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INTRODUCTION

Several methods of ‘thermal analysis' are appliad to
various subjects of interszst. The term 'Thermal Metnods of
Analysis' is defined by Wendlandtl as ‘*‘The techniques in which
some physical parameters of the system are measured as a
function of temperature. A group of analytical technijues
developed to continuously monitor phy:ical or chemical changes

of a sample which occur as the temperature is varied,

The various thermal techniques, the physico-chemical
parameters measured, and the instruments employed in their
measurements are summarized in Table below (I) . Modern commercial
instruments, many incorporating microprocessors,.are available

for TG, DTA and DSC type of thermoanaliyses,

Any type of physiochemical process which involves a
change in sample mass may be observed by TG with the aid of
thermobalance., TG can be applied to surface layer ih a similar
way as for the bulk material. Mass losses are observed for
dehydration, decomposition, desorption, vaporization, sublimgiiont
pyrolysis and chemical reactions of the sample with the

atmosphere in tne oven.

DTA method involves the monitoring of the temperature
difference between a sample and inert reference material «s they

are simultaneously heated, or cooled, at a -'gﬁ
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Thermocouples .nd thermistors are the most common temperature

sensors used for this purpose.

In DSC a sample and a reference are individually heated
4
by separately controlled resistance heaters, at a pred§g§£2;¥J

rate while they are kept constant,

Other methods are thermomechanical analysis (can be used
to evaluate the physical stability of structural or electronic
components).lthermoluminescence (often used for authenticating
ancient objects), emanution thermal analysis and evolved gas
analysis (used to determine gaseous products, often from
destructive oxidation), and thermomagnetic analysis {(can be used

to determine Curie point of metals) .

It is observed that there is a large interval between
the development of a technique and its application in case of
TGA and DTA e,g., the first thermobalance was developed by
Honda?, in the year 1915, yet it was not until 1947 that Duval’
called attention to its application to the field of inorganic
gravimetric analysis. A similar situation is noted with DTA
which was originally conceived by Le-Chatelier4 in 1887 and
further modified by Austan5 in 1899, For many years DTA was
an invaluable technique for the identification of minerals,
clays, e¢tc., but was virtually ignored by chemists, In receat

years, however, DTA has been successfully applied, either by

itself or in conjgction with otner thermal technigques, to
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the elucidation of problem. of chemical interest.

In many cases the use of only a single thermal technique
may provide insufficient information to characterize a chemical
reaction or system, There is a chance of getting complementary 12
supplementary information, by the use of other thermal methods

of analysis.

It may be stated that a single thermal propertyl is not
sufficient to characterize a chemical reaction or system, but

that as many thermal methods as possible be employed.

In this thesis we have reported the results of our
investigations on the thermal behaviour and structurai propert-
ies of co-precipitated Nickel-Cadmium oxalates which are

supplemented by Xaray diffraction.
REVIEW OF THE LITERATURE

The work described in this thesis constitutes 'change in
mass' Which takes place when Nickel.Cadmium mixed oxalates are
heated in air medium, The resactions involve a single stage

decomposition of type,

Solid (A) ——> Solid (B) + Gas (<)

for anhydrous salt, whereas for hydrates oxalate decomposition

involves several intermediate stages.6

Kadlec and Danes7 have reported mechanism of thermal
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decomposition for oxalates of Ni, Co, Fe. Mn, Zn, Pb and Mg.
The change of the chemiral components of products was followed
during the decomposition, In all cases the kinetic curves were
S shaped. The activation energies were determined respectively
as 32.6, 44,0, 40.0, 40.0, 37.9, 37.7, 36.0 and 45,0
K. cal/mole, They observed that in the decomposition of Ni, éo.
Fe, and Pb oxalates a mixture of metal and oxide is formed,
The relative amount of oxide decreases and that of metal

increases during decomposition.

In the Ni oxalates decomposition. following reactions

were reported:

Ni(COO)2 = Nio + CO + coz
Na.(cnoo)2 = Ni + 2002
NiO + CO = Ni + o,

In case of My and 2n oxalates only oxide is formed. In
the Co and Fe oxalate decomposition the oxide is primarily
formed which is subsequently reduced to metal by OO from the

decomposed gases.,

8

Rao and Gandhe~ studied thermal decomposition of oxalates

of formula M,C,0, (M = Mn, 2n, Pb, Co) which was resulted in
the production of CO and coz. Gas chromatographic analysis o£
the gas products indicated that the oxalates were decomposed

+ CO and MCO

to MCO further decomposed to MO + CDZ' They also

3 3
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studied thermal decomposition of oxalates of formula M'Czo4
(M' = Fe, Ni, Cu) which was resulted in the production of M' and

032 only.

Fabbri and Baraldi9 studied thermal decomposition of metal

oXalates: K2C204. Hzo; Ag26204;

M0204x Hzo (M = Ba, Ca) and MC204: 2

" Ni, 2n) in air and vacuum. They used emission, IR sﬁectroscopy‘

MC,0, (M = Cd, Cu, Pb, Sn);
2H,0 ( M = Co, Fe, Mg, Mn,
In air K, Ba, Ca oXalates were decomposed to carbonates at
7 470°, 7 380° and V4 370° respectively; and Ag oxalate in air
and in vacuum decomposed to metallic Ag. In vacuum K, Ba and
Ca oxalates decomposed to respectively carbonates, But Cd, Cu,
Pb, Sn, Co, Fe, Mg, Mn, Ni and Zn oxalates in air decomposed
to respective metal oxides and in vacuum to oxide or oxide.
plus metal.

