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ABSTRACT 

Physicochemical characterization of the thermal decomposition products of M&,0,. 
2 H,O, CaC,O,. H,O or BaC,O,.OS H,O have been performed with the help of DTA. TGA, 
IRA and XRD analyses. Mechanisms for the solid-state decomposition reactions as well as 

corresponding activation energy values calculated according to a thermogravimetric method 
have been reported. 

INTRODUCTION 

As a matter of fact, it is relatively easy to produce inorganic solids of a 
particular composition but reactive-solid precursors must yield a product 
that not only has the correct composition but also possesses the proper 
physical attributes [l]. Thermal activation of simple reactive-solid precursors 
proceeds through decomposition solid-state reactions, viz. P, = R, + Xg. In 
this context, it can be inferred that topochemical processes may play the 
dominant role [2]. Such processes may lead to reactions in which the 
morphology of the product is a result of the existence of special fast 
transport paths (viz. surfaces, pores, grain boundaries and the surrounding 
gas atmosphere [3]). Hence, thermal decomposition normally leaves an oxide 
or metal which possesses pores, lattice imperfections and other characteris- 
tics that are necessary for its function as a reactive solid. 

The present investigation concerns the thermal decomposition and text- 
ural consequences of some alkaline earth oxalates, viz. MgC,O, a2 H,O, 
CaC,O, - H,O and BaC,O, - 0.5 H,O. They are economical reactive-oxide 
precursors (MgO, CaO, and BaO respectively [4]). This first part of this 
study, however, is confined to demonstrating and discussing results of 
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physicochemical characterisation of the products obtained throughout the 
course of the thermal decomposition. 

EXPERIMENTAL 

The aimed physicochemical characterisation of the thermal decomposition 
products of the oxalates concerned (high-purity Merck products) was per- 
formed with the help of differential thermal (DTA), thermogravimetric 
(TGA), X-ray diffraction (XRD), and infrared absorption (IRA) analyses. 
The apparatus used and techniques adopted are reported in detail earlier [5]. 

The effect of the rate of heating (5, 10, 20, 30 or 509C mm-‘) on the 
decomposition of the oxalates was investigated with the intention to calcu- 
late the activation energy values for each of the individual steps involved 
throughout the overall process according to the thermogravimetric method 
proposed by Ozawa [6]. 

RESULTS AND DISCUSSION 

Results of the present investigation are graphically represented in Figs. 
l-5. and partly given in Table 1. Figures 1 and 2 demonstrate TG and DTA 
curves automatically recorded over the range from room temperature (RT) 
up to 1300 OC, at a heating rate of 20°C min-‘, and in a dynamic 
atmosphere of air (15 ml min-‘). Figure 3 shows XRD patterns calculated 
from corresponding powder diagrams. On the other hand, Figs. 4 and 5 
display IR absorption spectra recorded over the range 4000-200 cm-’ at a 
resolution of 2.3 cm- ‘. Table 1 gives the activation energy values (kcal 
mol - ’ ) calculated for the corresponding solid-state processes. 

The TG curve given in Fig. 1C shows that the parent oxalate loses weight 
on heating in three steps. The first (llO-15OOC) accounts for a very mild 
loss of ca. 1.5%. It is simultaneously accompanied by a very weak endother- 
mic effect at 140°C (Fig. 2C). The IR spectrum given (Fig. 4) for the 
parent-oxalate calcination product at 200 “C (for 3 h) shows a marked 
weakening of the absorptions at 2300, 680, 370 and 270 cm-‘. The low 
frequency absorptions (680-270 cm-‘) are usually assigned for vapour-like 
water molecules’ vibrations [7], whereas the absorption at 2300 cm-’ is most 
likely to be a combination of the absorptions at 1620 and 680 cm-‘. 
Consequently, this early weight-loss step is related to the elimination of 
loosely bound (physically adsorbed) water. 

