Synthesis of Orange Colored Silica gel based on Rice Husk
Ash by Using Iron Salt Indicator

ABSTRACT

Silica gel is a solid adsorbent known for its unique property of changing color as it adsorbs
moisture. The main component in the production of silica gel is sodium silicate, whichsean be
derived from natural raw materials such as sugarcane bagasse ash, rice husk ash‘and‘eoconut shell.
In this study, sodium silicate was extracted from rice husk ash (RHA),fellowed bythe'synthesis
of silica gel using the sol-gel method. The resulting silica gel was then celored orange using iron
(I I T)chloride salt. FE-SEM image showed a homogeneous distribution of particle size and color
on the surface of the silica gel. The BET surface area of,orange silica gels synthesized from
commercial sodium silicate and RHA (Aging time =24 hours) was found to be 248.6 and 179.86
m?/gr, respectively but the high Smeso/Smicro iR'silica gelfrom rice husk ash contributes to its

suitable moisture adsorption capacity compared to,silica gel from industrial sodium silicate.
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1.INTROBUCTION

Various moisture-sensitive materials are protected from damage by silica gel desiccant. It
is difficult to determine if the gel needs to be regenerated or replaced when saturated with moisture
since the gel is usually white or colorless. Hence, it is essential to have a visible indication when
the gel is saturated with moisture. Conventionally, this has been accomplished by immersing it in

a cobalt salt (usually cobalt chloride), which gives a dark blue color to the dry gel[1]. When the




dry gel adsorbs moisture, its color changes from dark blue to light pink. Due to its color-changing
property, it is an effective desiccant for several industrial applications, but cobalt chloride is a
carcinogen, which means a much tighter control regime will be needed for the silica gel that
contains it. However, due to the sharp change in color, it is preferred for industrial applications
excluding food and pharmaceuticals, for this purpose, alternative salts, such as Ferric salts, are

used in silica gels to create color change properties [2, 3] .

A common source of silica gel is sodium silicate, which is available commerciallyfSodiumysidicate
is produced by melting quartz sand with sodium carbonate at 1300°C[4]. The, pracess is costly
because it requires a high temperature, and it emits significant air pellutien by“ereating dust,
nitrogen, and Sulphur dioxide [5]. As an alternative, sodium silicate can be,generated at much
lower temperatures by boiling amorphous silica in sodium hydroxide:"Rice husk ash (RHA) is an
economical and environmentally friendly source of amorphous,silica [6]. In the rice-producing
countries, rice husk is abundantly available as a by-product ofyagriculture. After rice grains are
milled, the rice husk is separated from them. Approximately mere than 700 million tons of rice are
produced in the world annually. About 20%.of rice is comprised of rice husk, and the remainder
is rice. Commonly, rice husk consists of 50%, cellulose, 25-30% lignin, and 15-20% silica [7] .
Moreover, researchers have reported thateeach tonvof rice produces approximately 0.23 tons of rice
husk [8]. In rice-producing countries, rice husks are either burned or dumped as waste. When rice
husk is burned, RHA is producedyThe buried rice husks can occupy a great deal of space, cause
spontaneous combustiong€mitting ash, and damaging the environment. Currently, rice-producing
countries struggle with, rice husk and are trying to find ways of using it economically. Due to its
high internal surface\area andporous nature, rice husk is uncommonly high in silica ash, which is
92 to 95%gpurey[7].the silica is left behind after cellulose and lignin are destroyed during
combustion ‘its high content of silica makes it a valuable material that can be used in a variety of
industrialapplications. The other compounds in rice ash include K20, Al203, CaO, MgO, Na20,
and Fe203, whose amounts are less than one percent. Many factors affect the properties of ash,
such as the temperature and time of combustion [9]. A controlled combustion environment and
temperature enhance the quality of RHA, since the particle size and surface area of the ash are
influenced by the conditions for combustion [7]. For the production of silica and silicates, RHA is

a suitable raw material [8].




