STUDIA UNIVERSITATIS BABEŞ-BOLYAI, PHYSICA, SPECIAL ISSUE, 2001

CRINA DAN  ET AL.
Spectroscopical characterisation of precursors for calcium hydroxide synthesis

Spectroscopical characterisation of precursors for calcium hydroxide synthesis
CRINA DAN, ELISABETH-JEANNE POPOVICI, LAURA UNGUR, LIGIA PASCU, CRISTINA CIOCAN and RODICA GRECU
"Raluca Ripan" Institute of Chemistry, 30 Fântânele, 3400-Cluj-Napoca, Romania

ABSTRACT. The present work refers to the preparation and characterisation of calcium carbonate and calcium oxide precursors for the manufacture of high quality calcium hydroxide for dentistry use. Calcium carbonate precursors were prepared from high purity calcium chloride and ammonium carbonate as precipitating agents, by using the simultaneous reagent addition technique. The as-obtained precipitates were maturated, washed and dried and finally converted into CaO-precursors. Chemical and thermal analysis, FTIR and UV-Vis spectroscopy were used to characterise both CaCO3 and CaO precursors. The influence of some synthesis conditions on CaCO3 and CaO precursor quality was illustrated. 
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1. Introduction

High quality calcium hydroxide is largely used in dental compositions 1-3. The present work refers to the preparation and characterisation of CaCO3- and CaO- precursors for the manufacture of calcium hydroxide for dentistry use.

High purity calcium carbonate is usually prepared either by treating Ca(OH)2 solutions or suspensions with CO2 or by adding ammonium carbonate to calcium containing solutions, by the sequential reagent addition technique4-6. Our studies have in view the precipitation of CaCO3 precursor by using the simultaneous reagent addition technique. The as-obtained CaCO3-precipitates (precursors # 1) is converted into CaO (precursors # 2) and finally into calcium hydroxide-sample for dental compositions.


In order to establish the correlation between the synthesis parameters and the quality of precursors that can generate Ca(OH)2 product for dentistry use, the intermediates quality is evaluated by thermal analysis and FTIR spectroscopy. In this manner, the influence of synthesis conditions on precursors quality is to be illustrated.

2. EXPERIMENTAL PART

Equal volumes of 1 mol/l solutions of high purity calcium chloride and ammonium carbonate were simultaneously added with constant flow rate (peristaltic pump) into water or 0.1 mol/l CaCl2 solution. The process developed under continuous stirring, at 20 (C or 70( C and the medium acidity was continuously checked with pH sensors. The precipitates were one hour maturated, filtered, well washed and dried at 110(C to give the CaCO3- precursors. These ones were put into un-covered quartz crucibles and were fired at high temperature. After the firing period was over, the CaO containing crucibles were quickly cooled at room temperature, by using P2O5+ KOH filled dryers. By adding small amounts of water, CaO-precursors were converted into high quality (h.q.) Ca(OH)2 samples. In this purpose, special designed device provided with nitrogen atmosphere and stirrer was used.

Precursors characterisation was performed by Atomic Absorbtion Spectroscopy, chemical analysis (EDTA-Na titration), thermal analysis (Paulik Erdely Derivatograph- MOM OD -102) and infrared spectroscopy (Jasco 610 -FTIR Spectrophotometer).

3. RESULTS and discussion

Five CaCO3-precursors were prepared by the simultaneous addition of equal quantities of calcium chloride and ammonium carbonate solutions into a bottom solution containing calcium chloride. In addition, one precursor (CC-0) was also prepared by CO2 (g) and NH3 (g) simultaneous bubbling into the calcium chloride solution. The general preparation conditions and precursor codification are indicated in table 1.

The as-prepared calcium carbonate samples i.e. precursors # 1 were converted into calcium oxide samples i.e. precursors # 2 and successively into calcium hydroxide products. The main chemical processes are described by equations (1) ( (3):

· precipitation stage:


CaCl2 + 2NH4HCO3 (( CaCO3 + 2NH4Cl + CO2 + H2O
(1)

· decomposition stage:



CaCO3  (( CaO + CO2
(wtheor = 43,97%
(2)

· "hydration" stage



CaO + H2O (( Ca(OH)2 + Q

(3)

Depending on precipitation conditions ( medium pH and temperature, reagent ratio, bottom solution composition), some other by-products could be formed beside CaCO3.

Supposing that Ca(OH)2 or Ca(HCO3)2 are also formed during the precipitation stage, the thermal decomposition could proceed as follows:

CaCO3 . xCa(OH)2 (( (1+x)CaO + CO2 + xH2O
(w < 43,97%
(4)

CaCO3 . yCa(HCO3)2 (( (1+y)CaO + (2y+1)CO2 + yH2O
(w > 43,97%
(5)

Table 1. 

