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OBJECTIVES The issue of waste and rawmaterial sources has
become common in the processing industry. The ideal solu-
tion is to use waste as a substitute for primarymaterial. The
processing of rice husk waste for silica extraction can aid in
resolving the issueof solidwasteaccumulation in theagricul-
tural industry. METHODS The extraction process begins with
burning and ashing the huskwaste to increase the silica con-
tent. At 750 °C, the silica content increased to 88.06%. The
leaching process was carried out to dissolve Si, and observe
the behavior of other major elements, such as K, Ca, and P,
from rice husk ash. Leaching was carried out in a 3-neck
flask with external heating. The effect of the concentration
of NaOH solution on elements recovery was studied in this
experiment. RESULTS The highest recovery of Si, K, Ca, and P
reached 89.94%, 89.04%, 61.37%, and 78.61%, respectively, at
3NNaOH concentration, 120minutes, 300 rpm, and 10%S/L
ratio. There was also a precipitate of Na3PO4 formed in the
product solution after being left for 24 hours. CONCLUSIONS
Thisprovides insight into thedecantationprocessbeforepre-
cipitation using Al(OH)3 in zeolite production.
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1. INTRODUCTION

The world is experiencing two main problems: resource de-
pletion and excess waste production. A solution to this is-
sue is to use waste as the main production feed stream
(Steven et al. 2022). All industrial sectors compete to in-

crease revenue by substituting waste as the main rawmate-
rial (Setyawan et al. 2019). Biomass waste can be used as an
alternative to overcome this problem. The accumulation of
rice husk waste in Indonesia, which is increasing yearly, is
still a challenge for solid waste processing. Indonesia's rice
production in 2021 reached 54.42 million tons, of which 20%
is huskwaste (Badan Pusat Statistik 2021).

Recently, rice huskhas beenused in various applications
such as fertilizers, preparing activated carbon, and as an in-
dustrial fuel for gasification or combustion boilers. Another
useof ricehuskwasteprocessing is for themain ingredient in
themanufactureof zeolite. Huskwasteusually containshigh
cellulose, lignin, and ash (SantanaCosta and Paranhos, 2018).
Typical huskwaste composition contains 38% cellulose, 22%
lignin, 20% ash, 18% pentosane, and 2% organic matter con-
tent. Ricehuskash (RHA) containsamorphous silica asmuch
as 30-35% (Chandrasekhar et al. 2003). The high silica con-
tent in RHA has not been utilized optimally for material sub-
stitution in amorphous silica-basedproducts. This silica con-
tent can be used as rawmaterial for zeolite.

The silica leaching process plays an essential role in the
zeolite production from RHA. The purity of the extracted
amorphous silica will affect the zeolite product. This extrac-
tion process is affected by several factors, such as temper-
ature, solvent type, solvent concentration, RHA size, solid-
liquid ratio, and other leaching operating conditions.

Research on the extraction of silica from RHA has been
carried out. Ma et al. (2012) developed a leaching technique
using acid and NH4F followed by precipitation in an acidic
state. Liou and Yang (2011) investigated silica production by
extractingNa2SiO3 from rice husk ash usingNaOH, followed
by precipitation with HCl. 0.15 MNa2SiO3 was obtained from
the extraction process using NaOH, and the highest surface
area was obtained when SiO2 was formed during the pre-
cipitation process. The recovery of SiO2 formed as a result
of precipitation was 99.48%. This is due to the smaller size
of the NaCl salt formed in comparison to the salt formed in
other types of acids. Fernandes et al. (2017) evaluated the
RHA leaching process using 1MNaOH, followed by precipita-
tion using H2SO4. Kalapathy et al. (2001) conducted an acid-
leaching experiment followed byNaOH leaching to extract Si
from RHA. From previous research, only a few discussed the
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FIGURE 1. Content of major elements on rice husks, husk charcoal, and rice
husk ash.

effectofNaOHconcentrationondirectRHAleachingwithout
acid pretreatment. Excessive use of acid in the pretreatment
process can cause new liquidwaste problemswithout a recy-
cling process. Liquid waste and the use of acid issue will also
increase production costs on industrial-scale operations.

The silica leaching process using NaOH solution is cru-
cial for making zeolite. This study aims to characterize the
ashing process and the effect of NaOH concentration on Si
leaching recovery.

2. MATERIALS AND METHOD

2.1 Materials

Ricehusk ashwas obtained fromPTTala SalapangAgro (TSA)
Gowa Regency, South Sulawesi Province, Indonesia. Thema-
terial is separated from the soil and other solid waste and
washedusing tapwater. Drying is used to removewater from
the rice husks. RHAwas crushed and sieved to obtain a parti-
cle size of < 180 microns. The solution used for the leaching
process is NaOH (prepared fromNaOHflakes > 97%, local).