Temperature and time of burning are pivotal factors to determine whether silica remains
amorphous, as in RHA, or becomes crystalline. The importance of amorphous silica obtained is
that amorphous silica is active. Active silica is reactive and participates in reactions, while silica
in its crystalline form is inactive and does not participate in reactions [10]. According to Della et
al.[10], the ash produced by burning at 700 °C and for 6 hours contained the highest amount of
silica compared to burning at 400, 500, and 600 °C, and burning for shorter periods. Ashes created
below 773-873 K contain amorphous silica, but above this interval, the amerphous silica
transforms into crystallized forms [11]. Kim et al.[12] investigated the silica crystalline forms of
RHA produced by burning rice husk for 10 hours at temperatures of 300, 500, 700;,and,900 °C by
using energy X-ray diffraction analysis. Throughout all temperatures, a wideypeak is observed
between 15 and 35 degrees, which is characteristic of amorphous_materials, illustrating how
pyrolysis transformed crystalline cellulose into an amorphousy, disordered, random composition.
By increasing the temperature from 500 °Cto 700 °C, there i1s‘aslightincrease in peak intensity at
2201, Heating up to 900 °Cincreased the intensity offpeaks at,22 ", 36 and additional peaks were
observed at 43", 45", 47" and 49. Additional peaks in, the*pattern represent an example of the
crystalline phase of silica. According to many,researchers, amorphous ash is crystallized into
cristobalite or tridymite at 900 °C [12]s,When Tfice husk is burned under controlled conditions, it
produces almost pure silica ash. By ‘pre-treating silica with hydrochloric acid, sulfuric acid, or
nitric acid before combustion, ‘metallicimpurities like Ferric, manganese, calcium, sodium,
potassium, and magnesium can, be removed, increasing the purity and color of the silica [13]. A
study conducted by Kurama et,al.[14] revealed that molarities of acid used during treatment did
not have a linear correlation with silica percentage in RHA. However, the silica content of ash
increases from 88.02 t0498.5% for 2 M HCI concentration. Also, by increasing the temperature of
disselving rice huskawith acid (25, 60, 90°C), the purity of silica obtained from RHA increased.
Examiningithe effect of rice husk dissolution time with acid solution, it was found that two hours
of dissolution caused a complete dissolution of impurities and a significant increase in silica
content. There were no detectable changes after 2 hours [14]. In the study conducted by Metori et
al.[15], the effect of the type of acid used in the rice husk treatment process was investigated.
When compared to untreated and other acid-treated rice husks, rice husks treated with HCI had the
highest percentage of silica. Furthermore, XRD analysis for untreated and acid-treated ash after

heat treatment at 800 °C for 2 hours, revealed that the acid-treated samples are amorphous and




Silica's amorphicity is not affected by the type of acid. In contrast, untreated husk is crystalline in
with the crystal phase cristobalite [15]. According to Nayak et al.[2], blue silica gel has been
synthesized using RHA and cobalt chloride salt. According to the X-ray energy diffraction
analysis, the obtained silica gel shows its amorphous characteristics, and also the lack of washing
the gel with deionized water causes the presence of crystalline peaks related to the sodium salt of
the consumed acid or sodium silicate. The moisture adsorption rate of blue silica gel.was lower
than that of colorless silica gel. cobalt chloride salt reduces the adsorption capacity ofisilica gel
because the pores of silica gel are partially filled by COCI2 depending on the,concentration. The

higher the concentration of COCI2 in the silica gel, the more likely the pores willibe filled [2].

In another study by Nayak et al.[16], the color behavior of siliea gels was’ investigated by
immersing the hydrogel in different pH of cobalt chloride aqueous solutien. It was observed that
the blue color of the dry gel becomes significantly less with.the lowering of pH .The gel with a pH
equal to 6 has the most prominent color change behavior, fromblue to pink. The gel with pH =2
is almost colorless in both dry and wet conditions, ‘which, may be due to the low absorption of
cobalt on the gel because the isoelectric peint of silica iselose to pH = 2[16].

Considering that the primary material, for theisynthesis of silica gel is sodium silicate and the
traditional method of sodium silicate Synthesis involves high energy consumption and greenhouse
gas production, the purpose of (thiSistudysis to use RHA as the primary raw material for the
synthesis of Sodium silicate and therefore silica gel. This study also uses Ferric salt instead of

cobalt salt to turn silicasgel orangesbecause cobalt salt is toxic.

