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Preparation of silica powder from rice husk
by thermal treatment and comparison of its
performance with commercial silica in composite of
passenger radial tire belt
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Research subject: The rice husk is the coating on a rice grain and a
by-product of the rice milling process. In this study, the extraction of
amorphous silica from this agricultural residue by thermal as well as
acid/thermal treatment method was studied.

Research approach: The process was designed as follows: after
burning the paddy in the open field, the obtained ash was washed with
acid followed by drying. Finally, the amorphous silica was obtained
by placing the prepared powder in an electric furnace (acid/thermal
treatment). Also, a sample of silica was produced by eliminating the
acid treatment step (thermal treatment). Afterward, the obtained
silica powder was employed in a conventional passenger radial tire
belt formula instead of commercial precipitated one, and whole the
physical-mechanical properties, including rubber-to-wire adhesion
force, were studied under normal and aging conditions.

Main results: The results of the XRD demonstrated that the silica
produced in both methods were amorphous. The XRF analysis also
showed that the purity of amorphous silica were %98.6 and %93.9 for
the sample produced by acid/heat treatment and the heat treatment,
respectively. The results of the tire test showed that the rubber-to-
wire adhesion decreased slightly under normal conditions in the
presence of new silica samples, but the same property under the aged
conditions for the new silica samples was better than commercial
precipitated silica. Other properties of the rubber compound did not
change significantly in the presence of new silica grades. As a result, it
can be said that rice husk has a potential to produce suitable silica for
use in blend of radial tire belt.
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Table -1 The formulation for comparing the performance of rice husk extracted silica with commercial
precipitated silica in steel belt rubber compound

Control, Silica from rice Silica from rice
commercial silica, | husk by thermal husk by acid/
Ultrasil VN, treatment thermal treatment
Composite code* 01 02 03
Natural rubber NR 100 100 100
Carbon black, N326 60 60 60
Aromatic oil 4 4 4
Commercial silica,
Ultrasil VN, g v v
Silica from rice husk by 0 7 0
thermal treatment
Silica from rice husk by 0 0 7
acid/thermal treatment
Other chemical rpaterlals 22 22 22
such as resins
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Table 2 The XRF results of two silica grades produced by thermal treatment of rice husk

Elements (%) Silica-01 Silica-02
Sio, 93.897 98.632
Na,0 0.474 -
MgO 0.722 0.23
ALO, 0.231 <<
P,0, 1.295 0.277
SO, 0.293 0.468
K,0 1.956 0.18
Ca0 0.939 0.214
Fe,0, 0.111 <<
MnO 0.082 <<
Cu << .
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Figure 1 XRD spectra of produced silica from rice husk by a) thermal treatment b) acid/
thermal treatment
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Table 3 the pH and density of silicas
N . Precipitated
Silica-01 Silica-02 silica, Ultrasil
pH 9.5 9.4 6.4
Bulk density (g/ 0.23 0.27 0.30
cm?) ' . .
Pycnometer 1.91 1.93 1.95
density (g/cm?) ' . .
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Figure 2 from left: rice husk, husk ash, silica from thermal treatment, silica from acid/thermal
treatment
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Table 4 The mechanical and rubber-steel adhesion properties of rubber vulcanizates in the presence of
Ultarsil and two types of rice husk derived silicas

Control. commercial Silica from rice Silica from rice husk
silica, Ultrasil VN3 husk by thermal by acid/thermal
treatment treatment
Composite code 01 02 03
Tensile strength, TS, 191 198 19.05
MPa ' ’ '
Elongation at
break, EAB, % 354.6 352.2 336.5
Modulus, M100,
MPa 5.36 5.95 5.83
Modulus, M200, 1076 116 116
MPa ’ ’ ’
Modulus, M300, 1655 175 17.63
MPa ' ’ '
* Tensile strength
after aging, MPa e Lo S
Aged tensile
strength, MPa 100.6 115.3 89.2
Resilience, % 40 40 42.8
Hardness, Shore A 73 75 75
Rubber-steel
adhesion-Test, N SHELD & S0
* Aged rubber-steel
adhesion-Test, N 273.3 318.3 338.5
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