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Lead is a naturally occurring element that has high atomic weight (207u) and density (11.3 g/cm’).
Their multiple industrial, domestic, agricultural, medical and technological applications have led
to their wide distribution in the environment, raising concerns over their potential effects on hu-
man health and the environment. At present, extensive application of nanosilica in environmental
pollution treatment has led to the development of silica extraction methodologies out of various
chemical and waste products. In this study, nanosilica is synthesized by sol-gel method from tetra-
ethoxysilane (TEOS) with base catalysts and volumetric ratio TEOS/C,HsOH/H,O/NH4OH:
5/30/1/1 and identified characteristics by some modern techniques such as Energy-dispersive X-
ray spectroscopy (EDX), Fourrier Transformation Infrared (FTIR) and X-ray diffraction (XRD),
Scanning electron micrograph (SEM), field emission scanning electron microscopy (FESEM). The
results showed that the prepared SiO, nanoparticles were amorphous phase with the average size
about 60-100 nm and can be used as an immediately utilization for lead treatment. At the pH of 5,
shaking within 1 hours with speed 150rpm/min, lead treatment efficiency is 96.17% for initial Pb>"
concentration 10 mgPb*"/L. Maximum adsorption concentration Qmax = 30.3mg/g, and adsorbent
and adsorbate constant b = 0.868 L/g. Therefore, extracted nanosilica from TEOS has high lead
treatment efficiency. In addition, synthesis nanosilica from rice husk with similar characteristics is
a new research approach to improve application and economic value of the material.

Chi la nguyén 16 tw nhién c6 khoi lwong nguyén tir cao(207 dvC), ti trong lon (11,3 glem’) va dwoe
ing dung phé bién trong cong nghiép, nong nghiép, sinh hoat, y 1é va cong nghé. Viéc su dung
réng rdi chi trong nhiéu linh viee lam tang méi quan ngai vé tac dong tiém tang ciia ching doi t6i
surc khoe con nguoi va moi trwong. Hién nay viéc ap dung rong rai nanosilica vao xir li 6 nhiém
moi truwong da va dang dan dén sw phat trién cia cdc phiwrong phap tach chiét silica tir héa chat va
cdc phé phu pham. Trong nghién ciru nay, nanosilica digc tong hop bang phwong phap sol-gel tir
tetraetoxysilan (TEOS) vdi xuc tac bazo theo ty ¢ thé tich TEOS/C,H;OH/H,O/NH,0H la 5/30/1/1
va xac dinh cac ddac tinh bc%ng mot $6 ky thudt hién dai nhu’ph(f tan sdc nang lwong tia X (EDX),
quang phé hong ngoai (FTIR) va nhiéu xa tia X (XRD), kinh hién vi dién tir quét (SEM), kinh hién
vi dién tir quét phat xa truong (FESEM). Két qua cho thay cac hat nano SiO, tach chiét dwoc c6
pha vé dinh hinh véi kich thuée trung binh khoang 60-100 nm va dwoc sir dung triec tiép cho xir Ii
chi. Tai diéu kién pH=5, ldc trong 1 gio véi toc dé 150 vong/phiit, hiéu qua xir Iy chi dat 96,17%
d6i véi nuée nhiém kim logi chi ¢6 nong do ban dau la 10mgPb’"/L. Lwong hdp phu cwc dai Omax
= 30,3mg/g; hang sé ddc trung cia chdt hap phu va chdt bi hdp phu b = 0,868L/g. Nhu vdy, hiéu
qua xu Iy kim loai chi cua vat liéu nano silica duoc t(fng hop tr TEOS la rét cao. Bén canh do,
nghién citu ché tao nanosilica tir vo trau véi cac ddc tinh twong tw la mét huéng di méi givp ning
cao tinh ung dung va gia tri kinh 1é cia vat liéu.
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1. Introduction

In recent years, heavy metal has been an increasing eco-
logical and global public health concern associated with
aqueous environment. Lead is a significant element metal
that contaminated the water by both natural and anthropo-
genic activities. It occurs naturally in the environment as
natural weathering of the earth's crust. In addition, soil
erosion and anthropogenic activities such as fossil fuels
burning, mining, and manufacturing contribute to the
release of its high concentrations.

