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THERMAL INVESTIGATIONS OF THE CALCIUM SALTS
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N. RAY CHAUDHURI, S. MITRA and G. K. PATHAK

Department of Inorganic Chemistry, Indian Association for the Cultivation of Science, Calcutta
700032, India

(Received August 8, 1977; in revised form September 19, 1978)

Calcium salts of acetic and mono, di and trichloroacetic acids were investigated
with respect to their dehydration and decarboxylation, using a derivatograph. A phase
transition was noticed only in the case of calcium acetate. Effects of crucible and di-
luent on the thermal behaviour of the above salts were also studied. The decomposi-
tion products were investigated qualitatively, and from these gaseous products and
also from the residue after pyrolysis the probable mechanisms of decompositions have
been suggested. Activation energies for the decarboxylation processes were evaluated
from the TG curves.

Thermal decompositions of the metal salts of monocarboxylic acids have been
carried out by several workers [I —11]. Most of the studies were confined to the
pyrolysis of the salts. Synthesis of symmetrical aliphatic ketones from the pyrolysis
of metal salts of simple aliphatic acids is well known. However, it appears from
the pyrolysis that various compounds, simple or complex, are generated along
with the ketones. In our earlier work [12] on the decomposition of calcium pro-
pionate monohydrate we observed decarboxylation to take place in multiple
steps when a ceramic crucible was used. In view of the possibility of synthesizing
simple ketones, the present paper reports the pyrolysis of calcium acetate by
derivatograph with variation of the crucible and with or without diluent. Attempts
have also been made with calcium propionate to see whether this pyrolysis is
dependent on the nature of the crucible used with or without diluent. This paper
also reports whether the decarboxylation phenomena of the calcium salts of mono,
di and trichloroacetic acids take place like those of simple acid salts via the for-
mation of metal carbonate and ketone besides other possible products. Thermal
stabilities, temperature ranges of decomposition and activation energies are also
reported. The probable mechanisms of decarboxylation have been derived from
chemical analysis of the gaseous products and the residue after pyrolysis in the
cases of the chloroacetates.
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Experimental

Salts were prepared adopting standard procedures. Purities of the samples
were confirmed by elemental analysis. A Paulik - Paulik — Erdey type MOM
derivatograph was used for simultaneous thermogravimetry, derivative thermo-
gravimetry and differential thermal analysis in dynamic air. The particle size of
the sample and alumina preheated to 1400° used as diluent was within 150—200
mesh. Ceramic and platinum crucibles were used, and the heating rate was main-
tained at 2.5° min~'. The diluent used was four times the weight of the sample.

The derivatograph we employed has no device for gas detection. As a result
we pyrolyzed the salts separately in a quartz boat in dynamic air and detected
the gaseous products by chemical tests [13].

Results

Thermal curves of calcium acetate monohydrate in a ceramic crucible with and
without diluent are shown in Fig. 1, and those in a platinum crucible in Fig. 2.
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Fig. 1. Thermal curves for Ca(CH;C0OO),.H,O

Notation Wt. taken in mg Crucible Diluent
- - — 300 Ceramic Nil
N 115 Ceramic Alumina
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Fig. 2. Thermal curves for Ca(CH;COO),.H,O

Notation Wt. taken in mg Crucible Diluent
_— - 324 Platinum Nil
220 Platinum Alumina

