


CHAPTER-III

DIFFERENTIAL TH3P ml DIALYSIS OF 

MIXED NICKEL-CADMIUM OXALATES

Differential Thermal Analysis {DTA) is a thermal tfichni,;ue 

in which the temgerature of a saunle, compared with tne tempera­

ture of a tne anally inert material / is recorded as a function of 

the saiu;d a temperature, as the sample is heated or cooled at a 

uniform rata. Tomperature changes in tne sample are due to 

exothermic or endothermic enthaloic transitions of reactions 

such as t..ose caused by phase changes (fusion) , crystalline 

structure inversion, dehydration, decomposition, dissociation, 

reduction and some decomposition reactions produce endothermic 

effects, whereas crystallisation, oxidation ana so;.n decompcsitie 

reactions produce exother ic effects.

A sample or the material being investigated is heated up 

side by side with a sample of thermally inert material, in a 

suitable dual special holier, and the difference in temperature 

between them is noted as t: ay are heated. When no such change 

occurs in the specimen, there is no difference in the temperature 

of the two samples, but as soon as any transition b:gins, the 

specimen becomes hotter or cooler than the ref Trace material 

end a peak fevelorrs on th:: curve for difference in temperature 

(AT) against time (t) or temperature <T) .

The number, shape and position of the various endothermic 

and exothermic peaks with r' soect to the furnace tamper ecu -e
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be used as a means for the quantitative identification of tne 
substance under investigation, Also, since the area under the 
peak is proportional to the heat changes involved, the technique 
is useful for the semi-quantitative determination of the heat of 
reaction or transformation.

The peak temperature, the general shape of the curve and 
also the magnitude of the peaks and peak area depend on the 
various (a) instrumental and (b) sample parameters.

The instrumental factors include (1) furnace atmosphere,
(2) furnace size and shape, (3) sample holder material, (4) sample 
holder geometry, (5) wire and bead size of thermocouple junction, 
(6) heating rate, (7) speed and response of recording instrument, 
(8) thermocouple location in sample, etc. The sample characteris­
tics consist of (i) partical size, (ii) thermal conductivity,
(iii) heat capacity, (iv) packing density, (v) swelling or 
shrinkage of sample, (vi) amount of sample, (vii) effect of 
diluent (viii) decree of crystallinity, etc.

APPLICATION OF DTA TO THE STUDY OF CATALYSTS

In recent years, the technique of DTA has been employed 
as a tool to provide supporting evidence on the structure of 
catalysts of technical importance.

In characterization of some nickel-silica catalysts
7 2Voothurjsen and Franzen ^ used this technique as an adjunct to
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the well established X-ray diffraction method, Mukherjee,

73Chatterjee and Roy have studied the differential thermal
analysis of fused iron catalyst (for synthesis) anc the
dif ference in DT'A behaviour was attributed to the method of
preparation and annealing process of the catalyst samples.

74Bhattacharya et_al./ have applied the DTA technique to 
characterize solid catalyst systems such as Al203-Zn0, A^O^ - ZrO?, 
Al203 - MgO, Zr02 - Fe203, Cr2C>3 - ZaP, Cr2C>3 - Al203. They have 
correlated the results of DT'A with reference area and with 
catalytic conversion of ethanol or butadiene,

75Swamy used this technique to study the nature of
unsupported and supported iron-oxide catalysts. Comparison of the
DTA curves of unsupported ana supported ferric oxide samples
shows that the introduction of Kieselguhr as support .esults in
suppression of peaks obtained at 540°C which can possibly be

ascribed to the relatively small amounts ot Fe^O^ in the samples.
The introduction of support facilitates the easy removal
adsorbed water as seen by the shifting of the endothermic peak
from 18 4°C to around 110°C, but does not help the crystallization

of amorphous Fe003 (because the dispersion of the oxide on the
surface of the support) which is indicated by the shift of the
endothermic peak from 356°C to a higher temperature (400- 430°C) .

