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B3aumozgeiicreue Ha cogaauT U KaHKpuHUT ¢ NH,NO, pasrBop. IIspBu
cIy4aii HAa HUCKOTeMIIEPATYPeH CHUHTe3 HA ObJAMHI TOHUT

Llgema Cmanumuposa, I'eopzu Kupos

Abstract. Hydroxyl sodalite and sulfate cancrinite were synthesized from fly ash from TPP Varna, Bulgaria. The
interaction of the two feldspathoids with NH,NO, solution at 90 °C was investigated. Because of the reaction, sodalite
is dissolved and ammonium feldspar (buddingtonite) is formed, which is the first case of low-temperature synthesis
of this mineral. The interaction of cancrinite with NH,NO, induces ion exchange and the formation of cancrinite with
composition (NH,), ,Na, (NO,), ,s(S0O,),,s(OH), ,s[AlSi;0,,]-2H,0, suggesting potential for the use of this form as a

slow-acting fertilizer.
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Introduction

Fly ash is a residue from the combustion (typical-
ly 60-88%) of coal in thermal power plants. One
of the most attractive applications of fly ash is its
use as a raw material for synthesis of microporo-
us aluminum-silicate minerals — zeolites and feld-
spathoids (Yaping et al., 2008).

The ion exchange and sorption properties of
these microporous natural and synthetic materials
are the basis of diverse applications in industry, ag-
riculture, ecology, and life. Through ion exchange
of various cations, catalysts for petrochemical
and organic synthesis, microbicide substances for
medicine, pharmacy, and cosmetics are obtained
(Cerri et al., 2004; Linares et al., 2005). Sorbents
for toxic anions (arsenate) and colloidal pollutants
(heavy metals) were obtained by re-modification.
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Through ion exchange and occlusion, the zeolites
and feldspathoids can be “charged” with significant
amounts of substances that radiate for a long time
into the environment (fertilizers, medicines, etc.)
(Park, Komarneni, 1997; Park et al., 2001; Stanimi-
rova, Kirov, 2023).

The main goal of the present work is to investi-
gate the possibilities of ion exchange incorporation
of NH," and NO," into feldspathoids (sodalite and
cancrinite) obtained from fly ash, with potential ag-
ricultural applications as slow-acting fertilizers.

Materials and methods

The initial sodalite sample was obtained as 1 g of
fly ash from the Varna thermal power plant (TPP)
dispersed in 30 ml of 1.5 M NaAl(OH), solution at
70 °C for 24 h. The cancrinite sample was obtained
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as 1 g fly ash treated with 30 ml solution of 3.5 M
NaAl(OH), + Na,SO, at 70 °C for 24 h.

The ion exchange reactions were carried out as
0.2 g of the cancrinite or sodalite sample was dis-
persed in 30 ml of 1 M NH,NO,; solution. The reac-
tion was carried out at 90 °C for 48 h under continu-
ous stirring with a magnetic stirrer. Washing with
distilled water and drying at room temperature of
the obtained products follows.

The initial samples and the obtained products
were characterized by powder X-ray diffraction
(XRD), Fourier transform infrared (FTIR) spectros-
copy, and scanning electron microscopy (SEM). The
powder XRD patterns were recorded on a Bruker
D8 Advance diffractometer. Filtered Co-Ka radia-
tion was used in the range 2@ 4-80°, step 0.02° 20,
and exposure time per step 1.5 s. The FTIR spec-
tra in the range of 4004000 cm™' were recorded
on an FTIR Bruker TENSOR 37 Spectrometer in
KBr tablets, at a ratio of the investigated substance
to KBr of 1:200. The SEM images are obtained us-
ing a JEOL scanning electron microscope — model
JSM-6010PLUS/LA.

Results and discussion

Initial samples. The initial fly ash samples con-
sist of glass globules enclosing a small amount of
amorphous carbon and 30-35% crystalline phas-
es: quartz, feldspars, mullite, hematite—magnet-
ite and mica (Fig. la). The data from XRD and
SEM investigation suggest that at the expense of
the entire amount of glass from the globules, pure
hydroxyl-sodalite and sulfate Na-cancrinite were
obtained (Fig. 1a). Sodalite forms aggregates oc-
cupying the spherical shape of the glass globes.
The conclusion follows that the sodalite crystal-
lized almost simultaneously with the dissolution of
the glass. In agreement with the high concentra-
tion of NaAl(OH), and the alkalinity of the solu-
tion, cancrinite crystallization has started after the
complete dissolution of the glass, manifested by
the ubiquitous uniform distribution of cancrinite
crystals (Fig. 1a).