Catalytic effect of thermal decomposition of the mixed
Co-N1 oxalates was studied by Kadlec and Rosmusovalo. In the
thermal decompnsition of Ni(II) oxalates and of the Co(II)
oxalate. The metal oxides are formed at the beginning in both
cases, With proceeding decomposition, the portion of free
metals in the product increases, so that the oroduct of the
complete decomposition of the Ni oxalate contains 95 mole per
cent of the metallic Ni in addition to the NiO and in case of

Co oxalate the product contains 43.51 mole per cent of metallic

Co.

It was observed that in Ni oxalate decomposition with
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comparable rate at temperature which is 60° lower than Co oxalate,
The course of thermal decomposition is stronyly affected by even
small Ni contents in the mixed Co-ilNi oxalates; the rate constant
increases, the activation energy decreases and the composition

of the decomposition product is cignificantly changed.

Kedlec and Danesll have also studied the kinetics of
dacomposition and tie composition of products from the therp al
decomposition of anhydrous mixXed Ni-Mg and Co-Mg oxalates unier
reduced pressure, They observed that an increasing content of
Mg in mixed oxalates, the molar ratio of Ni and Co, to the sum
of Ni and Co in the products of complete decomposition, first
increases and later decreases, This fact was attributed to the
increased extent of the reduction of oxides to the res . zciive
metals, caused py a higher content of 20 in the gasecus Hro s
formed from Mg oxalates, as well s by the formation of inomirs
phous mixed Ni-Mg and Co=-Mg oxides whicn were found to be

difficult to reduce,

The decomposition of Ni-Mg oxalatss did not procecd
uniformly as a consequence of the chemical comsosition of ti”
individual mixed oxXalates., Decompusition of such inhomogenecus
sample, procecded in such a way that the porticns richer in i
oxalates decompose first and gradually the porticns with decress-
ing content were decomposed (in the range of 0-3C % of Mg oxalates),
the mechanism of direct cataljtic deccmposition of i oxalais
to metallic Wi, gradially changces to the decomposition to oxife

with swbsegquent reduction with CO., The mechanism of Cocomporition



7

of mixed Co-Mg oxalates was described as follovs,

The products of the decomposition were oxides from which
Co oxide as far as it was present in raducible form, was recuced
to metal by CO present in an increased amount, in the Ggaseous
products. The activation energy of the decomposition was

44 K.cal fmole ard was nearly high as for pure Mg oxalate,

With heavv metal oXalates, stages include the formaticon of
, N - . . i , . e s X2
an anhydrous oxXalates and transient conversion into metal wnic::
in the presance of air would be re-.oxidised immediat=ly. An

intermediate carbonate stage would not be exp=cted to be stable.l

L3

Thermal decomposition of various oXalates of tne generzl

formula, MC,0,.2F.0 (M = Zn, Mn, Fe, Co, Ki) and Cr,{C,0,) .

s I (5 &1
\JH20, Ft,?ﬁ (C204) 3 ..th

Dollimore and Nicholson.

0 and CuC204.l/2 H,0 were studied by
14, . . o . e e
Their main subject was to study surtface
area changes (measured by volumetric adsorption) which occur when

heavy metal oxalates are heated at various temperature,

As the surface area of a s0lid depends con its previous
history, oxides orepared by decomposing oXalates would differ
in their surface propeértics, from similar oxides prepared by
themal docompositicon of other oxalates, They also stuaiszd
theories outlined by Gregg,6 for the production of ureater
number of product particles from a given number of reactant

particles, can bc =xtended to the more conplicated decompositicn
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processes taking place on the thermal treatment of oxalates

in air,

Two competing processes contribute to surface area
changes at given temperature (1) those increasing surface area,
such as strains resulting from the difference between the
specific voiumes of reactants and solid product, which are
opposed by sintering processes, which tend to reduce surface
area. (2) As the decomposition temperature is raised, the
second process which proceeds mainly by diffusion mechanism,l5
becomes faster and more important. In gencéral the lower the
temperature of decomposition, the greater will be the increase
of surface area expected, as sintering will be slow. However,
if the reaction is relatively slow, it is possible for the
straims set up to be dissipated and hence there is novincrease
in surface area., All the oxalates gave a surface area peak at

or immediately before the position, where the decomposition to

the oxide was complete,

16 studied the thermal decomposition of Mn, Co

Macklen
and Ni oxalates dihydrates by TGA and DTA in air and nitrogen
atmosphere, In nitrogen atmosphere the decomposition of the
oxalates first yields metal oxide, MO, Which in case of Co and
Ni is reduced to metal by nacent CO., Correlation between

decomposition temperatures and cation electronegativities were

obtained, In air, decomposition is initiated at lower temperature
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than in nitrogen by the oxidation of the cation from the
divalent to trivalent state and correlation between ease of

oxidation and temperature of reduction was found.

