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Abstract

Composites of cuprates of La(IlI) and Ba(Il) were obtained by decomposing mixtures of ox-
alates of La(IIl), Ba(II) and Cu(Il) prepared in 1:1:1 and 1:2:3 mol proportions respectively and
sintering the oxide products at 1173 K. Reactions studied by TG, DTA and XRD techniques re-
vealed the following features: (i) Decomposition of oxalates of La(IIl) and Ba(Il) is drastically
affected in mixtures. Decomposition temperature of organic part in the former (1:1:1) is shifted
by ~100 K while that of BaCO; in the case of latter (1:2:3) is shifted by ~400 K towards lower
temperature side. (i) All exothermic peaks on DTA traces of both the mixtures are allotted to the
decomposition of oxalates to Cu,0, La,0,CO; and BaCO, phases while endothermic peaks
around 863 and 1083 K are assigned for BaCuO, and La,CuQ, phases respectively in the case of
former (1:1:1) and endothermic peaks at about 1068, 1136 and 1213 K are correlated with BaCuO,,
a composite of La,0,, La,CuO, and La; ;Ba, ;Cu0; 5 (6—0.5) phases and LaBa,Cu;0,_g (§—0)
phase respectively in the case of latter (1:2:3) and (iii) Lines of all cuprate compounds appear in
XRD patterns of those samples preheated at temperatures 2873 K. The following reaction is pro-
posed in the case of 1:2:3 mixture:

2La, {Ba, sCu"'0; 5 (8 — 0.5) + BaCuO, LaBa,Cu,0, 5 8 — 0)

Keywords: composites of cuprates, DTA, mixture of oxalates, TG, XRD.

Introduction

Various composites of ceramic oxides are prepared either by mixing the corre-
sponding neat oxides in appropriate proportions and firing and sintering them at
elevated temperatures or by decomposing the mixtures of nitrates, carbonates, for-
mates, citrates or oxalates of the corresponding cations, prepared in required pro-
portions and sintering the oxide products at high temperatures >1273 [1, 2].

Metal oxalates decompose to either metal or metal oxide or carbonate at differ-
ent temperatures [3]. Cu(Il) oxalate around 553 K decomposes to Cu,O which is
subsequently oxidized to CuO in air [4, 5], La(lIl) oxalate decomposes to La,0; at
~923 K [6-11] while Ba(II) oxalate decomposes to BaCOj5 at ~768 K and further to
BaO and BaO, around 1273 K [12-14].

In the binary mixtures of CuO and La,0; or CuO and BaQOj; at temperatures
>1273 K CuO reacts with La,O; or BaO, and produces La,CuQ,4 or BaCuO, phases
respectively [15-17].
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In their work [18-21] on the synthesis of LaCuO; based La,_,Ba,CuO;_g phases
using ternary mixtures of La,03, BaO, and CuO it is observed that (i) small amount
of BaO is incorporated in La,CuQy to form La,_,Ba,CuO, phase and (ii) in excess
of Ba(Il) the development of La,CuO, phase is supressed and another phase
La,_,Ba,Cu0O,_j is produced [19].

Rao er al. [22] in their earlier work on synthesis of LaBa,Cus0,_; phase pos-
sessing superconducting properties very similar to those of YBa,Cu,0,_; [23] have
shown that with the increase in amount of BaO, and CuO in the ternary mixture of
La,;03, BaO; and CuO such as a mixture of oxides in 1:2:3 mol proportion, a single
phase of LaBa,Cu;0,_s5 can be produced with small impurities of BaCuO,.

Brown et al. [5] in their work on thermal analysis of some mixed metal oxalates
viz.:Cu(Il) oxalate and oxalate of Fe(II) or Co(II) or Ni(Il) it is observed that re-
sults obtained on ground physical mixtures are the same as those on individual ox-
alate while results on coprecipitated metal oxalates show a remarkable change in
thermal behaviour as observed:

(i) The absence of big exothermic peak on DSC trace which is a characteristic
behaviour of Cu(Il) oxalate,

(ii) the shifts in decomposition temperatures of oxalates and,

(iii) the evolution of CO and CO, gases in various proportions depending upon
the surrounding atmosphere, during the heating programme of the co-precipitates.

