that in lhc o\tde
i\4rr101 preparetl b\ lilrious nrrlhods lerrilnagnclic o cring takes plnce at 1, = 4J K
Il I. Residcs the pha(e ttunsitions dlt.iburad to thc spin ruorienrations \t0re obserlcd al
19 and l2 K ll -31 in rh! single crlsrat l\.,lnror.

020 10 60

T.K

liig. l. FC and ZFC suicePlibilities o[ \'lnror poNder '5, as a lunction o'

tenrfcfalure rccordcd at h|o ditltfen! applicd fields (a) un(l thc tomperatur!'derivali!e

ot lhe i/f( suscepribilit) (b).

open sl mbois correspond lo Zt:C dala \\hilc closed slorhols indicatc f(: dala'

-0,005

-0,010

-0,015

-0.020

T,K
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Fig 2- lC irnd ll;C susccllibililics ol \lnrOr p!)\\.dcr Sr as a tilncliern ol
tenrpcrature reaorded ilt applicd flekl ll0 koe (a) ilnd tho lfmp.rature d€rj\atj\c ollhc frr'.lior,t' /t;/ {b),,,",/l ( .d...

()pcn sl'rnbols corrcsponli to llC data uhilc closcd slmbols indictlc l,(,.iala.

()ne can see (l-ig. I ) lhatt bolh ZFC and tr(. susccptibrltltrs lor thc salnnlc S
it.c alnrost indcpendcnr of teftperalure abors 50 K and ncar idcnlical. jhc Ft.itnd
ZFC curve! srart to seprrate bclow the irrcletsibilit) tcmp0raturc /,,, =461., at ueak
mag clic ficldi (100 Oe anLl 500 Oe). Ihc appcanncc ot tcmpcmtufc firagnellc

inerersibilit,'- (T\'11) bel\\'c€n lhc l:C rrrd Zl'( brtnchcs indicrrlcs an indrrccd

prel'efenlial orianlation 0i lhc paricl. nl{nnc.ls nlo g (hc applied tiell lhc penk\.ln

rhc ZFC cur,"cs arc thc hlocking tompcrelLrrcs In:76 4ll K lilr 100 Oc irnd l8 K li)r

500 Oc.
it is kno\\n lhal both Ismporaturcs I! .tnd T,,, llccrcas€ !\ilh rncr'iNe jrr

applicrl frcld ln aEee$en! $ilh this Ne have obs.ned llre decreasing ol I/i 1lni1 T,,,

with jncreasir)g oflhe applied {i.id.
'l lre lenimagngtic transilion tempcmlure I lor lhc sarnnlas Mrr,O, $as

determinect hy taking the derivative of the susccplibility against the lenrperalute The

transition lcmpelature docs not changc \\ifi lhc applied llcld 100 Oc and 1000 oe
'l'his is dclermined lo bf .13 K tbr lhe sarnl'lla S, vr good agrcement rlith lilclalui€

ralues ofbulk N{nior at 4l K Il-ll. Ihc phas.lrun5ilio}s dl J9 and.}2 K \rerc not

obse.ved in arur sanrplcs.
'lhc mcchanical irctivalion of Nlnro4 f,orvdcr was confirnlcd b)'fia signitlcanl

decrease in lhe magltctilalion ol thc salnple S, al 1'= 4 K: mr:45ernu/g
compareJ r\ith the correspondiog !allLc ,}?r = 10 emu/g for the sample 5l in lhe F(l

condilion rlirh the aFplied lield 100 Oe. llifference in the magn€tization lbr lhc

samples 5, and S" also s1o.c.l io a strong magnctic lield // 80 k()c: 'nL = 41 2

enu,g- ,/: - 32.3 emorg. fhe ellecl lnigh! be uttributed to the increasing of surllrcc 1(]

volume ralio. since the surface rcgjon leads l{) a dccrcasc in the efl'ectilc nlaEreLi!

moment. lhc lrC anrt Zl:[ cur\.es for thc samplc s. stafl to separale a1 L,,(S.).