The absence of a second endothermic peak in the DTA curves of a
second Fe2C>3 Kieselguhr samples is indicative of the absence of

7 6iron-silicate in them. Hagihra and Bchigoya studied tne Dr A
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of silica supported and unsupported cobalt carbonates which were 
prepared by impregnation as well as co~preci citation method. They 
found that except for Co-SiO^ catalyst produced by co-precipita­
tion, the OTA curves exhibited by the various supported cobalt 
oxide catalysts were almost identical with that of basic cobalt 
carbonote. tor Co-SiC^ catalyst endothermic peak was clearly 
observed between 500° and 700° above tne ciehydration temperature. 

This may be attributed to the decomposition of hydrosilicate 
(orthotype) into cobalt oxide, silica and water.

Surface heterogeneity nature of catalysts were studied
77by G.G. Shehibrya et al. Thermal analysis technique was used 

for studying the nature of inhomogeneity on catalysts and 
sorbents surface were examined, Theoretical equation for determin­
ing the nature of the inhomogeneities, the surface coverage, the 
heat of desorption and the corresponding activation energy at 
the highest adsorbing parts of surface were derived.

78R. Swarninathan and M. Ravindrara used DTa technique 
to study the effect of doping on tne activity of catalyst . 
Doping of ZnO with Al-^O-j increases its activity for the dehydra­
tion of While addition oi decreases
The results were discussed in terms of the variation 
conductivity caused by doping. Binary catalysts MoO^. 
different comoositions were studied b means of DTA

its activity.
in electrical 

-Bi203 of 
and electrical

79conductivitv method of A. looescu et al. The real activity of
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these catalysts during oxidation of MeOH via H^CO was found. The 
crystallization of the comoounds B^O^-SMoO- and Bi^O^-MoO^ at 300 
and 380°C respectively, was pointed out. The electrical conducti­

vity and the real activity of these catalysts were discussed with 
respect to their structure and chemical compositions.

80Arora, B.R. et al., applied DTA technique for the study 
of FeO and Fe^O^-CrO catalysts. Off A showed that Fe.,0^ corresponded 
to removal of loosely bound t^O. The presence of CrO shifts the 
first peak to 165° and the 2nd peak to 460°. In Fe203-CrG catalyst 
and endothermic peak also occurs at 700°, Grinding of Pe70- and 
Fe202-CrO results in appearance of an exothermic peak 700° and 

splitting of the earlier endothermic peaks.

DTA INSTRUMENT

The DTA instrument is 'Derivatagraph, MOM Hungarion 
Optical Works, Budapest', which is described in the previous 
chapter.

EXPERIMENTAL AND RESULTS

Preparation ana composition of Nickel oxalate and cadmium 
oxalate and their co-precipitated mixtures have been described 
earlier.

It was observed chat nickel oxalate gives one endothermic 
peak for dehydration at 23b°C and other twc exothermic peaks for 
decomposition at temperatures 325°G and 365°C (Fig. 4-A) , whereas



FIG.4-A- OTA OF (D 100 °/o Ni OXALATE AND

(2) 12-16 % Cd OXALATE .



FIG-4-B- OTA OF 13 ) 23-82 % Cd OXALATE AND

14 ) 32-06 % Cd OXALATE .





FIG. - 0 — D T A OF (7) 60*85 % Cd. OXALATE AND

( 8 ) 70*05 % Cd OXALATE .



FIG. 4-E - DT A OF (9) 80*70 % Cd OXALATE AND

(10) 100 % Cd OXALATE •
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TABLE-VII

DIFFERENTIAL THERMAL ANALYSIS OF Ni-Cd 
oxalate system (endothermic DEHYDRATION CURVES)

Composi- 
tion % 

of Cd
Weight
of
sample 
gms.

Peak 
Temp.
T cCmax

Area under
curve per

„ 2 gm Cin

Heat of Dehydr­
ation AH
K . cal /mole

(AH Nic„c / . 2h,C
<L ■4 c..

