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Abstract

A pure calcium borate GfB,0,(0OH),]-0.5H,0 has been synthesized under hydrothermal condition and characterized by XRD, FT-IR
and TG as well as by chemical analysis. The molar enthalpy of solution $B&a,(OH),]-0.5H,0 in HC1.54.582H0 was determined.
From a combination of this result with measured enthalpies of solutionB6slin HC1-54.561HO0O and of CaO in (HCI + BBOs) solution,
together with the standard molar enthalpies of formation of CaO(EB04(s) and HO(l), the standard molar enthalpy of formation of
—(3172.5+ 2.5) kImot™ of Ca[B,0,4(0OH),]-0.5H,0 was obtained.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction 30cn? of H,O were put into a small autoclave (40 ml).
The mixture was stirred and placed in an oven at 393 K. The
There are several types of hydrated calcium borates, bothautoclave was cooled naturally and opened after 5 days. The
natural and synthetic. Some of them are useful chemical solid phase was filtered, washed with hot distilled water,
industrial materials, which are used in the glass, pottery alcohol and ether and was dried at 353K to constant mass.
and porcelain enamel industries, especially in the manufac-The synthetic sample was characterized by X-ray powder
ture of glasses without alkali content. Gurevich and Sokolov diffraction (Rigaku D/MAX-IIIC), FT-IR spectroscopy
[1] determined the standard molar enthalpies of formation (Nicolet NEXUS 670 FT-IR spectrometer, in KBr pellets at
of the natural calcium borate minerals of /B3O;1-5H,0 room temperature) and TG (METZSCH-Geratebau GmbH
and CaBgO11-13H20. Jun et al[2] also reported the stan-  STA449C thermal analyzer at a heating rate of €@nin—!
dard molar enthalpy of formation of five other hydrated inflowing N»). The chemical composition of the sample was
calcium borates. This paper reports the synthesis and standetermined by titration with standard EDTA solution for
dard molar enthalpy of formation of a new calcium borate, calcium content, by titration with standard NaOH solution in
Ca[B204(0OH)2]-0.5H20. the presence of mannitol fonBj3 content, and by difference
for H>,O content.

2. Experimental
2.2. Method of calorimetric experiment

2.1. Synthesis of Caz[B204(OH)3]-0.5H>0 ) ]
An RD496-1ll heat conduction calorimeter (Southwest
2.806 g of CaO (obtained by the decomposition of CagcO  Institute of Electron Engineering, China) has been described

(AR.) at 1223K for 3h), 3.093g of 803 (A.R.) and in detail previously{3,4]. The temperature of the calorimet-
ric experiment was 298.15 K. Additional double-layer glass

* Corresponding author. Tel.: +86 2085307765; fax: +86 2985307774,  tubes were put in the 15 chstainless steel sample and ref-
E-mail address: liuzh@snnu.edu.cn (L. Zhihong). erence cells of the calorimeter to prevent corrosion of the
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Fig. 1. Schematic drawing of the thermochemical cycle.

stainless steel by HCl(aq). The lining in the double-layer 3. Results and discussion

glass tube containing 2.00 ml HCl(aq) was broken by a rod

after at least 2 h, when thermal equilibration was reached, 3.1. Characterization of the synthetic sample

and the HCl(aq) was mixed with solid sample (6 mg) in

the outer glass tube. The thermal effect was then recorded The analysis of the sample is shownTable 1together

automatically by a computer. Total time required for the with the theoretical values.

complete reaction was about 0.5h. There were no solid The XRD pattern of the synthetic sample is shown in

residues observed after the reactions in each calorimetricFig. 2. The characteristitvalues are 0.2967, 0.6681, 0.2828,

experiment. 0.2229, 0.2068, 0.4217, 0.1838, 0.1787, 0.1821, 0.9929,
To check the performance of the calorimeter, the calori- 0.1774, 0.1774 and 0.1746 nm. The absorption bands in the

metric measurements on the enthalpy of solution of KCI IR spectrum of the synthetic sample (Fig. 3) are assigned

(G.R.) in deionized water were made. The average experi-according to ref[6]. The band at 3355 cnit is the stretching

mental value (17.3% 0.20) kJ mot! of AgoiHm of KCI(S) is vibration of the G-H group. The weak band at 1600 ch

in excellent agreement with that of 17.241.0I18 kJ mot!

reported in ref[5]. Tablel N ,
Cap[B204(OH),]-0.5H,0 can be regarded as the prod- The chemical composition of the sample as mass fraction (%)

uct of the reactior{5), and the thermochemical cycle could Cao BO; H20 CaO:B0s:H20

be established as indicated Fig. 1. The approximately (mole ratio)

1 mol dnt3 HClI(aq) solvent dissolves all components of the Theoretical 5371 33.31 12.93 2.00:1.00:1.50
reaction(s). Analytical 5364 3313 1323 201:1.00:1.54
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Fig. 2. X-ray powder diffraction pattern of g#,04(OH),]-0.5H,0.
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Fig. 3. FT-IR curve of CgB204(OH),]-0.5H,0.

is assigned to the HO—H bending mode. This confirms the observed in the compound of M@ >04(0OH),]-H>0 [7].
presence of crystallization water in the compound. The bandsThe band at 592 crt is assigned to the in-plane bending
at1429, 1315 and 911 crhare, respectively, assigned to the of B(3)-O.

asymmetric and symmetric stretching vibrations of B@) TG-DSC curves (Fig. 4) indicate that the total weight loss
group. The band at 1159 cth is the in-plane bending of s 13.09% from 50 to 750C, which corresponds to the loss
B—O—H. The very strong band at 715 cthis assigned to  of 1.5 water molecules and is near to the calculated value of
out-of-plane bending of the group B, which was also  12.94%.
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Fig. 4. Simultaneous TG-DSC curves of {BpO4(OH),]-0.5H,0.



L. Zhihong et al. / Thermochimica Acta 435 (2005) 168-171 171

Table 2
Thermochemical cycle and results for the derivatiomeH,,, (Cap[B204(OH),]-0.5H,0, 298.15K)

Reaction ArHm (kI mot1)

2H3BO3(s) + 70.921(HCI- 54.561H,0)

= 2H3BOs(aq) + 70.921(HCI- 54561H,0) 1)
43.67+ 0.16
CaO(s)+ 2H3BOs(aq) + 70.921 (HCI- 54.561H,0)
= 2CaCh(aq) + 2HsBOs(aq) + 66.921(HCI- 57.852H0) @)
—377.26+ 0.72
70.921(HCI- 54.561H,0) + 1.5H,0(l) = 70.921(HCI- 54.582H,0) 3)
—0.03+ 0.02
Ca[B204(OH);] - 0.5H,0(s) + 70.921(HCI- 54.582H,0)
= 2CaCh(aq) + 2H3BOs(aq) + 66.921(HCI- 57.852H,0) (4)
~191.75+ 0.34
2Ca0(s)+ 2H3BOs(s) = Cap[B204(OH)y] - 0.5H,0(s) + 1.5H0(l) (5)
—141.81+ 0.81

Thus, the general formula for 2CaQ®83-1.5H,0 can Acknowledgement
be written as CgB>04(0OH);]-0.5H,0. All of above results
indicate that the synthetic sample is pure and suitable for the  This research was supported by the Innovative Foundation
calorimetric experiments. of Shaanxi Normal University, PR China.

3.2. Results of calorimetric experiment
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