Lead is chemical element which has been applied for
many different industrial, agricultural and domestic ac-
tivities. Exposure to lead occurs mainly via inhalation of
lead-contaminated dust particles, ingestion of lead-
contaminated food, and water. In the human body, the
greatest percentage of lead is taken into the kidney, fol-
lowed by the liver and the other soft tissues such as heart
and brain. The nervous system is the most vulnerable
target of lead poisoning. Headache, poor attention spam,
irritability, loss of memory and dullness are the early
symptoms of the effects of lead exposure on the central
nervous system. Lead polluted are dangerous to health
and to the environment, therefore, it is necessary to re-
move them from the polluted water.

A wide range of methods including chemical precipita-
tion, solvent extraction, vacuum evaporation, membrane
technologies, adsorption, ion exchange and membrane
separation have been used to treat lead pollution environ-
ment (Ilka Gehrke et al. 2015 and Paul B Tchounwou et
al. 2014). Using nanomaterials, for example, nanosilica is
considered as new researching direction to treat lead pol-
lution (Rahele Rostamian et al. 2011 and Rajesh Ghosh
and Sounak Bhattacherjee. 2013). Nanosilica can be ex-
tracted from chemical or natural materials. Nanosilica was
produced by various techniques including Stobér tech-
nique (Gholami, Salavati-Niasari et al. 2013), sol-gel
methods (Le et al. 2013), and water-in-oil nanoemulsion
system (Park, Ho et al. 2003). However, few studies have
been carried out using slow gelation technique and freeze-
drying methods (Lu and Hsieh 2012).

In this study, nanosilica is synthesized by sol- gel method
from TEOS and rice husk. This materials were character-
ized using Energy-dispersive X-ray spectroscopy (EDX),
Fourrier Transformation Infrared (FTIR) and X-ray dif-
fraction (XRD), Scanning electron micrograph (SEM),
Field emission scanning electron microscopy (FESEM).
In other aim of this study is to investigate the nanosilica
capacity to treat lead in different conditions such as time,
pH, Pb** concentration and nanosilica concentration.

2. Materials and methods

2.1 Materials

The chemicals used consist of tetraethoxysilane (TEOS,
>98%, Merck), lead nitrate (Pb(NO;),, 299.5%, Merck) as
a lead source, ammonia solution (25%, Scharlau), ethanol
(C,HsOH) (99.7%, China), hydrochloric acid (HCI, 37%,
China), sodium hydroxide (NaOH, >96%, China), and

deionized water. And rice husk in the Red river delta was
used as silica sources. Lead-contaminated water was man-
made from Pb (NOs3), to test the ability of the laboratory
scale.

2.2. Methods
2.2.1 Nanosilica synthesis method from TEOS

Nanosilica is synthesized by sol gel method from TEOS
with  base  catalysts and  volumetric  ratio
TEOS/C,HsOH/H,O/NH4OH: 5/30/1/1. Precipitation of
silica- chemical reaction involved:

SI(OC2H5)4 + 4H20 g SI(OH)4 + 4C2H50H
Si(OH); — SiO, + 2H,0

Taking exactly S0OmL TEOS into 300mL C,HsOH erlen-
meyer flask. Stirring the solution in heating magnetic
stirrer within 30 minutes. Adding gradually 10 mL deion-
ized water and continuously stirring 30 minutes. Adding
10mL NH4OH (25%) to obtain the solution with pH of 8
and stirring to form sol (Enrique C. Peresa et al. 2018;
Ezzat Rafieel et al. 2012 and Farshid Ghorbanil et al.
2015). After that, evaporating naturally within 48 hours.
Putting the sol in oven at 80°C within 15 hours then
crushing. Annealing at 450-550°C in 3 hours, and crush-
ing again to obtain final product.

2.2.2. Research on impact of time on Pb*" treatment
efficiency

Taking 100mL of 10 mg/L Pb** solution into 5 erlenmey-
er flasks (250mL) and turning to pH=5. Weighing and
taking 0.1 g nanosilica into each flask, then shaking with
speed 150 rpm/min within time 20, 45, 60, 75, and 90
minutes, respectively. Centrifugating with speed 2500
rpm/min and determining remaining Pb>" concentration
by ICP-OES iCAP 6000 machine.

