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ABSTRACT: This paper aims to extend the investigation of producing highly reactive additive material in 
ultrafine size, with a particle diameter of less than 5μm through mechanical activation using a planetary ball 
mill. In light of the mechanical activation process, most studies were done to test materials such as metakaolin 
and fly ash. However, studies on the mechanical activation effect via planetary ball mill to conventional RHA 
or treated RHA are limited. In this research, raw rice husk (RH) was treated using a low heated concentration 
of acid, i.e., 0.01 - 0.1M hydrochloric acid (HCl). Then, the treated RH was combusted at 600 - 800oC. Finally, 
the treated RHA was ground using a planetary ball mill for 15 - 60 minutes. As a result, it was also observed 
that a burning temperature of 600℃, treated at four hours and ground at 300rpm for 15 minutes, had the finest 
size of ultrafine treated RHA (UFTRHA) with an average particle size value (D50) of 4.012µm. Furthermore, 
the largest specific surface area (SSA) value was obtained at 222.9125 m2/g with a similar treatment condition. 
Concerning the UFTRHA morphology, particle agglomeration was observed for samples with a grinding 
duration of more than 15 minutes. Therefore, grinding parameters involved in the process are proven to affect 
the physical and morphological attributes of UFTRHA produced. Particle size reduction and significant SSA 
value of UFTRHA are vital for effective pozzolanic reaction and hence promote a greater material performance 
as a superior additive in concrete application. 
 
Keywords: Ultrafine treated rice husk ash (UFTRHA), Mechanical activation process, Morphology of 
UFTRHA, Particle size distribution, Specific surface 
 
 
1. INTRODUCTION 
 

The construction industry that adopts high-
quality materials encourages engineers to find 
building technology innovations. For example, the 
concrete typically composed of Portland cement, 
fine aggregates, coarse aggregates, and mixed with 
water has delivered the need for high compressive 
strength material in this industry. However, the 
significant development of concrete also indirectly 
leads to the decline of environmental quality.  

According to International Energy Agency 
(2015), the steel and cement industry was 
responsible for 8% and 15% of total global energy 
consumption and global anthropogenic carbon 
dioxide exposure in 2012. Consequently, the 
emissions hike from these sectors occurred rapidly 
over the 20 years [1].  

According to BERNAS, a body responsible for 
Malaysia's domestic paddy and rice industry, this 
abundance by-product is usually used as biomass 
fuel for boilers for electricity generation within the 
factory area.  

However, the rice husk generated is still 
underutilized at the factory. The problem becomes 

complicated when BERNAS removes the rice husk 
from the factory since this activity incurred extra 
costs for the company. Therefore, there is an urge to 
make use of this abundance by-product in the 
industries, namely the construction industry.  

The major constituent of concrete is aggregate, 
which may be natural (gravel or crushed rock with 
sand) or artificial (blast furnace slag, broken brick, 
and steel shot). Another constituent is the binder, 
which is quite expensive but essential as it holds 
together the aggregate particles to form concrete 
[2].  

In this regard, most researchers are currently 
working on using agricultural wastes as pozzolana 
to replace cement in concrete production. Pozzolana 
acts as a binder and reacts with calcium hydroxide 
(Ca(OH)2) formed from the hydration process of 
cement. Therefore, the pozzolana is added to the 
cement mixture to promote concrete strength 
development. 

Recently, natural pozzolans have been widely 
used in natural conditions or after calcination. 
These pozzolans act as void-filling particles 
between aggregates and cement paste, improve the 
rheological properties of concrete mix and the 
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production of secondary hydrates matrix product 
via pozzolanic reaction with Ca(OH)2 or 
portlandite, which results from the primary 
hydration process of Portland cement and water. 

Based on ASTM C-618-19 has outlined the 
fundamental requirements and classifications for 
coal fly ash and raw or calcined natural pozzolans, 
the total content of these three components, namely 
silicon dioxide (SiO2), aluminum oxide (Al2O3) and 
iron oxide (Fe2O3) must be equivalent to 70% or 
more [3]. 