2.EXPERIMANTAL SECTION

2.1. Chemicals

Sodium silicate, sulfuric acid 98% (Dr. Mojallali company), hydrochloric acid 37% (Dr. Mojallali
company), sodium hydroxide (Dr. Mojallali company) for alkali washing in the extraction of silica




from RHA, rice husk (collected from Langrod rice fields), Additionally, (NH4)2Fe (S04)2-6H20

and FeClI3-6H20 were employed for coloring purposes.
2.2. Synthesis of silica gel using RHA

The procedure of silica gel synthesis using RHA is schematically shown in Fig 1. As can be seen
in this figure, silica gel synthesis has two steps. Firstly, sodium silicate was extracted from the
RHA. At a ratio of 10 grams to 100 cc, rice husk was added to 1 M hydrochloric acid solution.
after 2 h stirring at 90 °C, Acid-treated rice husk was filtered and washed with distilled water until
the pH of the output water reached 7. Finally, it was dried at 110 °Cfor one night and placed inside
the furnace at 700 °C for 3 hours to turn into ash. Afterward, to produce sodium silicate from ash,
at a ratio of 5 grams to 100 cc, ash was heated in 1 M sodium hydroxide solution for 2 h at 95°C
inside an Erlenmeyer with an aluminum cap, according to the following reaction, liquid sodium

silicate was obtained:

2NaOH + nSiO; - Nax0.nSi0»+H»0

In the second stage, silica gel was synthesized with the sol-gel method. At first, the obtained
sodium silicate was titrated with sulfaric acid until pH=6 to produce hydrogel. The hydrogel was
aged for one night. Finally, the hydrogel. was washed with distilled water and dried at 120°C for
one night.
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Fig 1. Schematic flow chart for preparation steps of silica gel

2.3. Colorization

of silica gel

In this study, three methods were used to color silica gel produced from RHA. Methods include;

immersing hydrogels in'a Ferric salt solution by NAYAK and BERA[2], and dissolving Ferric salt
in acid by HAFIZ et al{f&7] immersing dry silica gel in Ferric salt solution by MORTON[3]. The

colaring was also aceomplished using two different types of Ferric salts: (NH4)2Fe (SO4)2-6H20

and FeCls. 6H20.

2.4. Characterization of the Humidity Indicating Silica Gel from RHA

X-ray diffraction analysis was performed using an EQUINOX 3000 series device in a scanning

range of 10-110 (20). The diffraction peaks were detected with High score plus software. BET

(Brunauer, Emmett, and Teller) surface area analysis was accomplished using Japan's Belsorp mini

device. FESEM analysis was performed using a MIRA3 device manufactured by Tuscan company.




2.5. Moisture adsorption capacity
To determine the moisture adsorption capacity of orange silica gel synthesized from rice husk ash
and compare it with the moisture adsorption capacity of orange silica gel synthesized from
commercial sodium silicate, 2 grams of each sample was placed inside a closed flask with a humid
atmosphere (created by the solution Saturated salt (sodium chloride, saturated salt solution
provides the required moisture)[18] and after 5 hours and 24 hours, the silica gels were weighed

and the amount of moisture adsorbed by them was calculated according to‘€qg1:

_x2—x1

(Eq)

x1
Xl: weight of dry silicagel

X2: Weight of moisture silicagel

3.RESULTS AND PISEUSSION

3.1. Characterization of orange silica gel
3.1.1%Selecting the appropriate coloring method

Fig 2 illustrates the orange silica gels synthesized using the three methods mentioned in Section
2.3. It can be seen that the orange silica gel synthesized by the Morton method is more transparent,
similar to the commercial orange silica gel samples, and has a good color change from orange to
white while silica gels obtained from Nayak and Hafiz are opaque and have no significant color

change when exposed to moisture, as a result, Morten method is chosen as the preferred method.




Fig 2: synthesis of orange silica gel % ayak's method, b) Hafiz's method, ¢c) Morton's method

N

3.1. ctin appropriate Ferric salt
Thew' els were synthesized by Morton's method and with FeCls. 6H.0 and (NH4)2Fe
(S0O4)2-6H20 are shown in fig 3, respectively. As can be seen, the orange silica gels using Ferric

chloridebit showed a more suitable color change after being exposed to a humid atmosphere and

adsorbing moisture between 20 and 25%.




