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Abstract: Surface modified nano-zeolite (SMNZ) was used as carrier to develop nano-zeolite based nano-sulphur
fertilizer. A laboratory study on sulphur nano-fertilizer and conventional sulphur fertilizer were studied with
percolation reactor system to evaluate the slow release of sulphur from both fertilizers in ambient temperature.
SMNZ and sulphur nano-fertilizer were characterized using Fourier Transform Infrared Spectroscopy (FT-IR), Zeta
Analyzer, Raman Spectroscopy, XRD and Scanning Electron Microscope (SEM). Raman spectroscopy confirmed
the sulphur attachment at 480 cm™ in the SMNZ. The FTIR spectra at 1030 cm™ confirmed the sulphate
attachments in the SMNZ spectrum. Zeta analyzer showed the surface charge of sulphur nano-fertilizer had (-) 52.6
mV. SEM imaged the sulphur loaded SMNZ in irregular flake like structure. A comparative study of the release of
sulphate (SO,“) from fertilizer-loaded SMNZ and (NH,), SO, fertilizers were performed using the percolation reactor.
The results showed that the SO,* supply from fertilizer-loaded SMNZ was available even after 912 h of continuous
percolation, whereas SO, from (NH.), SO, was exhausted within 384 h. These properties suggest that SMNZ has a
great potential as the fertilizer carrier for slow release of SO,
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INTRODUCTION and cavities inter_connet_:ted of mplecular_ dimensions
where compensation cations allowing the ion exchang
Sulphur is the fourth most important nutrient after exist (Kesraoui-Oukiet al., 1994). Zeolite materials
nitrogen, phosphorus and zinc for Indian agriceltur ajlow an introduction of new functional groups
Sulphur is best known for its role in the synthesfis  through several processes of modification, imprgvin
proteins, oils, chlorophyll, amino acids, vitamiasd  sybstantially its activity and selectivity on themoval
flavoured compounds in plants (Sakal and Singh,several substances (Inglezaktsal., 2001). Haggerty
1997). Deficiency of sulphur is becoming widespirea and Bowman (1994) showed that the use of modified
due to continuous use of sulphur free fertilizérigh natural zeolite on environmental applications, ryain
yielding crop varieties, intensive multiple crop@in  anions uptake from effluents by adsorption processe
system and high sulphur requiring crops along With  Syrfactant-modified zeolite (SMZ) has been studied
restricted or no use of organic manures have addrue extensively due to its high capacity of sorptiord an
depletion of the soil sulphur reserve. The areasretention of oxyanions such as chromate, nitrate,
speculated as sufficient in sulphur had startedvsip sulphate and phosphate gtial., 1998).
sulphur  deficiency after a period of intensive perrin et al. (1998) stated that zeolite has high
cultivation due to crop removal, organic mattelsEs  cation-exchange capacity and used as an inexpensive
leaching and erosion losses and use of non-sulphugow release fertilizer (SRF) carrier to carry atmivly
containing fertilizers (Biederbeck, 1978). Coleman release ammonium ions. Li and Zhang (2010) observed
(1966) noted that the incidence will be increasiing@  that sulfate release rate could be reduced by tfive
to widespread adoption of modern high productivity seven folds when SMZ was used and also results
technologies. Sulphur, like N, occurs in soils in syggested that SMZ could be used as carriers fér SR
organic and inorganic forms, the former fractioteof o control sulphate release. Choudhetyal. (2010)
Constituting more than 95 % of the total S in nemts reported that an improved Synthesis of Su|phur
of India (Tabatabai, 1982). nano-particles and these sulphur nanoparticles
Inglezakis and Grigoropoulou (2004) stated that theexhibited fungicidal properties which were
natural zeolites are hydrated aluminosilicates da@se  significantly superior to the conventional sulphur.
an infinite three-dimensional structure of tetratoed Smaller size of nanosulphur and its coating willphe
as TQ (T = Si, Al, B, Ge,Fe, P, Co) joined by oxygen resist unwanted environmental processes associated
atoms. Zeolites have in its internal structure cigdsm  with conventional pesticides, i.e. leaching,
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evaporation, and photolytic, hydrolytic and micmbi solution and mixed on a reciprocal shaker for 2dr&o
degradation. Kumaet al. (2011 revealed that the at 150 rpm. Thereafter, the mixture was centrifuged
XRD spectrum of the synthesized sulphur 5000 rpm for 20 minutes. The solid portion of
nanoparticles showed a number of peaks at 13.57%ano-zeolite after treated with various concerdgratf
22.98° and 29.3° with planes (1, 1, 0), (0, 0,1 &, HDTMABr solution was dried for two weeks and
2, 2) respectively (PCPDFWIN card no. 861278). Thissurface modification of nano-zeolite was confirntsd
indicated the polycrystalline nature of sulphur Raman spectroscopy and X-ray diffarctometer.
nanoparticles. Fortification of dlow release sulphur fertilizer:
The nano-zeolite based slow release nitrogenifgmti  Ammonium sulphate and surface modified
in which release of nitrogen was continued evearaft nano-zeolite (1:4 ratios) were taken in the beaker.
1176 h whereas urea fertilizer was exhausted afigr  Ultrapure water was added until formation of few cm
h (Sharmila, 2010). The primary source of sulfur in layer of supernatant solution above the solid paorti
nitrogen fertilizer was ammonium sulfate. The swlfu Stirred it with glass rod for 30 minutes. Then, kdpe