In the present work, attempts have been made to prepare composites of cuprate
compounds by decomposing various ternary mixtures of oxalates of La(IIl), Ba(Il)
and Cu(II) and to study the different intermediate phases produced in the progress
of reactions adopting TG, DTA and XRD techniques. In the exothermic decompo-
sition of Cu(II) oxalate in air a large amount of heat is generated [4, 5] and it is ex-
pected that this heat will be utilized to weaken the bonds in oxalates of La(III) and
Ba(II) so that their- decompositions will take place at lower temperatures <653 and
773 K respectively [6-11, 14]. The composite prepared in this way will be of su-
perconducting cuprates La,CuO, and LaBa,Cu30,_5 [22, 23] and metallic conduc-
tor La;_,Ba,CuO;_5 [18, 20, 21].

Experimental

Ternary mixtures of oxalates of La(III), Ba(II) and Cu(II) were prepared adopt-
ing following procedure:

(i) Appropriate quantities of aqueous solutions of pH=4, of chlorides of La(III)
and Ba(II), required to prepare coprecipitates of their oxalates in 1:1 or 1:2 mol
proportions respectively, were added simultaneously to the aqueous solution of so-
dium oxalate slowly with constant stirring and coprecipitates formed were allowed
to settle for the period of 12 h and baked at 393 K for 5 h [6, 12].

(ii) Pure monohydrate of Cu(II) oxalate was prepared adopting method reported
earlier [24] and

(iii) Appropriate quantities of co-precipitates (cp) of oxalates of La(IllI) and
Ba(Il) and that of Cu(II) oxalate, required to prepare ternary mixtures in 1:1:1 and
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1:2:3 mol proportions, respectively, were mechanically mixed in agate morter. The
final compositions of mixtures were obtained as follows:

(La(III) oxalate: Ba(II) oxalate)-4H,0 +Cu(II) oxalate- H,O=[(1:1) cp:1]
physical mixture and

(La(IIl) oxalate: 2Ba(Il) oxalate)-7H,0 +3Cu(Il) oxalate -H,O=[(1:2)cp:3]
physical mixture

and hereafter will be described as 1:1:1 and 1:2:3 mm’ respectively.

All the chemicals used were of ‘Analar’ grade and purity of all the oxalates and
the composition of coprecipitates were checked by chemical analysis. Cu(II) oxalate
was in crystalline phase while coprecipitates were in amorphous state as checked in
their XRD patterns.

TG and DTA

TG and DTA traces were simultaneously recorded at the heating rate
10 K min! in the temperature range of 298 to 1273 K for both of the mixtures on
MOM Derivatograph, OD Type 102 under following experimental conditions: (i)
mass of sample ~200 mg, (ii) a-Al,05 as a reference sample, (iii) dry air as a fur-
nace atmosphere, (iv) sample holder made up of platinum crucibles and (v) Pt-Pt.
Rh thermocouples. Results are shown in Figs 1 and 2.

XRD studies

It was observed that in DTA traces of mixtures, various phases were produced
at reaction temperatures 553, 573, 673, 683, 748, 773, 813, 816, 863, 933, 1038,
1068, 1083, 1136 and 1213 K and therefore XRD patterns of those phases were re-
corded during the progress of reactions as follows:

Several samples of both the mixtures were heated at the rate 10 K min™' up to
593, 693, 873, 1013, 1113, 1163, 1173 or 1253 K (designated as 5 Ht, 6 Ht, 8 Ht,
10 Ht, 11 Ht, 116 Ht, 117 Ht or 125 Ht respectively) and immediately cooled to
room temperature within 10 min, in dry air and their XRD patterns were recorded
on Rigaku PR-511 using Cu target, K, line, which are shown in Figs 3 and 4.

Results and discussion

Figure 1 shows TG traces of variation in percentage mass loss against tempera-
ture of 1:1:1 and 1:2:3 mm’ samples. In both the cases decomposition takes place
in various steps. In the case of former after the dehydration, decomposition starts
around 473 K and the continuous mass loss occurs upto 563 K which is followed by
the mass gain of 1.635% upto 578 K (at point P). In the case of latter exactly simi-
lar variation in percentage mass loss and gain (at point Q) is observed upto ~533
and 553 K respectively. After points P and Q there is continuous mass loss upto
1273 K in both the cases.