2.2.3. Research on impact of pH on Pb** treatment
efficiency

Taking 100mL of 10 mg/L Pb** solution into 7 erlenmey-
er flasks (250mL) and turning to pH of 3,4, 5, 6, 7, 8, and
9, respectively by 0.01N HNO; and NaOH. Adding 0.1g
nanosilica into each flask and shaking with speed
150rpm/min within 60 minutes. Centrifugating with speed
2500 rpm/min and determining remaining Pb>" concentra-
tion by ICP-OES iCAP 6000 machine.

2.2.4. Research on impact of Pb** concentration on
treatment efficiency by nanosilica

Taking 100mL deionized water into 8 erlenmeyer flasks
(250mL). Diluting Pb(NO3), to obtain Pb*" solution with
concentration of 5, 10, 15, 20, 25, 30, 35, and 40 mg/L,
respectively then turning them to pH of 5. Adding 0.1g
nanosilica into each flask and shaking with speed 150
rpm/min within 60 minutes. Centrifugating with speed
2500 rpm/min and determining remaining Pb>" concentra-
tion by ICP-OES iCAP 6000 machine.
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2.2.5. Research on impact of nanosilica concentration
on treatment efficiency by nanosilica

Taking 10mg/L Pb>" solution with pH of 5 into 6 erlen-
meyer flasks (250mL). Adding nanosilica in such a way
that nanosilica concentration in each flask in a series of
0.1, 0.5, 1, 1.5, 2 and 2.5 g/L. Shaking them with speed
150 rpm/min within 60 minutes. Centrifugating with
speed 2500 rpm/min and determining remaining Pb**
concentration by ICP-OES iCAP 6000 machine.

3. Results and discussion

3.1. Characteristic of nanosilica extract from
TEOS

3.1.1. Nanosilica extract composition

XRD image (Figure 1) shows that nanosilica contains
high Si content with mass percentage 99.2465% and mo-
lecular weight percentage 99.425%. In addition, it also
contains small amount of other elements such as P
(0.3329%), Ca (0.4025%). It means the synthesized nano-
silica is extremely pure and we can research and analyse
material applications.
EDRI: 2018/03/22 16:10:44
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Figure 1. Energy-dispersive X-ray spectroscopy of
nanosilica
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3.1.2. Naneosilica extract functional group

The adsorption peak around 3250-3750 cm ™ indicates the
existence of free hydroxyl groups. The vibration around
1634 cm™ indicates the presence of H,O. The peaks
around 1105 cm ', 808 cm ', and 470 ¢cm ! correspond to
Si-O and Si-O-Si stretching, respectively. Therefore,
synthesized nanosilica is high purity.
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Figure 2. Fourier-transform infrared spectroscopy-
graph of nanosilica

3.1.3. Nanosilica extract morphology and particle size
Figure 3 presents nanosilica FESEM result by HATACHI
S-4800 machine (Vietnam Academy of Science and
Technology). It shows that nanosilica has average particle
size about 60-100 nm. With base catalyst (pH=8), TEOS
hydrolytic reaction is easy to form Si(OH), because OH
ion can infiltrate into Si atom immediately and replaces -
OC,H;s group of TEOS molecules. Thus, when =Si(OH)
precipitated, silica gel groups have a preferential branch-
ing structure for all sides, the result is the nanosilica mate-
rial is usually spherical, as shown in Figure 3.

The particles distinguish clearly which do not have adhe-
sion together, disperse uniformly to make large surface
area and wide contact area. It leads to high adsorption
ability and high polluted treatment efficiency. Comparing
with nano particles (Thai Hoang at el., 2012) showed that
the particles in this report distribute better and distin-
guishable clearly.