+ Ah cd
= AH ocser/cc

00.00 0.179 230 24.14 160.901

12 .16 0.237 240 17.30 11G.721 -r .50 . o 1 4

23.82 0.213 235 17.8 4 114.184 TOO.390

3 2.06 0.266 230 17.39 110.683 -01.367

42.33 0.232 215 15.08 96.667 -03.766

52.32 0.201 2 20 18.41 117.819 -41.102

60.85 0.205 215 -to # *-■ 4 i; d r:. c*D —i 0 "a — U / « J / J

7 0 .0 5 0 . _o 1 200 16.92 108.264 —■ CD i -i

80.70 0.207 ISO 6,52 41.7 44 -10.593

100.00 0.230 tm



TABLE-VIII

DIFFERENTIAL THERMAL ANALYSIS OF Ni-Cd OXALATE
SYSTEM (EXOTHERMI C DECOMPOSJTION CURVES)

Composi­
tion % 
of Gd

Weight
of
sample
gms

Peak TemperatureT omax C
Area 
ti nde r 
curve
On2/
gm

Heat of 
Decomposi­
tion
AH K.cal/ 
mole

(AH NiC„0.ii 4
2H O+AH
CdC,.G ) - 2 4
AH obser­
ved

1st peak 2nd peak

00.00 0.179 •25 365 25.42 162.693 Ml

12.16 0.237 340 375 13.92 89.119 66.310

23.82 0.213 340 - 15.02 96.154 52.311

32,06 0.266 3 45 380 16.73 107.073 36.471

42.33 0.23 2 340 385 18.97 121.384 16 , '31

52.32 0.201 340 380 10.95 70 .05 3 61.533

60.85 0.205 335 - 15.61 99.90.. 26,4 43

70.05 0.201 335 - 10.45 66 £65 53.937

80.70 0.207 330 - 10.46 98.9 44 15.547

100.00 0.230 375 *• 16 ,09 10 2.96 4 am
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cadmium oxalate does not show a peak for dehydration confirming 

that it did not contain water of crystallization and this is 

consistent with TG results. It also shows one exothermic peak 

for decomposition at temperature 375°C (Fig. 4-£) .

The range of decomposition for cadmium oxalate is from 

310° to 400°C and for nickel Oxalate from 295°C to 340°C, The 

dehydration range for nickel oxalate is from 155°C to 285°C,

The corresponding dehydration step in the TG for nickel oxalate 

is 1B0°C to 255°C and for decomposition 30O°C to 340°C. The 

decomposition of cadmium oxalate takes place in the temperature 

range 280°C and 390°C in TG.

In case of co-precipitated nickel.cadmium oxalates, it was 

observed that there is one endothermic peak for dehydration, 

one exothermic oealc for decomposition. Second exothermic peak 

is also observed for pure nickel oxalate and co-precipitated 

oxalates having 12,16, 32.06, 42.33 and 52.32 per cent Cd.

The results are given in Figs. 4-A, 4.3, 4-0, 4-D, 4-2.

For dehydration it was observed that peak temperature

(T ) of these oxalates, at beginning uoto 12.16 or cent Cd •max
and then decreases slowly unto 42.33 per cent Cd. It then 

increases for 52.32 per cent cd. And after that decreases 

slowly up to 80.70 per cent Cd (Fig. 6-a) .

In case of first peak for decomposition at the beginning 

T Increases sharply upto 12.16 per cent Cd, remains



.5 — D T A OF ( 6 ) 52-32 % Cd OXALATE AND

fit) PHYSICAL MIXTURE -
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constant for 23.82 per cent Cd. Then increases for 32.jo per 
cent Cd, Again decreased for 42.33 per cent Cd, remains constant 
for 52,32 oer cent Cd. Then decreased and remains constant for 
60.85 per cent and 70.05 per cent Cd. Then decreased for <.iO-"7 • per 
cent Cd. And sharply increases for 100 per cent Cd (Fig. 6-R) .

In case of second peak for decomposition T increases
udto 12.16 per cent Cd. It is absent for 23,82 per cent Cd, And 
for 3„.06, 42.33 and 50.32 per cent Cd it remains almost constant. 
For the remaining compositions (60.85, 70.05, 80.07 per cent Cd 
and pure Cd) second peak for decomposition is absent (Fig. 6-C) .