in sulfate fertilizers had the advantage of beingmixtures in the magnetic stirrer for two hours. €en
immediately available to plants following their fuged the mixtures at 5000 rpm for 20 minutes.
dissolution, while the disadvantage was a relafivel Collected supernatant was discarded and solidquorti
large dose of sulfate released to the soil ovehats was dried in vacuum drier to complete removal of
period of time which was likely lost beyond the too water (Santhosh kumar, 2012). Finally slow release
zone of plants by leaching (Boswell and Gregg, 1998 sulphur fertilizer was characterized by the Zeta
Thus, an inexpensive fertilizer carrier that cantain analyzer, SEM, FT-IR, Raman spectroscopy and X-ray
the sulfate release rate would be of great valls T diffactometer.

research aims at evaluating release of sulfate fronCharacterization

sulphate loaded surface modified nano-zeolite andScanning electron microscope (SEM): Surface
conventional ammonium sulphate fertilizer in soil morphology of the sulphate loaded surface modified
under glass column reactor study so that the releasnano-zeolite was characterized using Scanning
pattern of sulphate in SMNZ and ammonium sulphateelectron microscope (SEM-FEI-Quanta 250). The
fertilizer could be determined and the slow releasepowdered solid sample was initially placed on carbo

effect of sulphate from both fertilizers assessed. tape of stuff which was kept in a vacuum chamber fo
coating with a thin layer (few nanometers) of gold
MATERIALSAND METHODS (Au) by using sputter coater (EMITECH SC7620

Synthesis of nano-zeolite and surface modified nano ~ Sputter coater). After sputter coating, the stuéfs
-zeolite: The natural zeolite used in this study was kept inside the sample holder of the SEM and saanne
epistilbite (Ca (AlSiis04g).16H,0), purchased from for the purpose of imaging the area of interest.

GM chemicals, India. In order to load the Sons, Zeta analyzer: Zeta potential measurement for
the negative surface charge of zeolite was modtiied Sulphate loaded SMNZ was determined using a zeta
hexadecyltrimethylammoniumbromide (HDTMABr) analyzer (Horiba, SZ-100). In the zeta analyzeta ze
(Sigma Aldrich Chemicals). Ultrapure distilled wate potential measurement varied from -200 mV to 200
was used throughout the experiments. NaturalmV. As a data acquisition time, usually less thae o
epistilbite zeolite was sieved through an analytica minutes for zeta potential measurement. 10 mg of
sieve of 0.5 mm mesh size. Nano-epistilbite wassample was taken in a 100 ml beaker and added 50 ml
synthesized using a high energy ball miling of millipore water. This sample was sonicated for 3
(Fritsch-pulverisette 7, Germany). The milling was minutes in ultra sonicator. Then, the sample
done in dry condition. During the course of suspension was injected in electrode cell for
experimentation, the milling conditions such aseshe measurement of zeta potential using zeta analyzer.
duration and ball to powder ratio were standardized X-Ray diffractometer (XRD): The zeolite’s lattice
reach size reduction and crystallinity retention. structure, crystalline size and d spacing of zeplit
Accordingly, the milling speed, duration and batls ~unmodified nano-zeolite, surface modified
powder ratio were set as 600 rpm, 6 hours and 1:10pano-zeolite and sulphate loaded SMNZ were
respectively. After six hours ball miling of natr characterized using a pANALYTICAL-Xpert pro
zeolite in the bowl of high energy ball miling,eth X-Ray Diffractometer with Cu K line as incident
particle size of natural zeolite was reduced arsb al radiation and a filter at a scanning rate of 3° Bhe
maintained the crystallinity of zeolite (Alizera can powdered sample of 0.5 g was used for XRD
Gholamhosein, 2012; Subramanian and Sharmilaneasurement.

