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Abstract: The rich husk is an agricultural waste of rice cultivation worldwide, 
which is highly rich in amorphous silica. Rice husk obtained from Dagiri was 
pyrolyzed at 750 °C to give white ash (RHA) which was further treated with 
acid (ARHA). The ash was reacted with sodium hydroxide at 90 °C for 2.5 h to 
produce sodium silicate crystals. Sodium silicate synthesized in the study was 
characterized for some physicochemical parameters. Their structural and mor-
phological properties were assessed using a Fourier transform infra-red spec-
trophotometer (FTIR), X-ray diffractometer (XRD) and scanning electron mic-
roscope (SEM). The mineralogical composition of the ash and sodium silicate 
was investigated with energy-dispersive X-ray fluorescence (EDXRF) spectro-
meter. The sodium silicate produced has a melting point of 61 °C, pH of 12.03 
and appeared as brownish–white to clear-white in colour. The RHA and ARHA 
from XRD investigation showed patterns which match the mineral phase cris-
tobalite, while that of the sodium silicate XRD patterns match the mineral hep-
tahydrate disodium trioxosilicate as the most dominant phase. Rietveld refine-
ment of the XRD pattern for the sodium silicate gave Rwp = 12.81, Rexp = 5.55, 
χ2 = 5.3274 and GoF = 2.3081 against a dual phase analysis. The crystals 
synthesized are suitable for use in cosmetic formulations. 

Keywords: acid treated ash; cosmetic; crystal structure; paddy; silica; water glass. 

INTRODUCTION 
Rice husk is an agricultural waste material produced via the cultivation of 

rice1. Rice production worldwide was pegged at over 952 million tons in 2016 
according to a 2018 data report by the Food and Agriculture Organization (FAO). 
The rice husk, which is the outer cover of the rice, accounts for 20 % of the 
paddy produced annually (about 190 million tons).2 
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The world has seen a tremendous increase in annual rice production in recent 
years when compared with the previous report of an estimated 40 million tons in 
2003. It is regarded as the second most-produced cereal in the world and geo-
graphically concentrated in Asia with over 90 % of the world output. While, Nig-
eria is putting efforts to develop this sector of agricultural produce, the bulk of 
rice husks generated is mostly sent to landfills, burnt as fuel to generate energy 
and leading to residual ashes (RHA) containing over 60 % silica content.3,4 

Rice husk contains high ash content,5,6 varying from 13 to 29 wt. % depend-
ing on the variety, climate, and geographic location. The ash is largely composed 
of silica (87–97 %) with small amounts of inorganic salts.6,7 The high ash con-
tent can be recovered as amorphous silica.8 The amorphous nature of silica in 
rice husk makes it extractable at a lower temperature range of 90–110 °C.3 

Sodium silicate solutions are complex mixtures of silicate anions and poly-
mer silicate particles with a mole ratio of SiO2 to Na2O > 2 and are commercially 
referred to as water glass.4 The solutions are generated in different grades as 
characterized by their SiO2:Na2O ratios, varying water contents and low visco-
sity.9 Sodium silicate is among the alkali silicates that gave rise to extensive stu-
dies due to their importance in mineralogy, solid-state chemistry and chemical 
technology. About 12 natural sodium silicates minerals are known to exist and 
nine of them have been studied structurally.10 Anhydrous sodium silicate are 
considered important raw materials in production of finished products in both 
inorganic chemistry and technical mineralogy.11 Some of industrial applications 
include production of water glass solutions or manufacture of acid-resistant ena-
mel frits, components of refractory cements, steel and alloy castings, electrodes, 
dyeing, printing, textile auxiliaries as inorganic binders or builders in washing 
powders (soap and detergent cake).11–13 Crystalline sodium silicates such as 
Na2Si2O5 have been shown to exhibit high ion-exchange capacity, selectivity and 
multifunctionality; such as buffering capacity, water softening ability and ability 
to degrade fats by hydrolysis and as such suggested as alternative replacement of 
sodium tripolyphosphate builder in detergents.14,15 It has been suggested that 
soluble sodium silicates play other vital role of corrosion inhibition in many of its 
applications such as engine antifreeze and detergents.16 Sodium silicate in surf-
actants have been applied in detergent technology for pre-flush technology, with 
the main role of sodium silicate targeted at removal of hardness (Ca2+, Mg2+) 
which can complex with anionic surfactants making them less reactive or 
unstable. The silicates minimize these unwanted charges by sequestering the 
metals via a precipitation reaction. The silica anion also competes for active, 
positively-charged sites on the casing and wellbore thereby reversing their sur-
face charge and repelling surfactants.12 Sodium silicate is also used as a binder in 
cosmetic products, such as face powders, eyeliners and lipsticks, to give them a 
smooth and creamy texture. It helps to bind the different ingredients together and 
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prevent them from separating.17 Sodium silicate can be used as a thickener in 
shampoos and conditioners, to improve viscosity and consistency. Sodium silic-
ate can also be used as a pH stabilizer in lotions and creams, to help maintain 
their pH levels. This is important because certain cosmetic ingredients can 
become less effective or even unstable at certain pH levels. Sodium silicate can 
be used as a preservative in liquid soaps and facial cleansers, to help prevent the 
growth of bacteria and other microorganisms. It works by altering the pH level of 
the product, which makes it less hospitable to microorganisms. Sodium silicate 
can also be used as a skin protectant in sunscreens and lotions, to help shield the 
skin from harmful UV rays and other environmental pollutants. It forms a pro-
tective film on the skin, which helps to prevent moisture loss and maintain the 
skin's natural barrier function.18,19 