In light of incorporating rice husk ash (RHA) as 
an additive material into concrete production, it is 
regarded as one due to its high silica content [4]–[7]. 
Therefore, pozzolan can be used as a primary 
constituent of concrete in the construction industry. 
The absorbed silica is then eventually assimilated 
into its structure during the growth [8]. Thus, the 
outer part, which refers to rice husk, possesses high 
silica content with a value of more than 80% [8]. 
Furthermore, adding biomass-derived particles 
could act as a filler to improve the strength of the 
material [10]–[12]. 

Recently, there is extensive research on the 
incorporation of RHA in concrete has been done 
due to its high silica content. Despite the high 
number of experimental works done in this area 
since the 1970s, the quality of the RHA is still 
compromised. Unlike other types of material, such 
as fly ash and silica fume, this material is still not 
widely used as additive material among the 
construction key players. However, the research on 
the RHA has begun in the 1970s.  

Among the reasons that hindered the utilization 
of RHA in the current construction industry are the 
inconsistency of its amorphousness degree with 
undesirable composition, i.e., potassium oxide 
(K2O) and sodium oxide (Na2O). These 
compositions cause pure silica content in the RHA 
to melt at low temperatures, i.e., less than 800℃ [4, 
13].  

It is known as a eutectic reaction, where the 
metallic impurities encapsulating the husk's surface 
melt during the burning process and reduce the 
specific surface area of the burnt ash. Consequently, 
the pozzolanic reactivity of the ashes will be 
reduced. Therefore, using RHA in concrete is 
favorable for material cost reduction. Still, a study 
on the effect of mechanical activation via planetary 
ball mill on RHA has never been reported. The 
mechanical activation process significantly 
influences the behaviour of RHA [14].  

Despite this fact, there is a need to investigate 
further the influence of mechanical activation via 
planetary ball mill on the quality enhancement of 
additive material production for concrete 
application from locally available agricultural waste 
since it is limited discussed by past researchers. 

In this paper, mechanical activation is utilized as 

a feasible method to significantly reduce average 
particle size and eventually increase the specific 
surface area (SSA) in powder form. Therefore, 
this paper is focused on the mechanical activation 
process to produce ultrafine size (<5μm) of treated 
RHA to achieve optimum reaction of the material as 
a reactive additive in concrete production. It is 
expected that the reactive treated RHA enhances the 
quality of concrete produced and hencbenefitsit the 
civil engineering field.  
  
2. RESEARCH SIGNIFICANCE 
  

The study aims to identify the effect of using a 
planetary ball mill in the mechanical activation 
process as an essential process to produce high-
quality ultrafine treated rice husk ash (UFTRHA). 
Then, finding the performance of concrete, i.e., 
pozzolanic activity, concrete durability, and 
interfacial transition zone (ITZ) characteristics in 
concrete to examine its suitability in producing 
reactive pozzolan.  

Hence, it can reduce carbon dioxide emissions 
to the atmosphere. Sustainable practices, processes, 
and promotion of green materials in every economic 
and technological sector are currently considered 
the world's top plan to achieve via research. 

 
3. EXPERIMENTAL METHOD  
 

In this study, the raw rice husk (RH) is acquired 
from a single local rice milling plant (BERNAS) in 
Sungai Ranggam. At the same time, the acid used in 
the thermochemical pretreatment process is an 
analytical grade (AG) hydrochloric acid 37% (HCl) 
supplied by R & M Chemicals. 

The raw RH undergoes the essential processes 
of thermochemical pretreatment, incineration, and 
mechanical activation to produce the ultrafine size 
of treated rice husk ash (UFTRHA).  

The UFTRHA was produced at 600℃ and 
pretreated with 0.1M hydrochloric acid (HCl) at 
80℃ for 4 hours of the soaking period will be 
examined in the grinding process. This is because it 
has the highest silicon dioxide (SiO2) content, i.e., 
98.6% from x-ray fluorescence (XRF) analysis.  
 