J. Thermal Anal., 48, 1997



822 BAPAT et al.: MIXTURE OF OXALATES

< 1200 0
[
3 100f
4] - 125
ﬂ%wooo- p
& 900t %0
800} '
7004 75 E
600} 17 8
Q) 0
500 |- Y
w00k 500 =
0
x 1200
3 100
8 4125
& 1000}
£
& so0f- a Jaso
800
700} z
—375 @
600 o
0
500F b) a
200k +s00 2

Fig. 1 TG traces of a) 1:1:1 and b) 1:2:3 mm’ samples

Figure 2 shows DTA traces of 1:1:1 and 1:2:3 mm’ samples. In the case of for-
mer there are four exothermic (exo-) peaks around 573, 683, 748 and 813 K and
four endothermic (endo-) peaks at ~463, 863, 1038 and 1083 K while in the case
of latter, there exists three exo-peaks around 553, 673 and 773 K and six endo-
peaks at ~373, 816, 933, 1068, 1136 and 1213 K.

In the case of 1:1:1 mm’ sample (Figs 1, 2 and 3 and Table 1): In the step I
from 313 to 473 K 8.84% mass loss corresponds to the loss of 5H,O species in the
following endothermic reactions [4—7]:

(Lay(C,0,);BaC,0,)4H,0(s) _ndothermic
Lay(C,0,)3:BaC,0,(s) + 4 HO(g) (1)
and, CuC,0, H,0(s) ~£adothermic. ¢yc 6.(5) + H,0(g) )

The endo-peak around 463 K observed on DTA trace of 1:1:1 mm’ (Fig. 2 and
Table 1) is assigned for reactions (1) and (2).
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Fig. 2 DTA traces of a) 1:1:1 and b) 1:2:3 mm’ samples

In the step II from 473 to 578 K (Fig. 1) 10.67% mass loss corresponds to the
loss of 2C0O,, CO and uptake of 0.250, species which are accounted in the follow-
ing exothermic reactions [4-7]:

4CuC,0,(s) + Oy(g) ~SXUEMC 50y O(s) + 8CO,(g) (3
and, Lay(C,0,),(s) —ZOMEMC, 1nr(s) + CO(g) )

where, Int'=intermediate species formed in the decomposition of La(IIl) oxalate
and starting with one mol of Cu(Il) oxalate 0.5Cu,O will be produced. The mass
gain is observed at point P on the TG trace of 1:1:1 mm’ sample (Fig. 1).

In the case of single components La(Ill) oxalate {6, 7] and Ba(ll) oxalate
{12, 13] organic part starts decomposing around 653 and 768 K respectively and
therefore CO gas evolved in step II is considered to be one of the decomposition
products of La(IIl) oxalate only (reaction (4)). The amount of heat generated in the
reaction (3) is transferred on oxalates of La(IIl) and Ba(ll) and the former instead
of decomposing at ~653 K starts its decomposition around 520 K in step II and
hence the observed temperature shift, AT=100 K towards lower temperature side
(Table.1).
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The exo-peak at ~573 K recorded on DTA trace of 1:1:1 mm’ sample (Fig. 2
and Table 1) is correlated with reactions (3) and (4).

In the step IIT from 578 to 683 K (Fig. 1 and Table 1) ~13.41% mass loss cor-
responds to the loss of 2CO, and 2CO and mass gain of 0.250, species in the fol-
lowing exothermic reactions [4-7, 12, 13]:

2Cu,0(5) + Oy(g) FFOBEMIC 40u0(s) (5)
Tnt'(s) -XOMEMMIC, 1007(5) + 2CO,(g) + CO(g) (6)
and, BaC,0,(s) ZOMerMiC | B,COL(s) + CO(g) ™

where Int’ and Int” =intermediate species formed in the decomposition of La(III)
oxalate in reactions (4) and (6) respectively and starting with 0.5Cu,0, CuO is ob-
tained in reaction (5).

It is proposed that amount of heat evolved in reactions (5) and (6) and in oxida-
tion of carbon monoxide to carbon dioxide in air is transferred on Ba(II) oxalate re-
sulting in its decomposition to BaCO; in reaction (7) around 630 K and hence the
observed decomposition temperature shift of AT=100 K towards lower temperature
side [12].

The exo-peak around 683 K traced in DTA is assigned for reactions (5) and (6)
(Fig. 2 and Table 1).

