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STUDIA UNIV. BABES-BOLYAI, PHYSICA, XXXvII, 1, 1992

NICKEL-ZINC FERRITES WITH ADDITIVIES AND SUBSTITUTIONS

N.REZLESCU”, E.REZLESCU", C.PASNICU", M.L.CRAUS", P.D.POPA"

Recetvved: 26.10.1992

ABSTRACT., ~ The present paper describes the effect of additives
and substitutions on the properties of sintered Ni-Zn ferrites
used in high frequency. It was found that the choice of the
additive or substitution may favourably influence the magnetic
and electrical properties of ferrites. It is possible to obtain
a good soft magnetic material for usee in high frequency by
optimally chooeing the substitution or additive.

1. Introduction. In the first part of; this paper is
investigated the effect of addition of caO, Na,0, 2Zro,, Li,O,
K,0, Sb,0; and the combined addition of these oxides on the
properties of sintered ferrite Nij ;42ny ¢4Fe,0, used in magnetic
recording heads. Particularly, the effect of additives on the
porosity was investigated.

In the second part, the effect of Fe substitution by Ti
and/or Ge lons on the ﬁroperties of Nijy ;2n, jFe,0, ferrite was
studied.

A special attention has been given to the improvement of the
magnetic and mechanical properties of Ni-Zn ferrites. The
possibility to obtain a good soft magnetic material, without hot-
pressing technique, by optimally choosing the additives or the

substitutions is suggested.

2. Experimental procedure. By a conventional method were
prepared Ni~2Zn polygrystalline ferrites both with additives and
with substitutions. The Qreparatlon has been described by us in
[1].

Y Institute of Technical Physics, Iagi, Romania



N. REZLESCU et al.

The composition Nig 342Rg g4Fe,04 with the simple and
;ombined additives of Ca0, Na,0, 2r0,, Li,0, K,0 and Sb,0; was
prepared. The additives were added over the stoichiometric
composition, in a small quantity, of 0.05 - 0.3 wti.

Also, it was prepared the Nig ,2ng 3;Fe,0, ferrite, in which
the Fe ions were substituted by Ge and/or Ti ions.

The porosity of sintered bodies was determined by measuring
the Archimedes density and comparing the result with the
theoretical density obtained by using precise X-ray diffraction
data from polished sections.

The initial magnetic permeability and coercive force were
measured at a frequency of 1 kHz by the bridge method and by an
integrator fluxmeter. The measuring fields for initial
permeability was of 5 mOe, and for coercive force it was of 10
Oe.

The specific saturation magnetization was measured at liquid
nitrogen temperature by a vibrating sample magnetometer, in a
field of 5 koOe.

By means of the temperature variation curves of the specific
magnetization and of the initial permeability, the Curie
temperatures were obtained.

The d.c. resistivity at room temperature was measured by the

two contact method using silver paste contacts.

3. Results and discussion.
3.1. Nio.asz“o.64Fez°4 ferrite with additives.

When a polycrystalline ferrite is used for magnetic heads,
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it is desirable for the ferrite to have a high density to enable
it to form a mechanically strong magneéic gap. We tried to
increase the density by the addition of Ca0O, Na,0, Zro,, Li,O,
K,0 and Sb,0; and by the combined addition of these oxides. Also,
we have studied the effect of these additives and upon another
material parameters, as initial magnetic permeability u’,

coercive force H,, electrical resirivity p, specific saturation

magnetization ag,.,, Curie temperature T.. B

|
10 X<—without additives
\g o Cal
® Non
8r ° § o Z2r 02
N Li,0
v K20
ol
;
a :
A I
s« Nay0+Zr0
+ Nay0+Ca0 b
2 Noy0+Ca0+Zr0; ' g
2[4 Noy0+Ca0+Li0
" 1 1 L . L
0 041 02 03

content of addtives (wt%%] —»
Fig.1l. The variation of the porosity p as a tunction of the content
of simple and combined additives.

The experimental results indicate that the Curie
temperature, the specific saturation magnetization and the
electrical - resistivity were not affected practically by

additives.
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In Figure 1 the dependence of the porosity on the simple and
combined additives content is presented. It is seen that the
porosity decreases with increasing impurity content; the smallest
value was obtained for a triple addition of Na,0-Ca0-2rO, and
Na,0-Ca0-Li,0.

Fiqure 2 exemplifies the dependence of initial permeability

and ‘specific

magnetization on

/ the content of
2600 |- O §>\<\§, A1 aaaitives, for
% -105T the samples with
x —
0 2]
2400 L A ‘\—A -101.2 simple additives
/u_, -102§ only. It is seen
A x  without additives that the
2000 x o Ca0 1100
T o NoyO additives cause
) 9 o Zr0p o to decrease the
A LibO L
1600 . Papet permeability,
o excepting Li,0
,.
0
1200 - . additive. For
JL h \D the ©Li,0, '
T increases
] 1

00 041 02 continuously
content of additives (wt%)—
with increasing

Li,0 content.

Fig.2. The variation of the specific saturation magnetization o . and
of the initial magnetic permeability u‘ as a function of the
quantity of impurity, for the samples with simple additives.
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Coercivity is also affected by additives.

In Fig.3 it is

shown the variation of H, as a function of simple additives

content. The highest

values of the H

(]

were obtained for

ZrO,. The Li,0 had a
little effect on the
Hg.
' The results

concerning the

effect of additives

on the magnetic
permeability p’ and
coercive force H

c
can be explained by
a segregation of
additives at the
grain boundaries,
In this case the
displacement of

grain boundaries

stemed (2],

HelA/m) —>

T
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20£

T

/ZFOZ

2
u////////o n
()
/NGZO
Ca0 .
[ ]
A
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]

without additives

A ~L 2 1

00

01 0.2
content of additives {wt%) —>

Fig.3. The variation of the coercive force
H, as a function of the content of additives
for the samples with simple additions.

is hindered and the further crystal growth 1is

[3]. For a small additive content (0.05 - 0.1 wt%),

in the sintered body there will be both grains stopped by the

segregated additives and a certain percentage of large crystals

increased freely, with inside pores. It is known that the action

of inside pores on the magnetic domain walls displacement is

important enoungh [4]. For a large amount of additives (0.2 ~ 0.3
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wt%), because the qumber of the crystals inhibited during their
growth will be much higher, it was obtained a smaller average
grain size, with a reduced inside porosity. This phenomenon
should contribute to an increase in initial permeability and a
decrease in coércive force. The higher value of H_ at the samples
with 2ro, can be explained by a nonuniform segregation of Zro,
whicg results in a covalescence of grains (discontinuous grain
growth) in accordance with other experiments {3], [5].

Judging from the point of view of magnetic and mechanical
ch;racteristics acceptable for magnetic heads, the best results

were obtained by the combined of Na,0-Ca0-2Zr0, or Na,0-CaO-Li,0.

3.2. Nio.72no_3Fezo4 ferrite with Ti-Ge substitutions

Ti and Ge 1ions substitute the Fe ions in a constant
proportion of 4 mol%¥. We <choose as mixed substitution
(Ge0,) , (T10,) 9. 04-x+ Where Ge%* ions prefer tetrahedral sites and
Ti%* ions, octahedral sites.

Fig.4 shows the dependence of the specific magnetization
measured at 77 KX and the Curie temperature on the substitute
composition, where x = 0.00, 0.01, 0.02, 0.03 and 0.04.\0na can

o

remark that, by introducing germanium insted of titanium, o,
increases and it attains the highest value for 3 mol% GeO, - 1
mol% TiO,. This dependence may be explained taking into account
the fact the Ge%* ions with cation radius of 0.53& prefer the A
sites, while Ti%" ions with the cation radius of 0.68A [6] prefer
the B sites.

By introducing GeO, instead of TiO, o, will increase due to
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the decrease of the tetra-

hedral lattice magnetiza-

tion. At high GeO, concen-
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1 1 1 i 1

attributed to the modifica- 000 001 002 003 004
X ——>

tion of the A - B exchange
interaction due to the tran- Fig.4. Specific magnetization
sition from Ti substitution o, and Curie temperature T, as a
to Ge one. In this case of function of the substitute compo-
the substitution of tetrahe- sition (Ge0,),(Ti03)0.04~-x"
dral ir&n as compared with the substitution of an octahedral iron
(Fep”) the weakening of the A - B exchange interaction is more
pronounced. This fact explains a certain decrease of the T, when
Ti** jons are substituted by Ge*¢ ions. 1

Fig.5 shows the dependence of the d.c. resistivity p and of
the éorosity p on the substitute composition. One can remark ;hat
by introducing GeO, instead of TiO,, p increases and reaches a
maximum value for x = 0.03. This value is about two orders of
magnitude higher than that for x = 0. Satbir and coworker (7]
supose that the ihtroducing of Me** ions, like Ge or Sn, could

2+

dgenerate a certain amount of Fe“’ ions. Also, it is known that
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Fig.5. Resistivity p and
¢ 146 porosity p as a function of the
substitute composition
T (Geoz)x(Tioz)o.m'_x,medeures at room
E 105L —114 temperature.
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the electronic conduction in ferrites consists in the electronic
exchange Fe3*' = Fe?* on octahedral sites only [8], ([9]. In this
case, the Ti%' substitution will increase the number of Fe?* ions
on octahedral sites, resulting in a decrease of the resistivity.

But the Ge%* ions will éenerate the Fe?* ions on tetrahedral
sites which do not'participételin the conduction process. They
will form stable with covalent bonds Ge*' ions, 1.e. the Ge%* -
Fe?' pair [7]). Consequently, the resistivity will increase with
increasing GeO, amount in the mixed' substituent. The obtained
values of the activation energy (between 0.177 and 0.281 eV)
(Fig.s)vconfirm the above mentioned ideea. ‘

Regarding to the porosity (Fig.5), the curve p = f(x) is
similar to that of the resistivity. The results we obtained are
in agreement with those obtained in [10] for Ni-Zn ferrites too,
where it 1s shown that the resistivity is mainly determined by
the porosity of the samples.

In conclusion, we found that the choice of the substitution
conposition or the additive mnay favourably influence the magnetic
and electrical properties of ferrites, and, therefore, it is
possible to obtain a good magnetic material by optimally choosing

the substitution or additive.
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MAGNETIC SUSCEPTIBILITY OF Y,_,Ce,Al,

M. COLDEA"

Received: 16.10.1992

ABSTRACT. - A continuous transition from Kondo state (x > 0.30)
to intermediat:e valence (IV) s8tate (x < 0.30) of Ce ions in

Al is revealed. The magnetic susceptibility of ¥, CeAl, in
t;xe I state is analysed in terms of the concept of characte-
ristic -~ energy behaviour. The results pointed out a substantial
suppression of the apin - fluctuation effects in Y xC2,Gdg.
compared to pure Y, CeAl,, and confirmed the intr?.nslc nature o
the magnetic suaceptfbliity increase at lower temperaturaes for
Y, ,Ce,Al, compounds in the IV state.

1. Introduction. The cubic Laves ~ phase compounds
Y,_.,Ce,Al, form a very interesting system to study the continuous
passage from trivalent spin fluctuation (Kondo behaviour) to IV
state [1-3]. In this system Kondo interactions Eompete with RKKY
exchange interactions and the Kondo temperature Ty has been shown
to increase rapidly with Y content [1].

The spin fluctuation rates 1/7, « 3x10%25"! of the Ce ions
in Y¥;_,Ce,Al, for x 2 0.3 were estimated from Ga3* - ESR
measurements by Coldea et al. [3].

Due to the presence of the magnetic impurities in compounds
containing Ce in the IV state there is much confusion about the
intrinsic susceptibility at low temperatures. In CePdj an
intrinsic increase of the susceptibility at low temperatures is
established, which is not present in CeSn,; [4].

