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Research subject: As a low price biomass, rice husk is able to accumu-
late a large amount of silica in its texture. The process for extracting
this silica is greener than the conventional ones. The present research
addresses the effects of the different process parameters on amorphous
silica extraction from rice husk through a precipitation method.
Research approach: In the extraction process, first the rice husk was
burned in the open air and then turned into white ash in an electric fur-
nace. This ash was converted into sodium silicate solution using NaOH,
and finally the silica was precipitated from this solution by sulfuric acid.
The effect of solid to solvent ratio, the duration of the alkaline dissolu-
tion step as well as the pH and temperature of acid precipitation step
have been investigated. Moreover, a special application of the amor-
phous silica in rubber industry was also investigated.

Main results: The results showed that a low solid to solvent ratio at
the alkaline dissolution stage as well as an acidic pH along with a high
precipitation temperature are required to obtain the highest production
efficiency and to obtain high purity amorphous silica. The purity and
chemistry of obtained silica were quite similar to commercial sample
in the rubber industry; however, the surface area and pore volume of
obtained silica was less than the commercial one. It was also found that
prolonging the alkali dissolution step slightly increases the production
efficiency. The obtained silica exhibited very close performance to the
commercial sample, in the rubber-to-fiber adhesion system (RFS). This
indicates the high ability of precipitated silica to be replaced by com-
mercial types, which are mainly produced by more cost-effective and
less biocompatible processes.

*To whom correspondence should be addressed:
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Table 1 Equipment and characterization methods applied to study the effect of silica on the

Test Properties(unit) Instruments (model) | Summary of the test
and standard of the
methodology
Rheometry Minimum Torque (Ibf-in) | ODR 2000 E, Alpha 5 g of uncured compound was tested at
Maximum torque(lbf-in) | technologies 185 °C for 5 min and the torque per time

Delta torque(lbf-in)
Scorch time (s)
Optimum curing time(s)
Curing rate (Ibf-in/min)

was recorded

Tearing force

Tearing force (kN/m)

Mold, curing press,
Tensile tester device
(10-5 K-S, Hounsfeld,
UK)

ASTM D624- Die C

After curing of a rubber sheet in a curing
press at 150 °C for 30 min, three Die C
punched sample was tested in a tensile
tester device and the average tearing
force was reported

Tension Tensile strength (MPa) Mold, curing press, After curing of a rubber sheetin a
Elongation at break (%), | Tensile tester device | curing press at 150 °C for 30 min, three
Modulus 300 (MPa) (10-5 K-S, Hounsfeld, | dumbbell punched sample were tested
UK) in a tensile tester device and the averages
ASTM D412 were reported
Hardness Hardness (Shore A) Mold, curing press, After curing of a rubber sheet in a curing
Shore-A durometer press at 150 °C for 30 min, the harness
(Zwick 3100, was measured
Germany)
ASTM D2240
Density Density (g/cm3) Densimeter Measurement according to the mass and
Brabender Elatest, volume of the uncured sample
Germany
Resilience Resilience (%) Mold, curing press, After curing of a rubber sheet in a curing
Wallace UK Dunlop press at 150 °C for 30 min, the resilience
Tripsometer R2 was measured
DIN 53512
H test The required force to Mold, curing press, After curing of a rubber-cord composite

detach rubber from the
cord (N)

tensile tester
ASTM D02-4776

in the form of H in a curing press

at 150 °C for 30 min, the force of
detachment was measured at a tensile
tester device for ten samples of each
formula in normal and aging (100 °C,
72 h) conditions and the averages were
reported
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Table 2 Operating conditions and properties of silica obtained from rice paddy ash.

Code | Whiterice | Solidto | Dissolution | precipitation | precipitation | Amount | Yield Pour
husk ash solvent | time(h) temperature | pH of silica density
(8) ratio 69 (8 (g/cm?)