The second step (160-220 O C) has ,been ascribed by Mourad and Nashed 



31 

0 
I 

200 

I I I I I 
LOO 600 800 1000 1200 

Temperature ( OC) 

Fig. 1. TG curves for BaC,O,-0.5 H,O (A), CaC,O,.H,O (B), and MgC,O,.2 H,O (C). 
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Fig. 2. DTA curves for BaC,O.,+OS H,O (A), CaC,O,.H,O (B), and MgC,O,.2 H,O (C). 
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Fig. 3. XRD patterns for the parent materials (a) of (A) BaC,O,.0.5 H,O, (B) CaC,O,.H,O, 
and (C) M&,0,-2 H,O, and their calcination products at 500 (b), 800 (c), and 12OO’C (d) 
for 3 h. 

TABLE 1 

Solid-state processes involved in the overall decomposition of the alkaline earth oxalates 
concerned, and corresponding activation energy values calculated 

Solid-state process Tempera- A E 
ture a (kcal 

(“C) mol-‘) 

MgC,O, .2 H,O 
MgC,O,.2 H,O + M&O, +2 H,O 160-220 16.9 

4 MgC,O, +4 H,O+OS 0, + Mg,(CO,),(OH),-3 H,0+4 CO 

Mg,(CO,),(OH),.3 H,O + Mg,CO,(OH),.3 H,0+2 MgO 370-500 58.2 

+3 co,+05 0, 
Mg,CO,(OH),.3 H,O + 2 MgO+4 H,O+CO 

CaC,O, ’ H,O 
CaC,O,-H,O + CaC,O., + H,O 
CaC,O, -+ CaCOJ + CO 
CaCO, + CaO + CO, 

BaC,O, .0.5 H,O 
BaC,O,.0.5 H,O + BaC,04 +0.5 H,O 
BaC,O, + cY-BaC,O, + CO 
cY-BaCO, + /3-BaCO, 
&BaCO, + y-BaCO, 
y-BaCO, + 0.5 O,d BaO, + CO2 

’ Range at which the process occurs. 

150-210 13.2 
360-430 54.2 
570-820 59.5 

150-200 10.2 
390-490 58.2 
750-850 
920-970 

1020-1200 62.0 
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Fig. 4. IR spectra for the parent MgC,O,.2 H,O (RT) and its 
at the temperatures indicated for 3 h. 

calcination products obtained 

[S] to the loss of the two molecules of crystallisation water. However, the way 
in which the step is graphically represented (Fig. 1C) shows that a continu- 
ous water loss occurs up to the take-over of the third step commencing at 
370 O C. Relevant IR evidences can be easily reached on realizing the changes 
brought about by the spectrum of the calcination product at 350 O C (Fig. 4). 
The band structure exhibited is solely composed of absorptions normally 
assigned for different modes of inorganic oxalates’ vibrations [9]. This, in 
turn, indicates a more or less complete disappearance of the absorptions at 
3700-2900 and 700-400 cm-’ due to removal of crystallisation water [lo]. 
In fact, water molecules have absorptions in the low-frequency region ( G 700 
cm-‘), which arise from external motions, and torsional oscillations due to 
lattice effects are a reasonable cause [7]. Nevertheless, XRD patterns ob- 
tained for the calcination products at 200 or 340°C reproduced the pattern 
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Fig. 5. IR spectra for parent (RT) and calcination products of (A) BaC,O,.0.5 H,O, and (B) 
CaC,O,.H,O, obtained at the temperatures indicated for 3 h. 
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shown for the hydrated parent oxalate. The concluded remarkable sensitivity 
of anhydrous magnesium oxalate for rehydration is strongly supported by 
kinetic results reported by Mourad and Nashed [8]. Accordingly [11.12] one 
may plausibly suggest that once the dehydration interface breaks through the 
interior of the material grains, the generated surface coordinatively un- 
saturated sites would dissociatively take up water molecules from those being 
driven off the bulk. The slow dehydration represented by the sloping plateau 
(220-360 O C) must, therefore, have occurred via a condensation-type process 
at the expense of surface hydroxyls. 

The third weight-loss step commences at ca. 370 O C and ends at ca. 500 O C 
(Fig. 1C). The IR band structure exhibited (Fig. 4) for the 430°C calcination 
product is composed of characteristic absorptions for both basic carbonate 
(at 3700-2900, 1600-1300, 1200-1100, 875 and 700-400 cm-’ [IO]) and 
oxalate. The observed corresponding XRD pattern confirmed the existence 
of hydromagnesite, Mg,(CO,),(OH), . 3 H,O (ASTM-card No. 8-179). as a 
major fraction and oxalate as a minor one. 