It is the aim of this paper to study: (i) the temperature
dependence of the magnetic susceptibility of Y,;_,Ce,Al, both in

the Kondo state and in the IV state and (ii) the effect of Gd

"Babeg~Bolyai" University, Faculty of Physics, 3400 cCluj-Napoca,
Romanla '
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MAGNETIC SUSCEPTIBILITY OF Y, Ce Al,

magnetic impurities on the Ce susceptibility and to estimate

(1ii) the spin fluctuation time 7, of Ce ions in the IV state.

2. Experimental. The samples Y, ,_,Ce,Gd Al; (0.08 < x < 1.0,
0<y=s 0.02) were prepared in a cold crucible induction furnace
under a purified argon atmosphere. The purity of the starting
materials was 99.99% for Ce and Y, 99.9% for G4, and 99.9999% for
Al. X-ray power d}ffraction measurements showed that all)the
‘compounds formed ’the C15 cubic /Laves phase. The lattice
parameters agree with those reported\ by Aarts et al. [1].
Susceptibility measurements were performed with a vibrating
sample magnetometer between 2.6 and 290 K in a magngtic field of

10 kOe,

3. Results and discussion. Figure 1 shows the temperature
dependence of the inverse magnetic susceptibility xéﬁ; i.e.
(X (¥y_4Ce,Al,) - x(¥Al,))"!. The susceptibility of VAl, is
1.03.107% emu/mole at room temperature and is almost temparatu}e
\independént {5]1. The susceptibility per Ce atom gradually
decreases as the Y concentration increases and a marked chéhge
in the behgviour of %e(T) ocours at apprbximately X = 0.30. For
X > 0.30 the paramagnetic susceptibilities show crystal field
effects and a Kondo‘behaviour,'whereas.for X 5 0.20, thgy are
typical for . IV compounds. The magnetic susceptibility of
¥p.92Cep,0gAl, 1s almost constant for 30 K < T < 70 K, increases
at lower temperatures and turns again to a constant value as T

-+ O K (Fig.2). The compound ¥o.80Cep,20A1, has a similar behaviour

15
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Fig.2 - Temperature dependence of the magnetic susceptibility of Y, 92C€g rJaAlz
and Y, goCey p¢Al,- )
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with - the only difference that the constant portion in x(T)
curve is reduced to an inflexion near point T = 35 K. A feature
of the low - temperature susceptibility is.that for x < 0.20 one
obtains a finite value at T = 0 K. This shows that the upturn in

“

the low-temperature susceptibility of Yl_xC¢¥A12 coméounds in the
mixed valent séate is intrinsic. ‘ '

In the analysis of the magnetic susceptibility of Y, _,Ce Al,
xompounds for x 2 0.30, we considered the. following three
interactions: (i) the interaction of the Ce lons with the cubic
crystal field, which gives rise to a spliting of the six
degenerate states of Ce3' ions. into a I'; doublet ground etate and
a Fé quartet excited state with an energy separation A; (ii) the
exchange interaction (J < 0), between Ce3* localized moments and
conduction electrons (Kondo effect), which causes a negative
paramagnetic Curie-Weiss temperature 6,(]6y|=Tyx) and (iii) the
indirect exchange interaction of ce3* ions via the RKKY
interaction, which leads in our case to a positive paramagnetic
Curie-Weiss temperaturelﬁnxxy . In the whole temperature range

(2.6 K £ T £ 290K), the usual expression for the magnetic

susceptibility of Ce ions in a cubic crystal field {6)]

_ Cf(T,A)
(r) = SLTA) (1)

gives only an approximate description of the experimental data.

In (1) C is the Curie constant, 8 = 8, + Orkxy and the function

- o 5+26exp(-A/T) +32T/A:[1-exp(-A/T)]
f(T'A) 21[1+2exp (-A/T)] (2)

describes the crystal field aplitting.A [7]. Deviations from (1)

17
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are observed in all compounds where Ce is subjected to a crystal
field [6, 8, 9]. However, in the low temperature region

(T < 50 K), the susceptibility data for x > 0.30 are well
described by (1). The fit yields magnetic moments per Ce atom
which are about 10% smaller than the free ce3* ioq'value. This is
in agreement with the theoretical value obtained by Krishana-
Murthy et al, [l10] for a Kondo ion in the symmetritc Anderson
model. The 6 value for CeAl, (~ 0.6 K) indicates that Oy = =Op.yy,
thus confirming earlier findings [1]. This balance breaks down
in the diluted compounds: namely, 6y decreases with Y
concentration while 6.y, also decreases as a result of magnetic
dilution. The crystal field splitting A in CeAl, is 107 K but
increases to about 200K in diluted compounds.

The magnetic susceptibility of ¥, ,Ce Al, in the IV state

(x < 0.30) may be discussed in terms of the concept of
characteristic-energy behaviour [11]. The phenomenclogy implies

two energy scales to explain the susceptibility:

C

X - -

for T»T, (3)

and

x(T) = for T<T,, (4)

2T¢
The broad susceptibility maximum occurs at a temperature
representing the crossever from low-temperature to high-
temperature behaviour (Tpax = Tge/2). Here C = 0.807 emu K/mole
is the curie constant for free Ce3* ion and Ty¢ 18 the spin

fluctuation temperature. The intrinsic upturn in the measured

18
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low-temperature susceptibility of Y,_,Ce,Al, in the IV state

(Fig.2) can be described by
X(T) = £+ x(0) (5)

where %(0) is the zero temperature value of the susceptibility
due to the Ce ions in the IV state. Figu;e 3 shows the low
temperature susceptibility (6 K < T < 30 K) versus 1/T for
Yy 92Ce0.08Al,; and Y, goCeq opAl,. From this plot results for the
zero temperature susceptibility expresed per Ce atom the values
%(0) = 36.87.10"% emu/mole Ce for x = 0.08 and x(0) = 54.5.107%
emu/mole Ce for x = 0.20. The equation (4) yields T, = 109.4 K
and 73.6 K for Yo.gzceofoéAlz and Y, goCeq_ 0Rl,, respectively. From
the alopes of these curves we obtained the average number of ce3*
ions as "impuritieé" in two compounds at temperatures T << Tg¢,
namely 1.3% for x = 0.08 and 6% for x = 0.20 from the total
number of rare-earth ions. The intrinsic upturn in the magnetic
susceptibilility is dﬁe to narrow Af states near the Fermi level
[12]. At present, we have no reliable theory of splin
fluctuations wvalid for all temperatures. According to the
multiorbital Anderson model the spin fluctuation time is related

to the magnetic susceptibility x(0) at 0 K by [13]:

1.(0) = (g/pnp)2/hy(0) (6)
From this equation results for the spin fluctuation rates of Ce
ions the values 1.'(0) =6.6.1028™! for x=0.20 and t.' (0) =
= 9.8.1012'5'1 for x = 0.08. These values are comparable to those
derived directly from the Kondo temperature with the relation

| h/v_ = kgTy (7)

20
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if we assume Ty = Tg¢. Moshchalkov showed that all Ce-based
intermediate valence compounds are concentrated Konto systems
with high Ty [14].

To explain the low-temperature susceptibility for these two
compounds we considered also the effect of Gd impurities on the
Ce susceptibility. The 1/x(T) curves for some selected samples
Y. 95-xC€4Gdg_ goAl, are given in Fig.4. The main results of this
investigation can be summarized as follows: (i) a change in the
slope of 1/%(T) dependence occurs at approximately T = 40 K and
25 K for Yq5 9gCep gG4p,gaR1l, and Yq ,9Ceq ,0Gdg g,A1,, respectively;
(ii) no Ce contribution to the effective moments per unit formula
can be deduced from 1/%(T) curves in the low-temperature region;
(iii) the contribution of Ce ions in the measured susceptibility
of the above mentioned compounds, i.e. X(Yg 9g-xCe,Gdg, osAl,) -
% (Gd), presents no more an upturn in the low-temperature region.
These findings reveal a substantial suppression of the spin-
fluctuation effects in Y, gg.,Ce,Gdy g,Al, compared to pure Y,_
xCeyAl, and confirm the intrinsec nature of the magnetic
susceptibility increase at lower temperatures for ¥, ,Ce,Al,

compounds in the IV state.
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ABSTRACT. - The magnetic sueceptibility measurements in Ce,
pointed out a transition: from trivalent spin fluctuation ()i(ondo
behaviour) to intermediate valence state of Ce - lons at high Y
concentration. A strong enhancement of the Pauli susceptibility
in theee compounds is aleo revealed.

1. Introduction. The Intermetallic compound éeCuz orders
antiferromagneticelly atl 3.5 K ,[1] and neutron cifraction
'exberihente? suégest a very locg - range antiferromacnetic
structure {2). Resistivity measurements heve’showﬁ that Xondo
effect is present in this compound with Tk - 16 K [3]. The
compounds CeCuz and YCu2 crystallize in the same orthorhombic
CeCu2 structure (the space group 15hhdth the lattice parameters
a=4.43A b=7.05A, c= 7.45|Ax (4] and respectively
a=4.305A, b=6.80 A, c= 7.315 A [5]. The substitution of Ce
by Y leads to a lattice pressure on the Ce - ions in the
Ce;_,Y,Cu, system. ‘

In the similar compounde Ce;_x¥xAl; (cubic Laves-phase) the
sﬁecific heat and thermal expansion FG] acd magnetic’
susceptibilitf’ (7] measurements pointed: out a continucus
transition from trivalent epin fluctuation (Kondo behaviour) to
1ntermediate valence state of the Ce - ions with increasing x.
In this system Kondo interactions compete with RKKY exchange
interactions and the Kondo temperature Ty hee_been‘ehown to

increase rapidly with Y content.

o
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We have undertaxen to study the evolution of the magnetic
properties in the Ce;_,Y,Cu, series at high Y concentration (i.e.
high lattice pressure) and we present the magnetic
susceptibilities of Cey ,0¥g.gpCu, and Cey 10Y¥p.9oCu, measured at

various temperatures between 100 K and 600 K.

2. Bxperimental. The investigated compounds were prepared
in an arc - melting furnace under a pure argon atmosphere. The
purity of the starting elements was 99.99% for Cu and Y and 99.8%
for Ce. X-ray investigations confirmed the existence of a single
phase in the two cémpounds Ceg 20Yg,g0Cu, and Ceq 19¥g5. ggCuy. In the
iimit of the experimental errors, the lattice parameters for the
two compounds verify the Vegard law.

The magnetic susceptibility was measured at 9450 Oe with a
Faraday - type magnetic balance, having a sensitivity of 1078

emu/qg.

3. Results and discussion. Fig.l1l shows the temperature
dependence of the inverse magnetic susceptibility of
Ceq_20Y0,80Cu; and Ceq 15¥g goCu, compounds.

The experimental data fit a Curie-Weiss term plus a

temperature independent one, accordind to

(

c
75 * %o (1)

x:

The values of the magnetic moments per Ce atom and the Curie
temperatures are 2.53up and - 68 K for Ceq.20Y¥0..80Cu; and 2.32ug

and - 23 K for Ce; ;5¥y. 99Cu,. The value of the magnetic moment is
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Fig.1l. Reciprocal magnetic susceptibility versus temperature for Cey ,o¥, g,Cu,
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very close to the free ce3* ion value of 2.54ug for x = 0.80, but
is smaller with 10% for x = 0.90.

The susceptibility x plotted against (T-e)'l gives for the
temperature independent susceptibility the values g, = 1.1076
emu/g for Ceg ,0¥p.g0Cuy and xg = 0.58-107° emu/g for
Ceq 10¥g.90Cuy. The temperature-independent term may be expressed
as

Xo = £ X0+ X5+ X0+ X + Xasa (2)

«

where xgis the free electron Paulli paramagnetism, f is the
enhancement factor of the Pauli paramagnetism, xgﬂ, is the.
orbital contribution of the 5d! electrons, xifis the Van Vleck
paramgnetism of the 4f electrons, yx; is the Landau diamagnetism
of the conduction electrons and yx4;, 18 the diamagnetism of the
Ce,Y and Cu atomic cores. All the contributions in the
temperature - independent term, cﬁlculated in the same manner as

for\the RCug compounds [8], are inen in Table 1.
!

