Synthesis and thermal behavior of willemite pigments from rice husks ash
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Introduction
In recent decades the possibility to use by-products or waste from different sectors of the agriculture branch
has led to a constantly increasing interest in various fields of science, technology and environment. One of
the most interesting objects is the rice husks ash (RHA), which is generated in the production of energy by
combustion of rice husks. This residue is typical for China, India, Brazil, USA, Southeast Asia and many
other countries. Its chemical and phase compositions are particular, because it is characterized with a very
high quantity of amorphous silica (about 87–95%). This makes RHA suitable for raw material in the
production of different zeolites, catalysts, composite materials, light building materials, insulators and
adsorbents ([1]Hossain, 2018, [2]Soltani, 2015). A very attractive among the other applications of this
agricultural waste is this related to the synthesis of various ceramic pigments, which is a direct consequence
of its elevated reactivity at lower temperatures. Up to now promising results in obtaining pigments from the
systems ZrSiO4 ([3]Wang, 2015), Fe2O3-ZrSiO4 ([4]Andreola, 2012) of Pr-ZrSiO4 ([5]Bondioli, 2007;
[6]Pyon, 2009) have been reported. However, in the present study the possibility for using HSA as a source
of silica in new willemite (Zn2SiO4) pigments is elucidated. The work is focused mainly on the thermal
behavior of the waste and the obtained pigments.
Material and methods
In the present work rice husks obtained after processing of rice of the sort Krasnodarski 424, which
is typicalfor Bulgariawas used. After combustion the resulting RHA, together with a high silicon dioxide
content (about 95%) is characterized by the presence of CaO, Fe2O3, MgO, Al2O3, Na2O, K2O and MnO2,
as well as with traces of Cu and Pb. It can be noted that these oxides can be considered generally as
mineralizers in the synthesis of pigments. As a source of SiO2 we have added in the blend rice husk oxidized
at 650°C in air –rice husk ash (RHA) with white-grey color. The other raw materials were synthesis purity
grade ZnO as well as CoO, Fe2O3 and NiO, which have partially replaced the ZnO in the willemite structure.
The pigments were synthesized in the course of solid state reactions, taking place during isothermal steps at
different temperatures in the range of 800-1200 oC.
The thermal behavior of the used RHA (rice husk ash) and the corresponding willemite ceramic
pigments were studied by differential thermal analysis (DTA) and hot stage microscopy (HSM). In addition,
the phase compositions of the pigments obtained at different temperatures were evaluated by X-Ray
spectroscopic analysis and their structures were observed with SEM. Finally, the color variations of the
pigments were determined colorimetrically by a Lovibond Tintometer RT 100 Color.
Thus obtained results were compared with data, corresponding to willemite pigments synthesized
using traditional sources of silica – powder of SiO2 and SiO2. 2H2O. Many researchers are replacing
commercially available high purity SiO2 using rice husk as it has been shown to reach 90.60%. Due to the
high content of silicon dioxide, a number of materials including ceramic pigment can be synthesized from
it after proper thermal or chemical treatment ([7]Vieira, 2018; [8]Markovska, 2019).
Results and discussion
The results obtained by DTA, XRD and SEM demonstrate that the initial RHA can be prepared after
combustion below 600-700oC, because this leads to an amorphous product with higher specific surface.
Thus obtained RHA is shown in figure 1.
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Figure 1A. SEM of rice husk burned in air; Figure 1B. SEM of Co dopped willemite pigment;
Figure 1 shows the silicon-oxygen skeleton of rice husks after burning the organics. With the increase
in temperature, crystallization of the ash into crystobalite crystal structure is being initiated, which leads to
a significant decrease of their activity.
The SEM imaging high lights the formation of fine crystalline structures which can also be
considered as a truly positive result. As an example, a typical image of Co –willemite pigment is presented
in Fig. 3
HSM thermal measurements of the RHA pigments show no significant differences in the high
temperature behavior in comparison with an identical test with samples, obtained using traditional sources
of silica. Up to 1100 °C no significant volume changeis observed, while at 1200 °C the sintering shrinkage
is minimal. This behavior indicates no or minimal liquid phase formed during the heat treatment procedures.
Conclusions
The possibility to synthesize willemite pigments using rice husks as silica source is demonstrated. It
is highlighted that amorphous silica is obtained after burning of the husks up to 850 oC, while at higher
temperatures crystallization into crysrobalite takes place.
It is demonstrated that the best results are obtained with the cobalt doped pigment
0.375CoO.1.625ZnO.SiO2, synthesized at a temperature of 1000 оC. In this composition zinc was totally
substituted by cobalt in the crystal lattice of the zinc silicate aiming the formation of willemite-cobaltine.
This leads to a better result, obtained by the measurement of the color coordinates of the pigments. In this
case the amount of blue color measured in the system CIELab was b* = -41.24. The same composition
showed also the highest luminance of L* =39.08 and saturation of the color as well.
The addition of NiO to the initial mixture leads to a minor substitution of zinc by nickel, resulting in
the formation of lower amount of willemite solid solutions. In this particular case the pigment color is mainly
green.
The substitution with Fe2O3 resulted in simultaneous synthesis of willemite and in an iron-zinc spinel. At
1000оСZnO.Fe2O3is the main crystal phase and the pigment was colored in light-brown.
The results obtained by HSM demonstrate that the obtained pigments (show) reveal no melting or
even show a significant shrinkage up to 1200-1300 oC, which truly justifies their usage in glazes for
terracotta and/or sanitary ceramics.
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