2.2 Method

2.2.1 Rice husk pretreatment

Rice husk, rice husk charcoal, and rice husk ash were ana-
lyzed using x-ray fluorescence (XRF) Epsilon 1, Panalytical. X-
ray diffraction (XRD) Rigaku Miniplex 600 XRD Rigaku Mini-
plex 600was used to determine the dominant phase present
in the sample and determine crystallinity.

2.2.2 Heating pretreatment

The ashing process is carried out by burning 1000 g of rice
husk into husk charcoal at 400 °C. The husk charcoal was
then incinerated using amuffle furnace at 750 °C for 3 hours.
The RHA obtained is then fed for the leaching process.

2.2.3 Leaching process

The leaching process was carried out using a 500 mL three-
neck flask equipped with a thermometer and a reflux con-
denser. The heating process uses a hot plate, and stirring
uses amagnetic stirrer. 50mL ofNaOHwith a concentration
of 1, 2, and 3 N was heated to 80 °C, and 5 grams of RHA was

FIGURE 2. Effect of NaOH concentration on Si recovery (S/L ratio = 10%,
stirring speed = 300 rpm, leaching temperature = 80 °C).

added (S/L ratio = 10%). Si, K, Ca, and P recovery is calculated
using Equation 1 (Prameswara et al. 2022a,b; Trisnawati et al.
2020).

Ri(%) =
m f C f i − mriCri

m f C f i
× 100 (1)

Where,

1. Ri is element recovery (%),
2. mf is themass of the feed (grams),
3. Cfi is the concentration of elements in the feed(%), mri is

themass of the residue (grams), and Cri is the concentra-
tion of elements in the residue.

3. RESULT AND DISCUSSION

3.1 Ashing process

The ashing process aims to reduce organic and volatilemate-
rials from rice husks. It is known that organicmaterials such
as cellulose and ligninmake up 36%of rice husks (Liashenko
et al. 2020). It can be seen in Figure 1 that the silica content
increases during the ashing process. This is due to reduced
organicmatter constituents (C, H, and O). Thematerial loses
its water content at temperatures of 80-150 °C. In compari-
son, cellulose and lignin decomposition processes occur at
350 °C and 600 °C, respectively (Bakar et al. 2016). Figure
1 also shows a significant increase in Si concentration from
rice husk charcoal to RHA.

Kcontent increasedduring thecombustionprocess (400
°C) anddecreasedduring theashingprocess (750 °C). K in the
K2Ophasewill bereducedat740°Cwhile thecontentofphos-
phate (P) in the P2O5 phase decreases due to being reduced
at 340 °C. Si, K, P, andCa contents inRHAwere88.06%, 6.77%,
1.29%, and 2.51%, respectively.

3.2 Effect of NaOH concentration

The reaction of SiO2 withNaOH is presented in Equation 2. It
can be seen in Figure 2 that at 1 NNaOH concentration, Si re-
covery increased significantly from0– 120minutes. At 2 and
3 N NaOH concentrations, the Si recovery reached equilib-
rium at 60 minutes. The highest recovery in leaching using
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FIGURE 3. Effect of NaOH concentration on (a) K, (b) Ca, and (c) P recovery (S/L ratio = 10%, stirring speed = 300 rpm, leaching temperature = 80 °C).

1 N, 2 N, and 3 N NaOH concentrations were 68.96%, 76.19%,
and89.94%, respectively. This result differs fromMujiyanti et
al. (2021), who stated that the highest Si recovery was 61.37%
by leaching using NaOH 3 N at an RHA size of 240 mesh.
The RHA pretreatment process is also influential. The husk
milling processwill open thematerialmatrix, facilitating the
reduction of organicmatter in the ashing process.

SiO2(s) + 2NaOH(aq) → Na2SiO3(l) + H2O(l) (2)

Increasing the concentration of NaOH will increase the
concentration ofNa+ ions, resulting inmore Si reacting. San-
tana Costa and Paranhos (2018) reported that an increase in
NaOH concentration greater than 4 N would not increase
Si recovery. An increase in solution viscosity will occur at
higher NaOH concentrations, resulting in reduced mobility
of Na+ ions.

Potassium(K) is asmuchas6.77%,which isoneof thema-
jor elements in RHA. The reactionwithNaOH is presented in
Equation 3.

FIGURE 4. ∆G of equation (2)-(5).