Compound Xo Ao xiﬁ:’, Xve Xy Xdzia £
Ceo.ono_BOCuz 226.23 }'32.59 | 38.8 45 -10.86 | -37.6 | 5.85
Ceo'loYO.QOCuz 128.24 | 33.22 | 38.8 45 -11.07 { -36.8 | 2.78

Table 1. The contributions in the temperature-independent susceptibility of

Ceq 59¥g,goCu; and Cey 4g¥; goCu, expressed in 107¢ emu/mole.

When it is expressed per Ce atom, the factor f has approximately
the same value for the two compounds. These values point out a

28
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strong enhéncement of the Péuli susceptibility in the
investigated compounds.

In order to see the evolution of the magnetic properties*in
Ce;._,Y,Cu, system, in Fig.2 are shown the temperature dependence
of the corrected susceptibilities x. (the Curie term) expressed
per Ce atom for the two compounds together with that of CecCu,

‘measured by Hashimoto et al.[9].

Substitution of Ce by Y changes drastically the magnetic
propefties of CeCu,. The susceptibility per Ce atom gradually
decreases as the Y concentration increase and that reveals'an
increasing demagnetisation of the single Ce -~ ions with
increasing magnetic dilution. Furthermore, from a susceptibility
which shows crystal field effects for CeCu, one passes in the
compounds with Y to a susceptibility which tends to a broad
maximum or a constant value at low temperatures. To confirm one
of these assumptions, measuréﬁents at lower temperatures would
be neccessary. This behaviour is characteris;ic for intermediafe
valence (IV) compounds or for concentrated Kondo systems (CKS).

These results lead to the conclusion that in cCe,_,Y,Cu,
system (for high Y concentration) a strong hybridization of the
4f states with the conduction electron band takes place. The
strength of this hybridization is [3]

I' = OV2N(E,) (3)
where V is an appropriate average over the hybridization matrix
element and N(Ep) is the deneity of states at the Fermi level.
Th?s nmixing destabilizes the local 4f moments. The resulting

nonmagnetic ground state at low temperatures is characterized by
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an enhanced Pauli paramagnetism. The hybridization causes
Abrikosov - Suhl - type scattering resonances Ey near® the Fermi
level Ep [10], leading to a virtual bound state of width I' and
an enhanced density of states at the Fermi level of the order of
r'l. In our case the enhanced density of states at the Fermi
level can be observed from the value of the enhancement factor
f of the Paull susceptibility. In fact, as Moshchalkov showed

[11], all Ce - based "IV" - are CKS with E; > Ey and high T,.
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EXCHANGE ENHANCEMENT PARAMAGNETISM IN U-Co-Al SYSTEMS
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ABSTRACT. - The magnetic and structural properties of U(CoAl, )
systems with x 2 0.6 were studied in the temperature range 1.3
and 700K and fields up to 70kOe. Their crystallographical
structure is a hexagonal one. The systems present an exchange
enhancement paramagnetism.

1. Introduction. UCo, compound crystallizes in a hexagonal
NbBe; - type structure, hqvingRSh'space group {1]. According to
Turan [2,3), UCo, is weakly paramagnet with a low-temperature
upturn, connected probably yith a small amount of magnetic
ordered impurity. Their magnetic properties are dependent on
stoichiametry.

As a part of an ongoing investigation of uranium
intermetallic compounds, we analysed the magnetic properties of
mixed UAl; -UCo, systems with x 2 0.6, where aluminium is
gradually replaced by cobalt. In order to obtain accurate data,
the influence of magnetic impurities was eliminated by analysing

i

the field dependences of the magnetic susceptibilities.

2. Experimental. The samples were melted in an arc furnace,
in purified argon atmosphere. In order to ensure a good
homogeneity, the samples were remelted several times. The alloys
were subsequent annealeq in vacuum, at 850°C, for one week. The
resulfs of X;ray analysis shown in Fig.1 indicate an hexagonal

structure for the compounds having x > 0.6.

* Technical University, 3400 Cluj-Napoca, Romania
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G(SAA) - C(A) Fig.1l.composition
” 4255
dependence of
lattice parameters
52 i l ' * \_
—
. 925
48 " Magnetic measu-
A5 rements were
bk . d ‘ s performed in the
‘ S temperature ran-
4 \ , 24 ge 4.2-700 K and
04 06 08 1 external fields

up to 70 kOe.
The susceptibi-
lities, ¥, waée obtaine& from their field dependences, according
to Honda-Owen plots [4] %, = X + ¢ M, E™1, by Extrapolating to H7!
- 0, respectively, By c is denoted a presumably content of a
magnetic ordered impurity, M; is their saturation magnetization
and ¥, is the meaéured susceptibility in a field H. By this
method accurate values of magnetic susceptibilities were
obtained. |

3. EBxperimental results. As a general feature, we mention
that U(Co,,Al,_,); compounds are paramagnetic down to 4.2 K. The
thermal variations of magnetic sﬁsceptibilities are plotted in

Figure 2.
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Fig.2. Thermal variations of magnetic susceptibilities in U(CoAl, )5

{
compounds with x 2 0.6

The magnetic susceptibilities of UAl; increase, as a

function of temperature and has a maximum Ty = 140 K. Then the
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x values decrease. Above the temperature corresponding to
maximum, the susceptibility value decreases and shows at high
temperatures a modified Curie-Weiss law. The effective magnetic
moment determined from Curie constant 1s 3.70 ug being close to
that previously reported in UAl, ([5,6].

The magnetic behaviour evidenced in compounds having
composition x > 0.6 shows that the magnetic susceptibility
increases up to a temperature T,. At higher temperatures than T,,
the y values are nearly constant. The temperatures T, decrease
from 140 K (x=0.6) to 90K(x=1). In the addition, the low
temperature variations of susceptibilities decrease, as the

cobalt content increases. The susceptibilities x,, determined at

T > T, increases as a function of cobalt content-

4. Disoussion. UAl; compound shows an interesting thermal
variation of the magnetic susceptibility. The yx values increase

up to a temperature, T followed, at high temperatures, by a

m’
Curie-Weiss type behaviour. This temperature dependence of ¥
values is similar to that evidenced in ¥YCo, and LuCo, compounds
[(7]. The above behaviour may be considered in the self-consistent
renormalization (SCR) theory of spin fluctuations [8-11]. In
this model the wave number dependent susceptibility, Xq has a
large enhancement due to electron-electron interaction only for
small g and the temperature dependence is significant only for
those Xq with small q. The average amplitude of the local spin

fluctuations<J> = BRETE:xq is a temperature dependent
q

quantity. The <J;2.> inoreases when increasing temperature, until
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it reaches an upper limit determined by the charge neutrality
condition, at a temperature T" ~ 250 K. Above T*, UAl; behaves as
having local moment. The effective moment determined
experimentally in the high temperature range is close to that of

U3t (ueff = 3.62 py [12]).

Fig.3.composition
dependence of 5 2F

it
temperature independent = °
contribution Xo LQEJ

~ ™

O

= 1L , /s
The magnetic suscep- /
tibilities of com-

0 V/ 1 | 1 i

pounds with x 2 0.6 . 0 02 Q 06 08 1
having hexagonal X —

structure, increase,

at low temperatures and abovela characteristic temperature, T,,
the x values are nearly constant. The temperature variations of
susceptibilities are smaller, when increasing the cobalt content.
In addition the temperature independent contribution (T > T,) are
higher. The low teﬁperature increase of the susceptibilities,
characteristic for spin fluoctuations behaviour, is not followed
by a Curie~Weiss behaviour at high temperatures. 1In these
situations the spin fluyctuations are nearly guenched, the

predominant magnetic behaviour being the temperature independent

-
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paramagnetism.

Finally, 'we conclude that UAl,,  compound shows a spin

fluctuations type behaviour. A gradual transition to a Pauli-type

paramagnetism is evidenced, when aluminium is substituted by

cobalt. UCo; shows a small temperature dependence of the magnetic

susceptibilities, at low temperatures. The maximum variation in

the magnetic susceptibilities for T < 300K is smaller than 4%.
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ABSTRACT. - The magnetic properties of xUCog 3(1-x)UNi. compounds
were studied in the paramagnetic temperature range and fields up
to 70kOe. UNi. 18 a paramagnet. A peak 1in the temperature
dependence of ghe susceptiblility is evidenced at T ~ 20 K. The
comgounds with x =2 0.2 are ferromagnetically ordered. Above the
Curie temperatures, the reciprocical susceptibilities show a
Curie-Weiss type behaviour. The experimental data are analysed in
spin fluctuations model.

1. Introduction. UCoyz ; compound crystalizes 1in a
rhombohedral structure which is a displacive of CaCug; lattice.
The unit cell consists of 2.5‘CaCu5 layers and an adopter layer
occupied by cobalt atoms [1]. The crystal structure of UNi; is
cubic of AuBe; type [2].

Magnetic measurements performed on UNig; showed that this
compound has a temperature independent susceptibility ([3,4].
UCog 3 compound 1is ferromagnetically ordered at temperatures
lower than Tc ~ 360 K. The saturation magnetization per formula
unit, extrapolated at absolute zero, is 2.4 ug [5]. The neutron
diffraction measurements evidenced a magnetic moment of about
0.6 ug per cobalt atom, oriented parallel to trigonal axis.

|

2. Experimental. The xUCoz ;(1-x)UNi; samples were melted in
an arc furnace, in purified argon atmosphere. They were thermally
treated in vacuum, during one week, at 850 C. The X-ray analyses
show the presence of AuBey type structure in the compositiun

range X < 0.6 and rhombohedral structure, of UCog 3 type for

" Technical University, 3400 Cluy-Napoca, Romania
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x > 0.8, In the composition range 0.6 < x < 0.8, the samples
consist from a mixture: of the above phases.

The magnetic measurements above the Curie temperatures above
the Curie temperatures, allowed to obtain the susceptibilities
¥ from their field dependences, according to Honda-Owen plots

Xn =X + CM HT? (1)
by extrapolating to H™1 - 0, respectively.

By c 1s denoted a presumably impurity content and M, is
their éaturation magnetization.

This method allows to eliminate any influence of magnetic
ordered impurities on susceptibility values. We estimated in
paramagnetic range, in all cases, a magnetic impurity content

lower than 0.1 mol %.

3. Bxperimental results. The thermal wvariation of UNig
magnetic susceptibility indicates a maximum in the temperature
dependence of jx values is evidenced at T = 20 K. Then, the
susceptibilities descrease and for T > 140 K, the y values are
not temperature-dependent. A similar behaviour was previously
evidenced in irCo2 compound at T < 600 K [6]. The susceptibility
value for UNi; determined at T > 140 K is only little smaller
than previously reported data [2-4].

The compounds having x > 0.2 are ferromagnetically ordered.

The thermal‘variations of reciprocal susceptibilities are
ploted in Fig.1. The experimental data follow a Curie-Weiss type
behaviour.

x=c/(T-89)71 - (2)
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xUCog4 (l-x)UNi5 compounds

Thermal variationa of reciproéal sugceptibilities for
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By C is denoted the Curie constant and 8 is the paramagnetic
Curie temperature.

The measurements show a sudden increase of the
susceptibilities, for a characteristic temperature, T., which 1is
dependent on composition. A similar behaviour was observed, for
example, in R,Fe;,B type compounds [7] and was ascribed to a
structural phase transition. Due to above changes in yx values,
the paramagnetic data were obtained only in a limited temperature
range above T, particularly for UCoz ;3 compound.