. ’:
IMS-NKL 5.0kV 4.3mm x150k SE(M)
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MS-NKL x50 Ok SEM )

Figure 1. a, b) Field emission scanning electron micro-
graph (FESEM) of Nanosilica at different resolution
scale; ¢) FESEM of Nanosilica (Thai Hoang at el., 2012)

3.1.4. Nanosilica extract structure

Nanosilica X-ray diffraction pattern shown in Figure. 7
shows that the major component of this material is high
purity nanosilica, which is not confused by other impuri-
ties. Comparing with X-ray diffraction pattern of nanosil-
ica obtained from the study of nanosilica’s XRD (Xuejing
Chen at el., 2014), it only appears one wide peak at 20 =
22.5°, which indicates that nanosilica particles have small
particle size and weak intensity, form in amorphous, crys-
tal clear. Compared with crystalline silica, amorphous
silica has more advantages such as non-toxic and better
interaction and polluted absorbent (Xuejing Chen et al.,
2014)
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Figure 4. a) X-ray diffraction pattern of Nanosilica;
b) X-ray diffraction pattern of Nanoslica (Xuejing
Chen et al., 2014)

3.2. Pb*" treatment efficiency of nanosilica at
different conditions

3.2.1. Impact of treatment time on Pb** treatment
efficiency

Pb*" treatment result of 0.1g nanosilica in different dura-
tion of time, with the pH of 5 and initial concentration 10
mgPb*'/L is represented in Figure 5.

At first 20 minutes after treating, the efficiency raises
quickly and reaches to 90.97%. The longer time the high-
er treatment efficiency, it gets 96.17% after 60 minutes
and remaining Pb*" concentration is 0.383 mgPb*'/L.
After 90 minutes, almost Pb>" is adsorbed completely and
and remaining Pb*" concentration is 0.002 mgPb*'/L.
Thus, the range of time from 60 to 90 minutes is the op-
timal condition to carry out the next experiments.
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== Treament efficiency (%)
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Figure 5. Pb** concentration and efficiency treatment
at different time

3.2.2. Impact of pH on Pb** treatment efficiency
Pb*" treatment result of 0.1g nanosilica at different pH,

initial concentration 10 mgPb**/L, and shaking within 60
minutes is represented in Figure 6.
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Figure 6. Pb** concentration and efficiency treatment
at different pH

The result shows that lead (Pb>") treatment efficiency
raises when pH increases form 3 to 5. At pH = 5, the
treatment efficiency is highest (approximately 96.17%),
the remainning lead in solution is 0.383 mg Pb”"/L. Ac-
cording to Ahmed and RAM (1992), hydroxyl groups on
Si0; exist at acid- base balance such as:

pKal
>SiOH," <> >SiOH + H' (1)

pKa2

>SiOH <> >Si0"+ H' (2)

From reaction (1) and (2), it indicates that when pH rais-
es, the balance move following increasing negative charge
tendency on SiO, (>SiO") surface. It causes a strong elec-
trostatic attraction between the positive lead-adsorbed
material (Pb*") and the negative charge of SiO, adsorbent
so the capacity and adsorption efficiency increase. In
contrast, when pH decreases, balance will move following
increasing positive charge on SiO, (>SiOH,") and make
capacity and adsorption efficiency decrease (Ahmed M.
N. and R. N. Ram., 1992). When pH is in range of 5 to 7,
treatment efficiency is negligible change. At pH=7, the
efficiency reaches 92.34%. When pH is larger than 7, the
high OH" ion concentration leads to react slowly.

Si0, +20H — Si0;” + H,0

Absorbed ability of SiO;> ion is lower than nanosilica
(S10,). Si032' ion making lead treament ability of material
decreases. Thus, when pH is larger than 8, the efficiency
begins decreasing.

3.2.3. Impact of initial Pb** concentration on Pb**
treatment efficiency

Pb*" treatment result of 0.1g nanosilica at different Pb*"
concentrations, the pH of 5, and shaking within 60
minutes is represented in Table 1.

Table 1. Pb*" concentration after treatment and setting up Langmuir’s adsorptive isotherm equation

Initial Pb?* concentration Final Pb?" Treated Pb*" C/Q. Pb** treatment
(mg/L) concentration (mg/L) concentration Q. (mg/g) (g/L) efficiency (%)

5 0.173 4.827 0.036 96.54

10 0.383 9.617 0.040 96.17

15 1.196 13.804 0.087 92.03

20 2.141 17.859 0.120 89.30

25 3.537 21.463 0.165 85.85

30 5.462 24.538 0.223 81.80

35 8.011 26.989 0.297 77.11

40 12.452 27.548 0.452 68.67

QCVN 40:2011 0.5 - - -
/BTNMT (B)

The Langmuir’s adsorptive isotherm equation:

bC,
00 = O 1+b.C,

(*)

Where:

C. - equilibrium concentration of adsorbed substance
(mg/L);

Q. - adsorptive capacity (mg/g);

Qumax - maximum adsorptive capacity calculated by theory
(mg/g);

b - Langmuir equations coefficients (determined from
experiments).