Calcium acetate monohydrate becomes anhydrous upon heating in a ceramic
crucible, first passing through an unstable hemihydrate and then a stable
(CH,C00),Ca.0.25 H,0, as observed from its TG curve. The DTG curve shows
two overlapping peaks for the formation of the two intermediate hydrates, and
a peak for the dehydration of (CH,COO0),Ca.0.25 H,O to anhydrous salt, but
the corresponding DTA curve shows a shoulder followed by a peak for the above
two intermediate hydrates, and a peak followed by a shoulder for the dehydration
of (CH,C0O0),Ca.0.25 H,0. If diluent is used in a ceramic crucible, the existence
of the hemihydrate is not observed in the thermal curves, and the dehydration
(CH;C00),Ca.0.25 H,O takes place in a single step as observed from the TG
and DTG curves, but its DTA curve shows two overlapping peaks. On the other
hand, upon heating in a platinum crucible, the monohydrate becomes anhydrous
via unstable (CH,C00),Ca.0.25 H,0. The corresponding DTA and DTG curves
show two overlapping peaks, whereas on heating in a platinum crucible with
alumina, the monohydrate becomes anhydrous by first passing through an
unstable hemihydrate and then Ca(CH,C00),.0.25 H,O. The anhydrous salt
undergoes a phase transition. It appears from the DTA curve that the phase
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transition is prominent in a platinum crucible without diluent. The decomposition
of the anhydrous salt takes place in a single step when the pyrolysis is carried out
in a ceramic crucible with diluent. Upon heating of the salt in a platinum crucible
with alumina, the TG curve shows single-step decarboxylation, but its DTA and
DTG curves show the decarboxylation to take place in more than one step. In
contrast, in a platinum or ceramic crucible without diluent, the TG curve of the
salt shows decarboxylation to take place in more than one step.

Thermal curves of calcium propionate monohydrate in a ceramic crucible with
alumina and in a platinum crucible without alumina are shown in Fig. 3. Single-
step dehydration and phase transition before decarboxylation are observed in
both cases. As observed from the TG curve the process of decarboxylation occurs
in a single step, but in a ceramic crucible with alumina the DTA curve shows two
peaks, whereas in a platinum crucible without alumina the DTA curve shows
a number of peaks. In the case of a ceramic crucible with alumina, the DTG curve
shows a peak followed by a hump, whereas in a platinum crucible first a hump is
observed, followed by a peak. Thermal curves of calcium propionate monohydrate
in a platinum crucible with or without alumina are similar.

Thermal curves of calcium monochloroacetate monohydrate in a platinum
crucible with diluent are shown in Fig. 3. Dehydration occurs in a single step.
After dehydration, the rate of weight loss is very small up to 225° and then
increases rapidly. The decomposition takes place in multiple overlapping steps.
The corresponding DTA curve shows two endothermic peaks for the decompo-
sition process where the rate of weight loss is very small, and an endotherm fol-
lowed by two exotherms for the latter part of the decomposition. The residue
after pyrolysis contains calcium oxide, calcium chloride and traces of carbon,
while the gaseous products are CO, COCl,, CICH,COOH and CH;COOH. The
pattern of dehydration and decarboxylation of the salt and the products after
pyrolysis remain the same even if a ceramic crucible is used with diluent. Attempts
to carry out the pyrolysis in crucibles without diluent failed due to the tendency
of the salt to undergo overswelling.

Thermal curves of calcium dichloroacetate monohydrate in a ceramic crucible
with or without diluent are shown in Fig. 4, and those in a platinum crucible in
Fig. 5. Thermal curves for calcium dichloroacetate monohydrate using a ceramic
crucible with or without diluent show the dehydration to take place in a single
step. If the dehydration is performed in a platinum crucible with diluent, a single
step is observed in the TG curve, whereas its DTA and DTG curves show two
overlapping peaks. On the other hand, on pyrolysis in a platinum crucible without
diluent, the TG curve shows single-step dehydration. However, its DTA curve
shows three overlapping peaks, while the DTG curve is broad. The anhydrous
salt undergoes decomposition first to calcium chloride, calcium oxide and traces
of carbon, and then to calcium chloride and calcium oxide on further heating.
When a ceramic crucible is used without alumina, the TG and DTG curves show
the decomposition to take place in a single step, but its DTA curve shows an
endotherm followed by an exotherm. If diluent is used the patterns of the TG
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Fig. 3. Thermal curves for Ca(C,H;C00),.H,O
Notation Wt. taken in mg Crucible Diluent
—_—— = 125 Ceramic Alumina
- 200 Platinum Nil
Thermal curves for Ca(CH,CICOQ),.H,0
Notation Wt. taken in mg Crucible Diluent
150 Platinum Alumina