Theymal decomposition of MCZO4 (M = Co, Mn, Ni) in vacuum

17 with;the use of

and in éir Wwas studied by Bakcsy and Hegedus
a vacuum microbalance and in air with the use of derivatograph
also. In vacuum, in the 1lst step the Co and Mn oXalates were
decomposed into oxides but the Ni oxalate into metallic Ni,
depending on the magnitude of the crystal field stabilization
energy. In secondary reactions Co and Mn oxides will partly be
reduced by the evolved €O to the metal and a minute part of
the metallic Ni can be oxidized depending on the partial
pressures of the 02, C02, H20 componants of the residual gas.
In air the first step of thermal decomposition is the

M2+~_. M3+ oxidation of the central cation, this is also
obtained from the linear relation between the temperature of
the maximum decomposition rate and the ionization energy. Some
inconsistencies found in the literature were elucidated.
Deviations appearing in inert and oxidative atmosphere withn
lower and higher partial pressure of 0,4 showed that the
thermal stability of the solid complexes is influenced by the
surrounding atmosphere similar to the stability of dissolved

complexes in a solvent.

is8

Kornienko and Dubrovskya studied thermal decomposition
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of Iron group metal oxalates, at 351 - 420 e, by a dynamic
method based on the determination of the amount of OO0 and co,

liberated during the reaction, The experimental data described

by equation

n
a =1« e"kt

a = fraction of solid Jdecomposed at time 't' .,k and n are

constants.,

The average eneryy of activation (E) for decomposition

of FeC.0,.2H,0, NiC20 «2H,0 and COCZD

274°7772 2 4°
43,2, 40.5 and 41.2 K. cal/mole respectively,l9 Rate of

2H20 was calculated as

decomposition depends upon the polarising power of cations and

difference in free enecrgy che i,

The therm:: azcomposition of oxalates of the formula

MC,0,.nH,0 (M = Fe, Ni, Cu, 2n) and their mixtures in the KCl0

2 2 3

were investigated by gas flow DTA, X.ray diffraction, IR
spectral analysis and gas analysis by Ishii and co-WOrkers.zo

In flowing N, (60 ml/min) and static air the oxalate decomposed
to showWw an endothermic DI'A peak arising from the dehydration

of water of crystallization and another endothermic peak was

seen arising from the re¢actions,

FeC O

i

FeO + C02 + Q0O

2 4
Niczo4 <« Ni + 2002
CuCZO4 = Cu + 2C02
ZnC.0, = Z4n0 + CO., + @

274 2
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Gas analysis revealed thaé a small amount of €O and/or
COZ was evolved near the end of dehydration process by partial
decomposition of oxalates. In flowing 0, (60 ml/min)  all DTA
curves of oxalates except for the Zn salt show an explosive

exothermic peak immediutely after the dehydration peak.

All above oxalates contained KClO3 (10-15 mole %) which show
a sharp exothemic peak (Pm) in flowing Nz over a témperature
range of 330-3600. Since pure K0103 does 11 & W any DTA peak
in this temperature raage, P, Was dur to ti m  al interactions

of oxalates and KClO_,.FeO obt:ined by rapid cooling after the

3

decomposition of Feczo4 in flowiug N, is ignitable in air, but

not when it was cocled slowly over 4.5 hours.

The thermai dehydration and decomposition of the oxalates
of mg(II), Ca(II), Sr(II), Ba(II), Mn{II), Fe(II), Co(II),
Ni{II), Cu(II), 2n(I1) were investigated by DTA, TG, DSC, EGA,
XRD analysis and reflectance and IR spectra by Nagase and
co.WOrkers.21 In general, the temperature at which the oxalates
were dehydrated increased with l/r where r denotes the radius
of metal ion. The heats of dehydration (AH, Qﬁ) of the alkaline
earth metal oxalates increased with /r but those of transition

1/

metal O4e oxalates decreased as r increased. By considering the
decomposition products, the reactions of anhydrous oxalates were
classified into 3 groups and the relations between the decompo-

sition temperatures and % were discussed for each group.
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The thermal decomposition of Cdc204.3H20 was studied by

Kornienko et al..22

at 350-390°C under isothermal condition at
-atmospheric pressure by analysing both solid and gaseous products
of decomposition, They reported thermodynamics of the decomposie
tion of Ag, Cd, Mn, Cu, Fe, Co and Ni oxalates and discussed
metal - 0 - bond energies, As oxalate C - C bond was the initial

stage in decomposition of metal oxalates, with exception of

Ag,C,0 4. where Ag.0 and C.C bond energies are comparable.

Louise23 studied thermal decomposition of pure Ni ¢xalate
and decomposition on a support and characterization of the
solids from this reacﬁion; Specific surface area S = 6,5 -

107 cmz/g for Nic204.§h20 (€ = 0.8 %) were obtained by dehydra-
tion of Nic204.§ﬁ20 at 1306 under static vacuum, under 2 - 30
Torr., water vapour and in air, the largest S was obtsined in
after nearly 8 hours and the smallest S was obtained for
dehydration of previously rehydrated sample., Decoiposition of
solid started after 96 per cent dehydration. At nearly 250°,

decomposition occured as

HiC204 + € HzO —— BIJ.C204 + @ H20 (gas)

NiC

204“*“‘-—)" Ni + 2('.'02

with secondary reactions

Ni+H0(g)=a====NiO+HQ

2

and C302+H2====&==m+}120
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. decomposition was faster under H, than under dynamic vacuum,

and increased with increasing S.