4. RESULT AND DISCUSSIONS 

 
4.1 Structural Elucidation of UFTRHA and 
NTRHA 
 

Fourier transmission infrared spectroscopy 
(FTIR) testing exposed the functional groups of 
UFTRHA to the pretreatment process and various 
combustion variants. The NTRHA and UFTRHA 
samples were also examined for comparison 
accordingly. Fig.1 and Fig.2 illustrate the FTIR 
spectra of NTRHA and UFTRHA, respectively.  
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Fig.1 FTIR spectra of optimum NTRHA subjected 
to the different combustion temperature exposures  
 

 
Fig.2 FTIR spectra of optimum UFTRHA subjected 
to the different combustion temperature exposures 
 

As for NTRHA powder samples in Fig.1, 
transmittance percentage peaks corresponding to 
the Si-O element bond were observed at 472 to 
475cm-1, 620 to 621 cm-1, and 800 to 803cm-1. The 
transmittance peak at 472 to 475cm-1 was related to 
the Si-O rocking bond. Meanwhile, the peak at 
wavenumber in the 800 to 803cm-1 resembled the 
silanol symmetric bond vibration. But, the weak 
band from 620 to 621cm-1 was evidence of 
crystalline cristobalite formation in the silica phase 
in NTRHA [15], [16]. 

At the band signal 1103 to 1104 cm-1, 
vibrational stretching of asymmetric Si-O-Si in 
SiO4 tetrahedron was detected. This was evidence 
of a stoichiometric SiO2 structure [17]. The 
absorption bands at 3428 to 3445 cm-1 were 
assigned as O-H stretching bend modes of the 
adsorbed water. 

On the other hand, UFTRHA samples subjected 
to different incineration temperatures, as shown in 
Fig.2, exhibited more or less like functional groups. 

Characteristics of NTRHA samples discussed 
previously. Like NTRHA samples, vibration bands 
at 471 to 475 cm-1, 803 to 804 cm-1, and 1099 to 
1103 cm-1 were assigned to the Si-O rocking band, 
symmetric Si-O band as well as asymmetric 
stretching of Si-O-Si band, subsequently. These 
three peaks are a significant indication of silica 
material.  

In addition, there was no signal peak detected 
around 620 cm-1 for all UFTRHA samples. This was 
a sign of amorphous silica formation in all 
UFTRHA samples. Meanwhile, the H-O-H bending 
and O-H stretching vibration modes were observed 
in the band area between 1629 to 1634 cm-1 and 
3436 to 3447 cm-1, respectively. 

 
4.2 Physical Characteristics of UFTRHA and 
NTRHA 

 
The laser particle size analysis was employed to 

find the grinding effect on the particle size 
distribution (PSD) of non-treated rice husk ash 
(NTRHA) and UFTRHA.  

 
Table 1 PSD details of optimum UFTRHA-600℃ 
ground with BPR value of 15:1 at various speeds 
and duration 
 

Grinding 
speed  
(rpm) 

Grinding 
duration 
(Min) 

Particle size (µm) 
D10 D50 D90 

- - 3.251 15.973 53.973 
 

100 
 

15 1.444 5.383 18.469 
30 1.514 5.300 15.959 
45 1.483 5.289 17.574 
60 1.603 5.044 14.074 

 
200 

 

15 1.285 5.071 20.791 
30 1.250 5.074 21.975 
45 1.323 5.044 17.881 
60 1.325 5.027 16.618 

 
300 

15 0.598 4.012 15.735 
30 1.393 4.380 14.144 
45 1.295 4.473 15.254 
60 1.460 4.676 14.768 

 
For PSD analysis, the most crucial information 

is D50, as this value indicates the average particle 
size of the tested material in powder form. As 
shown in Table 1, the observed trend of the average 
particle size pattern for UFTRHA-600℃ at a 
milling speed of 300rpm contradicted the other 
speeds of 100rpm and 200rpm. 

The most crucial information from PSD analysis 
is D50, as this value indicates the powder-forming 
average particle size of the tested material. Based 
on the results, it can be seen that the D50 value of 
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UFTRHA decreased as the grinding time and speed 
increased. 