The DTA of pnysically mixed (50:5o) nickel-cadmium oxalate 
was carried out. It was observed that there is one peak for 
dehydration and two distinct exothermic peaks for decomposition 
step, first exothermic peak corresponding to nickel oxai-te 
decomposition and cadmium oxalate decomposition, and second 
with only cadmium oxalate decomposition. The DTA of this physica­
lly mixed oxalate and co-preeioitated mixed (5 2,-2 per cent Cd) 
oxalate have been shown in Fig. 5.

The heat of decomposition for Ni-Cd oxalates is calculated 
using the equation

T3
ah = ;r / e.dt

Ti
T 2/ ‘ • .dT is area under the curve and instrument

1
whe re
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DECOMPOSITION (IInd STEP) OF Ni-Cd OXALATES.
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constant, is evaluated experimentally using silver nitrate as 
standard material.

The peak temperature (T m ) , are ; under the curve and«* ITiciX

heat of dehydration and decomposition {AH) are summarized in 
Tables VI, VII and VIII.

The dehydration peak temperature versus composition of 
cadmium is shown in Fig. 6-A, whereas the decomposition peak 
temperatures (corresponding to 1st and 2nd peaks) versus 
composition of cadmium are shown in Figs. 6-B and 6-C.

The results of heat of dehydration and heat of decompose, 
tion are plotted against per cent composition of cadmium and is 
shown in Fig, 6, Similarly, the results of (Ah NiC^O^,

2H2Q + AH CdC^O^)-AH observed are plotted 
composition of cadmium and is shown in Fi

against oer
g. 3.

cent

DISCUSSION

Single peak in the DTA curves for decomposition supports 
the homogeneous phase in the co-precioitated nickel-cadmium 
oxalates. Rut as can be seen foam Figs. 6. A, 6-3. 6-C, 7 and 8 
the peak temperatures as well as heat of reaction AH, loes not 
have any linear relationship with the composition; the formation 
of a compound with definite composition is not indicated, Trus 
view is supported oy trie thermo gravimetric analysis of these 
compounds and interplaner soacings (d-values) given in Chapter-IV,
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31Ya„, , Ugai has given the ranges for exothermic peaks 
of nickel oxalate dihydrate as 275°-295°C tor first peak ana 
400°-405°C for second peak. In our results corresponding ranges 
for decomposition of these two peaks are 295°-340°C ana 340U-395°C 
respectivelv. The difference can be attributed to UTA apparatus 
and exoerimental conditions.

We have observed a exothermic ; eak for CdCjO^ decorac sition 
The range is 310°-400°C.

In case of nickel oxalate dihydrate we have observed an 
endothermic peak for dehydration ranging from 155°-285°C. But 
in case of cadmium oxalate we have not observed any peak for 
dehydration, indicating that it did not contain: water of 
crystal fixation and this is supported by TGA results,

In case of dehydration peaks for ni ck el - c admium oxalates 
(Fig.8) generally the heat of reaction AH decreases. Initially 
it decreased as the percentage of Cd increases upto 12.15 per 
cent Cd. Then, it alternatively increased and decreased. The 
value of AH for mixed oxalates is below the sum of individual 
components in the c.ase of dehydration.

In case of decomposition step pure nickel oxalate shows 
maximum ■/ alue of AH. Initially AH decreased raoidly up to 12.16 
per cent Cd, Then it slowly increased upto 42.33 per cent Cd.
Then it raoidly decreased for 52.>2 per cent Cd. Again it
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increased for 60,35 per cent Cd and decteaaed for 70.05 oer cent 
Cd. Tnen it increased. The value of AH for mixed oxalafes is 
below the sum of individual components in the case o; decomposition 
peaks. This indicates that co-precioitated nickel-cadmium 
oxalates are not physical mixtures but there is a close associa­
tion of the two components suggesting a homogeneous phase (or 
mixed crystals) .

ME*