-

From decomposition at 245°, under dynamic vacuum, the
total S (st) of the sample went through a maximum of fractionm
a = 0,15 of total decomposition and the S of Ni (sNi) went
through a maXimum at a« = 0,5; wunder Hz. St Wwas maximum at
x = 0,1 and‘sNi increased linearly with a, Application of
Erofeev's ejuation (1946) showed that instantaneous nucleation
growth of cylindrical nuclei. A 3102, 86%, A1203 14 % support
4 ZHZO decomposition only at low Ni concentration,
the low sNi values ( é 4 mz/g catalyst) increased linearly

affected Niczo

with the Ni concentration on the support. The catalytic activity
(¥) of supported Ni for hyd:icgenation of benzene at 20° for
% hour of catalysis, increased linearly with sNi' after 3

hours, ¥ decreased irreversibly by nearly 80%.

Dehydration of MC,0,.2H,0 (M = Ni, Mn, Co, Fe, Mg)
CaC,0,.H,0, Fe,(Cy0,) 3.5H,0 (I) and Th(C,0,) ,46H,0 (II) was
studied by the derivatography method under none.isothermal condie.

24 Weight change, differential

tions by Shkarin and co-workers.
weight change énd differential tempi:rature change were reccrded
as a function of time. The order of reaction, activation

energy and frequency factor were determined for each experiment,
both under air and nitrogen, All reactions were endothermic

regardless of gas phase composition, The reaction orders are

nearly 1, activation energies 20-23 K.cal/mole and fregjuency
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(e} 1o . =1 .
factors 2.6 x 10”0 to 1 x 10 min ~. The dehydration reactions
of I and II follow different patterns. I is simultaneously
converted to FeC204 while I1 is dehydrated to two =:.:iges, The
measured values were compared with those for isothermal condi-

tions given by other authors and good agreement was found,

roadbent and cn-WOfkersz have reported thermal decomp-
osition of oxalates of eobalt and eifect of prior dehydration
conditions on subsequent decomposition of cobalt oxalate,
Co-oxalate dehydrated at 150°, is porous and subsejuent
isothermal decomposition in a vacuum to cobalt, differs
considerably from the isothermal decompositi.n of the anhydrous
oxalate prepared at higher temperature. The charactéristic
feature of porous anhydrous Co oxalate is the retention of a
constant rate of reaction upon the last 10A of the decomposi-
tion. A possible explanation oi this is offered in terms of
reaction interface advancing simultaneously from the interior

and exterior surfaces,

Thermoanalytical study of ZnC204.2H20 by Giovin01126
showed that the activation energy of ZnC204 above 340° is
40.4 + 2.6 K.cal/wole, Dehydration of 2nC,0,.2H,0, produces

a considerable inner surface of chzo not accessible to gas

40
adsorption, This surface is considered to be covered by
adsorbed water, which would explain the remarkable amount of

water retained during dehydration,
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Lagier and’PezeEat27 reported phases obtained on prepar-
ation of transition metal oxalates, MC,0,.2H,0 (M = Ni, 2Zn, Fe
and Mn), prepared by reaction of metal salts with either alkali
metal oxalates or oxalic acid., The prepared oxalates exhibited
two sets of reflections by X.ray analysis first set corresponda
ing to an otthorhombic A phase, other a mixture of A and B
phases., They also observed that after prolonged boiling with

(NH4)2CZO4, A phase transforms to B phase,

The low temperature (250-400°C) decomposition of mixtures
of Fe and Ni oxalates makes possible accurately controlled
production of fine powder of Fe-Ni alloys, either in « or Y
crystal structure type of pure metals or in diphase mixtures
(¢ + 7) of intermediate compounds, Dormix and co-WOrkerszs
prepared mixed oxalates and studied their decomposition in
hydrogen atmosphere together with DTA, TGA and automatic gas
chromatography. They have reported that the reactions of the

oXxalates with hydrogen are strongly exothermic, chiefly

because of conversion of CO formed to CH4.

Thermal studies were performed on mixtures of Fe, Cd,
Ni and Fe, Cd, Mn oxalates by Peshev and Tsyrnorehki.29 In all
runs tﬁe Fe -0 3 content was held at 50 per cent while Cd0 content
was varied from 5-45 per cent with NiO or MnO comprising

remainder,

In the first series, through§ at 230° and 385° were found
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to correspond to the dehydration of Cd and i oxalates
respectively, A peak at 420.55° was attributed to oxidation of
metallic €4, Above 505°, Fe and Ni are oxidised. The second
series has similar thermogram exXcept that Mn oxalate dehvdration
through at 410°. Above 675° ¥-Fe, O unnderwent transition to

273
K - 53203 .

Schoroeder30 studied decomposition of mixed oxalates of
Ni and Fe, He studied kinetics of low temperature spinel
formation of nickel ferrite. The conditions were examined under
which a maximum formation of nickel ferrite is obtained, upto
600°, in the decomposition in air, of mechanically mixed and
simultaneously prepared Ni-Fe oxalates; using the methods of
TG, PTA and magnetic anai s, The deéomposition and oxidation
kinetics of Fe and Ni oxalates used to starting material were
studied. The phases existing after decomposition wers found
to be in the state corresponding to the temperature at which
they have actually been formed. The amounts of exothermic heat

generated during oxidation play an important role,

Thermal decomposition of mixed 2n and bivalent oxalates

have been reported by Sviridov and Pavlova.Bl ch204.2 Fec204.