Rahale, 2012). Fourier transform infrared spectroscopy (FT-IR):

The surface modification of nano-zeolite was doneln this work, FT-IR spectra were recorded using a
using a surfactant hexadecyltrimethylammoniumbro-SHIMADZU equipped with a MCT detector. Two fifty
mide (HDTMABr from Sigma Aldrich) (Li, 2003). six scans were recorded with a resolution of 4'cm
Each 250 ml shaking bottle was added with 60 g ofThe most useful infrared region wused for
nano-zeolite and 180 ml of 135 mM HDTMABr characterization of sulphate loaded SMNZ lies
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between 4000 and 500 ¢mThe term infrared covers carried out until zero concentration or steadyasteof

the range of electromagnetic spectrum between 0.78ulphate from the both fertilizer applied soil lrates.
and 1000 um. In the infrared spectroscopy, wavefeng Two tests were performed as follows: one was slow
is usually measured in wavenumbers “tm release suphur nano-fertilizer and another with
(wavenumber = 1/ wavelength in centimeters). ammonium sulphate fertilizer (NHSO;. The
Raman spectroscopy: Raman spectra of zeolite, ambient temperature during the experiment was 30°C.
unmodified nano-zeolite, surface modified For this study, soil was collected from the
nano-zeolite and sulphate loaded SMNZ were obtainesxperimental garden land field. The Physicochemical
at room temperature with a raman system (R - 3000Properties of experimental soil such as soil pH, EC
QE™) at dark condition. Solid probe of Raman bulk density, particle density, porosity, water dint
system was used for measurement of materiakapacity, soil organic carbon, available sulphatal
samples. Two to four gram of powdered solid samplesulphur, available nitrogen, phosphorus, potassinch
was taken in glass tube and placed in sample holdemicronutrients (zinc, copper, manganese and iron)
and opened the RSIQ software in the system and lasavere analyzed as per standard producers. The ddta a
light source was turned on in the instruments andstandard protocols are depicted in table 1.

finally the collect the Raman spectrum of sampiegis Statistical analysis: All measurements were made in
Raman spectroscopy. triplicate and all values were expressed as thenmea
Nutrient release by percolation reactor study: The standard error of the mean. The results were stgde
experimental setup was basically the same as egport to an analysis by Student's t- test. The resulteewe
by (Bansiwal et al., 2006) except that the 72 mL day considered statistically significant if the value was
was replaced by a 20 mL dayThe percolation reactor <0.05.

consisted of a glass column (internal diameter 5= 1.

cm; height = 25 cm) through the top of which ultrep RESULTSAND DISCUSSION
water was continuously supplied at a flow rate 6f 2 Syrface morphology of sulphate loaded SMNZ:

mL day". Inside the reactor, 10 g of soil overlaid with Syrface morphology of sulphate loaded SMNZ was
1.0 g of fertilizer was placed. The leachates werecharacterized using scanning electron microscope an
collected every 48 hours from the reactors to deter depicted (Fig. 1). SEM image indicated that
SO, concentration using the UV-visible morphology of nano-zeolite was sphere like struetur
spectrophotometric method at 420 nm. This study wasand after surface modification of nano-zeolite,

Table 1. Physico-chemical properties of experimental soil.

Physico-chemical properties M easured Standard methods
values
Soil pH 7.74 Potentiometry (Jackson, 1973)
Soil EC (dSnit) 0.33 Conductimetry (Jackson, 1973)
Bulk density (g ct) 1.25 Cylindrical method (Gupta and Dhakshinamudtfi80)
Particle density (g ¢9 1.82 Cylindrical method (Gupta and DhakshinaniudtB80)
Porosity (%) 31.30 Cylindrical method (Gupta andakéhinamurthi, 1980)
CEC (meq 1009 21.52 Neutral Normal Ammonium Acetate method
(Schollenberger and Dreibelbis, 1930)
Soil organic carbon (%) 0.54 Wet chromic acid digesmethod
(Walkley and Black, 1934)
Available sulphur (kg h 18.6 0.15% CagGlextractable sulphur method
(Williams and Steinbergs, 1959)
Available nitrogen (kg h8 210 Alkaline Potassium Permanganate method
(Subbiah and Asija, 1956)
Available phosphorus (kg H 25 0.5 M NaHC@method (Olset al., 1954)
Available potassium (kg Ha 524.1 Neutral Normal Ammonium Acetate method
(Hanway and Heidal, 1952)
Available zinc (ppm) 1.81 DTPA Extractable Zn (Leay and Norvell, 1978)
Available copper (ppm) 2.42 DTPA Extractable Cunflsay and Norvell, 1978)
Available manganese (ppm) 21.01 DTPA Extractable (indsay and Norvell, 1978)