The work aims to synthesize a sodium silicate crystal from rice husk ash for 
possible use in the cosmetic industries. 

EXPERIMENTAL 
Rice husk was obtained from rice mill at Dagiri, Gwagwalada local government of Fed-

eral Capital Territory, Abuja, Nigeria, analar grade sodium hydroxide and hydrochloric acid 
from Sigma Aldrich were used. All solutions were prepared with distilled de-ionized water.  
Sample pre-treatment 

Rice husk was washed with water to remove sand and dust particles. The washed rice 
husk was then spread on tray and air dried for 24 h. Dried rice husk was placed in stainless 
steel cylinder and turned to ashes at 750 ℃ for 3 h in a Carbolite muffle furnace available at 
Sheda Science and Technology Complex (SHESTCO), Abuja. The pyrolyzed sample tagged 
RHA were weighed (200 g) separately and treated with 1600 mL of HCl (10 and 20 %) in a 
Pyrex beaker and heated for 2 h at 90 ℃. The reaction mixtures were filtered and washed 
repeatedly with distilled deionized water until the filtrate becomes neutral to litmus. The resi-
dues designated 10 % ARHA and 20 % ARHA (acid treated RHA) were dried at 105 ℃ for 
12 h in a carbolite hot air oven and kept in a desiccator for subsequent steps. 
Preparation of sodium silicate 

Modified method20 was adopted: 150 g of ARHA was reacted with 1200 mL NaOH (10 
%) in a Pyrex beaker and heated at 90 °C for 2.5 h. The reaction mixture was filtered and the 
filtrate concentrated by heating to 2/3 of its original volume. The concentrate was seeded with 
a pinch of pure sodium silicate crystals to induce rapid crystallization. The sodium silicate 
crystals formed were separated by decanting the supernatant liquid. The crystals were rinsed 
with iced cold distilled deionized water and allowed to drain on a filter. The drained crystals 
were stored in polyethylene container. 
Physicochemical characterization of crystal 

Determination of sodium oxide content (IS 6773 (2008)). The sodium oxide content of 
crystal obtained was determined by titrating dissolved crystal sample with standard hydro-
chloric acid to pH 4.3 using methyl orange indicator. 5 g of sodium silicate crystals were dis-
solved in 50 mL deionized water and transferred to 100 mL volumetric flask then diluted to 
mark with deionized water. A 25 mL portion of the solution was titrated against 0.2 M HCl to 
orange end-point colour.  
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Calculations. 

 2
3.1 Na O

VMc
w

=  (1) 

where V is volume of hydrochloric acid used, M is the molarity of the hydrochloric acid and w 
is the mass of crystal sample. 

Viscosity measurement. The viscosity of liquid sodium silicate solutions was determined 
using the Brookfield rotational viscometer according to the ASTM D2983 by insertion of 
number 2 spindle, rotating at 60 rpm at 25 °C in the sodium silicate liquor. The viscosity was 
read from the display reading. The determination of viscosity of sodium silicate liquor was 
essential to determine the optimum thickness for effective crystallization of the sodium silic-
ate crystals from its water glass liquor.  