However, the UFTRHA-600℃ at 300rpm for 
about 15 minutes has the lowest D50 value. At only 
15 minutes of the grinding period, the D50 value 
reduced dramatically from 15.973μm to 4.012µm.  

Moreover, it is reported that the lowest value of 
D50 will reduce the average volume of pores, and 
this is because of the elimination of some pores due 
to the mechanical activation process [14]. In 
addition, the shearing impact between grinding 
media (balls) and feedstock (UFTRHA) occurs 
vigorously in the system hence the smaller particle 
size obtained within a short time. This is evident 
that long milling duration at high speeds leads to 
particle agglomeration through excessive grinding 
[17]. 

Compared to the UFTRHA-600 powder sample, 
NTRHA-600 ground at 0rpm to 300rpm possessed 
a relatively larger D50 value at the grinding duration 
of 15 minutes compared to UFTRHA-600 samples, 
as shown in Table 2. The specific PSD of UFTRHA 
can be achieved by either minimizing the grinding 
speed and escalating the grinding duration or vice 
versa, as reported elsewhere [19].  

In addition, the UFTRHA-600℃ grain yielded 
had a smaller length than the NTRHA-600℃ ash. 
The metallic impurities present on the surface of the 
NTRHA caused the remaining carbon content in the 
NTRHA to be removed during the combustion 
process, hence defining the color difference. The 
trapped carbon content easily dissolved and 
remained in such ternary of Si–Na–O and Si–K–O 
oxides that melted on the surface of SiO2 during the 
burning procedure [20]. 
 
Table 2 PSD details of optimum NTRHA-600℃ 
ground with BPR value of 15:1 at various speeds 
and duration 
 

Grinding 
speed 
(rpm) 

Particle size (μm) 

D10 D50 D90 

- 3.213 28.002 194.82 
100 1.115 7.807 26.17 
200 1.442 5.951 24.471 
300 1.339 5.158 18.704 

 
Vankatanarayanan and Rangaraju [21] also 

mentioned that the NTRHA has a wide range of 
particle size distribution which needs to undergo a 
mechanical activation process to obtain finer 
particles with a consistent size and shape. 
Therefore, the high performance of ashes will be 
achieved.  

From this analysis, the lowest D50 of UFTRHA-
600℃ value was observed when a grinding speed 

of 300rpm for about 15 minutes, where at this speed 
and duration, ultrafine size particles were produced.  

Therefore, at a BPR value of 15:1 and grinding 
speed of 300rpm, 15 minutes of the grinding period 
was sufficient. This phenomenon was due to the 
high speed of the grinding process, which resulted 
in greater velocity of the ball movements in the 
milling bowl. Therefore, the extended milling 
period was insignificant for particle size reduction 
purposes.  

In conclusion, the lowest D50 of UFTRHA-600 
value was observed by adopting a grinding speed of 
300rpm, where at this speed, ultrafine size particles 
(<5µm) were successfully obtained. 
 

4.3 Specific Surface Area (SSA) of UFTRHA and 
NTRHA 

 
The mechanical grinding procedure indeed 

affects the porous structure of porous materials. In 
this regard, the specific surface area (SSA) and pore 
characteristics of the porous structure of NTRHA 
and UFTRHA were assessed using the Brunauer 
Emmet Teller (BET) and Barret Joyner Halenda 
(BJH) techniques.  

The NTRHA and UFTRHA were prepared with 
various combustion temperatures at optimum 
grinding parameters (grinding at 300rpm speed with 
BPR 15:1 for 15 minutes). From Table 3, the SSA 
of NTRHA-600, NTRHA-700, and NTRHA-800 
was recorded to be 4.8291, 40.3123, and 28.1305 
m2/g.  

On the other hand, SSA values for UFTRHA-
600, UFTRHA-700, and UFTRHA-800 were 
observed as 222.9125, 205.1350, and 219.5759 
m2/g, respectively. Furthermore, the result showed 
that UFTRHA-600 possessed the remarkably 
highest SSA value (222.9125 m2/g) among the 
samples due to the smallest particle size (D50 = 
4.012µm).  