6 H,0, in the presence of air at nearly 250° gives Zn?e204.

2
Mecnanical mixtures as descrete substance and decomposition
is only slightly slower than tue decomposition of zinc oxalate.

With slowly rising the temperature the components of mechanical
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mixtures decompos< independently,

Kucerra and Nikolajenko32 have studied the products of
decomposition of mixed Z2n.Ni oxalates in vacuum., The chemical
compositions and the stracture of products were studied. At
300-3200, Z4n0, metallic Ni and Ni-.Zn alloy are formed,on heating
the products in vacuum at 450-11000, metallic Ni is alloyed with
Zn and sample contains two alloys in addition to 4iii:a=Ni-Zn with
15 + 1 atomic %. 2Zn with lattice parameter of a 3.% .2°aA and
a hitherto alloy with A, 50 atomic % Zn. The latter alloy has
like the a-alloy, a face centered cupbic lattice with a 3.631 OA.
Additional very weak lineé were observed for this alloy, the
indices of which :"an be assigned with double lattice constants;

so that the possiiility of a sup=r structure is indicated.

Biswas and co-worker533 have reported, thermal reduction
of co«precipitated basic Ni-Cu carbonates in hydrogen medium
s8hoWws a single sharp step in the mass loss vs. temperature
curves., The reduction temperature decreases with composition
from 210° for NiC03 to 140° for CuCO3. These studies and X-ray
analysis of the mixed oxidegyzé metals (obtained by reduction
in H, atmosphere) indicate the formation of interpreterating

gel structures during co-precipitation, these have been

described as metastable solid solution in dry state.

Dollimore and Griffiths>? carried out differential

tharmal analysis of some metal oxalates, in controlled
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;tmosphere of oxygen and nitrogen. Accordingly, Ni and Cu
oxalates show exothermic peak in oxygen, because the oxidation
of initial solid products is strongly exothermic and superimposes

itself on the much weaker decomposition endotherm.

The catalytic effect of Ni oxalate(I) on the thermal
decomposition Ca oxalate(II) was studied by TGA both under H, and
N, atmospheres and in vacuuo, by Runaecker and Toursel.3%
The decomposition of pure-I occurs in tWwo and that of pure.il
in three separate steps. In the decomposition of a mixed
precipitates of I and 1I, I decomposes together with 1I during
second decomposition step of IT. This indicates the formation
of mixed crystals of I and 11 an unexpected result in view of

the great difference of their decomposition temperatures and

mechanisms and the ionlc redii of Ca and Ni.

The same behaviour was found for the mixed precinitates
of II with Co and Fe oxalates., Tne Ba and Sr oxalates howWever
do not form mixed crystals with I, the precipitates are only
the mixtures and the metallic MNi formed by decomposition of I
is responsible for the catalytic effect, The advantage of TGA
is the fact that a very limited mixed crystals formation can
be detected, its limitation being that the decomposition
temperatures of the pure components have to differ quite

appreciably.

Thermal decomposition of solid solutions of Ni and Mg
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36 At the initial

oxalates was scudied by Guslev and co-workers,
stage of the tii:rmal decomposition of Ni.Mg oxalate solid
solutions, the reaction is localized in the centres of the
impurity cation oxalate occlusion. This occurs independently
of thermal stability of the occluded oxalate in its individual
state. The decomposition is partially due to the polarization
effect of the occluded cation and predominantly due to the

2

distortion of the C,0,” “ symmetry by the occluded cation. The

274
mechanism of decomposition was studied by the electron micro-
scopy of the solid products and by the mass spectra of the

gaseous products of the decomposition.

Thermal decomposition characteristics of some Ni comgounds
of catalytic importance were studied by Banerjee and co-workers.37

Ni(C204).ZH 0 lost lattice Hy0 at 210° in a single step. It

2
decomposed in air at 310° forming finely divided Ni particles
which then oxidised to give NiO as tine end product. Formation
of Ni particles in Nz atmosphere was confimed by kiaetic
measurements, The observed magnetic moments at 25°% for Ni ioms

in the compounds stulied by them confirmed the proposed formula

of the precipitates,

The mechanism of the decomnosition reaction of Fel %

NixC204.2H20(1) (x = 0 - 1,0), forming ..wdered Fe-Ni alloys

at 300-380° by heating at 200°/hr in a H2 current was studied

by DTABB. For x / 0.10 and x 7 0.15, the bcc a-phase, and the

a + fcc ¥ phases were produced; respectively. DTA of I at
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280.380° gives 2 peaks for x £ 0.25 and 1 peak for x 7 0.25.

The peaks correspond to the evolution of CO, CH co,, C HG and

4’ 2
H,0 and to the formation of ?eBC(or Fescz) during the decomposia
tion of I and the rapid hydrogenolysis of the carbide forming

CH4. The wmechanism is confirmed by decomposition reduction of

I (x=0,1) at 330° and I (x = 0.3) at 340° in a H, current.