The composition dependences of the paramagnetic Curie
temperatures, Curie constants and effective cobalt moments are
plotted in Fig.2. The 6 values are'negative for compositions
X < 0.5 and become positive for higher cobalt content. The
effective cobalt moments are = 3.9 g for x < 0.8 and ® 4.40 ug.
for x = 1.0. The first value coincides with expected co?*
effective moment supposing only spin contribution. An effective
moment of Co?' ion of the order of =~ 4.60 kg 1s commonly

determined in paramagnetic salts ([8].

4. Discussion. In the temperature range T > 2 K UNig
compound 1is paramagnetic. Nickel 1is not magnetic ;n this
compound. When nickel is replaced by cobalt, the compounds are
ferromagnetically ordgred. @dmitting, as in UNig, that nickel has
no magnetic contribution, the mean cobalt moments were
determined. In the paramagnetic range, the effective cobalt
moments are close to those expected for co®* jons.

The magnetic behaviour of XUCogz 3(1-x)UNig may be analysed
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in the self consistent renormalization (SCR) theory of spin
fluctuations for weakly ferromagnetic alloys [9]. In this model,
at T > T,, the wave number dependent susceptibility, Xqr has
large enhancement due to electron-electron interaction, only for
small g. Thus,< Sp,a> = 3k, TY %, is a temperature dependent
quantity. The< §;,.2> mayqincrease rapidly when increasing
temperature until it reaches an upper limit determined by the
charge neutrality condition, at a certain temperature T [10-12].
Above T" the system would behave as if having local moment.

In xUCog ;(1-x)UNig the T" temperature is only little
greater than the Curie points, in the composition range x > 0.2.
For the compound with x = 0.2, the saturation is obtained at
higher témperatures (T* = Tc + 100) as compared to the Curie
points as for other alloys (Fig. 1). I£S5, 2> for cobalt is
saturated, the charge neutrality condition would give the
effective momentp.. (Co) = g/S(5+1) u,, if only spin contribution
is considered. This behaviour is evidenced in xUCog ;(1-X)UNig
compounds with x < 0.8, mainly having cubic structure. We note
that the cubic Laves phase exchange enhanced paramagnets ACo, (A
= Y,Lu,Sc) show at high temperature a Curie-Weiss behaviour. The
effective cobalt moments coincide with the spin contribution,
only (6,13].

For UCogy 5, the higher value of the effective cobalt moment
suggests the presence of an orbital contribution. Taking into
account a mean proportion of 20 % for orbital contribution, as
in ¥C05, the effeotive cobalt moment of = 4.40 ug determined in

UCog 5 may by justified.
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We mention that the spin fluctuation model is supported also
by negative paramagnetic Curie temperatures evidenced in the
composition range x < 0.5. Negative 8 values were observed in all
typical spin fluctuation compounds as UAl, [14] or ACo, (A =Y,
Lu, Sc) (6,13]. For higher cobalt content than x =« 0.5, the
paramagnetic Curie temperatures are positive, but smaller than

T. values. When cobalt content is increasing the exchange

c
interactions increase. They superpose on the typical spin
fluctuations behaviour characteristic for nearly ferromagnetic
alloys. As a conseguence, the 8 values are gradually changed
being more close to T, values when cobalt content increases.

In addition, the effective moments are very close to those

expected for Co?‘ jons. The data may be well described by the

spin fluctuations model.
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ABSTRACT. - EPR absorbtion spectra of cu?* were investigated in
vitreous matrices [Na,0+2B,0;] and [95TeO,-5Pb0]. The structure of
the sodium-borate matrix appears as mucﬁ stable when rising the
impurities content than the 'tellurite one. The form of the
absorbtion spectra and the valuea of the EPR parameters are
strongly dependent on the matrix composition and the
concentration of the Pax’:amagnetic ions. Fluctuations in the
ligand field in the cu?® ion environment were evidenced.

1. Introduction. Several papers concerning tellurite glasses
revealed their special properties 1argély used in
microelectronics [1,2]. EPR of paramagnetic ions was successfully
used for their structure investigation. Some structural details
were revealed by 6ur previous studies concerning the EPR of 3d®
ions in tellurite vitreous matrices [3-9]. For further
information about these glasses we investigated their structure
by means of the Cu?' EPR measurements. For a better understanding
of the absorption spectra, and the revealed structural details
of the host matrix, we proceeded in comparison with EPR‘
absorptions of the Cu®’ ions in a sodium-borate vitreous matrix,
corresponding to a system more studied, and better understood
[10,11}. The range of the paramagnetic ions 'concentration was
large enoungh for obtaining interesting results about the cu?*
ions distribution in the host vitreous matrix, the
microstructural details of their environment, the ligand field

effects on their state, etc.
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2. Experimental. Series of samples were ©prepared,
representing vitreous matrices containing cu?t as paramagnetic
ions. The investigated systems were

xCu0. (1-x) [Na,0.2B,03] for 0.3 < x < 25 mol %
xCu0. (1-x) [95Te0,.5Pb0] for 0.5 < x < 20 mol %

Samples were prepared by melting the oxide mixtures
corresponding to the given compositions, 1in an electrically
heated furnace at 1000°C. After an hour of homogenising the melt
at this temperature, by means of thermal convection, the molten
material was quenched on a stainless steel plate at room
temperature. Typical glasses were obtained, having the gradual
darkening in colour, corresponding to the paramagnetic
ions’accumulation along the investigated concentration .rage.
Thus, the sodium-borate samples’/color varies from light blue to
black, and that of the tellurite ones, from light green to black.

EPR measurements were performed at room and liquid nitrogen
temperature, by using a JES-3B specrometer in the X frequency

band and a 100 kc/s fleld modulation.

3. Experimental results. The EPR absorption spectra recorded
for the xCu0.(1-x)(Na,0.2B,0;] samples were asymmetric and
characteristic for cu®' ions in axial symmetric environment,
along the whole investigated concentration range. They show the
hyperfine structure (hfs) due to the unpaired electron
interaction with the nuclear spin I = 3/2 of the cu?' ion, well
resolved in both parallel and perpendicular band. The hfs of the

obtained spectra is given in Fig.1.
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Fig.1. EPR absorption spectra of the Cu®' ions in XCuO. (1-x) [Na,0.2B,04)
glasses revealing the hyperfine structure resolved in the parallel band
(a), and that resolved in the perpendicular one (b).
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Thé spectral resolution 1s optimal in the low impurities

=~

'
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concentration range. .Due to the lines broadening, as rising

concentration, the hfs becomes less resolved. The hf constants
. . . .

were approximated as separation betweén the central peaks of hfs

! ' ) ] 4 . '
for parallel and perpendicular band of the absorption spectrum,

. L E
and the corresponding,g factor values were calculated at the”
middle point of this. The EPR pérameters corresponding to the
best resolved spectrafafe presented in Table 1.

“x | Agt5.6 gy Ayt1.4 gL !

bas) . £0.0045 (Gs) +0.0008
0.3 151.58 2.3324 . 25.25° | 2.0536
0.5 147.03 ' 2.3304 © 25.25 2.0552 .
1.0 |- 145.90 ' 2.3286 25.25 2.0513
2.0 145.91 '2.3262 " 24.69 ‘| 2.0479 '
3.0 144.88 '2.3219 25.25 2.0464

, 'Table 1. The EPR parameters of the cu?* absorptions in - .
* XCuO. (1-x) [Na,0.2B,04]/ glasses with 0.3 < x < 3 mol %.,
I‘ ‘
The separation between the hfs peaks increases as the
2! ' . - , N | .
magnetic field increases. For the 0.003Cu0.0.997[Na,0.2B,0,)

'
'

sample, the estimated values of the field separations between the

1
|

parallel peaks were 219.07 Gs, 151.58 Gs, 179.58 Gs and those

between the perpendicular ones were 19.64 Gs, 25.25 Gs and 33.67

'

Gs. .This effect imposes second order approaches 1in the

i

theoretical treatment of the EPR absorptioﬁ.

iAnother character%stic of these abéorptions is the
progressive broadening gfkthe parallel hf peaks in m order, the
nucléa:_hagnetic quantum number corfesponding to each transition

of the hfs. The peak—té—peak<Qidth of the hfs lines recorded for
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i
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Fig.2. EPR absorptions of cu?* ions in the xCuO.(l-x)[95Te0 .5Pb0O) glasses
with 0.5 € x < 5 mol & for both parallel (a) and perpendicular (b)

absorption bands.
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the 0.003Cu0.0.997[Na,0.2B,0,] samples, varies as 65.09 Gs, 89.79
Gs and 112.24 Gs. Together with the dipolar broadening, this
effect reduced the spectral resolution, so as for x > 9 mol % a
large envelope superimposes the spectrum.

For glasses corresponding to the xCuO. (1-x)[95Te0,.5PbO]
system the concentration range for cu?* ions in axial symmetric
environments is much more restricted. The spectral resolution is
optimal only at the lowest 1limit of the investigated
concentration range (x = 0.5 mol %). The parallel hfs is
partially resolved, but the perpendicular one has a weak
resolution. As rising concentration, the broadening of the hfs
components results in a nonresolved absorption line and for x >
5 mol %, the spectrum is reduced to the characteristic 1large
envelope. The features of these spectra are given in Fig.2. This
compositional dependence of the spectral resolution affect the
accuracy of the determined EPR parameters. The calculated g

values are presented in Table 2.

X 9] gL
0.5 2.2724 2.0467
1.0 2.2383 2.0520
3.0 2.2845 2.0566
5.0 2.2844 2.0751

Table 2. EPR parameters of the cu?* spectra in xCu0.(1-x)[95Te0,.5PbO]
glasges with 0.5 s x < 5 mol %.
i

The spectral resolution was optimal for the
0.005Cu0.0.995[95Te0,.5Pb0] sample, the corresponding separation
between the resolved parallel hf peaks was estimated as 112.27

Gs, and 150.91 Gs and their peak-to-peak width as 41.77 Gs, 62.66
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Gs, and 99.218 Gs.

For 10 < x < 20 mol % the EPR absorption spectrum for

tellurite glasses changes esentially. Its features are presented

in fig. 3.
varker =3326,3461 Oe

H
X xCu0-(1-x) [95 Te02:5PbO |

Fig.3.EPR absorp-

tions of cu?* ions

in the XCuO. (1~

x)[95Te0,.5Pb0O]
0%
glasses with 10 < x

< 20 mol %.

The EPR parame- 20%

ters, that is J
the line ampli-
tude I, the line
width AH, and
the intensity of

the absorption

approximated as

J = I.AH2, are

presented in Fig 3
Table 3. The absorption line becomes a symetric one as the

results of the great degree of disorder which characterises now
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the structure of the vitreous matrix.

X I AH J g
{arb.units) (Gs) {arb.units)

10 54.67 247.43 334.71 2.1927

15 30.59 302.01 279.03 2.0821

20 12.67 542.17 372.47 2.0638

Table 3. The parameters of the Cu’’ absorptions for xCuO.(1-x) {95Te0,. 5PbO]
glasses with 10 £ x <= 20 mol %.

4. Discussions. For both types of glasses, at low impurities
content, the shape and structure of the EPR absorption iine are
typical for isolated cu?t ions in predominantly axial symmetric
environment. Usually, these spectra are analysed in terms of the
spin hamiltonian:

H=giBH,S, + g P (HS,+H,S,) + AS,I,+AL(S,I,+S,1,) (1)
where z is the symmetriy axis of the individual cu®‘ centers. Two
series of lines, each consisting in four peaks, are designated
as parallel hf peaks, respectively perpendicular onoces, because
they originate in the resonance of those centra maintaining their
axis of symmetry parallel, respectively perpendicular to the
static magnetic field.