Determination of total solid (IS 6773 (2008)). The total solids of liquid silicates were 
determined by weighing 5 mL (5 g) into a known weight of pre-fired porcelain crucible and 
placed in a muffle furnace at 1050 ℃ for 30 min. A few drops of 30 % hydrogen peroxide 
were added to prevent spattering. After cooling in a desiccator and the crucible was 
reweighted. The weight of the residue was taken and the relative content of solids were rep-
orted to the nearest 0.01 %. 

Determination of silicon dioxide content (IS 6773 (2008)). The SiO2 content was cal-
culated by subtracting the % of sodium oxide from the % of total solids.  

Sodium silicates are often described by the weight ratio of the silicon dioxide to the 
sodium oxide, with the sodium oxide as unity. It may be calculated directly by dividing the % 
of SiO2 content by the % of Na2O content that has been chemically determined.  

Determination of pH (ASTM D4972). A 0.1 % solution of sodium silicate was prepared 
by dissolving 0.1 g of sodium silicate crystals in 100 mL deionized water. The pH of the 
sodium silicate liquor and 0.1 % sodium silicate solution was measured using the pH electrode 
and Orion Versa Star Pro meter advanced electrochemistry meter.  

Melting point determination (DIN 53736). The microscopic hot stage method melting 
point apparatus by Bristoline was used. A single crystal sample of the sodium silicate was 
placed on a hot stage and the heater turned on. The temperature at the point the crystal melts 
was read from the inserted thermometer.  
Characterization of crystals  

Empyrean pan-analytical XRD (with CuKα at λ = 1.54060 Å, U = 40 V, I = 40 mA and 5 
to 74°, 2θ angle), EDXRF (vacuum and air atmosphere geological sample analysis) and 
Phenom ProX scanning electron microscope available at the central laboratory of Umar Musa 
Yar’adua University, Katsina, were used to study the crystal structure, mineral composition 
and morphology of the crystal respectively. Thermo-Scientific Nicolet iS5 FT-IR spectro-
meter equipped with iD7 ATR sampler was used to asses any functional group available in the 
RHA, ARHA and sodium silicate crystals over the range 500–4000 cm-1 and resolution of 0.5 
cm-1. The thermal behaviour was investigated by the Perkin-Elmer MSE-TGA 4000 TGA 
(30–950 °C at 10 °C/min) available at Ahmadu Bello University, Zaria. 

RESULTS AND DISCUSSION 
Physicochemical properties of sodium silicate crystals 

The physical properties of sodium silicate crystals are shown in Fig. 1 and 
some other chemical properties are given in Table I. From the images in Fig. 1, 
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the appearance of the crystal was originally brownish–white but on further wash-
ing, it became brightly white and soapy to the touch. The pH of sodium silicate 
solution was found to fall within the commonly reported range of 11–12.5, as a 
solid with alkaline properties in solution it is readily neutralized to silica solid in 
the presence of acid. This forms the basis for most reported work on the synthesis 
of silica from rice husk ash.21–24 

a) b) c) 

  
Fig. 1. Images of samples obtained: a) brownish silicate, b) washed silicate and c) crystalline 

appearance of washed silicate. 

TABLE I. Some physical and chemical properties of sodium silicate crystals and silica 

Property Sodium silicate 
crystals 

Sodium silicate liquor 
(Water glass) 

750 °C 
RHA  

10 % 
ARHA  

20 % 
ARHA 

Colour Brownish to 
white 

Brownish White White White 

pH 12.03 12.03 Neutral Neutral Neutral 
Solubility, g dm-3 High High Insoluble Insoluble Insoluble 
Density, g cm-3 – 1.415 – – – 
Viscosity, mPa s – 25 – – – 
Stability in air Slow 

efflorescence 
Stable Stable Stable Stable 

Melting point, °C 61 – – – – 
Na2O content, % 12.40 11.54 – – – 
SiO2 content, % 25.99 25.30 – – – 
Sio2/Na2O 2.00 2.19 – – – 
Total solid 38.39 36.84 – – – 