Thermal decomposition of Co oxalate dihydrate studied

39

by Khundkar and co-workers in air and in vacuum, the study

includes TG under a dynamic N, atmosphere which leads to the

2

formation of 00c204 by thermal dehydration in N,

end products of decomposition in N, and vacuum are metallic

and air, The

Co and that in air CoO. Possible dehydration and decomposition

mechanisms of CoC.0,.2H

04 O are suggested,

2

Thermolysis of cobalt oxalate dihydrate stuaied by

Parinet and co-warkers,‘o reveal tnat 006204;2H20 dehydrates

in vacuum at 125% in ai. or Ar at 1520. Decomposition begins
at 300° in vacuum at 305° in Ar, and at 210° in air. Under

continuous pumping CoC20 decomposed endothermically

4
(AH = 29,6 K.cal/mole) to CoO, €O and 002. If the reaction produ. .

cts are allowed to accumulate some CoO is reduced to Co by 0.

In air ali the o and Co0O are oxidised to Co 04 to make the decompw

3
osition exothermic {(AH = o« 52,2 K.cal/mole).

Thermal decomposition of Co oxalate was studied by

41

Taskinen and co.workers, The kinetics and mechanis« ~f the

KHARDEKAR LIBRARY
“&v&ﬁ%ﬁ‘g&sm KOLHAPUE
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reaction were also situdied, including the morphological efiects
and particle size, TG was used as an experimental method, The
thermal decomposition mechanism of Coczo4 is determined by the
prior history of the powders. Cne type of powder had small
amounts of a-phase and the other was a well developed a - B

mixtures.

The influence of the environment on the thermal decomposi-

42 He reported that

tion of oxysalts was studied by Dollimore, D,
the environment can influence the thermal decomposition of an
oxysalt by causing a change in the course of chemical decomposie
tion or by causing an alteration in the physical nature of the
solid product or solid intermediates; The environment can also
affect the equilibrium condition of the course of the kinetics,
The use of special techniques such as TG, DTA or DSC to study

the decomposition means that a special environment is imposed

on the oxysalt and this affects the thermal decomposition

process,

Further he reported that the influence of the environment
in changing the course of a chemical reaction can be illustrated
by reference to the decomposition of ZnC204 and uiczo4. The
decompositions are endothermic in inert atmosphere but exotherwic
in air or 0,. Although the produrt of decomposition of chzo4 is
2n0, the chanje in character of the decomposition from
endothermic to exothermic is due to the catalytic oxidation

of CO to C02 in the presence of 0, The similar change in the
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character of N1C204 decomposition is however due to Ni formation
in an inert atmosphere, and NiO in air or 02. The alteration
in the physical nature of the solid products is illustrated by
surface area measurements on solid residue from the :lecomposi.

tion of carbonates or oxalates.

Mecunanism of thermal decomposition of Ba, Sr and Mg oxalates
was studied by Derouane and ca-Workers.43 They used cumbination
of techniques, including thermal analysis, mass spectrometry
of the effluent gases and ESR of the adsorbed residues, TG
data and mass spectrometry data indicate that Ba, and Sr
oxalates decomposed in thne same manner wihile the decomposition
of Mg oxalate foliowed a different reacticn path. Two different
and adsorbed paramagnetic CO species are jidentified by ESR as
v 0
decomposed in straight forward manner

well as, in the case of Mgc20 adsorbed species, It is

concluded that Mg0204
into O, CD2 and MgO, While for the Ba and Sr oxalates
dissutation of CO can occur, leading to coking of the solid

surface which then shows acidic properties,

Thermal decomposition of oxalic acid salts was studied

44 They reported that anhydrous

by Honma and co-workers.
Mgc204(1) and Mnczo4(II) thermally decomposed at high tempzcature

and proceeded by two step reactions, i.e,, carbonates(III)

are formed as intermediates and then the end prouucts. At
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single step reaction. The thermal decomposition of ZnC204 was

also studied,

45 studiecd thermochemical investiga-

Brown and co-Workers
tion of the decomposition of Mn(Il) oxalate dihydrate. They
used DSC technigque for this purpose. They reported that the
enthalpy of dehydratipn, ie 65 + 3 KJ/mol water. The value
calculated from the literature standard enthalpies is 31 KJ/mole
water; the discrepanwy 1s due to the uncertainty in the value
of (AH®). The enthalpy of the exothermic creation invez is 300
KJ/mol water., This does not agree with the estimated value

assuming Mu203 to be final product. The decomposition is in

3 stages. The respective enthalpy values are calculated,

Nissen, D.A.‘D

studied the thermal decomposition 6f
plutonium(IV) oxalate hexahydrate, Pu(C204)2.6H20, in both Ar
and ciusing a combination of TG and Ir spectroscopy. Decomposia
tion in an inert Ar atmosphere involves reductiom of the

cation to the trivalent state and its subsequent reoxidation

to form PuO,. In an oxidizing &:.a0: :ere; With unrestricted
access of O, reduction ¢f the ca: ..:. does not take place ana
decomposition of Puo2 is through the oxXycarbonate., The reduction
of Pu (I1IV) appears to take place by a (O-catalyzed mechanism

and the presence of C in the Puoz decompocition product i3

attributed to the disproportionation of CO.