The spin hamiltonian (1) gives generally, a satisfactory
approximation for the line shape of the EPR spectra. There are
some features of the experimental spectra, pointed out in the
previous paragraph, which impose a refined theoretical treatment.
For obtaining the hfs peaks position, related to the principal
values of the g and A tensors, one uses the solution of the above
spiﬁ hamiltonian (1), in the second order approach, which may

explain the lack of equidistancy of the hfs peaks on the
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experimentally obtained absorptions. These are:

2
15 2\ AR

= + mA = - m=-
hv g&f{ |+( 2 m )2 m

for the parallel peaks, and
2 2
15 o\ Al HAL
sg.pPpH+ +|— —m~ —
hv=g.p mAu (4 )4gﬁH

for the perpendicular ones. Relations (2) and (3) give the

(2)
(3)

theoretical values for g and A, calculated from positions of the
best resolved hfs peaks.

Being better resolved and extended on a larger field range
the parallel hfs offers more possibilities to investigate the
effects of the vitreous matrix composition on the resonance
pheqomenon and, therefore, more experimental informations than
the perpendicular one. The perpendicular hfs is more sensitive
to the matrix composition and the content of paramagnetic ions
and consequenly its resolution is overpassed by the |AL]| values.

The calculated 9y and g| values satisfy the relatioﬁ gy > 9L
> g, = 2.0023 which characterises the cu®* ions coordinated by
six ligand atoms in a distorted octahedron, elongated along one
axis. This configuration allows a LCAO MO analysis of the EPR
absorption spectra [12]. By estimating the covalency effects in
the field of ligands, the possibility of revealing its changes
determined by the chemical composition of the vitreous matrix is
obtained. The correlation between the covalency degree of the
bonds involving cu?' ions and the glass composition allow to
compare the strength of bondings between the oxygen ligands and
the network forming cation in its neighbourhood, and the ligand
bonds acting as an elect;on donor upon the cupric ion. Because
the cu?* ion is a network modifier, there is a competition in the

cu?*-0-X bonds, between cu?* and the neighbouring network forming
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cations X, in attracting the 1solated oxygen ions pairs available
in their vicinity (X = B, Si, P, etc.). In the sodium-borate
glasses the convalency of cu?*-0 bonds increases when the
strength of B-O bonds diminishes.

A characteristic of the cu?* ions EPR spectra in the
investigated sodium-borate and tellu;ite matrices, is that of the
gradual broadening of the parallel hf peaks along the recorded
spectrum. Therefore, the theoretical treatment has to take into
account the ligand field fluctuations from a cupric complex to
another in the amorphous matrix, as a predominant factor in the
line broadening [10]1. The fluctuations of the field in which

¢
resonate the parallel complexes may be expressed having in view

the fluctuation of 9) and AI' as:

d.H=_thﬁ + ma, a8, _ aa (4)
gbl g9 A AL

The peak width AH(m) is related to the variation §gy of the g

values by’

hv+m(gP—Aﬁ

2
7 B

AH(m) = bg, (5)

where P = 2yPPy<r™3> is 0.036 cm™i.

In the studied vitreous systems xCuO.(1-x)[Na,0.2B,05] and
xCu0. (1-x) [95Te0,.5Pb0O] the A; values calculated for the best
resolved spectra, show preponderent ionic bondings of the
paramagnetic ion with the neighbour 1ligand atoms.’There is a
little increasing in covalency of these bonds, as a result of
rising the Cu?* content in the vitreous matrix. In the sodium-
borate glasses, the Agl values decrease from 0.3301 as the CuO
content in the sample increases along the range 0.3 < x £ 3 mol%

and those of Ag) from 0.0513 to 0.0441 on the same concentration
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range. The unpaiped‘electron becomes more and more delocalized
Iand the interaction with the nuclear spin I = 3/2 becomes more
intense. The fluctuations in the ligand field determine the
progressive broadening of the hfs peaks.

Despite of these features, a great stability of the sodium-
borate matrix structure at the impurities accumulation over the
investigated concentration range, may be ascertained. The EPR
absorption show cu?' ions in predominantly axial symmetric
vicinities. There are distortions of the structural agregates
involving the paramagnetic ions, inherent to the amorphous state
but these distortions do not affect esentially the cu®t jons
neighbourhood.

The ligand field fluctuations are much more ‘pronounced in
the tellurite matrices where the broadening of the individual
peaks of hfs appear at a relatively low Cu?' ions content, the
bonding with the ligands is more covalent, and the long range
interactions become stronger. At concentrations over 10 mol %
Cuo, the axial vicinity of the paramagnetic ion is destroyed, the
absorption line symmetrizes and the g factor’s value becomes
closer to the g,. All these spectral features show a high
disorder degree characterising the glass structure. The Cu?* ions
are involved in distorted aggregates having a predominantly

octahedral coordination. '

5. Conclusion. The EPR absorption spectra due to cu?* ions
in the xCu0.(1-x)({Na,0.2B,0;] glasses, for 0.3 < x < 25 mol %
revealed well resolved hfs for both centers, having parallel and

perpendicular spin, typical for isolated Cu?' in axial symmetric
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vicinities. These characteristics are more pronounced at low cu?*
ions content. Second order effects Have to be taken into account
in order to explain the increasing of separation between the hfs
peaks. Fluctuations of the ligand field in the cu?* ion
environment cause the progressive broadening of the parallel hf
peaks.

The EPR absorptions due to cu?* ions in the tellurite system
XCuO. (1-x) (95Te0,.5Pb0] for 0.5 < x < 20 mol % revealed a strong
dependence‘of their structure, and the values of EPR parameters,
on glass composition. At low CuO content, resonances due to
isolated cu?' in axially distorted environment were detected,
having the hfs better resolved in the parallel band than in the
perpendicular one of the EPR spectrum. The pronounced
fluctuations in the ligand field broaden the absorption lines so
that the hfs is rapidly smeared out as rising concentration. In
the higﬁ concentration range the absorrption line becomes a
symmetric one, corresponding to cCu?' in distorted octahedral
environment. The matrix is now characterised by a high degree of
disorder.

The structure of the sodium-borate matrix is more stable
than that of the tellurite one at the impurities’accumulation in
its composition.

The bonds of cCu?* with the ligand atoms are predominant
ionic in both g}asses. A small increasing of their convalency was

observed as rising concentration of cu?' jons in the matrix.
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MAGNETIC FIELD-RELATED HYSTERETIC EFFECTS IN THE 1/f NOISE
OF THE YBa,Cu;0,_, BULK SUPERCONDUCTORS

* »* ok L2 4 4 hrh L2l ]
A.STEPRNESCU ,P.MAZZETTI ,A.MASOERO ,I.STIRBAT ,I.POP ,G.CONE
Received: 15 06 1992
ABSTRACT. ~ Experimental results about the hysteretic behaviour

of the current noise in YBa&,Cug0, , specimens, having a low
critical current, obtained Dby "increasing or decreasing of
magnetic field at liquid-nitrogen temperature are presented. A
qualitative statistical model, based on the percolation theory,
which could explain this new hysteretic effect on current noise,
is proposed. '

1. Introduction. A periodic function of time F (t) can be
expended into a Fourier series. Let F, be its average value. The
component of F_(t) - F,, at frequency f, has a constant amplitude

a,., independent of time. If F (t) is not a periodic function, it

r/’/

cannot be expanded into a Fourier series, but can be expanded

into a Fourler integral. Its component at frequency f (within

small bandwidth éf) has in that case a constant amplitude a,.
Let us consider a random function F_(t), of average value

F.. In that case, F.(t) - F

r can be expanded into a Fourier-

r
Stieltjes integral, and its component at frequency £, within the
band with §f, is now a random function of time a_.(t). The average

1

amplitude, or its square average is
Sp(F)8F = [a (€)= ap(t)as(t) (1)
where (*) means complex conjugate. S5,.(f) is the noise spectral

density of F_(t).

* Dipartimento di Fisica del Politecnico di Torino, Corso Duca degli
Abruzzi 24, Torino, Italy.

*
Istituto Elettrotecnica Nationale "Galileo Ferraris", C.so Massimo
D’'Azeglio 42, Torino, Italy.

ko
Institute of Electrotechnical Researches, Bucharest, Romania

e

Polytechnlc Institute of Bucharest, Physics Department, Splaiul
Independentei 313, Bucharest, Romania,



A. STEPANESCU et al.

Filtering at frequency f within the bandwidth §f gives
lag(t)|? (2)
and finally an integration gives an output signal proportional
to
la eV 7 (3)
that is proportional to S,(f).

The occurrence of 1/f type noise generally indicates the
presence of hot spots, defects, failures in the téchnology [11.
The study 6f 1/f noise is very important because its universal
character and its direct relations to practical applications. 1/f
noise measurements have been performed by several dgroups of
researchers on various copperoxide superconductors [2-6]. To
date, the mechanism of 1/f noise in this materials have not been
identified, but various speculative models have been proposed
[(71.

The purpose of this paper is to present the experimental
data of the current noise in the (1:2:3) high T, superconductors
submitted to a variable magnetic field, to discuss its hysteretic

behaviour and its possible origin.

2, Bxperimental results and discussions. We report the
results of the measurements of the current noise in the bulk
sintered samples of ¥Ba,Cuy0,_, . These were prepared by mixing
BaO, Y¥,0; and CuC powders in the stoichiometric proportions. This
mixture was grounded and heated at 925°C in air for 24 h and
aftgr that regrounded. This process was repeated for three times
under identical conditions. The substance prepared was then

pressed into pellets, sintered at 950°C in flowing 0, for 72 h
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and slowly cooled in the furnace to the room temperature.

RESISTANCE ( 0.1)
-
(@]

—
O

—_—

0 120 B 180 20 20 20
TEMPERATURE(K)

Fig. 1. The electrical resistance vs. the temperature for YBa, Cu,0, ..

The electrical resistivity vs. temperature was measured
using the standard DC four-probe technigue. The probing current
was of 1 mA and the electrical contacts were mnade ;ith silver
paste. The noise spectral density was measured in the. frequency
range (0,125 - 300) Hz using a cross-correlation method [8] and
injecting in sample a‘current of 5 mA. The spectrum was obtained
by using a two channel signal analyzer, taking the cross spectrum
at the outputs of two noise amplifiers, whose inputs were
connected with the voltage contacts of the probe. The
measurements in the superéonducting state were performed by
immersing the sample in liquid-nitreogen. |

In Figure 1 it is répresented the electrical resistance vs

temperature. At the room temperature this resistance is about
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25%10"3 ohm and at 92 K (onset of the superconducting state) is
104%*107%  ohm. The superconducting critical temperature,
determinated by the resistivity measurement is 91 K with a
transition width of about 1.6 K. The sample has a metalic quasi-
linear temperature dependence above the value 92K of the
temperature. The critical current density of the samplé is about

29.102A.m72.

R}t
_3 o
210 R+
° an ° ° ° ++ + ° i+ %
:D; ) + * t+ +
°°° +-+¢+
-3 c.r.» +
10 °°o + ++
A
o +
o° ++
o °+
o+
0 La . . , .
0 200 400 600 H,(Gs)

Fig.2. The electrical resistance va. the increasing and decreasing magnetic
field for YBa,Cu,0, ,. It is evident the hysteretical behaviour.

The shape of the noise power-spectrum in n;rmal state and
in the superconducting state was of the 1/f type, with o in the
0.87-1.15 rénge us in [6,9]. This shape, close to the 1/f type,
is influenced very little by the presence of the magnetic field,
this suggesting that the 1/f type noise power-spectrum is an
intrinsic property of these materials. .
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In Figure 2 ir is shown the behaviour of the resistance
value, which has been measured on the same sample immediately
after the noilse apectra measurement, when the magnetic field was
looped between 20 Gs and 630 Gs. It can be seen that the same
value of the resistance is obtained for two differet values of
the magnetic field, depending on whether the magnetic field is

>

being increased or decreased.