Fig 3: changing color of orange silica gel synthesized with different types of F @GH& b)

(NHa)2Fe (SO4)2.6H20

3.1.3.XRD analysis >

The X-ray energy diffraction spectroscopy of two types of.ora ica gel synthesized from RHA,

unwashed and washed with distilled water 3 times, tively, are shown in Fig4. According to

the patterns presented, it can be seen that the pr rphous silica is quite evident in two

samples, which is in the form of a broad . Further, other peaks are observed in a

the washed sample, it can be con eClI3 is not detected because of its low concentration.

According to the study, cr ne composition of the transition metal, the content of at
least 1%[19] by weigh icient to create sharp peaks in the X-ray diffraction pattern. Here
too, the amount of sed‘compared to silica gel is approximately one percent by weight, but

thereisno p elate ts presence.
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Fig 4: XRD pattern of unwashed and washed orange‘silica gel based on RHA

3.1.4.BET analysis

Fig 5 shows the N adsorption-desorptionsef orange'silicasgel, orange silica gel synthesized from
RHA with an aging time of 24 hoursgorange silica,gel synthesized from industrial sodium silicate
with an aging time of 24 hours, and orange silicasgel synthesized from industrial sodium silicate
with an aging time 2 hours, respectively. Based on the IUPAC classification, all three samples
follow the type IV isothermygwhieh indicates multilayer adsorption on mesoporous solids. The
most significant characteristichof ,this isotherm is the hysteresis loop, which is caused by
condensation on the helesy At high relative pressures, limited adsorption results in a flattening of
the isotherm, indicating that all, voids have been filled. Hysteresis loops of samples are classified
by IUPAC asshysteresis type H1, which describes porous materials with holes that are cylindrical-

shaped,relativelyjlarge, and easily connected.
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Fig 5: N2 adsorption-desorption of a) orange silica gel baSed commercial sodium silicate and RHA

Fig 6 is related to the examination of the,Size distribution of the holes in the samples. The
observations indicate that the size distribution of,holes in all three samples is within the range of
2-50 nm due to the mesoporous character ofithe samples. The presence of mesopores in the silica
gel can lead to a wider range of holesizes in it, resulting in a broader size distribution of holes. On
the other hand, if the mesopores,are tntformly distributed in the gel, it can lead to a more uniform
size distribution of holes. Overall, the mesoporous character of the samples plays a significant role
in determining the'size distribution of holes in the synthesized orange silica gel, which can
influence its properties'such as BETsurface area [20]. the peak width in the pore size distribution
curves indicates the'uniformity of the pore size distribution, which means that the smaller the peak
width;ithe ‘more uniform the hole size distribution. The silica gel sample synthesized from rice
husk ashhas a larger peak width compared to the samples synthesized from commercial sodium
silicate, so the distribution of its pore size is more uneven, and this factor causes its surface area
to decrease compared to the other two samples. The area under the pore size distribution curves is

according to the following pattern:

Orange silica gel (Na2Sio3. 24 hr) > Orange silica gel (Na2Sio3. 2 hr)> Orange silica gel (RHA.
24 hr)
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This Pattern consistents with the total surface area as seen in tablel. The surface area also shows

the ability of the adsorbent in the amount of adsorption [21].
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Figure 6: Pore size distribution of orange silicagel based commercial sodium
silicate and RHA