RHA – sodium silicate crystals composition analysis 
The elemental composition of the RHA, ARHA and sodium silicate crystals 

obtained from X-ray fluorescence analysis (by the air and vacuum atmosphere) 
are shown in Table II. It can be noticed that the percentage composition of SiO2 
increases progressively as the acid treatment concentration increase from 10 to 
20 %, while other metal oxides concentration decreases.  
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TABLE II. EDXRF oxides composition (%) of RHA, ARHA and crystals 
Oxide 750 ℃ RHA 10 % ARHA 20 % ARHA Sodium silicate 
Fe2O3 0.4698  0.15836 0.18990 0.1576 
Na2O – – – 14.739 
MgO 3.30 1.46 0.35 1.379 
Al2O3 1.443 1.147 1.063 1.3516 
SiO2 72.148 90.344 91.567 18.665 
P2O5 4.761 0.7510 0.8647 0.8505 
SO3 0.1647 0.0780 0.0777 0.3631 
Cl 0.0256 0.01778 0.02052 0.0824 
K2O 3.3802 0.5772 0.5897 0.2346 
CaO 0.7572 0.1326 0.1220 0.03335 
MnO 0.4367 0.08555 0.08706 0.00799 
SnO2 1.00 1.00 1.00 – 
Others 0.17478 0.07515 0.08312 0.05111 

This decrease indicates the effectiveness of acid treatment in purifying the 
rice husk ash samples, as a means of preventing unnecessary side reactions. The 
SiO2 and Na2O content of the sodium silicate crystals were 18.665 and 14.739 % 
respectively. This will indicate that the ratio of SiO2 to Na2O is 1, which is not in 
agreement with the classical method result. This deviation may be attributed to 
the consequential presence of traces of CaO, MgO, Al2O3, K2O and Fe2O3, 
which might equally react with the acid during the titrimetric determination of 
Na2O, thus giving a higher false value of Na2O. According to the study by Owo-
eye et al., the synthesis of a sodium disilicate from RHA at different concen-
tration of 3, 4 and 5 M of NaOH was found to contain 28.64, 42.25 and 36.97 % 
SiO2 while the Na2O content was 12.32, 17.23 and 18.24 %, respectively,25 
which were all higher than the 18.665 % of SiO2 and 14.739 % of Na2O content 
obtained in the present study at lower concentration of NaOH (10 % ≡ 2.5 M). 
Similarly, Siregar et al. reported the synthesis of sodium silicate from both corn 
cob and rice husk with content of Na of 43.29 and 22.63 %, that of O of 36.48 
and 71.98 % while the Si content was 20.23 and 5.39 %, respectively.26 
XRD of the solid obtained 

The diffractogram of RHA obtained is shown in Fig. 2. The RHA, 10 % 
ARHA and 20 % ARHA diffractogram patterns correspond to the mineral cris-
tobalite (96-900-8111). The diffractogram obtained for RHA treated at 750 ℃, 
confirms that heat treatment of rice husk at a higher temperature such as 750 ℃ 
results in the formation of crystalline silica. A similar report showed that treat-
ment of rice husk between 450–700 ℃ generally results in silica predominated 
with amorphous phase,27 while the higher temperature of 1000–1350 ℃ results 
in silica predominant by crystalline phase. Similarly, Shihab and Twej reported 
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obtaining amorphous and crystalline phases when rice husk was treated at 650 
and 1000 ℃, respectively.24 

  
Fig. 2. XRD patterns of RHA, ARHA and reference pattern. 

It was also observed that there was no specific change in the crystalline 
phase nature of the RHA when it was acid treated at different concentrations of 
10 and 20 % HCl.  

The diffractogram of the sodium silicate crystals obtained (Fig. 3) match the 
reference phase 2106900 of the crystallography open diffractogram with a chem-
ical name of sodium hydrogen tetraoxosilicate heptahydrate (Na2H2SiO4∙7H2O).10 

The suggested properties associated with this crystal show that it is mono-
clinic, and the Rietveld refinement of the XRD pattern for the sodium silicate 
performed by the profex software, v. 5.0, gave Rwp = 12.81, Rexp = 5.55, χ2 = 
= 5.3274, GoF = 2.3081 for Na2H2SiO4·7H2O and Na3HSiO4∙2H2O phase ana-
lysis.28 The inability of the χ2 value found to meet up to the threshold value of 
1.5 may be due to the presence of some impurities (majorly Al and Mg and traces 
of Ca, Fe, Zn, etc.) associated with the synthesis. 
FT-IR spectra of rice husk ash and sodium silicate 

The infrared spectra of the rice husk ash treated under high temperature and 
acid treatment are shown in Fig. 4. There were very week absorption peaks at posit- 
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Fig. 3. Diffractogram pattern of synthesized sodium silicate. 