SLZ] ‘
S
V[Hz
3
+ + +++ +t +
++ + o++}++ +, -
+ + + ¥ + %
19 + + _g° ° dot
10 + [ © (]
-]
] L ° L] o °
o Qo
] - o0
: . ° .o ° . °°° o o 90 ]
10'L :
e, .~3 Ta »
0 10 210 Rln]
Fig. 3. The current— noise spectral density ve. the increasing and
decreasing magnetic field for ¥Ba,Cu,0, . It is evident the effect of
hysteresis.

Figure 3 shows the results of the noise spectral density at
30 Hz vs. electrical resistance for both an increasing (lower
branch) and a decreasing (upper brarch) magnetic field, The
hysteretic behaviour of the noise shows that the same value of
the electrical resistance corresponds, in the two cases, to a
different physical situation of the conduction. It can be
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observed that the intensity of the spectral density depends on
the way that this resistance value has been obtained.

The possible origin of this observable hysteretical
behaviour lies in the heterogeneous nature of this material. To
the liguid nitrogen temperature and minimum magnetic field the
sample is, completely in the superconducting state. By increasing
the applied magnetic field the ﬁaterial starts to pass to a mixed
state. We can say that the material is composed of grains of
supercon@uctor embedded in a nonsuperconducting host that can be
of a variety of materials: insulator, semiconductor, . normal
metal, or superconductor with a lower traqsition temperature, all
of this having a resistive nature. Between the superconductor
grains there are weak couplings that are partially destroyed when
a magnetig field is applied and a thin layer beginning at the
grains surface transits to the mixed state. The fluxoids which
begin to penetrate the both type of regions have a different
mobility in these. So, the fluxoids which penetrate in the weak
superconducting regions are weakly trapped by the pinning
strength and a little current density is necessary to give rise
to the movement of the fluxoids, which is a source of dissipative
effects. The fluxoids which penetrate in the strongly
superconducting regions are trapped inside Ithese regions by
strong pinning strength, at the high magnetic . fields.
Consequently, below the percolation threshold, this material
presenFs an equivalent rgsistance owing to the fluxoids mobility
and the noise is a result of the fluctuations of the mobility
and/or of the density of this mobile fluxoids from the weak

superconducting regions. From this point of wiev there exists a
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certain similarity with the noise generated in discontinuous thin
films [10~12] for which it has been found that for the same
fesistance value and the'same current density a structure of
large isiands was more noisy than other structures characterized
by little islands.

When the intensity of the magnetic field is decreasing the
real field inside the superconductor is the sum of the applied
field and £he Qemagnetiziﬁg field created by the trapped fluxoids
in the strongly superconducting regions. In this way there are
large regions were resulting field is close to zero and the
resistance decreases more rapidly than in the situation when the
applied field was increasing and producing the hysteretical
behaviour of the electrical resistance. At the same time‘this
induces some larger superconducting regions“with‘a more irregqular
boundaries, on phe anotﬁer directions as that of the applied
field. Therefore, even the weak superconducting regions become
more irregulagﬁ This influencesl£he mobility of the fluxoids,and
in this\way the intensity of the noise. The observed hysteresis
of the current noise spectral density, depending whether Fhe
magnetic field is increasing or decreasing, seems to be the
result of the structure modification of the superconducting
islands and of their boundaries. In this way the noise
measuremenﬁs can be a good method for the observation of the
islands modigication and so a test for making evident the

internal sample demagnetizing effects.

3. Conclusilons. Our measurements on YBaxCuxO7_x reconfirmed

a hysteresis of the noise vs. the electrical resistance
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analogical with that reported in [6] in the samples that present
a critical current more little.

This hysteretic effect is possible due to the inhomogeneous
structure of the material and the noise measurements may be a
good investigation tool for obtaining important informations
about the modification of this structure when the applied
magnetic field is varied.

It can be anticipated that our experimental results are
useful for the development of a percolation model for the high

temperature superconductors.
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ARBSTRACT. - The analysis of the Ginzburg-Landau theory and of the
superconductivity at high temperature are made in therms of the
thermodynamic fluctuations. For comparing the theory with
experiment, the results about the paraconductivity of YBa,Cuy0,_,
specimens are presented.

1. Introduction. The experimental results obtained in the
least years for high temperature superconductors (HTSC) show two
relevant aspects: the insufficient knowledge of the physical
phenomenon and, consequently, the absence of an adecvated theory.

In the absence of a more complete theory, it is necessary
to test the phenomenological theories which try to expiain
certain properties of ceramic superconductors. The Ginzburg-
Landau (G-L) theory 1s considered as a successfull in
understanding the properties of classical superconductors. The
motivation of the present work is to study if the limits of this
theory may be admissible in the analysis of superconductivity at
high temperature.

2. The limits of Ginzburg-Landau theory. In the G-L theory
[1] one assumes that the free-energy density may be expanded in

therms of the order parameter ¢:
2 H?
+ ——

£ alplre 2plpier L [ 2y 288 )y [ L A ()

1 c
where o and P are reqgular functions of temperature T, m is the
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electronic mass, e 1s the electrical charge, A is the vector
potential 'and H; is the internal magnetic field. The coefficients
a and f have also been deduced from the microscopic theory, in
the similar conditions with that will be discussed further on.

For pure materials, Gorkov obtained

N i) h? 1 (T Te
a(T) = ao( T ) 1 83 T 53( on ) (2)
p =0 35 L | B 2 (3)
N(o) 2mEy| (KpTeo)?
with
2 . __ h? 4
&7 2me (T) )

where § is the coherence length, N(0) 1s the density of the
states on the Fermi 1level and T, represent the critical
temperature [2].

By minimizing the free energy for variation of the order
parameter § and of the magnetic fieldﬁi on obtain the two
equations of G-L theory, with a local relation between the
current and the vector potentialA. These approximation will be
valid only ifﬁland.ﬁ are slowly varying functions over
distances of the order of {, and is equivalent with:

| A (T) >> g (5)

Actually, in pure metallic superconductors, at a constant
[¥|] and at a small value ofH,, the currentJ(#) depends ond(Z’)
for distances]f3-fq ~ &y The limit expressed by eq.(5) may be

evaluated using the Gorkov expression for « and f in the G-L

penetration depth Ay . The condition (5) may be written as:
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|_T_;3‘c_ol<1 (6)
co

'

’A similar limit is obtained if one analyzes the variation
of the order parameter. In the G-L theory, ¢ must be a slowly
varying function over distance of the order of £;. Such a
necessary condition for the validity of the theory is

E(T) >> £ (7)
which leads to the same restriction, expressed by eq. (6).

The main limit introduced in the G-L theory consists in the
"rigidity" of the order parameter; more precisely, one assumes
that |¢]| is constant and one neglects the fluctuation effects.
However, the fluctuations can be treated approximately, as long
as they are small, [3]. If thelfluctuation in the superconducting
order parameter is large, compared with itself, the G-L theory
is not expected to be valid in‘a narrow range of\temperature,
very close to T_,, defined by the Ginzburg criterion [4].

In the absence of magnetic field, this criterion is:

T-T 2 ’

) CO' < 1 _& 2_1(7 (KBTCO) 2 (8)
Tco 321!2 @, h?

This equation may be evaluated for superconducting materials

by using the G-L theory results for Ho(T), Hoa(T), Kgp (ratio of
the penetration depth to the coherence length), E(T) and the
expression of superconducting flux quantum:
ks Teo
ch (0)
with T,y mesured in kelvin and H,,(0) in G. Typical values for

T~ T, < 107° (9)

classical superconductors are |T - Toy| < 107°K. In the case of
an anisotropic material, kg and H.,(0) are replaced by. their

geometric means in this expression of critical region.
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The strong dependence of the temperature interval on Tgq,
defined by eq. (9), suggests that HTSC have wider critical regiohs
than conventional superconductors. The extrapolation of
experimental results situates H_,(0) in the domain 500 kG =~ 1500
kG and k in the interval 50 - 200 [5,6]. For the mean values
H,(0) = 1000 kG, k = 125 and Tgg = 100 K on obtaine |T - Tgo| =
0.26. If there are used the extreme values indicated above, one
obtains the 1limits for critical region as 1.96 K and 8 mK

respectively.

3., Paraconductivity in HTSC materials. The study of the
temperature dependence of the electrical resistivity, particulary
near T, and T > T, provides useful informations about some of the
fundamental aspects of the superconducting materials. The
rounding of the resistivity curve close to T, may be explained,
also for high HTSC, in therms of thermodynamic superconducting
fluctuations. In this analysis T, represents the experimental
value of critical temperature.

Because of their higher transition temperatures, compared
to the conventional superconductors, the effect of the
thermodynamic fluctuations 1is manifested more strongly for the
physical properties of ceramic superconductors as diamagnetism,
electrical conductivity, specific heat or thermoelectric power,
(7,8,9].

The thermodynamic fluctuation effects on the electrical
conductivity of HTSC have been reported by several groups,
(9,10], but the conclusions about dimensionality seem to be

highly controversial. BAmbiguous values of the temperature
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dependence of the excess conductivity result from the absence of
an unified model for the temperature depen?ence ‘of the
resistivity in the normal phase. The choice and the imprecise
location of critical temperature modify the conclusions about the
dimenéionality of the fluctuations also.

Aslamazov and Larkin [11] predicted that the excess of

conductivity Ac above T_., due to the electron pairing, is:

Ag = cgh (10)
00
where A0 = Opeagured ~ Ybackgroundr %a 18 the room temperature

conductivity, € = (T - T.)/T.. The critical exponent A and the
constant C depend on the dimensionality of the fluctuations: for
the threedimensional system (3D) A = -1/2, C = e2/(32h E(0)a,)
and for bidimensional system (2D) A= -1, C = e?/(16hdo,) with d
being a characteristic length.

In the absence of a more complete theory for critibal
phenomena in HTSC, Lobb, [12], uses the physical arguments
(analogy with the normal conductivity above the lambda normal-
superfluid transition in liquid He) and the dynamic theory ideas.
On suggests that, for 3D, eq.(10) may be a reasonable
approximation for Ao in the so called mean field (A = =~-1/2),
croos over (A = -1/2), cross over (A = -2/3) and full critical
(A = -1/3) regions closer to T,. Now, these critical regions are
accesible experimentally for HTSC. For a fixed T,, from In(Ao/og)
vs 1ln(e) one gets both A and C and one can drawe conclusions
about the dimensionality of the fluctuations.

The excess electrical conductivity may be estimated using

the metallic behaviour at T > T, for variation of the resistivity
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with T:
p(T) = a + bT (11)

or Andersch-Zou [(13] relation (A~Z)
p(T) = AT + = (12)

which takes care of the metallic conductivity in the Cu-~O planes
and the semiconducting behaviour for conduction process between
planes and across the grain boundaries. In both methods, the
background conductivity is estimated from the extrapolation at

temperatures T, < T < 2T..

4. Expérimental results. We have studied the fluctuation
effects on samples of YBa,Cu;0,_, which were prepared by the
standard ceramic method using constituent oxides of 99.99% purity
with identical starting conditions for grinding, pelletising and
intermediade heat-trataments.

The variation of the electrical resistivity with temperature
was measured using the four - probe d.c. method. The experiments
were performed having precaution for precise témperature control
(measured with Omega Pt-100) and for minimizing the heat loses
(vacuum better than 1074 torr and radiation shields). In all
cases the resistivity of the contacts were stable in the range
107% - 107° ohm*cm?. The resolution in Ao/o_. was better than 1
part in 103.

The temperature dependences of the electrical resistivity
of YBa,Cu30,_, samples are shown in fig.1. All these date show
sharp resistive transition to superconducting state. Different

values of T,, width of the transition and room temperature
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resistivity result from different conditions of sihtering,’[l4].
Sample I presents a linear (metallic) temperature dependence from
at least 2T, to room temperature, but for sample II the metallic
trend of the resistivity changes to a “"semiconducting" one. This
modification, accompaning the decrease of T, and the increase of
transition width, may be associated with different oxygen content
in the samples or with the conduction process between the planes
and across the grain boundaries, [15].