and DTG curves remain unaltered, whereas its DTA shows an exotherm just after
dehydration and an endotherm for decomposition. With a platinum crucible and
diluent, the decomposition takes place in a single step as observed from its TG
and DTG curves, but its DTA curve shows an exotherm followed by an endotherm
for the decomposition. With a platinum crucible without diluent, single-step
decomposition is observed from its TG and DTG curves, but its DTA curve
shows two endothermic peaks followed by several exothermic peaks. The product
after decarboxylation on further heating does not contain any carbon particles.
For this process of carbon elimination one sharp exotherm is noticed in the DTA
curve. The gaseous products CO, COCIl, and ClL,CHCOOH are detected during
pyrolysis.

Thermal curves of calcium trichloroacetate trihydrate in a ceramic crucible with
or without diluent are shown in Fig. 6 and those in a platinum crucible in Fig. 7,
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Upon heating in a ceramic crucible, calcium trichloroacetate trihydrate becomes
anhydrous in a single step. The dehydration pattern appears to be the same when
alumina is used in a ceramic crucible, whereas dehydration in a platinum crucible
with alumina takes place in two steps, passing through the monohydrate. On the
other hand, the existence of an intermediate hydrate is indicated from the DTA
and DTG curves when dehydration is carried out in a platinum crucible without
alumina, though its TG curve shows single-step dehydration. The anhydrous salt
decomposes to calcium chloride. The TG and DTG curves show decomposition
to take place in more than one overlapping step when a ceramic crucible is used.
The corresponding DTA curve shows an endotherm followed by two exothermic
peaks. In a ceramic crucible with diluent, the decomposition is also found to take
place in overlapping multiple steps as observed from its TG and DTG curves and
also from two endothermic peaks followed by an exothermic peak in the DTA
curve. On the other hand, when the decarboxylation is carried out in a platinum
crucible with alumina, one endothermic peak followed by an exothermic peak is
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Fig. 4. Thermal curves for Ca(CHCl1,COO),.H,0O

Notation Wit. taken in mg Crucible Diluent
—_——— 200 Ceramic Nil
- .= 100 Ceramic Alumina
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Fig. 5. Thermal curves for Ca(CHCLCOO), H,0

Notation Wt. taken in mg Crucible Diluent
- — = 500 Platinum Nil
R 200 Platinum Alumina

observed as soon as the dehydration ceases. Decomposition in a platinum crucible
without alumina is found to take place in multiple overlapping steps. The gaseous
products HCI, CO, COCl,, CCL,COCl and CIL,CCOOH are detected during
pyrolysis.

Temperature ranges and DTG peak temperatures for the dehydration and
decarboxylation processes are given in Table 1. Activation energies for the decom-
position processes are evaluated from analysis of the TG curves using Freeman
and Carroll’s equation [14] and the values are tabulated in Table 1.

Discussion

We find a difference in the pattern of dehydration of calcium acetate mono-
hydrate from that we reported for calcium propionate monohydrate, where the
dehydration takes place in a single step when a ceramic crucible is used. The pattern
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Fig. 6. Thermal curves for Ca(Cl;C0OO0),.3 H,O

Notation Wt. taken in mg Crucible Diluent
—_—— = 600 Ceramic Nil
— .= 100 Ceramic Alumina

