PRODUCTS OF DEHYDRATION PROCESSES OF BORATE MINERALS: PENTAHYDROBORITE AND NIFONTOVITE FROM FUKA MINE, JAPAN
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INTRODUCTION

A variety of different calcium borate minerals were found in crystalline limestone (marbles) in Fuka mine, Okayama Prefecture, Japan. Samples for this study were collected at Fuka mine during IMA 2006 Field Excursion 
Pentahydroborite, CaB2O((OH)6.2H2O is a very common mineral among the Fuka mine borates, usually covered with inyoite [1]. 
Nifontovite, Ca3B6O6(OH)12.2H2O is described with another rare borate mineral olshanskyite [2]. The authors assumed its formation due to hydrothermal alteration of an anhydrous borate precursor. 
Nifontovite and pentahydroborite were found also as euhedral crystals in vugs and veins within crystalline limestone in Fuka mine [2].
EXPERIMENTAL

Thermal measurements were performed using a differential scanning calorimeter (DSC) (TA Instruments, DSC Model 2910) and a simultaneous TGA-DTA analyser (TA Instruments, SDT Model 2960). The curves were obtained by placing 5 mg samples in open Pt sample cans, with a heating rate of 10ºC/min, under nitrogen gas flowing at a rate of 50 mL/min (for TGA-DTA) and 100 mL/min (for DSC). Both instruments were calibrated at the melting point of indium.

X-ray diffraction data sets were collected from 2 to 30ºθ with a Philips X`pert powder diffractometer using CuKα radiation filtered with graphite monocrystal monochromator. Additional data sets were collected using X’Celerator and step size 0.02º and time per step 20 s. Working voltage was 45 kV and current 40 mA. 
RESULTS

Both, pentahydroborite and nifontovite were separated as single phases for thermal and XRD experiments. X-ray patterns of both minerals show no additional phase except pentahydroborite (a= 7.8454(6) Å, b= 6.5276(4) Å, c= 8.1154(5) Å, (=111.602(5)°, (=111.143(4)°, (=73.341(0)°),  and nifontovite (a=13.1212(6) Å, b=9.5268(5) Å, c=13.4465(6) Å, β=118.402(3)º). Both unit cells are very close to previously published data for pentahydroborite [3] and nifotnovite [4].
Dehydration process of both studied minerals produces the same result – synthetic anhydrous borate analogue of mineral calciborite, CaB2O4. 
Dehydration of pentahydroborite occurs during three steps at 160 ºC, at 426 ºC and up to 643 ºC. The first step is very intensive, and it completely destroys crystal structure yielding an X-ray amorphous material. This material contains some water which vanishes during next two dehydration steps. After complete dehydration the recrystallization starts at about 710 ºC. During the recrystallisation synthetic calciborite is formed.

Dehydration of nifontovite starts slightly above 200 ºC and gives a phase similar to pentahydroborite. There are some differences between X-ray patterns of such a phase and natural pentahydroborite. Later dehydration process, occurring at about 320 ºC, produces similar amorphous product as in the case of pentahydroborite at 160 ºC. Slightly above 700 ºC the recrystallization of amorphous material gives synthetic calciborite.

Calciborite is orthorhombic mineral crystallized in Pnca space group with unit cell parameters: a=6.19, b=11.60 and c=4.28 Å (JCPDS 18-0281). Dehydration products show just negligible differences to these parameters.
DISCUSSION

The crystal structure destruction of nifontovite and pentahydroborite resulting with an amorphous phase occurs at different temperatures in spite of fact that this phase is partly dehydrated product originated from similar phases. 
After complete dehydration and recrystallization of both amorphous products synthetic calciborite is produced.

Further study of the crystal structures of these borate phases will be investigated by Rietveld crystal structure refinement.
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