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Abstract: The characterization of potash was carried out by using Thermoluminescence, XRD, TGA, FTIR
techniques and Laser diffraction particle size analyzer. TL was measured before and after beta irradiation in Sr-90
irradiator to a dose of 25 Gy. A maximum peak at 43.5° was observed in XRD pattern of Potash and the
calculated  crystallite  size  reported  as  89.37nm.  The  Laser  diffraction  particle  size  analyzer given the
average particle diameter of potash was 23.03 µm. TGA of mineral Potash recorded in the temperature range of
54°C - 700°C. The observed FTIR bands in the range of 4000–500 cm  have been tentatively assigned.1
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INTRODUCTION industrial processes. 95% of world's potash is used in

The study of the thermoluminescence of minerals and industrial production. Potash is a key ingredient in
rocks can provide information applicable to problems in fertilizers that enhances water retention of plants,
stratigraphy, geologic age determination and increases crop yields and plants' disease resistance. In
geothermometry. It has been established that some feed supplements, the key function of potash is to
minerals have electron traps that are the result of contribute to animal growth and milk production. Potash
imperfections in the crystal structure such as vacant is also used to produce glass, ceramics, soaps etc [5, 6].
lattice sites, interstitial atoms, foreign atoms in either The present paper reports the thermoluminescence
interstitial or substitutional positions and dislocations characteristics of potash as received material as well as
and that these imperfections are a function of the annealed and quenched from ambient temperature to
environmental conditions during crystallization and the 800°C.  The  characterization  of  the  potash was
subsequent history of the mineral. Excited electrons performed by different techniques such as XRD, FTIR,
produced by ionizing radiations interacting with the Thermoluminescence, TGA Analysis and Laser diffraction
mineral are trapped by the lattice imperfections. The time particle size analyser
that the trapped electrons exist in a metastable energy
state depends on the binding energy of the trap and the MATERIALS AND METHODS
temperature of the solid. Some electrons exist in a
metastable state throughout geologic history and can be The characterization of potash was carried out with
released  at  a future time by the application of heat [1-4]. a number of experimental approaches in order to
A solid is termed thermoluminescent, if the electrons investigate all the relevant features. Potash was obtained
detrapped by heat make energy transitions that yield from the ceramic industry of Morbi, the most promising
wavelengths in the visible region. ceramic tiles manufacturing hub of India, is a city located

Potash bearing rock deposits occur in many regions in Saurashtra region of Gujarat, India. The potash mineral
of the world. They are derived from the minerals in ancient used in ceramic tiles was collected from the tiles industry
seas that dried up millions of years ago. Potash has three at Morbi, Gujarat state, India. Thermoluminescence
main uses: fertilizer, livestock feed supplements and measurements   were    recorded    using    PC   Controlled

fertilizers, while the rest is used for feed supplements and
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Thermoluminescence Reader NUCLEONIXModel TL1009
[7]. Every time 5mg of the mineral powder was heated in
air from ambient temperature to 800°C in 1 min at the
heating rate of 1°C/s. TL was measured before and after
beta  irradiation  in  Sr-90   irradiator to a dose of 25 Gy.
The TSL glow curves were recorded immediately after
irradiation.

XRD patterns of potash were obtained on a Rigaku
Desktop X-ray diffractometer MiniFlex with CuK
radiation having a scanning speed of 2° per minute and
angular region of 3°-  -2 -  -70°. The clay was
subjected to XRF to analyse the chemical composition or
elements present in the sample. The potash was analysed
for its vibrational spectra with the aid  of  Fourier
transform infrared spectroscopy using VARIAN Model
Scimitar 1000 FT-IR instrument in the range of 400–4000 Fig. 1: TL of Potash-Beta Irradiation
cm as potassium bromide pellet [8, 9]. The change in1

mass, dehydration,  decomposition  and  oxidation of
potash with time and temperature was recorded using
Thermogravimetric analyzer SHIMADZU Model TGA-50
with a temperature range from ambient to 1000°C. The
average particle size was determined using laser
diffraction particle size analyzer.