lr-ing in the range i80+l(10) K 1i)r magnetic llclds {100 + 1000) Oc. rvhich is

signiticantly higher than lbr iui!iaL sanrple Sr . fhc jncrcasing ol tha applicd nragnelrc

lleld lcads lo a dccreasing of lhe blocking and irrcvrrsihillft lelnperatures as in Lhc

case ofthe samllc Sl .-Ih€ feninl4gneiic lransition lemperalufe 7: is cqual to 4l K

ibr thc samp['S1. The dircclcd chanpe o{_lhe magnctic propenies ol lvlnro. powder

can l)c atlrib!tcd both duc 10 sizc etlecls ilnd lhe dispropo.tional reaclions lhe

r'ecli:lribulion of €ations bel$ccn lhc cry$allographically incquiralent subleltices oi

lhe cDstal, the lircanc) fomrillion 31 mcchanoacli\tlion.
For thc bolh samplcs I (N{n,Or) rcachcs a lxluc I -48K in allli'Yl

magnetic field 80 koa. Al thc sallrc tinlc l Mi coNPletely disappcars Aldrg \!lth1his,

a1 higher tefiperaturc (_ 110 K) the nr\r anomall is erldcnccd. Ihis anomrl)_ is dcflncd

onl] in thlj case ol'strong magr)o1ic licld (8i) l'()c). ,s lan be observcd liom the Fig ll-
.1. I1 can be admittcd tllat a second magnetic phasc $irh a magnctlc ofdcrlng

tenpcratur('higher than 7,{Mn.Or)=:l3K is presenlcd in lhe samplcs. A neulror

slud]'' of thc a l\'{n r0. oride has shorvn i4l that majority of the magnctic p$ks

disappear above 1.; r80K I hcrciore. thc added cxlremum of the funclion

! .ru be given a siruplc cxplanalion bl itrvoking ol maPnclic propcrtics ol'

Mn.O, ancl o-\4n,(). phascs.Atthalitisimportanllonolelhatlhee\istenccoftfc

{r I4!r.0. phase is delnonslraled most ohliolsly in thc citse ol nrechanoactivaled

samplc.
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Fig. 3. FC and ZFC susccptibilities oa N4nroa po$dcr S, as a firnction of temperaturc
rr'lordr{j at l\o ditl.tent.rpplicd liuld. (ij, snd ue tenpcralure deivative oithe Zl.Csu\ceplibilih (h)

Opcn sl'mbots correspond to ZfC.data \rhile closcd s).,nbols indicale IC data.
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Fig. 4. FC and ZFC susceptibilirics / ()1 \ln1o.r po\rLler 5. as a funcliorr of
tcrnperature recorded at applied neld 80 koc (a) and the detivaive (.(T. Z)IAT tb) fol
ZFC cas€.

Open symbols corrcqDrd to Z-fC data $hile closed slmbols indicate FC data.

Ihe prascnce of ihe second phase car be secn fionl ftc ldriatio ol thg
magnetization as a futclion of the dc-applied tield. ,?, in the i/IiC condition al
different temperatures. Ihe aorrespondjng hystercsis cunes are presenlcd by Fig. 5-7.

One can see that fie sample Sr cxhibits paramagtctic bchavior ai 50K {tig.
5). Sllifled ht_steresis loops are observed for tenperairres belorv 1.. Al 6.6 K thc
cocrcive iield is about 1600 Oe. much less than thal obserled vflluc 4600 Oe for the



multidomain single crystal N4nrOn [l]. '1hc saruration mtgneti?ation ,1.1. rvas nol
.eached elen at .10 koe applied magnetic liotd. bur it can be calculat€d liom 1n€
n!(I/Hl plot at l/fi --r0. Thus the saturation magnclization valuc oblained l,/. ,5
about 40 emu,€.

E
-20

-10 0

H, koe

frig.5. I{ysteresis loops ofthe sample Sr a16.6.32 and 50 K.