Available iron (ppm) 13.46  DTPA Extractable Fe (Lindsay and Norvell, 1978)




22

12 HV
PM |10.00

.
spot| mag O WD det
kV| 2.0 | 7000x 6.8 mm|ETD

Fig. 1. Scanning Electron Microscope image of sulphate
loaded surface modified nano-zeolite.
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morphology observed in irregular flakes like struet
Surface morphology of sulphate loaded SMNZ was
characterized by SEM which showed that sulphate an
ion was attached in to the SMNZ on its surface tdue
pore size of zeolite is ranged from two to 18 iese
results was similar with (Alizera and Gholamhosein,
2012).

Fourier transform Infrared Spectroscopy and zeta
potential: The FTIR spectra of sulphate loaded SMNZ
covering the wave numbers range from 400 to 4000
cm*were taken. The FT-IR spectra obtained using
KBr pellets of the sulphate loaded SMNZ shows €har
acteristic peaks at wave numbers3666.76, 3421.72,
2924.09, 2858.51, 2630.91, 2534.46, 2310.72,
2056.12, 1809.23, 1651.07, 1450.47, 1029.99, 883.40
721.38 and 478.35 cm(Fig. 2a) Which indicate the
sulphate attachment into SMNZ surface. Particularly
the presence of spectra peaks at 1029.99 icnthe
SMNZ spectrum (related to sulphur vibrations in the
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Fig. 2. FT-IR spectra (a) and Zeta potential (b) of sulphate loaded surface modified nano-zeolite.
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Fig. 3. X-ray diffraction of zeolite (a), nano-zeolite (b), surface modified nano-zeolite (c) and sulphate loaded SMNZ (d)
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Fig. 4. Raman spectra of zeolite (a), nano-zeolite (b), surface modified nano-zeolite (c) and sulphate loaded SMNZ (d)

SMNZ) that are absent in the surface modified (Bowmanet al., 1995).

nano-zeolite spectrum confirms the loading of satph  zeta potential was characterized using zeta analyze
onto the SMNZ surface. Sorption of inorganic anionsyhich showed that sulphate loaded surface modified
on cationicsurfactant modified nano-zeolite has been nano-zeolite had surface negative charge of (- 52.

attributed to the formation of a surface-anion ctemp  mv (Fig. 2b). The data clearly indicated that Halte
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Fig. 5. Sow release of SO, from pure (NH,), SO, and SO,* loaded SMNZ.