In the step IV, from 683 to 963 K (Fig. 1 and Table 1) ~7.31% mass loss corre-
sponds to the loss of CO and CO, species in the following reactions:

Int"(s) -SXORErMIC 1, 0,C04(s) + CO(g) (8)
and, BaCO3(s)e_m19Ehf_m_‘E. BaO(s) + CO,(g) )

where Int” =intermediate species formed in reaction (6).
BaO as soon as formed in the reaction (9) reacts with CuO and develops new
phase BaCuQ, {17, 25] as follows:

BaO + Cu0 Sndothermic p.cu0,(s) (10)

In the case of mixture containing BaCO; and other oxides, BaO forms at high
temperature >1273 [14] while in the present sample, it forms at ~873 K and hence
the observed temperature shift of A7=400 K towards lower temperature side.

The exo-peaks around 748 and 813 K are correlated with reactions (7) and (8)
respectively while the endo peak around 863 K is assigned for the reactions (9) and
(10) (Fig. 2 and Table 1).

The XRD pattern of 1:1:1 mm’ ~ 8 Ht sample (Fig. 3a) shows lines of major
phases BaCuO, and La,0,CO, which are consistent with the proposed reactions (5)
to (10).

J. Thermal Anal., 48, 1997
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In the step V from 963 to 1133 K (Fig. 1 and Table 1) ~4.57% mass loss corre-
sponds to the loss of CO, species in the following endothermic reaction:

La,0,C0,(s) Endothermic ; , 6.(s) + COy(g) (11)

The endo-peak around 1038 K observed on DTA trace of 1:1:1 mm’ sample is
allotted to the reaction (11) (Fig. 2 and Table 1).

Almost all the amount of CuO is consumed in reaction (10) to form BaCuQO, and
very small amount will react with La,0O5 to produce La,CuQ, phase [15, 25, 26] as
follows:

La,0, + cuofndothermic 1 . .5 (s) (12)
2%3 2 4

The small endo-peak around 1083 traced in DTA of 1:1:1 mm’ is assigned for
the reaction (12) (Fig. 2 and Table 1).

The XRD pattern of 1:1:1 mm’ — 117 Ht sample shows lines of major phases
BaCu0O,, La,05 and those of minor phase of La,CuO, (Fig. 3b).

55.2% mass of residue observed at the end of TG at 1273 K (Table 1) corre-
sponds to the sum of percentages of masses of La;03, CuO and BaO and it is closest
to the calculated percentage mass, 55.39. Therefore, reactions proposed in the de-
composition processes in the case of 1:1:1 mm’ sample are found to be consistent
with resuits obtained in TG and DTA and phases appeared in XRD patterns
(Figs 1-3 and Table 1).

Intensity

AN R (N NN NSRS N SN NN S|
15 20 25 30 35 40 45 S50 55 60 65 70

Fig. 3 XRD patterns of a) 1:1:1 mm’ — 8 Ht and b) 1:1:1 mm’ — 117 Ht samples
1) La,Cu0O,, 2) CuO, 3) La,0,, 4) BaO, 5) La,0,C0,/La,CO;, 6) Cu, 7) BaO,,
8) Cu,0, 9) BaCO,, 4 ) BaCuO,

In the case of 1:2:3 mm’ sample (Figs 1, 2 and 4 and Table 1):
In the step I from 313 to 513 K (Fig. 1 and Table 1) ~10.26% mass loss corre-
sponds to the loss of 10H,O species in the following endothermic reactions:

(i) starting with 3 mol of Cu(Il) oxalate 3H,0 are lost in reaction (2) and
(ii) loss of 7H,O species is accounted in the following reaction:

(Lay(C,0,);2BaC,0,) TH,0(s) Endothermic

Laz(C204)3‘2BaC204(S) + 7H20(g) (13)

J. Thermal Anal., 48, 1997
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The endo-peak around 373 K observed on DTA trace of 1:2:3 mm’ (Fig. 2b) is
assigned for reactions (2) (for 3 mol) and (13).

In the step II from 513 to 553 K (Fig. 1 and Table 1) ~14.535% mass loss cor-
responds to the loss of 6CO, and uptake of 0.750, species in the exothermic reac-
tion (3) for 3 mol of Cu(ll) oxalate generating 1.5Cu,O [4, 5]. The mass gain is ob-
served at point Q on TG trace of 1:2:3 mm’ (Fig. 1).