Thermal decomposition of praseodymium oxalate have been
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47

reported by Saito, Yasutoshi, Sasaki and Seihiro, Prz(C2°4)3‘

10 H,0 was studied in atmospheres of He + 0,, He and 0,

2
by a multiple technique of simultaneous TG and DTA coupled with

evolved gas analysis. The decomposition occurs as
Pr2(0204)3. 10 H0 —> P"z(cz°4)3 —> Pr,0(,),

e Pr20 Co3 —> Pr.0Oxide

2

In the atmosphere of (4:1) He + O, mirture Pr,(C,0,) 5.

10H,0 vyields Pr,0,, and Pr,0, in He and in G., as end products,

2

In C02 atmosphere the decomposition of anhydrous oXalate
took place at higher temperatﬁre than in any other atmospheres
due to the stabilization of intermediate carbonates. In He and
002 atmosphere all the DTA peaks were endothermic, whereas
exothermic peaks were also detected in He + 0, due to oxidation
of CO and deposited carbon and the disproportionatioh of A0, In
inert atmosphere finely divided carbon particles were markedly
deposited, and then reacted with co, which was evolved during

the decomposition of 93202003.

Instead of the disproportionation of CO, the direct
formation of C and CO, from Przo(C03)2 is proposed as a possiible

mechanism for the deposition of C particles,

Dollimore et al.,48 studied the thermal decomposition
of manganese(Il) oxalates in a Nitrogen medium, They reported

comparative studies or the kinetics of the isothermal and
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non-isothermal dehydration and decomposition of Mn(C204).2H20

in an atmosphere of N_,, There is agreement between the values

2
of energy of activation for the isothermal and the nonisothermal
dehydration at high‘heating rates. At low heating rate, value
of activation energy is comparable with the enthalpy of dehydra.
tion., The energy of activation of isothermal decoméosition is
143 KJ/mole whereas 242 KJ/mole for nonisothermal decompositiom.

This difference is attributed to the condition of anhydrous salt

used in both cases,

Ageev Yu and co-workers49 studied thermal decompositicn

kinetics of Y2(CZO4)3 in @ and CO, atmospheres by chromatoa

3
graphic and TG analysils., The reaction proceeds in two stages,In

the first stage C02 slows the reaction and increases the

duration of the decomposition, The activation energies for the

two stages are 18.2 and -33.3 KJ/mole respectively.

Shkarin, A.V, and co-workersbg studied the kinetics of
thermal decomposition of vanadyl oxalate dihydrate unuaer non

isothermal conditions. The decomposition of vanadyl oxalate

dihydrate in vacuum starts by dehydration at 40 = 250°. The

activation energy is 25.2 KJ/mole and preexponential factor

O.26 -1

1 min™~, The decomposition in vacuum or inert gases gives

v,0

204 35 tr2 end product.

Kropanev A, Yu and co.workerss1 stu.iied the thermal

decomposition of Samarium and cobalt 2Xalates. They established
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the conditions for the precipitation of Sm2(0204)3.10.3H20.Co304

is formed during the thermolysis of oxalate of Co at 220-300°,

Wu, Jingxue52 studied the chemical reaction for

SrC204.nH20,Eu2(003)3.nH20 and CaC.,0,

cally and by Xe.ray diffraction. The activation energv for the

¢nH20 by thermogravimetria

dehydration of CaC204.nH20 is 21,34 K.cal/mole and the order of

reaction 1. The dehydration of 55C204°n520 occurs at 200-250°
and the activation energy is 22,05 K.cal/mole, Dehydrated oxalate
decomposes to carbonate and oxide, respectively, at 500-550°

and 950-11500.

Reddy,V.B. and Mehrotra. P.N.53 studied the thermal

decomposition of sz::c»(czo 4)2.62{20(1) by TG, DTG and DTA,
chemical analysis and IR methods, The decomposition proceeds
thruugh four steps. The dehydration of lead zirconyi oxalate
hexahydrate occurs in two steps at / 260°, the third step
invelves the decomposition of oxalate at 260-416° to give an
intermediate carbonate and the last step is the decomposition
of carbonate to a mixed oxide, PbZr0,, at 415-575°, The end

3
product was characterized by IR and X-ray diffraction studies.

Thermal decomposition of zinc zirconyl oxalaﬁe pentahye
drate was studied by Reddy. V.B., and co-worker554 using TG,
DTA and bTG technigques and chemical analysis. The first
dehydration step of pentahydrate was occurred at 303-474°K.

This was followed by decomsosition of ZnSrO(Czoé)2 at 473-6139k



27
to give ZnS:04.(CZO4)CD3 as an intermediate residue., The third
state is decomposition of this compound at 613-833% to give

ZnSrOB. The mechanism was confirmed by IR and X-ray analysis.