loading into the surface modified nano-zeolite wasof zeolite was examined by X-
confirmed by the surface positive charge of SMNZ ray diffraction techniques. The peaks &t 2 13.63,
was changed into surface negative charge. Actually20.67, 30.70, 35.11, 44.36, 50.03, 61.32, 64.73072
zeolite was carried negative charge on its surfafter and 75.55 degree was observed for zeolite (Fig. 3a)
the surface modification using HDTMBr surfactansha whereas unmodified nano-zeolite (Fig. 3b) had
changed the negative charge to positive charge thatharacteristic shifted peaks ab 2 27.08, 31.18,
might be facilitated retention of QQon its surface. 35.69, 41.37, 45.20, 50.50, 60.06, 67.57and 74.80
The positive surface charge of surface modified degrees. The peaks &t 220.77, 30.65, 35.27, 44.35,
nano-zeolite was changed into the negative surfac®0.76, 59.59 and 64.74 degree were observed for
charge after loading of sulphate ion in the SMNZ. surface modified nano-zeolite (Fig. 3c). The XRD
These findings are in conformity with the findingé  spectra of surface modified nano-zeolite @t=220.77
Bowman (2003) who have stated that the surfactantiegree confirmed the surface modification of
molecules form bilayers on zeolite external sur§ace nano-zeolite and corresponding d spacing value is
with the lower layer held by electrostatic intefast 4.27. The data on XRD spectra of sulphate loaded
between the negatively charged zeolite surfacetleend SMNZ had characteristic shifted peaks 6t=221.02,
positively charged surfactant head groups while the27.8 31.03, 35.76, 41.12, 50.49, 60.02, 67.42 and
upper layer is bound to the lower layer by hydrdpbo  72.39 degree were observed (Fig. 3d). These shifted
forces between the surfactant tail groups in bayels. peaks of two theta values at 27.8 degree clearly
Under the surfactant bilayer configuration, thelteo showed that Sgwas loaded on the SMNZ. These
reverses its surface charge, resulting in a higheresults are agreement with finding of the Srinivast
affinity for negatively charged anions, and thepsion al. (2012) who stated that the d spacing of sulphas w
and retention of anions are attributed to surfatera at 3.33 indicated the structural and chemical
exchange. characteristic of the sulphur found as orthorhizmb
According to the DLVO (Derjaguin—Landau—Verwey— Raman spectroscopy study: The results of raman
Overbeek) theory, a potential barrier between serfa spectra for zeolite (Fig. 4a) and unmodified nano
charged particles in suspension may result in #dlo  zeolite (Fig. 4b) were recorded peak of 568, 1641.4
meta-stability. This theory takes into account kam 1690.8, 1742.8, 1779.3, 1965.7 trand 274.2, 568,
Waals forces, as well as repulsion caused by thel644.9, 1690, 1742.8, 1779.3, 1964.1 “tm
overlap of the electric double layer (EDL) arouradte  respectively. The vibrational frequencies of zeolit
particle. The double layer is formed in response tolattice, which result from stretching and bending
active surface group dissociation and/or selectivemodes of the T-O (T=Si or Al) units, are observed i
chemisorption of charged species on the surfaceghe range between 250 -500 triGlanigen, 1976).
(Nikolakis, 2009. The strongest and most structure-sensitive bantisein
X-ray diffraction of zeolites: The X-ray diffraction = Raman spectrum of zeolites are generally betweén 30
technique wasised to identify the crystal structure and and 600 crit and have been assigned to the motion of
two theta values of the mineral. Powdered zeolitean oxygen atom in a plane, perpendicular to the-T-O
sample was used for XRD analyses. The XRD patterrbond, representing the most characteristic vibnafio
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information of framework structure¢Dutta et al.
1988). Raman spectra of pure zeolite and Al-, B-, T
and Fe-substituted silicalites in the Si-O straighi It was concluded that the zeta potential of surface
region (1500-1700 ch) systematically (Scaranet modified nano-zeolite before sulphate loading was
al., 1993). positive charge, after the sulphate attachmentum s
Raman spectra of surface modified nano-zeolite. (Figface modified nano-zeolite that charge shifted into
4c¢) had recorded peaks of 371.2, 520.9, 568, 1641.Megative. Imaged the sulphate loaded surfaodified
1690.8, 1742.8, 1781 and 1985m™. Zeolites built  nano-zeolite in the SEM which showed that irregular
of four-membered rings as the smallest buildingcklo flake like structure besides Raman spectroscopy, FT
exhibit the Raman band around 480-520" ¢Butta et IR and XRD study confirmed the sulphate attachment
al. 1988). Besides the most intensive Raman bands oh the surface modified nano-zeolite. Finally, {her-
Si-O-Si or Si-O-Br deformation vibrations at 350940 colation reactor study showed that ,S@elease from
cm™*. The frequency shifts around 300 - 500’coould  fertilizer-loaded SMNZ was available even after 912
be attributed to slight structural changes of theof continuous percolation, whereas S@rom (NH,);
framework upon exchange of the extra framework SO, was exhausted within 384 h. These properties sug-
cations (Smirnov and Bougeard, 1993). The intensitygest that SMNZ has a great potential as the feetili

of raman peaks for sulphate loaded SMNZ was 371.2¢arrier for slow release of S&

480.0, 1644.9, 1690.8, 1742.8, 1781, 1885.5 and
1965.7 crit (Fig. 4d). The Raman spectra at 480.0'cm ACKNOWLEDGEMENT

confirmed the sulphate attachment in the surfaceThe authors are grateful to Department of Sciemck a
modified nano-zeolite. These findings are corrot®ora Technology (DST), Government of India, New Delhi,
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