1 25 0.17 1 25 7 10.72 0.429 |0.437

2 15 0.1 1 25 7 8.35 0.557 |0.407

3 5 0.03 1 25 7 4.65 0.93 0.396

4 15 0.1 1 25 7 9.87 0.6 0.54

5 15 0.1 1 25 9 7.68 0.512 | 0.62

6 15 0.1 1 90 7 9.57 0.638 | 0.24

7 15 0.1 1 25 5 9.72 0.648 | 0.3

8 15 0.1 1 90 5 10.08 0.672 |0.22

9 15 0.1 2 90 7 10.31 0.687 |0.298

10 15 0.1 2 90 5 10.4 0.693 |0.259
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Table 3 XRF results of precipitated silica obtained from rice husk along with commercial Ultrasil VN3 silica.

Silica No. 4 Silica No. 6 Silica No. 10 Commercial
RHA (Precipita:ion (Precipita:ion (Precipitatioon silica
Temp.=25°Cat | Temp.=90 °C at | Temp.=90 °C (Ultrasil)
pH=7) pH=7) at pH=5)
Sio, 93.897 88.819 93.471 97.286 98.003
Na,0 0.474 8.458 4.127 2.714 1.009
MgO 0.722 >> g - -
ALO, 0.231 - - - -
P,0. 1.295 0.305 - - -
SO, 0.293 1.31 2.4 << 0.864
K,0 1.956 1.021 << - =
Ca0 0.939 0.088 - - 0.124
Tio, = = = - =
Fe,0, 0.111 - - - <<
V,0, - - - - -
MnO 0.082 - - - <<
Cr - - - - -
Ba - - - - -
Zn - - = - -
Sr - - - - -
AV - - - - -
Pb - - - - -
F - - - - -
Zr - - - - -
Cl - - - - <<
Nb - - - - -
Ce > = = = >
Ba - - - - -
W - - - - -
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Table 4 BET test results for a number of obtained silica samples.

Silica code Surface area Pore Volume Pore diameter
BET (m?*/g) (cm®/g) (nm)
5 72.95 0.3327 18.243
6 106.8 1.297 48.578
10 86.59 0.6266 28.946
Commercial 138.56 1.3146 37.95
(Ultrasil)

NO. 4, pH=7, Temp.= 25°C

NO. §, pH=9, Temp.= 25°C

NO. 6, pH=7, Temp.= 90°C

NO. 7,pH=5, Temp.= 25°C

NO. 10, pH=5, Temp.= 90°C

Transmitance (a.u.)

it

Ultera VN3

3900 3400 2900

2400

1900 1400 900 400

Wave number (cmm?)
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Table 5 The formula used in the rubber study section.
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Fig. 2 XRD results of extracted silica from rice husk and its comparison with the commercial sample of Ultrasil.
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Table 5 The formula used in the rubber study section.

A-1 A-2 A-3
Natural Rubber 50 50 50
Synthetic Rubber 50 50 50
Carbon black 52 52 52
Silica from rice husk 0 0 2.65
Commercial silica 2.65 0 0
Aromatic oil 12.5 12.5 12.5
Resorcinol 1 1 1
Other chemicals 6.8 6.8 6.8
accelerator 1 1 1
Sulfur 3 3 3
Hexa resin 1.8 1.8 1.8
Total 180.75 178.1 180.75
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Table 6 Properties of rubber compounds.

A-1 A-2 A-3
Minimum torque, 5.2 5.2 5.7
ML (Ibf-in)
Maximum torque, 30.22 30.5 29.8
MH (1bf-in)
Delta torque, 25.2 25.3 24.11
MH-ML(1bf-in))
Scorch time, 62 62 67
TS2(s)
Optimum curing time, 141 137 145
T90(s)
Curing rate, 22.4 24.7 21.4
CR(Ib-in/min)
Dispersion 5 5.66 3.66
Tearing-Force(kN/m) 41.38 34.9 36.8
Tensile force (MPa) 14.83 13.14 13.06
Elongation at break 401.29 385.16 398.3
(EAB)
Modulus 100, 3.26 2.86 2.76
M100 (MPa)
Modulus 300, 10.96 9.66 9.3
M300 (MPa)
Hardness (Shore A) 57 55 56
Density(g/cm?) 1.135 1.131 1.129
Resilience (%) 37.2 40 40
Rubber to cord adhesion force | 137.9 101.5 126.5
at normal conditions
H Force (Normal)
Rubber to cord adhesion force | 116.5 80.8 108.6
at aging conditions
H Force (Aged)
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