The exo-peak ~553 K traced in DTA of 1:2:3 mm’ (Fig. 2b) is correlated with
reaction (3) for 3 mol.

The XRD pattern of 1:2:3 mm’ - 5 Ht sample (Fig. 4a) shows lines of, Cu,0
and CuO and therefore upto 593 K there is no complete oxidation of copper.

In the step III from 553 to 653 K (Fig. 1 and Table 1) ~1.7% mass loss corre-
sponds to the loss of CO species in the reaction (4) producing intermediate species
Int’ in the decomposition of La(1ll) oxalate [6, 7].

In the step IV from 653 to 668 K (Fig. 1 and Table 1) ~6.84 % mass loss corre-
sponds to the loss of 2CO, and CO species in the reaction (6) producing intermedi-
ate species Int” in the decomposition of Int’ formed in reaction (4).

The exo-peak around 673 K on DTA trace (Fig. 2b) is assigned for reactions (5
and 6) (Table 1).

The XRD pattern of 1:2:3 mm’ — 6 Ht sample (Fig. 4b) shows lines of CuO
only therefore it is concluded that upto 668 K 3Cu(ll) oxalate are completely de-
composed to 3CuO however, uptake of 0.750, is not recorded on TG trace.

In the step V from 668 to 793 K (Fig. 1 and Table 1) ~3.55% mass loss corre-
sponds to the loss of 2CO species in the reaction (7) for 2 mol of Ba(Il) oxalate pro-
ducing 2BaCO, [12, 13].

In the step VI from 793 to 1093 K (Fig. 1 and Table 1) ~3.56% mass loss cor-
responds to the loss of CO and 0.5CO, species in the following reactions: (i) loss
of CO species in the reaction (8) producing La,0,CO5 while (ii) loss of 0.5CO, in
the decomposition of 0.5BaCO; in the reaction (9) for 0.5 mol, generating 0.5BaO.

The exo-peak at ~773 K observed on DTA trace of 1:2:3 mm’ (Fig. 2b and Ta-
ble 1) is assigned for reactions (7) for 2 mol and (8).

The XRD pattern of 1:2:3 mm’ — 8 Ht sample (Fig. 4c) shows lines of well de-
veloped phases of La;0,C03, CuO and those of minor phases Cu,O and BaO.

Carbon dioxide generated in all the reactions upto 800 K occupies the space in
the sample cell and therefore, the decomposition of mixture around 800 K will pro-
ceed in the presence of CO, gas. If it is assumed that some fraction of the total
amount of carbon monoxide evolved in reactions (4) and (6) to (8) reduces CuO to
Cu,0 about 800 K as follows:

2Cu0(s) + CO(g) —Endothermic oy 6(5) + COL(p) (14)

the endo-peak around 816 K observed on DTA trace (Fig. 2b) is assigned for the re-
action (14).

The decomposition of Ba(II) carbonate will take place at temperatures >873 K
(step VI). The endo-peak at ~933 is allotted to reaction (9) for 0.5 mol (Fig. 2b and
Table 1).

J. Thermal Anal., 48, 1997
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Intensity
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Fig. 4 XRD patterns of 1:2:3 mm’ - samples: a) 5 Ht b) 6 Ht, c) 8 Ht, d) 10 Ht, ¢) 11 Ht,
f) 116 Ht, g) 117 Ht, or h) 125 Ht; 1) La,Cu0,, 2) Cu0, 3) La,0,, 4) BaO,
5) La,0,C0,/La,CO; 6) Cu, 7) BaO,, 8) Cu,0, 9) BaCO,,
a) BaCuQ,, ¢) La, (Ba, ;CuO, ; and o) LaBa,Cu,0, ;.(6’'—0)

15

0.5Ba0 reacts with 0.5CuQ in the reaction (10) [17] and develops the phase
0.5BaCu0, which appears predominantly in the XRD pattern of 1:2:3 mm’ - 10 Ht
sample (Fig. 4d). The endo-peak around 1068 K traced in DTA of 1:2:3 mm’
{(Fig. 2b and Table 1) is correlated with the reaction (10) for 0.5 mol. Thus, the re-
sidual products at the end of step VI are, La,0,C0O3, 1.5BaCO;, 0.5BaCuO, and
2.5Cu0. In this sample also, the temperature shift of A7=400 K is observed in the
case of decomposition of BaCOj (see the discussion of step IV in TG of 1:1:1 mm’).