of dehydration of calcium propionate monohydrate remains unaltered when
a ceramic or platinum crucible is used with or without diluent. A similar phenom-
enon is also noticed in the case of calcium monochloroacetate monohydrate.
On the other hand, the mode of dehydration of both dichloro and trichloroacetates
is affected by a change in the crucible. With respect to the pattern of dehydration,
a diluent effect is not observed for either of the salt hydrates when a ceramic cru-
cible is used. However, this effect is noticed with a platinum orucible. In the case
of calcium acetate monohydrate, the pattern of dehydration changes with varia-
tion of the crucible with or without diluent. We reported the phase transition of
anhydrous calcium propionate. A similar transition is observed in the case of
anhydrous calcium acetate. However, the DTA peak area for this transition is
very small, even when maximum DTA sensitivity is employed. Judd et al. [5]
carried out the thermal decomposition of calcium acetate. They did not report
such a transition of the anhydrous salt as observed by us. The phase transition
of anhydrous calcium acetate is reversible, as that for calcium propionate [12].
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Fig. 7. Thermal curves for Ca(Cl,C0O0),.3 H,O
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We reported the decarboxylation of calcium propionate in a ceramic crucible,
where it takes place in multiple steps, and suggested the free radical mechanism
of Hites [15]. It is observed that the nature of the DTA curve for decarboxylation
remains the same when diluent is used in a ceramic crucible (Fig. 3). This is also
observed in a platinum crucible with or without diluent (Fig. 3). However, it is
noticed that on exchange of the ceramic crucible for platinum, the number of
DTA peaks increases, indicating that the decarboxylation takes place in a more
complex fashion (Fig. 3). Such an observation is not prominent in the decarboxy-
lation of other salts. We could not restrict the formation of possible products
other than the symmetrical diethyl ketone. However, in the case of calcium
acetate we get acetone alone only when the decarboxylation is carried out in
a ceramic crucible with alumina. Here, we think that alumina is acting as a catalyst
in a ceramic crucible, which restricts the formation of other possible intermediate
products as in the mechanism proposed by Hites [12, 15].
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The expected decomposition of calcium monochloroacetate is via the ketone
as for simple acid salts, but in practice we could not detect symmetrical halo-
ketones from the gaseous products during pyrolysis, We obtained CaQ, CaCl,
and traces of carbon, but Malihovoski et al. [10] reported the presence of calcium
chloride and calcium carbonate in the residue after pyrolysis of calcium mono-
chloroacetate, and also reported the existence of HCI, PhOH, CO, CO,, MeClI,
C,H, and HOCH,COOH in the gaseous products. The mechanism cited by them
is through the formation of metal oxide and acid anhydride. However, this
mechanism cannot predict the formation of calcium chloride reported by them.
Hence, the possible mechanisms of decomposition may be as follows:

(I) Ca(CH,CICOO), - CaCl, + CH,COOH + 2 CO
(I) Ca(CH,CICOO0), » CaO + (CH,CICO),0
(CICH,C0),0 H:°_ CICH,COOH
(CICH,CO0),0 - COCl, + CH,COOH + C

If the decomposition occurs through the proposed pathway I, the formation
of calcium oxide, carbon, phosgene and monochloroacetic acid cannot be justified.
We think that the decomposition follows both pathways simultaneously, though
we could not confirm the liberation of the anhydride.

We propose the following mechanisms for the decomposition of calcium
dichloroacetate :

() Ca(Cl,CHCOO), - CaCl, + Cl,CHCOOH + 2 CO
(IT) Ca(Cl,CHCOO), - CaO + (Cl,CHCOO0),0
(Cl,CHCO00),0 — Cl,CHCOOH + COCl, + C

Here also, as the product after pyrolysis contains mostly CaCl,, it is suggested
that the decomposition is favoured by pathway I while the presence of COCl,,
Cl,CHCOOH and carbon supports the fact that the decomposition takes place
by pathway II, although the formation of the anhydride could not be confirmed.

In the case of the trichloroacetate, we obtained only CaCl, in the residue after
pyrolysis, just like Malihovoski et al. [10], with the gaseous products Cl;COCI,
CO and COCl,. Malihovoski et al. reported the formation of (Cl,CCOO),0 and
traces of hexachloroethane in addition to the products detected by us. On repeated
analysis we could not detect the anhydride. We think that the decomposition
occurs through the following mechanisms, where formation of CaCl,, Cl;CCOOH,
Cl,CCOCl, COCly, HCI, CO and C,Clg are justified, though we have failed to
detect the presence of hexachloroethane:

Ca(Cl,CCOO), —» CaCl, + ClLCCOCI + CO + CO,
CL,CCOCI — ClyC" + COCI:

2 CLC: = CyCl,

2 COCI" - COCl, + CO

CL,CCOC! + H,0 - HCI + CL,CCOOH

J. Thermal Anal, 16, 1979



RAY CHAUDHURI et al.: CALCIUM SALTS OF ALIPHATIC FATTY ACIDS 25

In the work of Judd et al. [11] the thermal decomposition of copper salts of
chloroacetic acids carried out in an inert atmosphere. They reported a mechanism
of decomposition of copper dichloroacetate similar to pathway (I) reported by us,
with the simultaneous reduction of CuCl, to CuCl and Cl,, but expressed their
inability to confirm the presence of Cl, or COCI, which could have been formed
by the reaction of Cl, and CO. In the case of copper trichloroacetate, the mecha-
nism suggested by them is almost the same as ours, but here too the possibility
of formation of COCI, is not reported by them. In our case there is no possibility
of generation of Cl, from CaCly; naturally the mechanisms of formation of phos-
gene suggested by us in the cases of the calcium salts of mono, di and trichloro-
acetic acids are justified.

It appears from the Table that the value of the activation energy does not
differ much with the change of the crucible in the decarboxylation process, except
in the case of calcium acetate.

%k
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W=

¥4

Risumi — La déhydratation et la décarboxylation des sels de calcium des acides acétique,
mono, di et trichloroacétique ont été étudices 3 ’aide d’un Derivatograph. Seul I'acétate de
calcium présente une transition de phase. Les effets respectifs du creuset et du diluant sur le
comportement thermique de ces sels ont également été suivis. Les produits de décomposition
ont €t¢é analysés qualitativement, D’aprés la nature des gaz émis et celle des résidus de pyro-
lyse, un mécanisme est proposé pour ces décompositions. Les énergies d’activation des réac-
tions de décarboxylation sont calculées & partir des courbes TG.
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ZUSAMMENFASSUNG — Die Calciumsalze von Essigsdure sowie von Mono-, Di- und Trichlor-
essigsdure wurden mittels eines Derivatographen hinsichtlich ihrer Dehydratisierung und
Decarboxylierung untersucht. Ein Phaseniibergang wurde nur im Falle des Calciumacetats
beobachtet. Der Effekt des Tiegels und des Verdiinners auf das thermische Verhalten obiger
Salze wurde ebenfalls untersucht. Die Zersetzungsprodukte wurden qualitativ gepriift und
aus diesen gasformigen Produkten sowie aus ihren Pyrolyseresten wurde ein wahrscheinlicher
Zersetzungsmechanismus vorgeschlagen. Die Aktivierungsenergien der Decarboxylierungs-
vorgidnge wurden aus den TG-Kurven ermittelt.

Pesrome — C noMOIbio AepuBaTorpada uccleJOBaHbl KAIbIUEBBIE COJIH YKCYCHOM KHCIIOTHI, MO-
HO-, M- 0 TPUXJIOPYKCYCHBIX KACJIOT OTHOCUTENLHO UX AETUNIPATAITHYN H OIeKAPOOKCHIIIPOBAHHS.
®a3oBpIc MEPEXOABI OTMEYCHEI TOJBKO B ClIydae aleTaTa KajbIHd. TakKe HM3YYCHO BIIHSHHE
THUCIIA ¥ pa30aBUTENS HA TEPMHUYESCKOE MMOBEIEHNE HA3BAHHBIX BBILIE COJIei. [IpoayKTEI pasioxe-
HUS UCCIIETOBAHBI KOJTMYECTBEHHO M MCXOAM U3 Ta3000pa3HpIX MPOAYKTOB M OCTATKA HOCIIE ITH-
Pou3a, NPEAIOKEHBI BO3MOXKHBIC MEXaHU3MBI UX pasnoxenust. Mcxonsa u3 TT" KpUBBIX OllEHEHBI
SHEPrUHM AKTHBALMK HPOIECCOB ACKAPOOKCHIIHPOBAHMUSI.
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