Alloun, Azeddine; Nair, C.G.R.55 studied the thermal

decomposition of uickel(II) oxalate dihydrate in nitrogen

atmosphere. They found two clean cut and non-.overlapping stages

as
1) dehydration:
NiCZO'i.?HZO ———r NiC204 + 21120
and 2) decomposition:

NiC,0, ———> NiO + €O + CO

274 2

The temperatures of initiation, completion and maximum rate of
decomposition are recorded. Kimetic parameters as Ea and log A
were computed by the Coats-Redfern method., The Ea ranges i rom

15.20 K.cal/mole for dehydration and from 50-.70 K.cal/mole for
decomposition, The log A varies from 5 to 8 for dehydration

and from 18 to 25 for decomposition,

Fatemi, N.S,, Dollimore, D,, and Heal, G.R.56 studied the

thermal decomposition of cdc204.3H20. Under various conditions,
OTA, TG and other complementary technigues are employed to

identify the decomposition steps and the nature of the obtained
residues when the sample is decomposed in air or in N, Certain

usual aspects of the Cdczo decomposition are noticed. These

4
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are due to high reactivity of the metallic product, which is

capable of being oxidized by 0, gas and the vaporization of

2
product Cd at elevated temperatures. The full Ni adscrption
isotherms on the various heat treated samples, are also reported
and provides additional information concerning the relevant

textural changes which occur in the decomposition process,

IR, Xeray diffraction and thermal studies of cadmium

zirconyl oxalate pentahydrate was carried out by Reddy, V.B.,

Mehrotra, P.N.57. The thermal decomposition product of

20 is orthorhombic Cer03 with a 8,673, b 14,700,

and ¢ 8,842 A°. Dehydration of cadmium zirconyl oxalate pentua-

CerO(C204)2.5H

hydrate was occurred at 20-190° and CerO(C20 decomposed to

4)2

the CdZro. at 190.550°,

3

Gangadevi, T., Rao, M, Subba, Kutty, T.R.. Narayanan58

studied the thermal decomposition of barium zirconyl oxalate.
They standardized the conditions for the preparation of

stoichiometric BaZrO(C20 2+7H,0. The thermal decomposition of

2
barium zirconyl oxalate was investigated by TG, DTG and DTA
techniques and chem. and gas analysis. The decomposition
proceeds through four steps and is not affected much by the
surrounding gas atmosphere, Both dehydratign and oxalate
decomposition take place in two steps, The formation of a

transient intermediate containing both oxalate and carbonate

groups 1is inferred. The decomposition of oxalate groups results
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i a carbonate of compoiition Ba22r205C03, which decomposes
between 600 and 800° and yields BaZcOB.

Reddr, V.B. and Mehrotra, P.N.59 studi=d tne thermal
decomposition of <i~lcium zerconyl oxalate. They prepared
CaZrO(CZO4)2.5H O by treating ag. oralic acid with ag. 4r
oxychloride and Ca612 and characterized by chemical analysis,
IR spectroscopy, X-ray crvstallography and thermal analvysis.
Calcium zirconyl oxalate pentahydrate dehydrated in two steps
at 30-100 and 100-260° and decumposed at 65 -850° t5 give
CaZrO3. Tha activation and thermodynamic enthalpies of dehyara-

tion «<nd oxalate decumposition wWere calculated to be 19,50 and

41,14 K.cal/mole, rvespectively.

The thermal decomposition of Ni-Pb oxalates was studied
by Chavan, A.M. and whelke, R.G.60 using technigques sguch as
TGA, DTA and the oxXalates Were examined by X-ray diffraction
method. They have reported that the single peak in the DTaA
curves both for dehydration and decompi.sition supports the
presence of homogerneous phase in the coe-precinitated Ni-Pb
oXalates. No lincarity was observed for tne relationsnin batween
the nheat of reaction (AH) and percentaje composition of lead for
decomposition step. The value of AH for mixed oXaliates is below
the sum of individu:sl component:: in the case of decomposition
peaks with the ... eption of co-precipitated oxalates
containing 10.02 per cent and 1,65 per cent lead., Tunis indicates
that theé cuv-nrecipitated Ni-Pb oxalates are not physical mixt-

ures but there is & close association of the two componernits
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suggesting a homogeneous phase (or mixed crystals).

The thermal decomposition of Ni-Cu oxalates was studied

by Chavan, A M. and Phatak, S.E.61

They have reported that
single peak in the DTA curves both for dehydration and
decomposition supported the presence of homogeneous phase in
the co-precipitated Ni.Cu oxalate: . No linearity was observed
for the relation between the heat of reagtion (AH) and percent-
age composition of Cu for decomposition Step. The values of AH
for mixed oxalates were below the sum of individual components
in the case of decomposition peaks, with the exception of
co=precipitated Ni-Cu oxaiates were not physical mixture but

there was a close association of the two components suggest.ng

homogeneous phase (or mixed catalysts).

The thermal behaviour of Cu-Zn oxalates was studied by
Chavan, A.M, and Dalvi, B.D.62 using techniques such as TG
and DTA. The mixed oxalates and their decomposed products in
air and nitrogen were also examined by Xe.ray diffraction,

magnetic susceptibility and electrical conductivity.

The details of the preparative conditions and the effect
of atmosphere on the thermal decomposition of nickelacadmium
oxalates of various compositions (ranging from 10 per cent Ni
to 90 per cent i, that is, with 90 per cent Cd to 10 per cent

Cd) are given in Chapter-II. The DTA of these compounds has
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been done and the data obtained is presented in Chapter-iil,
which provides additional information about their behaviour as
a supplement to the results of thermogravimetric analysis. Tn
X.ray diffraction data of the above mentioned oxalat«s and
the oxides prepacred from those oxalates is presented in

Chapter-1Vv.

The results have been compared with those reported for
individual (nickel and cadmium) oxalates and mixed oxalates

of divalent metals studied by various methods.

(s]e