In the step VII from 1093 to 1273 K (Fig. 1 and Table 1) ~5.32% mass loss cor-
responds to the loss of 2CO; in the following reactions: ‘

(1) in the reaction (11) producing La,O5 and
(ii) in the reaction (9) generating BaO.

J. Thermal Anal., 48, 1997
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The XRD pattern of 1:2:3 mm’~ 11 Ht sample (Fig. 4e) shows lines of various
minor phases La,03, La;0,CO;, La,CuO4, LaCuO;, BaCO;, BaO, BaCuO, and
CuO. It appears that as soon as La,0; is produced (reaction (11)) CuO and BaO re-
act with it and develop different phases [15, 17, 18] as follows:

(i) La,CuOy in reaction (12), and
(ii) 2La,04(s) + 4Ba0(s) + 8CuO(s) + O,(g)
8La, sBa, sCu”0, s) (15)

In the present work, it is assumed that about 0.5La,03 reacts in reaction (12)
and produce 0.5La,CuQ,4 while remaining 0.5La,05 will react with BaO, 2CuO and
0.50, and develop the phase 2La, $Bay sCu'0, 5 [18-21].

The endo-peak around 1136 K observed on DTA trace of 1:2:3 mm’ (Fig. 2b Ta-
ble 1) is allotted to reactions (11), (12) and (15).

The XRD pattern of 1:2:3 mm~ 116 Ht (Fig. 4f) shows lines of only one pre-
dominant phase of Lay {Bay {CuO, 5 [18-21]. It is reported earlier [19] that in ex-
cess of BaO the development of the phase La,CuO, is supressed and
La,_,Ba,CuO,_s phase is produced for x>0.2.

As the intensity of lines of phases Lay sBag sCuO; 5 and BaCuO, decreases to a
great extent and lines of new phase LaBa,Cu;0,_s, orthorhombic phase (8—0) [22)]
appear in the XRD pattern of 1:2:3 mm’ —- 117 Ht sample (Fig. 4g) the following
reaction is proposed:

2Lag Bag LLuM0, «s) +BaCuO,(s)

_endothermic _y ,p, Cu,0, 4 (5-50)(s) (16)

In the present work, 0.5BaCuQ, available at the end of step VI will react with
Lag sBay sCu'l0, 5 and produce 0.5LaBa,Cu;0,_s (6—0) in reaction (16).

The XRD pattern of 1:2:3 mm’ - 125 Ht (Fig. 4h) shows lines of phases
BaCOs, BaO,, La,CuO, and Lao.SBaO,SCuHO“. It appears that at 1253 K small
fraction of Ba(II) carbonate is decomposed to BaO, which appears in XRD pattern
as follows:

BaCo, fndothermic - g, 4 o, 9)
2Ba0 + 0, ZOMEmi¢ 5,0, () (17)

The endo-peak around 1213 K observed on DTA trace of 1:2:3 mm’ (Fig. 2b
and Table 1) is correlated with reactions (16), (9) and (17).

At 1273 K, 55.945% mass of residue (Table 1) corresponds to the sum of per-
centages of masses of La,05, 1.5Ba0, 0.45BaCOj3, 0.05Ba0, and 3CuQO where cal-
culated percentage mass of the above composition of residue is found to be 54.235.
Therefore, reactions proposed in the case of 1:2:3 mm’ are consistent with results
obtained in TG and DTA and phases appeared in XRD patterns (Figs 1-4 and Ta-
ble 1).
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Considering all the results shown in Figs 1-4, the reactivity of all the three ox-
alates in mixtures, under the present experimental set up is discussed below:

(A) Reactivity with respect to the decomposition of oxalates (Fig. 1 and Table 1):

(a) The decomposition of Cu(lI) oxalate is affected only in 1:1:1 mm’ sample in
which it starts at ~473 K in step II (Table 1) instead of 563 K [4, 5] to produce
Cu(l) oxide (reaction (3)) and hence the temperature shift of AT=80 K towards
lower temperature side.