Reaction products. The powder XRD pat-
terns of the starting sodalite-OH (Fig. 1a) and the
product obtained after treatment with NH,NO,
(Fig. 1b) are different. In the powder XRD pat-
tern of the product, a pronounced halo centered
at about 30° 20, and low intensive but relatively
sharp X-ray reflections were registered. The meas-
ured d-spacing values show that the rare mineral
buddingtonite (NH,AlSi,0,) was formed (PDF
reference card 45-1428). Obviously, the hydrox-
yl-sodalite is unstable in the ammonium nitrate
solution and dissolves, causing formation of an
X-ray amorphous aluminum silicate phase (73%)
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and crystallization of some amount of ammoni-
um feldspar (27%). The FTIR data confirm such
an assumption. The recorded absorption bands at
987 cm ! and 1103 cm™! are due to the superimpo-
sition of the bands of the feldspar framework and
the vibrations of the silicate phase with high alu-
minum content. The absorption bands at 1600 cm™
and 3200 cm™ attributed to water molecules indi-
cate that this X-ray amorphous phase is probably
an aluminum-silicate gel. The presence of absorp-
tion bands at 1396, 1425, and 1491 cm™! indicates
the presence of ammonium ions.

The crystallization of buddingtonite in the low-
temperature conditions of the present experiment
is an unexpected result since it is a low-tempera-
ture hydrothermal mineral, and its synthesis was
achieved under high-temperature (600 °C, 2 kbar)
conditions (Voncken et al., 1988).

In contrast to sodalite, the measured d-spacing
values of the product obtained after the reaction
of cancrinite-SO, and NH,NO, show preserva-
tion of the cancrinite structure (Fig. 1b). However,
significant changes are visible in the intensities of
the X-ray reflections of the planar networks where
the exchangeable ions are localized. The compara-
tive analysis of the intensities shows the presence
of SO,> and NO, anions (Fig. Ic). In addition,
the presence and higher intensity of the reflection
200 reveals that hydroxyl groups are also present
in the structure. The presence of several anions in
the structure is evidenced by the observed split-
ting of some (400, 002, 401, 330, etc.) reflections.
Using the software programs PowderCell (Kraus,
Nolze, 1996) and VESTA (Momma, Izumi, 2011),
a good fit has been achieved between the experi-
mentally obtained and simulated powder XRD pat-
terns for exchanged cancrinite with composition
(NH,); ,Na, (NO,), ,5(S0O,);,5(OH), 5[ AlsS1,0,,]- 2H,0
(Fig. 1b). The FTIR data give evidence for the pres-
ence of three anions and the presence of an NH,"
cation. The absorption band around 1146 cm™ indi-
cates the presence of sulfate anions in the structure.
The band at 1431 cm™' is the v, absorption band of
NO,™ anion. The absorption bands 3773, 3583, and
2874 cm! indicate the presence of OH-groups. The
registered absorption bands at 1332 and 1504 cm™!
attributed to NH," cation reveal the inclusion of the
cation in the structure.

Conclusions

The obtained results show that in the more open
cancrinite structure, an ion exchange occurs, which
is almost complete in the anionic part and partial in
the cationic part. Under the same conditions, the hy-
droxyl-sodalite structure is unstable, and processes
of sodalite dissolution and crystallization of NH,-
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Fig. 1. a, powder XRD patterns and SEM images of starting materials (initial fly ash, synthesized from fly ash hydroxyl-sodalite
and sulfate cancrinite); b, powder XRD patterns and FTIR spectra of products obtained from the interaction of the synthesized
feldspathoids with NH,NO; solution; ¢, d-spacing and intensities of different cancrinite ionic forms

feldspar (buddingtonite) occurred. For this reason,
only the cancrinite samples yield materials with the
potential for use as a long-acting fertilizer.
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