For lhe sample 52 il linear ({s in paadnlagncts) dependcnce of rr vs l./ was
oisened at 80 K and more high tcmperarures (Fig- 6). fl-vsleresis loops at 65 and 50
K represent an e)iamplc of a mi\ture of anrif.enomagnetic and paramignetic phases.
tsellow.ll K the loops are the result ofa uixrure of magnetiordereJ phascs *irh
djl'ferent coercirirics that produces thc so-called *wasp-waisted.. hystercsis loops. Ar
4 K (fig. 7) the coercive lield (-400 O€) is significanily.' reduccd with respect to rhe
corresponding vslue of the sarnple 51. The differcnce in the obsen.ed coercive fictd
values cannot b!. artributed !o the size elrect becaus€ fbr nanopafiicles Nfnrol a
coercilily iocreases wheo Lh€ particle size dccreases due ro an increase in surl.acc
anisotrop\.[5]. I_hus !he cr)ercivltl, chxnCe must be determined by olher consequences
or rne mecnanlcat aclrvafron

2010-20-30
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20
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-20

-30

Fig- 6. tl)-steresis loops oflhe sanlple 53 at 50.65 and 80 K
lnsert shows the dependence ,(,ry) at 65 K around 1/= 0

0

H, koe

fig. ?. Hysleresis loop ofrhe saJnplc 52 414 K'

CONCLTJSION

we have sludied the r'agnetic prolenies ol the original coarse-g:mincd an'l

mechanically activaled Mn3Oi powders lt was shown that in bofi po*ders thc PM-

FiM phast- tftursilion takes placc al 4(sr)=43K and ll(s,):4lK '^t that lhe



:t::ll::ll:.rl acri\lrion \)r'por!(t0,. i\ riorrllfrnrd b\ thc :jsnrficirnr ilc!fcir\t ir] rh(sr..rri.t(rl rr)n.ltiruli/*liorr \tluc n!l thc c\,crci\c firlc1. the'tagncric ti,"ui u",,,*u,.,rc\.irled also thrt in nlccltllnjcall\ acli\irL(l j\.In.,{ )r tho ildrt",l ft,is. trrn.iii,rn nf tir X
]\ e\prc\scd nrorc distincrl). lhe cli'€sl i: r\plrin.(l h1 rhc 1..,cscncc ot...!.u,.l pir,,rero.o\idc- !\ltich \\irs rrot idcotill(.J l,\ diiirrtrilIl rrrrtllr . ln ((,tnpliancc rrith |csrrlts{rf]61 orc (lrr thinl\ lhil the o\id( lo$(l!rr prcse l c(1rer\hell ilrucl|lres \\itl \,1n,(){cora rnd q - \.llt"Or shell r.d tllc conrrih(tion r,l.thc shcl{ i In gnelir pfopcnils isrrn! sienillci|l|l li'I nlcchtDodali\ atcd sarnllc
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ABSTRACT

A comprehensi!0 stud) ol Ytsar(uloc-d o\idc. subiectcd to ir "\o,i h)dratioD
( cxposurc ar snnll r alLes rn pgre) b! a spec i;J rcch rque bas bcc|l pcrlamlcd. I hr nmlerial
nrodiflod in rhj$ !vr)'mqrires a un;que prcpcn): nnmel! i( intcnsr!.1! nbsorhs componcms
ofthe gar i noslhere: ():. N:. tr. H:O u COu. It hlls becn shown that. a! leasl thc tirsl
lour oi'them entcr i lo the cr\sial latticc ollrtriunt-hariurn cuprute. filling thc vucanl
o\lgen positionr. iltagnetic mcasuremcnls rc\'ealed the cocrislcncc of magnDlicalh
ordr'.cd aud dianragnctic rcgions in thc modilied )llriullt bariurlt cupralc.

lntroduclion.
h) the \\ork (l) \v('considercd thc inliucncc of ahtosphcric contponent5,

cnbaddcd inlo YllarCu;O,,.i o\idc dlrring sloragc in air. olr jlr, rcdor propalties. ll
w?N lbund. the sample containine rvater nnd c0rbon dio\ide iD lhe rinicturc in
qualrtilics lcss lhan dtfiriile letcl, rcreals abnornrally higtr kinctics ol ox)_€:cn

a\change \idr ga: phase at 4{)0"C. t}ascd on dlcsc afid rinrilar dula the ld;hr)ulog_\
allo\\'inr $ obni nnterial *irh high dillLrsion frcp.rties \as cst0hlished (2J. fhe
h]drationoltheo\idcinlhe,rtrnosphcre\rilhltr$humidit]{"soli'h\dralion}rvasthc
|nain pan of this lechoolog). \\'e supposed. this trealmcnl lcads ro the transfornration
of "chssical" forms |)1'YBA2CU,Oo s into a nc\r. hithedo Lrnkno\rn (bclo\: a modil:ed
lbnn of]uriunr-hari nl cuDratc- or !v1-YBC).