To determine the constants in the Langmuir’s isotherm
equation, the graph method converting equation (*) into
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linear equation, in which C./Q. depends on first order of
C. as the following:

Ce 1

—= .Ce
Qe (QOmax

Depending on Langmuir model, maximum adsorption
concentration Qmax = 30.3mg/g, and adsorbent and ad-
sorbate constant b = 0.868 L/g.

+ kk
b.Q max e

As a result, treatment efficiency reduces when initial Pb>*
concentration raises because nanosilica surface is occu-
pied fully by lead molecule when adsorption system
reaches equilibrium. With nanosilica concentration 1g/L,
treatment time 60 minutes, the pH of 5 and initial Pb*
concentration <10mg/L, Pb>" concentration after treat-
ment fit for QCVN 40:2011/BTNMT (column B)- Na-
tional Technical Regulation on Industrial Wastewate
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(column B: values are applied for industrial wastewater
discharged into urban drainage systems, residential areas
without centralized waste water treatment plants).
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Figure 7. The Langmuir’s adsorptive isotherm equa-
tion on lead removal by nanosilica

—
=
|

s Final Pb concentration

—=—QCVN40:2011/BTNMT

—
(]
1

—
(=]
1

Final Pb concentration, mg/L

5

10 15 20 25 30 35 40
Initial Pb concentration, mg/L

Figure 8. Pb’* treatment efficiency with different ini-
tial Pb** concentrations

3.2.4. Impact of nanosilica concentrations on Pb**
treatment efficiency

Pb*" treatment result of different nanosilica concentra-
tions at initial concentration 10 mng2+/L, the pH of 5,
and shaking within 60 minutes is represented in Figure 9.
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Figure 9. Pb?* treatment efficiency of nanosilica at
different input concentrations

Figure 9 shows that treatment efficiency grows up after
adding nanosilica. When nanosilica concentration reaches
1 g/L, almost Pb*" concentration is removed at efficiency
96.17%, and Pb*>" remaining concentration is 0.383
mgPb*'/L. Nanosilica concentration in the range of 1-2.5
g/L leads to negligible change in Pb>" treatment efficien-

cy.
3.3. Nanosilica synthesis from rice husk

At present, nanoscale silica materials are prepared using
several methods, including vapor-phase reaction, sol-gel
and thermal decomposition technique. However, their
high cost of preparation has limited their wide applica-
tion. In contrast, rice husk (RH) is an agricultural waste
whose major constituents are organic materials and hy-
drated silicon. Because the silicon atoms in the rice husk
have been naturally and uniformly dispersed by molecular
units, very fine particle size, with very high purity and
surface area silica powder can be prepared under con-
trolled conditions. In addition, the reaction can occur
easier than the conventional experimental technique. This
process has the benefit not only of producing valuable
silica powder but also of reducing disposal and pollution
problems.

Precipitation of silica- chemical reaction involved
(Tzong-Horng Liou, Chun-Chen Yang., 2011 and U.
Kalapathy et al., 2000):

SIOZ + 2NaOH — NaZSiO3 + HZO
NaZSiO3 + HzSO4 i SlOz + Nast4 + HQO

Nanosilica is synthesized by sol-gel method with 4 main
steps:

Washing and dry: Rice husk was washed thoroughly with
water to remove the soluble particles, dust, and other
contaminants present, whereby the heavy impurities such
as sand are also removed. It was then dried in an air oven
at about 110°C for 24 h.

Acid treatment: An acid washing step was used to remove
the small quantities of minerals prior to silica extraction
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from rice husk ash (RHA). Ten grams of RHA samples
were dispersed in 60 ml of HC1 1N.

Thermal treatment: A weighed RH as well as RH were
subjected to heat treatment to obtain the ash. Samples
were burned inside a programmable furnace (Nabertherm
controller B 170, Nabertherm GmbH, Lilienthal, Germa-
ny) at different temperatures (500, 700, and 1000°C) and
optimal temperature 700°C in 6h.

