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Comparative study of SiO, in biomass ashes at different temperatures
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Abstract

In this work a range of biomass ashes were investigated in order to understand their chemical compositions. Ashes were
calcined at different temperatures from 400-1,0000 °C for 2 hours. The SiO, content of the samples was compared before and
after calcination. Rice husk and rice straw were found to show the highest SiO, content of between 92.10 and 85.00 wt.%
when calcined at 1,0000 °C. The other biomass samples tested were found to produce ash with an SiO, content ranging from
9.54-67.90 wt.%. It was found that running the calcining process at high temperature can lead to an increase in the SiO,
concentration of some biomass ashes. In this research it was found that SiO, concentration of sugar cane, eucalyptus, stubble

corn and rubber ashes was not affected by calcination temperature.
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1. Introduction

Biomass ashes are by product of burning biomass
at thermal power plants in Thailand. There are four
major sources of biomass. These are sugar cane, rice,
oil palm and waste wood. In total there is nearly 80
million tons of biomass available for producing power
each year [1]. The burning process produces a signif-
icant amount of waste ash. The ash-forming elements
in the biomass include Al, Ca, Cl, Fe, K, Mg, P, Na, S,
Mn, Si, and Ti. The exact composition of the ash de-
pends on the technological and environmental sources
of the biomass [2]. If the ash was disposed of in land-
fill then it may cause groundwater and surface water
contaminations and issues in the food supply chain. It
is therefore an urgent necessity to find sustainable uses
for biomass ash.

Recently, there have been many studies for use of
biomass ash in the production of concrete, glass and
ceramics [3-5]. Biomass ashes are considered to be
useful in these industries if it has a silica content of
more than 50 wt.%. The silica content of biomass
ash, however, is dependent on its source (plant or
part of plant). In Thailand, there are many types of
biomass ash but there is limited data to show which
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ash could be used for which purposes. In this re-
search an investigation was undertaken into different
biomass ashes produced in Thailand. These were
ashes that resulted from the burning of rich husk, sugar
cane, rice straw, eucalyptus, suburban sugarcane, rod
palm, palm bunch, coconut shell, stubble corn, cas-
sava and rubber. Analysis was first carried out using
an X-ray Fluorescence (XRF) machine. Following this
biomass ash samples were calcined at different tem-
peratures from 400-1,000°C and their chemical com-
position was analysed again. This research was fo-
cused mainly on the SiO, component in biomass ashes

2. Materials and methods

In this research dry biomass ashes from Rich husk
(A1), sugar cane (A2), rice straw (A3), eucalyptus
(A4), suburban sugarcane (AS5), rod palm (A6), palm
bunch (A7), coconut shell (AS8), stubble corn (A9),
cassava (A10) and rubber (All) were investigated.
Analysis was carried out using an Energy Disper-
sive X-ray Fluorescence machine (Panalytical model
minipal-4). Samples of all 11 different biomass ashes
were calcined in an electrical furnace at 200, 400, 600,
800, and 1,000 °C for 2 hours. The heating process
was operated under normal atmospheric pressure. The
effect of this calcination on SiO, concentration was
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Table 1. The chemical

compositions of biomass ashes.

Compound(wt.%) Al A2 A3 A4 AS A6 A7 A8 A9 A10  All

MgO 0.60 200 280 12.00 5.00 480 7.50 - 390 6.20 12.00
AL O5 - 1.40 - 0.30 - 0.96 - - - - -
SiO, 86.80 69.60 66.60 140 52.00 6450 4240 1460 39.10 5.02 1190
P,0s5 5.04 215 1.47 1210 577 3.07 529 641 6.16 481 421
SO; 040 264 126 305 925 258 226 461 3.68 353 524
K,O 498 443 1130 17.80 1650 595 2420 5883 3036 29.89 15.00
CaO 147 17.06 392 53.17 10.80 16.40 1630 11.50 12.80 48.22 48.80

TiO, 0.02  0.07 - 006 003 009 010 034 033 015 024
MnO 048 008 024 010 026 1.08 1.03 021 021 023 0.81
Fe,0; 0.10 054 014 036 030 049 063 283 294 1.83 1.43
CuO 005 002 002 003 005 004 010 030 005 0.08 0.05
ZnO 0.03 0.01 0.02 - 0.07 - 0.11 033 038 006 0.20

Table 2. The SiO, concentration of biomass ashes at different temperature.