On the other hand, the IR band structure exhibited (Fig. 4) for the 
calcination product at 500 O C conveys strong evidences for the lattice vibra- 
tions of MgO (vs absorption below 100 cm-’ [lo]), free OH- (s.sp absorp- 
tion at 3700 cm-‘), and CO:- (vs,b absorption at 1700-1200, 1070 and the 
doublet at 875 and 855 cm-‘). The relevant XRD pattern given for that 
calcination product (Fig. 3C) confirms the existence of highly dispersed 
MgO, as a major fraction, and traces of artinite, Mg,CO,(OH), . 3 H,O 
(ASTM-card No. 6-0484). Therefore, the strong absorptions due to OH- 
and COf- are consistent rather with surface species on MgO [13] than with 
bulk phases. Accordingly, the sloping plateau of the TG surve (Fig. lC), at 
500-800 O C, represents a slow simultaneous dehydration and decarbonation 
of relevant surface structures. On the other hand, the XRD patterns given 
(Fig. 3C) for products obtained at calcination temperatures >, 800°C show 
no indications for any other bulk phases rather than MgO (ASTM-card No. 
4-0829). The corresponding IR spectra (Fig. 4) display bands for surface 
species containing OH- and/or CO:-, though in small proportions, even 
after calcination at a temperature as high as 1200 O C. The strong exothermic 
effect located at 500 O C, as shown by the corresponding DT curve (Fig. 2C), 
is, therefore, associated rather with crystallisation of bulk MgO phase than 
of bulk carbonates [14]. 

The foregoing results suggest that the hydromagnesite, which is formed at 
the expense of the oxalate phase, decomposes giving MgO via the inter- 
mediate artinite. These transformations are conclusively formulated in the 
solid-state decomposition reactions compiled in Table 1. Corresponding 
activation energy values are also given in Table 1. It is worth mentioning 
that, based on the analysis of gaseous products, Rao and Ghandhe [15] 
detected the existence of CO and/or CO, at decomposition temperatures 
very compatible with the present results. 
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CaC,O, * H,O 

The TG curve given in Fig. 1B shows that CaC,O, . H,O loses weight 
along three steps. The first step commences (ca. 150 ‘C) where the elimina- 
tion of physically adsorbed water is in progress (llO-170°C). This is 
reflected in a simultaneous composite endothermic effect (Fig. 2B) at 
125-220 OC. Though the rate slows down remarkably at ca. 210 OC, the loss 
accompanied continues mildly until the commencement of the second step, 
at 360°C. The total weight loss then inccurred amounts to 13.4%. According 
to results compiled elsewhere [16], the first step can be ascribed to the loss of 
the crystallisation water (12.3%). Consistent IR evidences are undoubtedly 
shown in the spectrum given (Fig. 5B) for the 2OO’C calcination product. 
The characteristic absorptions displayed therein are solely due to different 
modes of anhydrous calcium oxalate vibrations [9]. Furthermore, the IR 
spectrum obtained for a calcination product at 350 ‘C, maintained the band 
structure of the anhydrous phase. The XRD pattern of this calcination 
product (350°C) showed that CaC,O, is much less sensitive for rehydration 
as compared to MgC,04. 

The second step commencing at 360 ‘C indicates that a weight loss of 
21.5% is achieved _at 430 ‘C. The product left shows a considerable thermal 
stability up to 570 “C. According to results compiled elsewhere [16], the 
strong exothermic effect, which interrupts (at 440 ‘C) the endothermic effect 
commencing at 360 ‘C could be ascribed to the transformation of 
“amorphous” to crystalline calcium carbonate. The XRD pattern given (Fig. 
3B) for the calcination product obtained at 500 ‘C confirms the existence of 
bulk CaCO,, as a sole product, crystallised in a calcite modification 
(ASTM-card No. 5-0453). Indeed, the absence of an IR absorption due to 
the symmetric stretch (Y,), which usually occurs in the 1120-1040 cm-’ 
region [lo], of carbonates in the spectrum given (Fig. 5B) for this calcination 
product could, in terms of symmetry considerations [17], lend a further 
support for the calcite modification. 