(b) Decomposition of La(IIl) oxalate:

(i) The decomposition of La(III) oxalate to organic part (reaction (4)) is drasti-
cally affected in 1:1:1 mm’ sample. Instead of 653 K it starts around 523 K in
step II in the case of 1:1:1 mm’ while at ~603 K in step III in the case of 1:2:3 mm’
[6, 7). (Table 1) and hence the observed temperature shifts of AT=100 K and 50 K
respectively towards lower temperature side.

(ii) The decomposition of Int” (intermediate species formed in reaction (6)) to
La(IlI) oxycarbonite (reaction (8)) in step I'V in the case of 1:1:1 mm’ and in the
step VI in the case of 1:2:3 mm’ remains unaffected and,

(iii) Decomposition of La(IIl) oxycarbonate to La(IIl) oxide (reaction (11)) in
step V remains unaffected in the case of 1:1:1 mm’ while in the case of
1:2:3 mm’ sample it starts around 1093 K in step VII instead of 953 K and hence
the temperature shift of A7=150 K towards higher temperature side.

(c) Decomposition of Ba(II) oxalate:

(i) Decomposition of Ba(Il) oxalate to Ba(II) carbonate (reaction (7)) is affected
only in 1:1:1 mm’ sample in which it starts around 630 K in step III (Table 1) in-
stead of 768 K [12, 13] resulting in the temperature shift of AT=125 K towards
lower temperature side and

(ii) Decomposition of Ba(II) carbonate to Ba(II) oxide.

Decomposition of Ba(ll) carbonate to Ba(ll) oxide (reaction (9)) starts in
step IV in 1:1:1 mm” and in step VIin 1:2:3 mm’ around 820 K instead of =1273 K
[14] and therefore temperature shift of AT=400 K is observed in both the cases (Ta-
ble 1).

Some amounts of CO and CO, gases evolved in reactions (4) and (6) to (8) pre-
vent the oxidation of Ba(ll) oxide. The small crystalline particles of oxide are
trapped in the sample during cooling from 873 K to room temperature and corre-
sponding lines appear in XRD patterns of 1:1:1 and 1:2:3 mm’ — 8 Ht samples
(Fig. 3a and Fig. 4c).

No complete decomposition occurs in the case of 1:2:3 mm’ sample as
1.5BaCO; decomposes in the steps VI and VII and 0.45BaCO; remains in the resi-
due at the TG end at 1273 K (Table 1).

Therefore, with respect to the decomposition of oxalates the reactivity is higher
in 1:1:1 mm’ sample.
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(B) Reactivity with respect to the formation of various cuprate compounds.

The appearance of 4 and 6 endo-peaks on DTA traces of 1:1:1 and 1:2:3 mm’
samples (Fig. 2) respectively indicates that there exists reactions amongst the de-
composition products to provide new phases and indeed phases of La,CuO,4 and
BaCuQ, (reactions (10) and (12)). i.e., reactive combinations of CuO with La,04
or Ba0O, arrive in XRD patterns of 1:1:1 and 1.2.3 mm’ (Fig. 3b and Fig. 4d-h)
while lines of Lag sBay sCuOs_5 (6—0.5) (reaction (15)) and lines of LaBa,Cu30,_;
(6—0) phases [18, 22] (reaction (16)) appear in XRD patterns.of 1:2:3 mm’ -
116 Ht and 117 Ht samples (Fig. 4f and g) respectively.

The disappearance of the phase LaBa,Cu;O,_ 5 (6—0) in XRD pattern of
1:2:3 mm’ — 125 Ht sample (Fig. 4h) indicates that the phase is decomposed in the
reverse reaction (16) as LagsBag sCuO; 5 (6—0.5) appears predominantly in
125 Ht sample (Fig. 4h).

At 1173 K the mixture 1:1:1 mm’ will provide a composite of Ba(Il) cuprate and
small amount of La(IIl) cuprate while 1:2:3 mm’ will provide composite of
Lag sBag {Cu0;_5 (6—0.5) [18] and LaBa,Cu;0,_5 (6—0) [22] phases along with
small amounts of cuprates of La(IIT) and Ba(II) and Ba(II) carbonate i.e. a compos-
ite of metallic and superconducting phases along with impurities of carbonates.

Therefore, with respect to the formation of various mixed cuprate phases having
characteristic properties the reactivity of 1:2:3 mm’ mixture is higher than that of
1:1:1 mm’ sample.

* k%
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