We determine Ao by taking the difference between the
experimental value at temperature T and the value for the same
temperature obtained from an extrapolation at T < 2T, of metallic
or- A-Z behaviour. After normalizing by the room temperature
conductivity o,, we have plotted 1ln(Ac/o,) vs 1lne. In our

analysis, T, was defined by the peak position in GR/JT with

c
respect to temperature. In order to observe the regions below the
mgan—field it is necessary to go weil below ln(e) < -4; for ln(e)
< ~6, in the "full critical" region, our data become unreliable.

Figure 2 shows plots of the metallic or AZ fits for sample
I. For both fits the plots look roughly the same. This behaviour
is similar to those found in [10,16], with a deviation from -1/2
coming closer to T,. In the mean-field region our critical
exponents are - 0.49 (linear fit) or - 0.51 (A-2Z fit) and in the
crossover region - 0.65 or - 0.55 respectively. The choice of the
extrapolation method may modify the conclusions about the
critical regions, particularly for 1ln(e) < -4.

The excess conductivity for sample II has been calculated
as a function of the reduced temperature for both methods of

finding the normal state conductivity. As a result, the
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estimation of the oy and hence of the excess conductivity becomes
totally unphysically in the region between T, and 2T_., if it used
the linear fit. Our data for sample II cannot permit to make the

difference between A-Z or exponential models.

5. Conclusions. The analysis of resistivity data above T,
and the study of critical fluctuation through excess conductivity
measurements have evidentiated that the thermodynamic
fluctuations play an important role for HTSC. In this case, near
the transition temperature, the thermodynamic fluctuations not
may bé assumed small and treated approximately. The high values
for critical temperature and for penetration depth, associated
with a small value for coerence length, should cause the G-L

theory to break down within 0.1 K or more of the transition

temperature.
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MAGNETIC PROPERTIES OF YBa,(Cuj_,Zn,)30,_g
SUPERCONDUCTING MATERIALS
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ABSTRACT. - The results of magnetic measurements performed on
YBa,(Cu,_,Zn) O7.5 superconducting materials with x s 0.1, in the
temperature range 5-300 K and fields up to 70 kOe are reported.
The rate of inductlon of cu“t ions, as compared to the number of
Zn ones, is 1:1 for x s 0.05. For higher zinc content the number
of cu‘’ ions is smaller thap that of zn®* ions. The reciprocical
of critical temperatures I~ and 015 critical current densities,
Je are linearly dependent on Cu®’ content.

The great reduction of superconducting transition

temperatures, T by zinc substitution in YBa,Cuj30,.5; has

c!
stimulated a large number of experimental studies in order to
understand the changes of electronic properties induced by zinc.

2* jons

It 1s known from other works that zinc doping induces Cu
{1-4]. According to Alloul et al.[4], the major effect of zinc
subtitution in YBa,Cu,;0,_5 is the appearance of local moments in
the Cu0, planes assoclated with the disorder induced by the zing,
substituted on the Cu(2) sites. The same site occupation by zinc
is suggested by Lin et al.[5]. A linear dependence is evidenced
between the discontinuity in the specific heat at the transition

temperature, T as well as the coefficient of linear term in

c’

speciafic heat and the number of cu?' ions in YBa,Cu;0,_; lattice
[6].

In this note, by using magnetic measurements, we determined
the number of cu?*ions induced by zinc,ng,2+,1in YBa, (Cu;_,Zn,) 30, ¢
system and we correlateq these values with crigical current

densities j_. and superconducting transition temperatures, T

"Babeg-Bolyai" University, Faculty of Physgics, 3400 Cluj-Napoca,
Romanzia
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Linear relations betweenj. ' and T.' as function ofng. are
evidenced. ]

The samples were prepared by solid state reaction. A mixture
of Y¥,03, CuO, ZnO and BaCOj, in the required proportions, was
homogeneized, finely ground and calcined in the temperature rage
920-950°C, in oxygen atmosphere. After calcination, the structure
of the samples was checked by X-rays. The formation of perovskite
type structure is evidenced for all compositions. The calcined
samples were finely ground and then compacted at a pressure of
3 tcm™2. Sintering was performed in the temperature range 930~
960°C in oxygen atmosphere. The samples were then slowly cooled.

The density of sintered materials was around 90% from
theoretical density. The final X-ray analysis show the presence
of the orthorhombic-type structure.

The magnetic measurements were performed 1in temperature
range 5-300 K and external field up to 70 kOe. In addition
elecprical resistivities and 'EPR stgdies were performed.

The thermal variations of reciprocal susceptibilities at
temperatures greater than T.,, are plotted in figure 1. The
experimantal data may be analysed according to a modified Curie-~
Weiss law

X =% + C(T - 071 (1)

We denoted by y, a temperature independent contribution to

1

susceptibility, 6 is the paramagnetic Curie temperature and C is
the curie constant.

The temperature independent contributions, X3, increase
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little when increasing the zinc content - figure 2a. This
variations may be connected with the differences in the
diamagnetic susceptibilities of zinc and copper ions, the last
one being greater in absolute magnitude. The paramagnetic Curie
temperatures, 06, are nearly nil, showing that the exchange
interactions between localized moment are small.

The Curie constants are plotted in figure 2b. The C values
increase nearly linear up to x = 0.05 when zinc content increase.
For x > 0.05 the composition dependence of the Curie constants
deviate from linearity.

The EPR measurements on YBa,(Cu,;_,Zn,)30,.; show the presence
of resonance lineas of Cu?' ions, having g ~ 2.00. These suggest
spin contribution only. The corresponding effective moment is
1.73ugp. Taking the above into account, we determined fhe number
of cu?* ions present in the system. The variation of the number
of cu?* ions as function of the zinc content is plotted in figure
2c. By thin line is plotted the prediction corresponding to an

2* jon for each zinc ion introduced in

induction rate of one Cu
lattice. This behaviour is fulfilled up to a composition x<0.05.
Then, Fhe increase of the number of Cu?* ions is sméller then
that of zinc ones.

Magnetic measurements were also performed, in the 1low
temperature range, in the superconducting state, respectively.

The magnetization curves of YBa,(Cu,_,7Zn,);0,.5 samples
obtained at 5 K are plotted in figure 3. The hysteresis loops

constrict as the zinc content increases. The hysteresis curves

are also narrower when increasing temperature, as evidenced in
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YBay(Cuy_Zn,)307_; h

Fig.3. Magnetlzations isotherms at 5K for Y¥YBa,(Cu,,Zn,)30;_; with x=0.02;0.04
and 0.06.

figure 4.

From the mégnetic hysteresis loops, the critical current
densities, J_.(T,H) were determined. According to critical state
model [7,8], the j (T,H) values within a grain of radius r are

given by
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G (T, H) ‘l—f[Ml‘T'H’ -M (T, H)] (2)

3 and

where r is given in cm, the magnetization, M, in emu.cm”
jo(T,H) in Acm 2. M, (T,H) - M,(T,H) is the distance between the
direct and returning of the magnetic cycle.

The mean values, r, of grain sizes were determined by
electron microscope studies. Because of their distribution
function, the grain size is typical known only within a factor of
10 [9]. Since our samples have the same distribution function of
the grains, the trends of the composition and temperature
dependences of j.(T,H) values are correct.

From the relation (2) we determined the critical current
densities j_(H,x,T). As example,lin figure 5 we plotted the field
and temperature dependences of the j,values for YBa,(Cu,_,2Zn,) 30,_s
samples. The critical current densities decrease strongly, in the
region T < 20 K, when increasinéléémpérature.

We analysed in what extent the critical current densities,

jor and transition temperatures, T

¢r Bhow a regular trend as

function of the number of cu?' ions, ne,2+. Thus, in figure 6 we
plotted thej;'.at 5 Kand T;' as function of ng,2+. Linear
dependences are evidenced. The transition temperatures as well as
critical current densities decrease when the number of cu?* ion
increase. Thus, 1s possible to establish a gquantitative
correlation between macroscopic data and the microscopic
behaviour.

We conclude that the major effect of the zinc substitution
in YBa,Cuj0,_; system ie the appearance of local moments on

copper. The rate of induction of local moment is 1:1 for x<0.05.
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This rate decrease as compared to above behaviour when increasing

zinc content. The critical current densities and critical

temperatures are strongly correlatediwith the fraction of cu?*

ions in lattice. Bothj.

Yand 1.° show a linear

dependence, as function of Ng,2+.
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ABSTRACT. - In order to optimize the superoxidation treatment we

detajled some aspects of the dependence of normal resistivity

versus oxidation temperature in the Y123 superconductors. We found

two significant temperatures directly related to the structure of

this class of superconductors and to the oxygen in and out-~
! diffusion processes.

1. Introduction. In the field of the high-Tc
superconductors, the influence of the thermal treatment acting on
their start composition is recognized as being essential /1/.
This fact is due to the effec£ of the thermal treatment on the
final resistive, magnetic, thermodynamlc and structural
properties of the superconductors. Consequently, the importance
of the thermal treatmént was slignaled since the discovery of the
ceramic superconductors and returned into present tcgether with
the discovery of some new classes of superconductors (Y,Bi,Tl),
having in view the optimization of their characteristic
parameters, and creating, in the same time, the possibility of
repeatability in the process of getting superconductors with the
desired parameters.

The best studied class, among the up-to-date discovered
high-Tc superconductor classes, is the one described by the base
formula, brilefly noted Y123 (YBa,Cug0,). One of the reasons for
which the physicists focused on that one, is the fact that the
¥123 offers a single superconducting sgtalile phase above the

nitrogen liquefying temperature, with the corresponding critical
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temperature value (Tc) being of about 90K. This feature of the
Y123 class justifies the studies that are pointing to the causes
of the superconductors specific phenomena, unlike the Bi and T1
classes, which, being multiphase compounds, characterized by
critical temperatures (Tc=110+125K) greater than that of the Y123
classg, encourage the technological studies and applications of
their physical properties.

In the frame of the Y123 class, the conclusions related to
the occurrence of the superconducting transition developed from
the simple presence of the Y or Cu atoms in the final structure
to the presence of the Cu-0 chains /2/. Thése structures appear
only after an adeguate treatment that changes the structure of
the cell from tetragonal (non-superconducting) to orthorhombic.
It can be asserted that the orthorhombic cell proportions within
the compound is directly related to the presence of the Cu-0
chains, the latter resulting from the supplementary introducing
of the oxigen atoms in the initial composition (Y¥YBa,Cu;04 5
¥Ba,Cu306, 545) -

It’s well known that the T123 class samples don’t become
superconducting if they are simply quenched from the sintering
temperature down to the room temperature, because the Cu-0
chains, thch are responsible for the occurrence of the
superconducting transition, don‘t have enough time to grow /3/.
Consequently, the ordinary superoxidation method consists of
sufficiently slow cooling the samples from about 400-500°C, to
the room temperature.

Stafting with the idea that "slow enough" cooling achieves

the superoxidation for a '"long enough" time at a certain value,
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or fof a cértain narrow intervél of interest of ?he‘treatment
temperature, we intend to stud} this interval, ‘in order to
optimize the superoxidation £reatment. In the same time, the
existence of éome determined values (representative for theixr
effects on the superconductor final properties) of the oxidation
temperature may be the macroscopic effect of the binding energy
of the oxygen atoms within the bu—o chains, as well as their’
interactions with the neighbouring atoms, providing state
information. The influence of treatment’s length at certain
temperatures dn the parameters' of the compouﬁa may provide data
concerning the way which the axygen atoms arrive from the medium

within the respective chains, namely process information.