The third weight-loss step at 570-820°C (Fig. 1B) and the simultaneous 
endothermic effect at 800 O C (Fig. 2B) were ascribed to the decomposition of 
CaCO, leading to the formation of CaO [16]. In fact the weight loss recorded 
at 820°C (43.5%) agrees favourably with that anticipated for such a decom- 
position process (44.0%). On the other hand, the XRD patterns given (Fig. 
3B) for the calcination products obtained at > 800 O C indicate the formation 
of bulk CaO (ASTM-card No. 4-0777) either as a dominant phase at 800°C 
or as a sole phase at 1200 ‘C. Therefore, the IR absorptions usually assigned 
for free OH- (at 3640 cm-‘) and CO:- (at 2500, 1795, 1600-1300, 870 and 
710 cm-‘). shown in the 
product at 800 O C, are most 
[ 18,191. Very much smaller 
obtained at 12OO’C. 

spectrum given (Fig. 5B) for the calcination 
probably due to relevant surface species on CaO 
proportions of such species are shown on CaO 
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Table 1 compiles reaction equations suggested for the transformations 
involved throughout the course of the decomposition of the parent oxalate, 
together with corresponding activation energy values. 

BaC,O, - 0.5 H,O 

The IR spectrum given (Fig. 5A) for the parent-oxalate calcined at 200 o C 
declares a more or less complete pull out of the bands due to absorptions of 
different modes of both crystallisation and physisorbed water vibrations. In 
turn, this indicates that the first weight-loss step (110-200 O C) shown in the 
corresponding TG curve (Fig. 1A) leads to the formation of anhydrous 
BaC,O,. The XRD results indicated that anhydrous BaC,O, has the least 
sensitivity for rehydration among the oxalates investigated in the present 
work. 

On increasing the calcination temperature of the parent oxalate to 500 O C, 
i.e., just beyond the range at which the second weight-loss step occurs 
(390-490 “C), the product left has given rise to the characteristic IR bands 
of BaCO, [20]. The corresponding XRD pattern (Fig. 3A) confirms that this 
calcination product is solely composed out of bulk BaCO, of the aragonite- 
type of structure (a-phase; ASTM-card No. 5-0378). The absorption due to 
y1 shown in the corresponding IR spectrum at 1060 cm-’ is further evidence 
for the aragonite structure [lo]. The strong exothermic effect at 500°C (Fig. 
2A) is, therefore, associated with the crystallisation of such a phase [21]. The 
TG curve shows that BaCO, thus obtained is thermally stable up to 1000 ‘C. 
This result was kinetically confirmed in an earlier investigation of the 
decomposition of BaCO, [22]. 

The endothermic effect at 810 ‘C (Fig. 2A), however, is ascribed to an 
(Y + p polymorphic transformation [16]. Indeed, such a transformation can 
be confirmed by the consistent results given by both the IR spectrum (Fig. 
5A) and the XRD pattern (Fig. 3A) obtained for the calcination product at 
800 ‘C. A further p + y polymorphic transformation has been assumed to 
take place just at the vicinity of the third weight-loss step commencing at 
1020 ‘C; the endothermic effect at 950 ‘C is used as a monitor for it [16]. 
The third step and the simultaneous endothermic effect at 112OOC are 
ascribed to the decomposition of BaCO, leading to the formation of BaO at 
12OOOC. However, the XRD pattern given (Fig. 3A) for the calcination 
product at 12OOOC does not match that of BaO (ASTM-card No. l-0746). It 
was indicated [23] that the strong IR absorptions shown in the spectrum of 
this calcination product, at 1000-800 and 550-450 cm-‘, are, respectively, 
due to symmetric stretches (vi) and torsional oscillations (v,) of O:- species. 
Therefore, the formation of BaO, may be presumed at this stage. The higher 
heat of formation reported [24] for BaO, (635.9 x lop6 J kg-’ mol-‘) as 
compared to that for BaO (553.1 X lop6 J kg-’ mol-‘) may lend a thermo- 
dynamic support for such a presumption. 
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