SiO, (wt.%)

Temperature Al A2 A3 A4

AS A6 A7 A8 A9 A10 A1l

No sintered 86.80 69.60 66.60 1.40

400 85.04 68.00 6990 2.10
600 8594 69.70 71.60 1.50
800 90.40 65.60 81.22 1.70
1,000 92.10 6790 85.00 1.50

52.00 6450 4240 1460 39.10 5.02 11.90
4730 6570 46.80 12.10 34.60 1.40 10.90
49.70 67.70 47770 930 34.10 0.92 8.07
53.10 6030 4440 1290 33.60 526 7.69
63.70 6520 48.00 2540 3980 954 544

measured using an Energy Dispersive X-ray Fluores-
cence machine.
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Figure 1: The SiO; concentration of Rice husk at different temper-
ature.

3. Results and discussion

The chemical composition of all dry biomass ashes
used for the study (A1-11) are shown in Table 1. For
the major composition, they could be classified in to
3 main groups based on their major component. The
first group which was found to contain large amounts
Si0,, the second group which was found to contain a
large amount of CaO and the third group which was
found to contain a large amount of CaO. The results
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Figure 2: The SiO; concentration of Rice straw at different temper-
ature.

of the analysis of each sample can be found in the fol-
lowing tables.

This research was focused on the impact on SiO,
content in biomass ashes following calcinations at dif-
ferent temperatures. The results are shown in table 2.
Calcination was carried out using temperatures from
400 to 1,000 °C. It was thought that this would elim-
inate organic substances and increase the amount of
Si0O; in the ash. It was found that, rice husk had the
highest SiO, content when it was calcined at 1,000
°C. It was found to be 92.10 wt.%. The SiO, con-
tent was found to fit the same trend identified by pre-
vious researchers [4]. It is thought that the removal of
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Figure 3: The SiO, concentration of Suburban sugarcane after cal-
cinations at different temperatures.
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Figure 4: The SiO; concentration of Rubber after calcination at
different temperatures.

organic compounds at high sintering temperature led
to the percentage of SiO, increasing. The higher the
calcination temperature the greater the removal of or-
ganic compounds and hence the higher the SiO, con-
centration. Fig. 1. shows that the overall trend was for
Si0, content to decrease for calcination temperatures
between 400 and 600 °C then to increased for calci-
nations temperatures between 800 and 1,000 °C. The
SiO; content of rice straw and suburban sugarcane was
increased the most through calcination. At a calcina-
tion temperature of 1,000 °C the rice straw ash sample
increased to 85.00 wt.% SiO, and the suburban sug-
arcane ash sample was increased to 63.70 wt.%. In
Figures 1-4 the relationship between SiO, content and
calcination temperature for the samples is shown.

It can be seen that the starting percentage of SiO,
in the rice straw was much lower than that in the rice
husk. The calcination process had a large impact on
the SiO, content of the rice straw but much less of an
impact on the rice husk. The calcination process had a
much more limited impact when it was carried out on
the other biomass ashes. In one case, the rubber tree
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Figure 5: The comparison of SiO, concentration between before
and after calcined at 1000°C.

ash, it actually led to a reduction in SiO, content.

The results show that biomass ash from different
parts of rice plants are the richest in SiO, content. The
SiO, content of rice husk and rice straw was found to
be increased by calcination at high temperature. Fig-
ure 5 shows the the SiO, concentration of dry biomass
ashes and biomass ashes that have been calcined at
1,000 °C. The process of calcining rice husk and rice
straw ashes led to increases in SiO, content of 6.11
and 28.52% respectively. In addition to this it can
be seen that even though some biomass ashes have
medium-low of SiO, concentrations they still bene-
fit from calcinations at 1,000 °C. Calcining only had
a negative impact on SiO; concentration in the rubber
tree ash sample. In this case the concentration of SiO,
was reduced by more than half.

4. Conclusions

Si0O; is a major component of most of the biomass
samples analyzed. Samples with the highest levels
were rice husk ash, sugar cane ash, rice straw ash, sub-
urban sugarcane ash, rod palm ash, palm bunch ash
and stubble corn ash.

The SiO, concentration of some biomass ashes can
be increased by calcining at high temperature. This
has the most dramatic impact in the case of rice straw
ash. Calcining at a low temperature can lead to a re-
duction in SiO, content. Calcining rubber tree ashes
appears to lead to a reduction of SiO, content at low
or high temperature.

It was also concluded that the calcining of some
biomass ashes at high temperature is a good technique
to activate SiO, content on rich husk, rice straw, sub-
urban sugarcane, palm bunch, coconut shell.
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