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Abstract In this study, the change of the structure of Nepheline (Neph) (including two minerals, syenite and
microcline) was studied, using hydrothermal and milling methods by the 2 % mol. soda (NaNeph) and 30 wt %
lime (CaNeph), respectively. The X-ray diffraction and Raman spectra show that, the structure of the microcline
phase in the (CaNeph) sample remained stable but the structure of Nepheline was somewhat degraded. The main
characteristic XRD peaks of Nepheline in the NaNeph sample at 28° stayed compared to the CaNeph one.
According to Raman spectroscopy the structural order of alumina-silicate rings in CaNeph sample was higher
than Neph due to the 3 hs. milling and entering of the alkaline earth elements into the ring structure. Finally,
Nepheline bearing glass samples with chemical composition of 6 wt % ALO3-65.5 wt % Si0,-13 wt % Na,O-16
wt % CaO were used. The amounts of used Nepheline in the composition of glasses were 25 to 38 % by weight
(depending on the final composition). The difference in thermal behavior of GCaNeph, GNaNeph and GNeph
glasses was compared by means of thermal analysis (DTA/TG) and volumetric change (dilatometry). The glass
transition temperatures were 25, 37 °C increased in GCaNeph and GNaNeph compared to Neph samples (without
processing) respectively. The chemical resistance of GCaNeph and GNaNeph glasses in the present work was 4
times higher than GNeph. The density of GCaNeph glass in the present work was 0.9 g/cm?® higher than GNeph.
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1. INTRODUCTION

The effect of the compositions of the GNeph,
CaGNeph, NaNeph Nepheline bearing glasses on the
thermal and chemical properties as well as the density of
the resulting glass has been widely studied in recent
years. In line with those research studies, the present
study utilized Nepheline syenite collected from
Kaleybar area, Iran, to devise a formulation of a type of
glass with casting capacity. To this end, the physical
properties of glass, including density and transition
temperature, were investigated by partial crushing of
Nepheline with lime. The idea of crushing Nepheline in
the presence of lime was inspired by a pervious study on
the extraction of potash from Nepheline [1-3]. The
maximum wight percentage of Nepheline used in glass
industry is 11 %. However, the current research
attempted to increase this amount with the objective of
increasing the chemical resistance, which in turn
increased its consumption in industry. Consequently, the
sales market of Nepheline in the glass production
industry increased as the chemical resistance increased.

2. MATERIALS AND METHODS

The ball-to-powder ratio was chosen to be 10:1. In this
respect, 50 grams of Nepheline powder and lime was
mixed with 500 grams of alumina balls at 250 rpm and

kept for three hours. The ratio of the Nepheline powder
to calcium hydroxide powder was 70:30 % by weight.
In the second sample, 4 grams of 2 M soda solution was
mixed with 4 grams of Nepheline powder with a total
volume of 30 ml in an autoclave at the temperature of
80 °C for five days and then, the desired powder was
washed three times with distilled water. Finally, it was
placed in the dryer at the temperature of 80 °C.

3. RESULTS AND DISCUSSION

Figure 1 makes a comparison of all three samples of
raw Nepheline namely Neph, CaNeph (milled with
lime), and NaNeph (autoclaved with soda). The
broadening of some main peaks resulted from the
reduction in the crystallites in the milled sample can be
seen in Figure 1.

Some peaks related to lime Ca(OH), overlap with
those of Nepheline. To identify the peaks of lime in the
sample, the diffraction pattern of this sample is
illustrated along with the standard card of lime in Figure
2.

The comparison and magnification of the XRD results
of the two samples of CaNeph and Neph resulting from
Figure 2 are presented in Figure 3 along with the
standard cards of lime and Nepheline in the range of 260
angles equal to 15 to 45 degrees.
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Figure 1. XRD results of all three raw Nepheline samples Neph, CaNeph, and NaNeph
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Figure 2. XRD results of the CaNeph, NaNeph, and Neph samples along with the JCPD standard cards of Microcline minerals and
Nepheline minerals and Ca(OH): at all diffraction angles
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Figure 3. Comparison and magnification of the XRD results from two CaNeph and Neph samples along with the standard cards of
lime and Nepheline in the angle range of 20 = 15 to 45 degrees. Here, the decrease in the mineral intensity of Nepheline in the
CaNeph sample was determined at the angles related to flash

A comparison of the XRD diffraction results of all
samples in Figure 1, 2 and 3 were made according to
which, some microcline crystal plates were expanded at
the angles of 26 and 28 degrees, and some Nepheline
plates were lost at the angle of 27 degrees XRD of the
CaNeph sample. The intensity of the diffraction peaks in
Figures 2 and 3 that show the height of the peaks
corresponding to the main angles of Nepheline mineral
in the hydrated sample was reduced. In addition, the

height of the main peaks related to Microcline (MIC) in
the hydrated sample at the angles of 18, 38, and 29
degrees were completely reduced.

4. CONCLUSION

The present study investigated the structure of
Nepheline in Kaleybar region, Iran, composed of two
minerals, i.e., syenite and microcline, using the
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hydrothermal and grinding methods in the presence of
soda and lime, respectively. Raman Spectroscopy and
X-Ray Diffraction (XRD) were employed to evaluate
the changes in the soil structure and finally, all three
samples were used in the composition of glass, and the
physical-chemical properties of the obtained glass were
studied. The height of the peak corresponding to the
principal angles of the Nepheline mineral in the
hydrated sample was slightly changed. However, the
intensity of the main peaks related to microcline in the
hydrated sample decreased at the angles of 21 and 28
degrees. In the sample ground with lime, the height of
the main peak corresponding to the mineral Nepheline
in the system was much lower than that of microcline
(compared to raw Nepheline). In other words, the
microcline of the system formed a solid solution. While
its structure and amount did not change followed by its
reaction with lime, the Nepheline structure was
destroyed due to the reduction of the main peak of
Nepheline at 27 degrees in this sample the microcline
structure in this system would be degraded. In general,
the following remarks can be made:

1) The chemical resistance of the GCaNeph GNaNeph
glasses produced in the present work was four times
higher than the glasses produced with Neph Nepheline
alone.

2) The density of the GCaNeph glass structure
produced in the present work was 0.9 g/cm? higher than
that of the GNeph sample.

3) The structural order of the alumina silicate rings in
CaNeph Nepheline was higher than that of Neph
Nepheline due to the grinding and the introduction of
alkaline earth and alkaline into the ring structure.
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