RESULTS AND DISCUSSION

TL Characterization: Figure 1 shows the TL of Potash
mineral of 5mg irradiated with Sr-90 irradiator to a dose of
25 Gy. Curve-1 in the figure indicates the TL of as
received Potash. It shows a well resolved peak around
154°C and followed by another well resolved peak at
330°C with TL intensities 38, 54a.u respectively. Curve-2 Fig. 2: XRD Pattern of Potash
is the TL of irradiated potash annealed and quenched
from 200°C shows a well resolved peak around 156°C XRD Characterization: XRD is used to determine the
followed by a hump with less intensity when compared to mineralogical composition of the raw material components
curve-1. Curve-3 is the TL of irradiated Potash annealed as well as qualitative and quantitative phase analysis of
and quenched from 400°C shows a well resolved peak multiphase mixtures. All diffraction peaks of Potash
around 152°C followed by hump with less intensity when shown in Figure 2 and observed a maximum peak at 43.5°.
compared to curve-2. Curve-4 is the TL of irradiated The crystallite size was determined using the Debye-
Potash annealed and quenched from 600 and 800°C shows Scherrer equation D = k  /  cos , where k the constant
a sharp and well resolved peak around 145°C followed by (0.94),   the  wavelength  of  the  X-ray (1.54 Å),  the
hump and curve-5 has a broad peak around 288°C with full-width at half maxima (FWHM) of the XRD lines and 
nearly equal intensities. On increasing the annealing the Bragg angle of the XRD peak. The calculated average
temperature from 200 to 800°C, the entire TL pattern crystallite size of potash is 89.37nm.
changes and finally resolved to two peaks with slight
variation in intensity due to various phase changes FTIR  Characterization: The occurrence of the minerals
occurred in annealing the mineral from 200-800°C in the sample was confirmed by FTIR study. The FTIR
temperatures. pattern of as received and annealed and quenched Potash
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Fig. 3: FTIR Pattern of Potash Fig. 4: TGA Pattern of Potash

at 800°C shown in Figure 3. The observed bands in the as AR sample. However the transmittance of Potash AQ
range of 4000-500 cm  have been tentatively assigned. at  800°C  is  increased  by  15%  for bands 777, 586 and1

From the FTIR study of as received Potash the band 472 cm   when  compared  with  as  received  sample.
around 3624 cm  is assigned to Al-O-H (inter-octahedral) Table 1 shows the important IR bands of potash along1

stretching and 1612 cm  is mostly assigned H-O-H with their possible assignments.1

stretching  due  to  the  structural  water of the mineral.
The  observed  absorption  peak  at  1049  cm  is due to TGA Characterization: Thermogravimetric Analysis1

Si-O-Si and Si-O stretching since majority of the (TGA)  measures  the  amount  and  rate   of   change  in
components in the mineral are SiO and Al O . The the  weight  of  a  material  as  a  function  of  temperature2 2 3

absorption band around 777, 586 and 472 cm  is mostly or  time  in  a  controlled   atmosphere.   The  technique1

due to Si-O-Al stretching [10]. The FTIR study of Potash can  characterize  materials  that  exhibit  weight  loss  or
annealed and quenched at 800°C follows the same pattern gain  due  to decomposition,  oxidation,  or  dehydration.

1

Table 1: FTIR bands of Potash along with their possible assignments

Annealed and quenched from 800°C As received Sample

--------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------

Band (cm ) Transmittence (%) Assignments Band (cm ) Transmittence (%) Assignments1 1

3624.3 98 Al-O-H (inter-octahedral) 3624.3 76 Al-O-H (inter-octahedral)

1890 81 --------- ---- ---- ----------

1786 80 --------- 1788 73 ----------

1612.5 79 H-O-H Stretching 1612.5 72 H-O-H Stretching

1519.9 78 Aromatic Nitrate 1483.3 75 C-H Stretching

1049.3 31 Si-O-Si, Si-O Stretching 1014.5 28 Si-O-Si, Si-O Stretching

777.3 41 Si-O Stretching 779.2 36 Si-O Stretching

Si-O-Al Stretching Si-O-Al Stretching

(Al,Mg)---O-H, (Al,Mg)---O-H,

Si-O---(Mg,Al) Stretching Si-O---(Mg,Al) Stretching

586.3 39 Si-O Stretching 584.4 34 Si-O Stretching

Si-O-Al Stretching Si-O-Al Stretching

472.5 38 Si-O Stretching 470.6 32 Si-O Stretching

Si-O-Fe Stretching Si-O-Fe Stretching
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Fig. 5: Particle size histogram of as received (AR) Potash

Fig. 6: Particle size histogram of annealed and quenched (AQ) Potash at 800°C

The results from thermogravimetric analyses are usually pattern of potash changes and finally resolved to two
reported in the form of curves relating the mass lost from peaks  with  slight variation in intensity. XRD study
the sample against temperature. Figure 4 shows is the shows the presence of potash in pure form. It was
Thermogravimetric  Analysis  of  Potash. It mass lose confirmed by FTIR study. The crystallite size calculated
curve indicates that the presence of closely occurring using Scherrer’s formula reveals the minerals under study
multiple  mass  losses  in  the  temperature   range of are in nano size.
54°C-700°C. It reveals that there is continuous
dissociation due to structural collapse of the mineral. ACKNOWLEDGEMENTS
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