Table 1 shows the physical properties.of the synthesized orange silica gels. The Orange silica gel
synthesized from RHAshas a‘lower surface area rather than other ones. In the synthesis of silica
gel, When acid interactsiwithra'sodium silicate solution, it forms orthosilicic acid, an intermediate
product of hydrolysis.“Ehis substance is highly unstable and quickly undergoes self-condensation
to create a colloidakpolymer known as silica sol. Upon further standing, the silica sol undergoes
additignalkeondensation, resulting in the formation of a gel [17], in addition in the fig 7c, white
particles.can be seen, which can be attributed to sodium silicate powder (which is usually removed
by further washing and washing with hot water), which shows that the total sodium silicate has not
interacted with the acid, as a result of which the surface area decreases. The longer the aging time,
the greater the surface area of the gel produced. The longer the aging time, the more silica

monomers are connected, so the surface area of the produced silica gel increases.
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Table 1: Physical properties of synthesis orange silicagel

sample Seet Smicro Smeso Pores Diameter | rp, pic (Nm) Vp(cm3/gr)
(m2/gr) | (m2/gr) | (m2/gr) | Average(nm)
Orange silica gel (NazSios. 24 248.86 | 128.81 | 120.05 8.781 3.53 0.56
hr)
Orange silica gel (NazSios. 2 199.56 | 105.371 | 94.189 10.442 4.61 0.53
hr)
Orange silica gel (RHA. 24 hr) | 179.86 | 82.343 | 97.517 14.289 6.06 0.64

3.1.5. FE-SEM analysis

The FE-SEM images of RH, RHA, and orange silica gel syathesized using RHA are shown in Fig
7 a, b, and c. As can be seen in Fig 7a, a regular Strip structure 1s evident in the morphology of the
rice husk. The Outer epidermis consists of parallel and symmetrical ridges made up of silica on
cellulose. the entire surface of the eptdermis isieovered with many small grains. Silica is generally
present in all parts of the rice husk,/butuits distribution varies. Figure 7b shows that rice husk
morphology changes after chemical, and_heat treatment. In the epidermis, small grains have
disappeared. A soft, porous,. layered structure of the RHA was obtained as a result of the
combustion of the carbenaceeus e@mpounds in the RH at a temperature of 700°C. A view of the
overall morphology‘@and,mass.aggregation with the geometry of spherical particles of orange silica
gel synthesized' from RHA with a magnification of 500 nm is shown in Fig 7c. There is no
difference in particle size distribution, and the homogeneous color of the silica gel surface is a
result.ofithe uniform distribution of Ferric chloride (111) salt indicator in its texture. A view further
from thessilica’gel surface can be seen in Fig 7d. The presence of white particles can be due to
sodium silicate powder, most of which has been destroyed by washing. The rest of these particles

can be removed by washing more and using hot distilled water.
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Fig 7: EDX analysis of orange silica gel-based RHAand FeClz.6H,0

3.1.7. Determination of adsorption-capacity
In Table 1, it is evident that Orange silica gel (Na2Sio3. 24 hr) exhibits a greater BET surface area
in comparison to Orange silica gel(RHA. 24 hr), leading to a higher adsorption capacity. In Table2,
it is worth noting that Silica,gel synthesized from RHA shows a slight variance in moisture
adsorption as compared to Siliea gel synthesized from Commercial sodium silicate, which can be
attributed to theqabundance, of'mesopores in this adsorbent (Smeso/ Smicro=1.18). Consequently,
sodium silicate synthesized from rice husk ash can serve as a viable alternative to industrial sodium

silicate, offering not only eco-friendliness but also adequate adsorption capability.
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Table 2: Moisture adsorption capacity of synthesized silica gels

Type of silicagel Adsorption capacity after 5 hr Adsorption capacity after 24 hr
Orange silica gel (RHA. 24 hr) 4.5% 24%
Orange silica gel (Na2Sio3. 24 hr) 5.5% 27.5%
4. CONCLUSIONS

By accomplishing thermal and chemical treatment on rice husk, rtican be turned into a suitable raw
source for the production of sodium silicate and consgguently silica gel. Immersion of silica gel in
salt solution according to Morton's method is more suitablefor coloring iron (I I I) chloride salt
and shows a more impressive color change than ammenium iron ( I T) sulfate salt when the silica
gel is exposed to a humid atmosphere, The XRD analysis confirmed the amorphous structure of
the orange silica gel synthesized from RHA. Although the orange silica gel synthesized from RHA
has a lower surface area than the sample synthesized from commercial sodium silicate, its richness
in mesopores has caused it to have an acceptable moisture absorption capacity. Considering that it
is produced from a natural waste material, it can serve as a viable option for an environmentally

friendly adsorbent material.
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