2. Expe;imental procedﬁre.fThe start composition of the
samples was obtained by homogenizing a mixture of dry powders of
¥,03, Ba(NO;), and CuO. The mixture was then pressed into
cylindric pellets (10x5mm). They were warmed (500deg/h) up to
900°C, maintained in this state for 12h and then quenched down to
the room temperature. This prdcesslg?ve off the NO, from the
samples. The thermal treated pelieés were then milled and pressed
into prismatic samples (3x3xllﬁ§). The resulting samples wesre,
warmed up to 930°C (500deg/h) and kept at th@s temperature (Tr)
during a ﬁériod—of time (tr) between 6 and 36h and then guenched
down to the room temperature. Then, fo}lowed the superoxidation
at different temperatures (To) and periods of time (to).

There have been obta}ned several series of samples. In the

frame of a single series, the samples were sintered or oxidated

simultaneously (sim) or successively (scc).

v
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The six series ofl éamples are showed in the table 1,
together with their thermal treatment details, and using the
above notations. All samples exﬁibit zero resistive transitions
about the temperature of 90K. For illustration, we give in fig.1
and 2 the resistivity-temperature plots for the series of samples
5 and 6, respectively, round about the critical temperature.

The samples

12
resistiviti —-

10 x—x—-x—x—-x-—-x-x’*“"""'—x—x*x—x
es were T X

. "E 8 o /

measured by g +_-+_+_+_+_+,+_+_+__+_+..,,,_+-+_.,_.+
using the =,
classical
4-probe

method, in

105
alternative T —
o Ty=410°C a  T,=400°C x  T,=390°C
current, in o Ty2380°C +  Tg=370°C o Ty=360°C
order - to
Fig.1l. . - ,
eliminate g.1l. The R vs8.T plot for the 5-th series‘

from the final data the possible presence of a continuous,
electrochamically nature potential, which could appear between
the sample and the terminal. The'shmple temperatﬁre was measured
by using a standardized termoresisstance, made of a Cu wire (20um
in diameter) wound in two opposiite directions to elim;nate any
magnetic interaction with the sample, during the méasurements.
The potential and the resist.ance measurements were made
autgmatically, using two digital mulfimeters MERATRONIK Type
V545, and a computer data aéquisition system; designed in our

laboratory /4/.
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Note that,
25
the usual
method of 20r

obtaining the '515_‘
d
E
Cm

superconducting ol

phase within an

YBa,Cu304 ¢ St

compound os?rwAf, 96 53 1667

. . T{K)—>
consists in

x T=400°C o T =395°C e T =390°C o T =385°C
Fi1g.2. The R va. T plot for the 6~th series.

slow coolig it

from the
sintering temperature down to the room temperature. Another way
is to warm the sintered unoxidated sample from the room
temperature up to a temperature value about 350-450°C and keeping
it in this state during a long enough time. These situations,
more often met in the literature, ignore the existence of certain
values for the superoxidation temperature, specific to the Y123
compounds.

In order to give emphasis to these values, along the series
of experiments we performed, we use a superoxidation method a%
fixed values of temperature, the samples warming or coolig time
being practically negligible compared to the superoxidation time.
Thus, we got a straightforward relation between the specific to
the compound parametefs and the temperature values fixed by us.

This method is imposed because, during the superoxidation,
essential structural changes occurs, which can depend on the
initial degree of superoxidation and can influence the speed of

the in-diffusion/ex-diffusion process of the oxygen atoms within
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the compound and also, their final equilibrium concentration /5/,

/6/-

?(mncm)~—>

00 T T
1 17

P seres 1 3 series 2

Fig.3. Resistivities measured at 7-180%C for the series no.1-2.

3. Results and discussion. In fig.3 we show the resistivity
values of the 1 and 2 series samples, picked at the temperature
T = 180K, for different times of sintering. It can be noticed
that samples oxygenated at 400°C (series 1) have a resistivity
that is smaller than that of the samples oxygenated at 430°C
(series 2), this comparative result being, as it must be,
independent on the samples sintering time, inscribed on the
abscise axis.

In fig. 4 we plot the 180K resistivities which correspond to
the other four’series of samples. One can notice that samples
oxygenated for 18h (series 3) exhibit resistivity values close to
those corresponding to the 1 and 2 series. Then, is obvious that,
the resistivity obtained after oxygenation at 400°C is relatively

smaller that those corresponding to 420°C and 380°cC.
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In order to

detail the
30

AN

mal resis-
o o

tivity on 10F ::::§ ///;§§\\§ $
. o///// 2:::::

dependence

of the nor-

?(mnmm)-—>
S

the super- - o ————

oxidation 050 370 390 410 430
[ —

temperature L

x series 6 o series 5 e series 4 o series 3

there have .
Fig.4.Resistivities measured at 7=180%C for the meries no.3-6.
been im-

posed a revise of the experiment by decreasing the measurement
interYéls for the latter. The 4 and 5 series, plotted in fig.4,
were treated in the same conditions (sintered and superoxidated
together). One can notice an increase in the relative difference
of the resistivities, obtained By oxidation on 10 degree steps,
and a relative maximum at 390°C. -

To check around the 390°C zone, we repeated the experiment
this time between 385-395°C, in 5 degree steps (series 6). The
relative differences between the resistivity values are even
greéter than those obtained in the 4 and 5 series, imposing a
relative maximum in the sample resistivities for an oxidation
temperature of 390°C. Besides, we note that the absolute
resistivity values also, are greater than those referring to the
3, 4 and 5 series. This fact is due to the accidental appearance
of a bigger proportion of structural defects within the samples.

The increase in the relative difference of resistivities

with the superoxidation time represents, in fact, the increase in
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the concentration of those oxygen atoms which give rise to the
Cu-0 chains and implies the conclusion that the thermodynamic
equilibrium between the medium and sample’s oxygen atoms has not
yet been reached in the 1 to 5 series.

The maximum in resistivity, obtained at an oxidation
temperature of 390°C, corresponds to a minimum in the oxygen
concentration within the compound.

In’s well known that oxidation treatments above 440°C,
results in a decrease onto annulling of the concentration in the
supplementary oxygen atoms. In other words, the ex-diffusion of
these prevails on the in-diffusion, with t‘he increase of the
oxidation temperature, resulting in a complete destruction of the

“Cu-0 chains from the structure of the compound.

Senr(l)es Tol°C) tolh) tr(h) i:tdeant / F:;ef.zr.“
1 400 5 scc/sim 3
2 430 5 6 sce/sim 3
3 - 18 12 slm/scc 4
4 - 72 24 sim/scc 4
5 - 72 24 sim/scc 1,4
6 - 84 36 sim /scc 2,4

Table 1. Experimental details of the thermal treatment for the six series of
the manufactured samples.

Consequently, the data 1impose the interpretation of the
discovered value the resistivity, which resulted from
oxygenation at 400°C, as relative minimum. latter

corresponds to a relative maximum in the oxygen concentration.
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The concentration minimum from 390°C and the maximum from

400°C, can be explained through the existence of a well-defined

value for the binding energy of the oxygen atoms within the

chains responsible for superconductibility, if taking into

account the moving mechanism of the oxygen atoms during the

concurrent in-diffusion and ex-diffusion processes, as well /7/.

A better conclusion can be outlined only after a more

detailed research on the behaviour of the resistivity versus

oxidation temperature, using a larger range of temperatures.
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ABSTRACT. - The influence of gallium, partly or totally
substituting the yttrium, in a Y,Ba,Cuz0, , system, that is a
representative ceramic system of t%e superconducting transition
temperature ceramic materials, is discussed. The prepared samples
of two systems show a significant transition near the liquid
nitrogen temperature. The GaBa,)40;. sample shows a semiconductive
behaviour, the increasing of tie ihermic treatment temperature
leading to a superconductive behaviour.

1. Introguction. The Y ;Ba,Cuj0;_5 system is a representative
ceramic system of the superconducting transition temperature
ceramic materials.

The value of the transition critical temperature is
influenced by both the stoichiometry of the system and the
substitutions of some chemical elements of the gystem.

Substitutions of copper‘with silver are known as well as for
zinc or other eleﬁents, these leading to the diminuation of the
critical temperature value while the substitution of yttrium for
rare-earth metals modified at a certaln degree the critical
temperaﬁure,'[1—4].

In the present work we tried to emphasize the influence of
gallium in the system, the latter partly or totally substituting
the yttrium, [5]. .

The following values have been chosen as compounds of the
new Y, _,Ga,Ba,Cu;0,_g system: x = 0,2:0,3:0,5 and x = 1,

respectively the samples being codified Ga [1-4].
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2. sample Preparation. The oxides and carbonates of p.a.
purity have been desed in micro-samples weighting 10 gr., the
mesurements realisated with an accuracy of 0,1 gr.

The homogenization was achieved 1in the presence of the
izopropyl alcohol during eight hours. A sample was chosen from
the Ga 4 sample in order to be investigated by thermogravimetry,
together with another sample taken from the Y,Ba,Cu30,_ 4
composition prepared in identical conditions.

After homogenization, the dry blends were calcined in air at
800°C for 4 hours by three times, the sample being weighted after
each calcination. :

The resultant powder was cold pressed in the shape of pills
with a diameter of 10 mm using a manual press at the some
pressure controled by a dynamometer.

The pills have been sintered in air at 900, 950 and 1000°C.

After a first measurement of the samples sintered at 950°C,
all the samples were sintered at 950°C for four hours, in oxygen
atmosphere afterwards the temperature decreases with 3°C on
minute, until 500°C, the sample remaining at this temperature for
one hour. After this final period, the sample was furnace cooled,
mantalning the oxygen atmosphere.

The results of the X-ray analysis have been shown in (5) and
they have emphasized the orthorhombic structure as far the first
three samples are concerned and also the presence of a tetragonal
structure along with the former in the case of the fourth sample.
The analysis have been made for calcined powders.

A second group of four compositions have been additionally

calcined at 1000°C, the resultant powder being pressed in the
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shape of pills with a diameter of 10 mm; afterwards they have
been sintered in oxygen together with the others.

In order to accomplish the electric measurements the samples
were Lntroduced between the plates of a capacitor connected in a
series circuit to the quartz of an oscillator.

The jonction of a copper-constantan thermocouple was placed
beside the sample; afterwards they were both closed in a plastic

casiny in order to diminish the effects of water condensing.

3. Measurements and results. In order to accomplish the
measurements we have created a screw device permitting a
controlled introduction of the sample in the 1liquid nitrogen
container.

The sample is fixed to the end of a bifilar line, fixed
together with the thermocouple to a glassfibre rod that is fixed
to the screw nut. In this way the sample can be maintained at any
levell till the stabilization of temperature.

In fig. 1 a) and b) are shown the derivatogrammes of the
sample Y,Ba,Cu;0;_5. They have been obtained in air, up to 1200°C
for 100 minutes.

The results of the electric measurements are shown in fig.2.

In £ig.2 a) 1s presented the behaviour of a smample, noted B
3, which belongs to the system Y;, Ba,, Cu30, 5, 1in some
measurement conditions.

Frequency was measured with a frequencymeter of type E0204

and the temperature with a galvanometer.
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The quartz oscillator works on a 10,69 MHz frequency and it
has proved a good stability. In order to study the behaviour éf
the oscillator when the circuit is introduced in liquid nitrogen,
1t was compacted a capacitor without sample to which it had been
attached the thermocouple and which proved a good fregquency

stability similarly to the sample sunk in liquid nitrogen.

4. Conclusions. The study of the Y Ba,Cu30,_5 and Ga

Ba,Cu;0,_s samples by means of derivatograph did not emphasize
relevant differencies between the two samples, the significant
values of the temperatures being close.

The samples have shown a significant transition near the

liguid nitrogen temperature.

' The Ga Ba,040,_; sample shows a semiconductive behaviour, the
increasing of the thermic treatment temperature leading to a
superconductive behaviour as soon as the thermic treatment
temperature is increasing. The sample behaviour is shown in fig.
2 by the Ga 4 curve.
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