ion of 3000 and 3500 cm−1 which are usually attributed to O–H group for 
moisture in the 750 °C RHA sample. For 20 % ARHA and 10 % ARHA there 
was no visible absorption in the same region of 3000 to 3500 cm–1, which is a 
representation of −O−H group from water or Si−O−H.22,29 The peaks at 1021, 
1098 and 1090 cm–1 at 750 °C for 10 % ARHA and 20 % ARHA samples, 
respectively, are often attributed to Si−O−Si asymmetric bond stretching vibrat-
ion.30 The peaks at 797, 794 and 795 cm–1 are attributed to the Si−O bending 
vibration band.31 Most of the absorption peaks detected in the 750 °C RHA 
sample were also noticed to have disappeared in the 10 % ARHA and 20 % 
ARHA samples. This may be linked to effective removal of remnants lignin, cel-
lulose and hemicellulose by the acid treatments. The spectra of sodium silicate 
show a strong broad peak at 3048.42 cm−1 which was attributed to presence of 
−OH group, associated to moisture. The peak at 1667.16 cm−1 is similarly a com-
plementary −OH group caused by bending vibration of water.17 While the strong 
stretching peak at 987.89 cm–1 is due the Si−O bond stretching of the silicon tet-
rahedron.32,33 The peak at 1443.94 cm−1 may be attributed to C−O symmetric 
stretching of C−O−Si, due to some C sneaked or CO2 absorbed into the separated 
solid.34 Also the peak at 2355.14 cm–1 position may be attributed to O=C=O 
stretching, since sodium silicate crystals may have been exposed to atmospheric 
carbon(IV) oxide during the draining process of the crystal.  
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Fig. 4. FT-IR spectra of sodium silicate crystals. 

Thermogravimetric analysis of sodium silicate crystals 
The results of TGA for 750 °C RHA, 10 % ARHA, 20 % ARHA and sodium 

silicate crystals are shown in Fig. 5. It can be observed that a two-step weight 
loss occurs during the temperature treatments of RHA and 10 % ARHA. The first 
weight losses of 0.242 and 0.122 %, which occurs before 200 °C, can be attri-
buted to physically adsorbed water.35 The second step weight loss occurs between 
200 and 400 °C, which may be attributed to loss of other volatile, probably trap-
ped in the sample’s matrix during initial preparation. The 20 % ARHA sample 
TGA curve depicts only one-step weight loss of 1.05 % between 28 and 450 °C. 
This weight loss may be attributed to release of trapped moisture as well as other 
volatiles. Overall, the TGA of 750 °C RHA, 10 % ARHA and 20 % ARHA 
samples appeared to be stable to heat treatment as about 98 % of the materials 
remain after 850–900 °C. 

The TGA for the crystal sample shows that there was also two-step weight 
loss between 30 and 400 ℃ and between 400 and 500 ℃. The first weight loss is 
considered a dehydration step, which is attributed to the loss of moisture in the 
crystal near and above its melting point as evidenced by the low weight loss of 
1.777 %. The second weight loss may be attributed to the removal of mole 
equivalents of crystal water molecules from the crystals sample as signified by 
the large weight loss of 34.475 %. The residue obtained after the attainment of 
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550 ℃ is attributed to the formation of anhydrous sodium silicate. Beyond the 
550 °C, the anhydrous silicate was relatively stable with about 55 % of sample 
remaining.  

 
Fig. 5. Loss in weight measurements. 

SEM morphological observation 
The surface morphological appearance of the RHA obtained at 750 ℃ shows 

a micro-flaky and irregular shape with agglomeration (Fig. 6). For the 10 % 
ARHA the micro-flaky agglomeration possesses a wavy opening fitted with lat-
eral pores much like an oval hexagon and the 20 % ARHA showed no wavy pat-
tern opening while also showing rod-like microstructure and some micropores. 
The isolated rod-like structure seen in the 20 % ARHA bears evidence of induced 
crystallinity as a result of increased acid concentration. The sodium silicate mor-
phology at 12000× magnification, Fig. 6d, shows an uneven surface and the 
appearance of tiny pores on the surface of agglomerated morphology. The sur-
face of the crystal also appears to have slight indentation while the irregular 
pores appears to run deep. 

Significant agglomeration of particles on the surface of the amorphous silica, 
used in the synthesis of sodium silicate from corncob and rice husk, as well as 
existence of pores within the agglomerates was also reported.26  
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 a) b) 

   
 c) d) 

   
Fig. 6. Scanning electron microscopic images of: a) 750 ℃ RHA, b) 10 % ARHA, c) 20 % 

ARHA and d) sodium silicate (SS) crystal surface. 