The main preparation conditions and the as -obtained precursor codes

Code
CaCO3 – Precursor # 1
CaO – Precursor # 2


Precipitation / maturation conditions
Firing 

regime
Code


Bottom

solution
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____


Thermal regime ((C)
(
(%)






Precipitation
Maturation




CC-0
CaCl2 (1M)
-
20
20 
78.8 
1000 (C
CO-0

CC-1
CaCl2 (0.1M) pH=6.75
7.77
20
20
80.6 
1000 (C
CO-1

CC-2
CaCl2 (0.1M) pH=6.75
7.65
20
100 
72.0 
1000 (C
CO-2

CC-3
CaCl2 (0.1M) pH=8.5
6.00
75
100     
81.0 
1000 (C
CO-3

CC-4
CaCl2 (0.1M) 

pH=8.5
6.57
75
100 
92.2 
1000 (C
CO-4

CC-5
H2O 

pH=5.75 
7.30
75
100 
79.5 
1000 (C
CO-5

Obs. Precipitation of CC-4 and CC-5 was performed with 25% NH4HCO3 in excess .

AAS- method confirmed that CaCO3- and CaO-precursors contain under 10-4 % Fe, Cu and Pb. In these condition, h.q. Ca(OH)2 could be generated during the hydration stage. The calcium salt conversion into CaCO3 and CaO, evaluated by chemical analysis varies between 72.0 % (CC-2 precursor) and 92.2% (CC-4 precursor).

The thermal analysis data (table 2) indicate that, in our work conditions, three CaCO3 precursor categories were obtained i.e.: 

· CC-0 precursor is characterised by a relative high decomposition temperature (965 (C) and a weight loss ((w) slightly higher then the theoretical value; 

· CC-1, CC-2 and CC-3 precursors are characterised by strong endothermic effects at 950 - 960 (C and (w<(wtheor; Ca(OH)2 traces are probable contained.

· CC-4 and CC-5 precursors are characterised by a relatively low decomposition temperature (920-935(C) and (w>(wtheor, thus suggesting Ca(HCO3)2 traces; additional decomposition stage could be observed at 440(460 (C (HCO3 decomposition). 

Table 2. 

Thermal analysis data for various CaCO3-precursors types.

Code
Weight loss
Thermal effect


Temperature domain (0C)
T max (0C)
(w

(%)
Temperature domain (0C)
T max (0C)
Effect nature

CC-0
745-1000
955
44,28
805 -
965
endothermic

CC-1
640-960
940
43,92
850 -
950
endothermic

CC-2
605-980
950
43,71
860 -
960
endothermic

CC-3
650-980
940
43,71
855 -
950
endothermic

CC-4
380-520

650-950
440

920
1,16

43,33
800 - 
920
endothermic

CC-5
420-520

650-940
460

910
1,16

43,33
820 -
935
endothermic

Infrared spectroscopy illustrate the difference between various precursor characteristics such as CaO-sensitivity to atmospheric H2O and CO2 (figure 1 and 2) or aragonite/ calcite ratio into the CaCO3-precursors (figure 3 and 4).

The main absorbtion band of CaCO3-precursors are situated at 3640 cm-1 (absorbed H2O), ~2510 cm-1 (HCO3); 1458, 1422.7, 876 and 712.5 cm-1 (CO3). Thermal decomposition gives relatively "clean" CaO-products; CO-3 sample is relatively more sensitive to both atmospheric H2O and CO2.
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Figure 1. FT-IR spectra of precursors CC-0 calcium carbonate (( ) and

 CO-0 calcium oxide (----).
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Figure 2. FT-IR spectra of precursors CC-3 calcium carbonate (() and 

CO-3 calcium oxide (---).
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Figure 3. FT-IR spectra of calcium carbonate precursor CC-3 (( ) and CC-1 (---) samples
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Figure 4. FT-IR spectra of calcium carbonate precursors CC-4 (( ) and CC-5 (---) samples

The width of the CO3 specific absorbtion band (~1485 cm-1) depends on thermal precipitation regime. One presumes that the structural disorder degree of precursors is responsible for the shape of the CO3 band of the carbonate samples. It is well known that the aragonite structure show two bands at 1492 and 1504 cm-1 whereas calcite modification show only one band at 1429 ( 1492 cm-1. As a result, the aragonite-rich samples (prepared in warm solution and with ammonium carbonate surplus) show larger CO3- bands then the calcite-rich ones (obtained in cold solution). 

The lowest aragonite content seems to be in the CC-0 sample whereas the highest one appears in CC-4 and CC-5. This relatively higher structural disorder could be the cause of the relative low decomposition temperature (see table 2). By comparing the results, one can conclude that CaCO3 precipitate prepared at 75/100 (C, in calcium chloride bottom solution with a medium pH of 6.57, is the most convenient precursor for the conversion sequence CaCO3( CaO (Ca(OH)2 for dentistry purposes.
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