K2O(s) + 2NaOH(aq) → 2KOH(aq) + Na2O(l) (3)

In Figure 3(a), a significant increase in recovery only oc-
curs at 0-30 minutes. The highest K recovery in leaching
using NaOH with concentrations of 1 N, 2 N, and 3 N were
61.39%, 76.51%, and 89.04%, respectively. The K dissolution
process occurs spontaneously at high NaOH concentrations
dueto thenegativevalueof theGibbs freeenergychange (∆G)
(Figure 4). The same behavior is shown in phosphate (P) dis-
solution. The reaction is presented in Equation 4.

P2O5(s) + 6NaOH(aq) → 2Na3PO4(aq) + 3H2O(l) (4)

Figure 3(c) showsP recovery at various concentrations of
NaOH solution. P recovery in the leaching process using 2 N
and 3 NNaOH reached equilibrium in 30minutes. However,
there was a significant increase in leaching using 1 N NaOH
at 10-120minutes. The highest recovery was achieved at 120
minutes using 1 N, 2 N, and 3 N NaOH were 62.63%, 65.86%,
and 78.61%, respectively. In contrast to the K and P recovery
behavior, Ca recoverydidnot reachequilibriumuntil 120min
(Fig. 3(b)). The reaction is shown in Equation 5.

CaO(s) + 2NaOH(aq) → Ca(OH)2(aq) + Na2O(l) (5)

The highest Ca recovery (61.37%) was achieved at 3 N
NaOH, 80 °C, for 120minutes.

Another finding fromthis experiment is the formationof
Na3PO4 precipitate. It is known that Na3PO4 will precipitate
at room temperature after being left for 24 hours. This pro-
vides a new understanding of the determination of the silica
refining process flow. The decantation process can be car-
riedout toseparate theNa3PO4 precipitateafterbeing left for
24 hours.
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FIGURE 5. XRD pattern of (a) rice husks, (b) rice husk charcoal, and (c) rice
husk ash.

Figure 4 shows the Gibbs free energy change values ex-
trapolated from the reference data (298 K, 1 bar). The P and
K leaching process have anegative∆Gvalue at 80 °C, indicat-
ing that the reaction canoccur spontaneously. It is evident in
Figures 3 (a) and (c) that the recovery of K andP reaches equi-
libriumquickly. So that thedissolutionof eachelementusing
NaOH solution can be sorted as P > K > Si > Ca. In addition to
the increase in NaOH solution concentration, the small par-
ticle size of rice husk ash (<180 microns) plays an important
role in the rapid dissolution of K, Ca, and P in the NaOH so-
lution, resulting in high recoveries. Recoveries of oxygen (O)
arenot calculated. WhenSiO2 is leachedusingNaOH,oxygen
is released as a gas (in the form of water vapor) (Wang et al.
2014). Instead, the focus is on measuring the extraction effi-
ciency and recovery of silica, which is the desired product.

3.3 Material characterization

Phaseanalysis of thematerialwas carriedoutusingXRD (Fig-
ure 5). The amorphous silica phase is the primary material
for making rice husks. With the ashing process, the amor-
phous silica content increases. The spectrum spreads in the
range 2θ of 15 °– 40 °, with the central peak at 22 °. This con-
firms the behavior of amorphous silica. The presence of cel-
lulose is indicated by a peak at 2θ of 12 and 25 °(Figure 5b). Be-
cause cellulose decomposes at a temperature of 250-350 °C
during the ashing process, rice husk ash does not show any
peaksbesidesSiO2 (2θ =22 °) inFigure5c (Alshatwi et al. 2022;
Rivas et al. 2016). CaO andK2Owere identified at 2θ of 37 and
33 °, respectively, although slightly visible (Istadi et al. 2015).
This also shows the presence of CaO and K2O in rice husk, K
and Ca are naturally present in rice plants due to absorption
from the environment (Ferreira et al. 2020).

4. CONCLUSION

Increasing the silica content of rice husks was carried out by
using thecarbonizationprocessat400°Cand theashingpro-
cess at 750 °C resulting in an increase in the silica content
from 79.25% to 88.06% in RHA. The RHA leaching process us-
ing NaOH was carried out to determine the effect of solvent
concentration on Si, K, Ca, and P recovery. The highest sil-
ica recovery reached 89.94% at 3NNaOH concentration, 120

minutes, 300 rpm 10% S/L ratio. The highest K, Ca, and P re-
coverieswere 89.04%, 61.37%, and 78.61%under the sameop-
erating conditions. Na3PO4 precipitate was found after 24
hours. This precipitate indicates that further silica purifica-
tion can be done using the decantation process before react-
ing with Al(OH)3 to form zeolitematerial.
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