Silica extraction: A sample of 2.5 g RHA was stirred in a
250mL, 0.5M sodium hydroxide solution. The solution
was heated in a covered beaker by stirring constantly and
was allowed to stand at room temperature then filtered
Nanosilica preparation: HCl was added until neutralized.
The precipitate silica was washed repeatedly with warm,
deionized water and then was centrifugated with speed
5000 rpm within 10mins repeated in 3 times. The product
is dried at 110°C for 24 h in the oven and crystallization
in a programmable furnace at 450°C in 1h. Then crushed
them to collect nanosilica.

Nanosilica extract composition

EDX elemental spectra of rice husk showed major ele-
ment silicon (Si) and impurities Rhodium (Rh), lead (Pb),
iron (Fe) and Arsenic (As). Silica content of the xerogels
was estimated from the EDX data based on the assump-
tion that all of the silicon was in the form of silica. The
silica content of xerogels produced from washed RH were
99.5%. It is interesting to note that impurity elements
were also present in a lower concentration even detected
in the nanosilica. The color of nanosilica was white after
synthesis.

Nanosilica extract functional group

FTIR spectroscopy was used to detect the presence of
functional groups in the silica nanoparticle (SNPs). The
major chemical groups present in silica are identified by
the FTIR spectra shown in Figure 5. Six functional groups
are found in samples: hydroxyl groups, C-H stretching,
C=C stretching, Si-O-Si stretching, Si-H groups, and -
OCH]; stretching.

The adsorption peak around 3447.27 cm™ indicates the
existence of free hydroxyl groups. In rice husk, the C-H
stretching vibration around 2924.02 cm™ indicates the
presence of alkane functional group. The C=C stretching
vibrations between 1636.44-1653.91 cm™ indicates al-
kenes and aromatic functional groups. The peaks around
1077.8-1097.58 cm’', 800.12 cm”, and 466.76- 470.37
em™ correspond to Si-O-Si stretching, Si-H groups, -
OCHj; stretching, respectively. The presence of polar
groups on the surface is likely to provide the considerable
cation exchange capacity to the adsorbent.
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Compared to rice husk, synthesized nanosilica resulted in
a loss of C-H stretching band and a addition of Si-H.
These were decreased in the primary functional groups of
OH and C=C and increased in silica functional groups of
Si-O-Si.

Nanosilica extract morphology and particle size

Figure 11 illustrates the SEM images of SNPs samples. It
presented that synthesized nanosilica have spongy struc-
ture. Particle size and morphology of synthesized silica
were examined by FESEM with high enlargement. It can
be observed that SNPs have a circular shape with average
particle size of 30-100 nm.
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Figure 11. Scanning electron micrograph (SEM) of
nanosilica from rice husk

300nm

IMS-NKL 5.0V 4.6mm x150k SE(M)
Figure 12. Field emission scanning electron micro-
graph (FESEM) of nanosilica from rice husk

Nanosilica extract structure

X-ray diffraction pattern of extracted silica is presented in
Figure 13. Hill like peak in the range of [20] = 21 to 24,
indicates the absence of any ordered crystalline structure
and highly disordered structure of silica and extracted
nanosilica is purity.
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Figure 13. X-ray diffraction pattern of nanosilica

4. Conclusion

Purity nanosilica (60-100 nm) is synthesized by sol-gel
method from TEOS with base catalysts and volumetric
ratio TEOS/C,HsOH/H,0O/ NH,OH: 5/30/1/1 and can be
applied efficiency to treat lead in water. Pb”" treatment
efficiency increases following time, accelerates within
first 20 minutes and then raises slowly and the highest
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efficiency is 96.17% after 60 minutes. It increases in the
range of pH 3-5. The highest is 96.17% at the pH of 5 and
the remaining concentration is 0.383 mgPb”"/L. When pH
is larger than 8, the efficiency starts decreasing. As a
resut, maximum adsorption concentration Qmax= 30.3
mg/g, and adsorbent and adsorbate constant b = 0.868
L/g. The higher nanosilica concentration seems being
adsorbed completely. In addition, nanosilica also can be
synthesized from rice husk with similar characteristics
such as particle size 30-100 nm, spongy structure, and
clean material and has orientation to apply to treat lead in
water in future research.
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