Ihe purposc oflhis $orl is tr) Iornd nc\\ uniq c ph) \icoch('n I icr I properli!5
of thc tnodiUed Yllar(\rjob r oriide. Thc air nuentio (,1-lhc \!ork i5 lirusrd oo
oblaininl] infomldtiolr .Lburl thc microslructurc [nd chcmic0l x!rivil] of V-Yf]( using
n)ctht'd ofprolon inagnclic res(rnJntu ilnd knt - l crn pcrJlrrrc nttltnrtif ntcrsuttmcnls

lxrrerimentNl.
lhe obj!'.t 01 slud! has been nrodilied b) tcchnolog) {2) under lhe fi)llowjrlg

condilious:1= 25'C:11. = 20 kPa: Ar-o = 11015 Pa. Accordi g 1() rhc X-ra):
dil'lraetion anah'sis. rh(' modified and thc initial phaser hav(- rhe sarnc llpc ol cryslal
latlicc (onhorhombic svngon). spaoe group Pntmm) and ncgligibld differqrces in uDit
ccll paronrctcrs. In\estigaliol o[eas absorption \inelics in I'I-YBC cD'slal lnllicc rras
pertbrnlcd in isolhermal condilions s! 25"C in air $ith a uonslant p( o- = 0.0j |(l I.r in(l
\ar\ing lhc valuc ol lhe clastieil) of Nalcr vrpor: /t{:o = l-0 - 2.1 kPa. figufe l
conparcs thr variation of sample mflss on the exposure lime u|d('r ll\cd c\lernal
panrncter\ rccordcd lbr tht n)odificd and lhL'originol YB( -rxidcs.

l. lt'|ryht K ttrrr?/{ \_ \{allcrir protcrUcs iJr
pr,'r,lrr:r. l,h\s. ltL\. l.16{) 119 ti;0 t479

\-lr ?C)r :]lJ lhc canrcrj \pirl

2../t,i^ut (;.]l . \i1:t:*t^ () I i\4,rcrr.li(-slluclure of \ln.Or (lrau\rrarrnilr) bct!\ceI
l7_Kr,r:rj\crl n,"rt..llK t t,h)\ | tert:.1r19 {)J(' tct ltnt lh,!inJ .\ Nt.r-!ncric lroncrlirs ol. i\ln.t)r and ir \dut,(,n
,rl tl.J r- lliJ".ri , I,r.,hl\,nr. r,it\(. 1(..\ r{ lvsl :g | -
1,...Rrehl ;t \l I r=,n,:/,, /? \,^,ior.(d t u.it!\t(,r; tt St/tnt.icl",r R \<ulrondirlt':ruior nud\ {rr'th!' r)rrsn.ri! slrocrur..o} d,\-tn.(}]. r. , r";l; i,"rp,r. : i,+ -irr:{ I ) :J6-l4r).
i \)crr'rl / . /.r' f/c ars ./ -.1). Vttt!h h,l. ( . tjL.rhtj I ttlw,, .\ l,oj\ i,l s\ r)1ljc\i: n (lnlll-lllclir \lu ) rt'\lDl): :tallocr.\slris o! Lr,n:rl.le .j/c JoU,.|al .,i if,lagn.ri.,r, irrutNlrt{nctic \4irliri ls 2i) l0 l2: -26ii_ ?6,1{)
6 .li,rt:oy,l l K.:hino (j.t. t:!ti.\ot I B t.ri\iIAtk^, /t I In\c\t,gxrioD ot.sLr t,c,jol DuchanoastiriucLl nrangancst oritics..t,,urrrrl ol ,\rulie(l Sfr"o,rr.rp, :itjl':S
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