CONCLUSION 

Rice husk ash was used to synthesize crystalline sodium silicates. The acid 
treatment of RHA showed improvement on the purification of silica obtained as 
well as improved crystal structure. The similarity of all the RHA (750 ℃, 10 % 
ARHA and 20 % ARHA) to the cristobalite phase also shows that treatment type 
affects the crystallinity of the silica obtained. The sodium silicate sample synthe-
sized was found to contain two phases namely disodium orthosilicate (91.91 % 
Na2H2SiO4∙7H2O) and trisodium orthosilicate (8.10 % Na3HSiO4∙2H2O), as rev-
ealed by the rietveld refinement analysis. Since disodium orthosilicate are often 
used in cosmetic formulations as an exfoliating agent or abrasive. The synthe-
sized orthosilicate will be useful in improving skin texture when added to cosmetics. 
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LIST OF SYMBOLS AND ABBREVIATIONS 
ARHA – Acid treated rice Husk Ash 
ATR – Attenuated total reflectance 
BSCA – Brownish Silicate Crystal Abuja 
COD – Crystallography Open Database 
DTA – Differential thermal analysis 
EDXRF – Energy–dispersive X–ray fluorescence spectrometer 
FAO – Food and Agriculture Organization  
FTIR – Fourier transform infra-red spectrophotometer  
RMRDC – Raw Materials Research and Development Council 
RHA – Rice Husk Ash 
SEM – Scanning electron microscope 
SHESTCO – Sheda Science and Technology Complex 
TGA – Thermogravimetry analysis 
XRD – X-Ray diffraction/diffractometer 
Rwp – Weight profile R-factor 
 Rexp – Expected R-factor 
GoF – Goodness of fit 

Acknowledgement. This work was supported by the Raw Material Research and Dev-
elopment Council of Nigeria. 

И З В О Д  

СИНТЕЗА КРИСТАЛА НАТРИЈУМ-СИЛИКАТА ИЗ ПЕПЕЛА ПИРИНЧAНЕ ЉУСКЕ 

STELLA ADEDUNNI EMMANUEL1, ALHASSAN ADEKU SALLAU1, OLUWASEYE ADEDIRIN1, HUSSAIN DOKO 

IBRAHIM2, MOHAMMED LAWAL BUGA2, ANTHONY OKEREKE2, GERTRUDE NGOZI OZONYIA2 

и FORTUNE MIEBAKA ALABI2 

1
Chemistry Advanced Research Center, SHESTCO, Abuja, Nigeria и 

2
Raw Materials Research and 

Development Council, RMRDC, Maitama, Abuja, Nigeria 

Због узгоја пиринча широм света, пиринчaна љуска представља веома распростра-
њени пољопривредни отпад богат аморфним силицијумом. У овом раду, пиролизом на 
750 °C пиринчaна љуска је претворена у бели пепео (RHA), који је затим третиран кисе-
лином (ARHA). Након тога, добијена суспензија је третирана натријум-хидроксидом на 
90 °C током 2,5 h, при чему долази до издвајања кристала натријум-силиката. Кристали 
натријум-силиката су окарактерисани на бази различитих физичко–хемијских параме-
тара. За одређивање структуре силиката употребљени су инфрацрвени спектрофото-
метар са Фуријеoвом трансформацијом (FT-IR), рендгенски дифрактометар (XRD) и 
скенирајући електронски микроскоп (SEM). За испитивање минералошког састава пе-
пела и натријум-силиката коришћен је енергетски дисперзивни рендгенски флуорес-
центни спектрометар (EDXRF). Тачка топљења добијених кристала натријум-силиката је 
61 °C, pH 12,03, док је њихова боја била између светлосмеђе и светлосиве. Испитивања 
белог пепела помоћу XRD, након његове реакције са киселином (ARHA), показала су да 
испитивани узорци имају структуру минерала кристобалита, док структура натријум-си-
ликата одговара структури минерала натријум-триоксосиликат-хептахидрат. Методом 
раздвајања по Ритвелду (Rietveld refinement method) примењеном на дифрактограме крис-
тала натријум-силиката добијене су следеће вредности: Rwp = 12,81, Rexp = 5,55, χ2 = 
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= 5,3274 и GoF = 2,3081. Нађено је да су кристали натријум-силиката погодни за при-
прему козметичких формулација. 

(Примљено 26. новембра 2022, ревидирано 3. априла, прихваћено 10. јула 2023) 
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