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ABSTRACT

The current research uses silica nanoparticles produced from rice husk through
conventional and sonochemical precipitation to treat industrial tannery wastewater.
The effects of NaOH concentration, precipitation pH, and ageing time on adsorption
properties were studied via the central composite design (CCD) method. The obtained
results indicated that rice husk ash, as a precursor used in the preparation of silica,
should be dissolved in the dilute NaOH solution, 0.5 mol L-1, and precipitation pH
should be controlled at the level of 9.0 to achieve an adsorbent with proper
performance. Although the surface area of powder produced conventionally is larger
than that obtained by the sonochemical method, the pore size distribution plays an
effective role in the adsorption of Cr Il compounds. The precipitation under
sonication leads to large pores distributed in the 4-38 nm range, facilitating the
diffusion of chromium compounds even in acidic environments.
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Table 1: Central composite design for production of silica powders.

Production NaOH concentration Aging time
C1 5 0
c2 0.5 7 6
C3 0.5 9 0
C4 0.5 5 12
C5 0.5 9 12
C6 1.0 7 0
Cc7 1.0 5 6
C8 1.0 7 6
Cc9 1.0 7 6
C10 1.0 7 6
C11 1.0 7 6
C12 1.0 7 6
C13 1.0 7 6
Cl4 1.0 7 12
C15 1.0 9 6
C16 15 5 0
C17 15 5 12
C18 15 7 6
C19 15 9 0
C20 15 9 12
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Figure 1: Chromium adsorption efficiency versus NaOH concentration, and precipitation pH, for adsorbents produced via (a) conventional, and (b)
sono-chemical precipitation, aging time: 6 h, wastewater pH: 6.0.
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Figure 2: Chromium adsorption efficiency versus NaOH concentration, and aging time, for adsorbents produced via (a) conventional, and (b) sono-
chemical precipitation, precipitation pH: 7.0, wastewater pH: 6.0.
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Figure 3: Chromium adsorption efficiency versus aging time, and precipitation pH, for silica powders produced via (a) conventional, and (b sono-
chemical precipitation, NaOH concentration: 1.0 mol L-1, wastewater pH: 6.0.
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Figure 4: Adsorption efficiency of chromium species calculated by
represented models versus those obtained experimentally for silica
powders prepared at different conditions.
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Table 2: Proper conditions for fabrication of silica powders with
maximal chromium adsorption efficiency, wastewater pH: 6.0.

NaOH .
. Precipitation
Method concentration H
p
(mol L™
. Without
Conventional 0.5 9.0 .
aging
Sonication 0.5 9.0 12

bgi 09,5 2 (233l » Slay PH 5 (s5lem Gloy D11 Jga

gl p g Joltie o3 sty b osd adgs el
Table 3: Effects of aging time, and wastewater pH on adsorption
efficiency of chromium species onto silica powder produced via
conventional, and sono-chemical precipitation.

YrE

Agmg time Wastewater Efficiency
Method
(%)

Without
Conventional 66.8+2.8
aging
6 6 67.74£3.0
12 6 49.442.2
7 96.1+1.4
8 97.241.7
9 99.4+0.8
L Without
Sonication . 6 45.1+3.3
aging
6 6 66.2+2.0
12 6 75.51£3.4
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Table 4: Langmuir isotherm parameters for adsorption of chromium
species from tannery wastewater.

Om KL 2
pH R R R R
(mgg”) (Lg?)
6.0

185.2 0.014 0.990 0.085
9.0 357.1 0.093 0.994 0.014
400
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30 [,
Lp

qe (mg gh)
o
S
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T
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Figure 6: Langmuir isotherm for removal of chromium species at pH
of 6.0, and 9.0 onto silica prepared by sono-chemical precipitation.
NaOH concentration: 0.5 mol L™, precipitation pH: 9.0, and aging
time: 12 h.
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Figure 5: Adsorption efficiency of chromium species versus silica
dose prepared by sono-chemical precipitation, NaOH concentration:
0.5 mol L, precipitation pH: 9.0, and aging time: 12 h.
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(c) FESEM, produced conventionally

(d) FESEM, produced by sonication
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Figure 7: Characteristics of silica powders produced by conventional, and sono-chemical precipitation, a) FTIR spectra, b) XRD patterns, and (c, d)
FESEM images of nanoparticles. NaOH concentration: 0.5 mol L™, precipitation pH: 9.0, and aging time: 12 h.
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Figure 8: N, adsorption-desorption isotherms of silica powders

produced by conventional, and sono-chemical precipitation. NaOH
concentration: 0.5 mol L™, precipitation pH: 9.0, and aging time: 12 h.
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Table 5: Textural characteristics of silica powders produced by

conventional, and sono-chemical precipitation, NaOH concentration:
0.5 mol L%, precipitation pH: 9.0, and aging time: 12 h.

Specific surface

Fabrication Pore volume Mean pore

area

method ;
(m*g?)

(em*g?)

size (nm)

Conventional

Sonication 82.9 0.3411 16.5
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Table 6: Textural properties of silica powder produced by sono-chemical precipetation and those obtained via the other methods.

o Specific surface area
Fabrication method Agent
(m*g™)
- 7.6

Thermal treatment

Combustion reaction - 235.0
Precipitation and thermal 2-propanol 150
treatment HClI ’
Precipitation and thermal Ethanol
364.4
treatment H3PO,
L NaOH
Precipitation 404.3
H,SO,
Precipitation H,SO4 293.9
Sol-gel Oxalic acid 3225
Sonication and thermal
HCI 271.2
treatment
Sonication - 91.1
Sonication H,SO4 82.9

Pore volume )
Mean pore size (nm) Reference
(em*g™)
0.0708 37.5 (6)
0.3180 5.4 (34)

- 27.0 (35)
0.7200 7.9 (36)
0.5710 5.0 37)
0.3600 24 (38)

- 10.9 (39)
0.3060 4.1 8)
0.2160 11.2 )
0.3411 16.5 This work

PEV-POY & (\E-V) W/ 55) slss ) wlsadlos oele ay puins



) a0 (55 by HHIT 09,5 il )5 32 /9hISed 9 034 juol wwa Hd)

Table 7: Monolayer adsorption capacity of silica powder produced by sono-chemical precipitation and other adsorbents for adsorption of chromium
species from tannery wastewater.

Adsorption capacity

Adsorbent

Granular activated carbon
FesO, grafted with polyacrylic acid
Streptomyces sp. waste biomass
Clay
Silica functionalized with sulphonic acid

Silica
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