A massive difference in SSA values for both 
NTRHA and UFTRHA is shown in Table 3. This 
phenomenon was due to higher unburnt carbon 
content in NTRHA that increased rigidity to the 
NTRHA structure, making it a harder material to be 
milled. Van, Bui, and Ludwig [22] mentioned that 
NTRHA consists of macroporous  (size of particles 
> 50 nm) and mesoporous (size of particles between 
2 to 50 nm). 

Then, the burnt sample's color seems dark due 
to the higher amount of unburnt carbon content. 
From Fig.3, it can be seen that UFTRHA formed 
white ashes meanwhile NTRHA produced grey-
black ashes. Therefore, it can be said that a high 
amount of unburnt carbon causes difficulties in 
breaking the material into smaller particle sizes 
through the milling process. 

In addition, one of the reasons that contributed 
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to the highest SSA value of UFTRHA-600 was due 
to the smallest particle size of this sample, as 
reported in the previous section, i.e., D50 is 
4.012µm. However, based on the BJH evaluation of 
pore characteristics in Table 3, all UFTRHA 
samples were classified as mesoporous structured 
material since the average pore diameter recorded 
was less than 9 nm. 
 
Table 3 Pore features and specific surface area 
(BET-SSA) of NTRHA and UFTRHA prepared 
with various combustion temperature 
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Usually, the pore size distribution for the 

mesoporous structured materials had narrow range 
values, i.e., between 2 to 22 nm, with the average 
pore diameter value from 2 to 9 nm [17,18]. 

Overall, the mesoporous UFTRHA-600 with 
optimum grinding parameters was identified to 

have the highest SSA, pore surface area, pore 
volume, and lowest average pore diameter values. 
In addition, the more delicate ashes had a 
performance as a reactive mineral additive 
construction material than the coarser ashes [25]. 
 

 
 

Fig.3 Digital photo of UFTRHA and NTRHA 
prepared at various combustion temperatures. 
 

4.4 Morphology of UFTRHA and NTRHA 
 

Based on the Field Emission Scanning Electron 
Microscopy (FESEM) image of NTRHA ash, as 
illustrated in Fig.4, it had a corrugated, rough 
surface, rigid structure with cone-shaped 
protuberances. The physical characteristics of 
NTRHA ash were similar to the condition of 
unground RHA prepared at 600℃ reported by Xu, 
Lo, and Memon [26], where the RHA's outer 
surface is dense and looks like a net strip with 
arranged conical protrusion. In addition, the outer 
surface of NTRHA is highly corrugated and ridged. 

Moreover, the high content of unburnt carbon 
also contributed to the rigidity of the NTRHA ash. 
Therefore, the presence of unburnt carbon is due to 
the burning process. On the other hand, the 
unground UFTRHA FESEM image in Fig.2 



International Journal of GEOMATE, Sept. 2022, Vol.23, Issue 97, pp.74-81 

79 
 

indicated the ash's soft structure. Therefore, it was 
evident that the structure was already broken into 
small pieces even though no grinding aid had been 
introduced to the ash powder.  
 

 
 
Fig.4 NTRHA-600 FESEM image captured 100X 
magnification 
 

 
 
Fig.5 UFTRHA-600 FESEM image captured 100X 
magnification 
 
 

 
 
Fig.6 FESEM images of UFTRHA-600 ground for 
15 minutes, with grinding speed of 300rpm and 
BPR value of 15:1 
 

Based on Fig.5, the pore was already exposed, 
filled with agglomerated particles of UFTRHA 
finely even with no mechanical grinding imposed 

on the powder sample. This is due to the acid 
treatment process that successfully breaks the rigid 
structure of lignocellulosic materials. The rice 
husk's hemicellulose, cellulose, and lignin are 
examples of lignocellulosic materials. 
 

 
 
Fig.7 FESEM images of UFTRHA-600 ground for 
30 minutes, with grinding speed of 300rpm and 
BPR value of 15:1 
 

 
Fig.8 FESEM images of UFTRHA-600 ground for 
45 minutes, with grinding speed of 300rpm and 
BPR value of 15:1 
 

 
 
Fig.9 FESEM images of UFTRHA-600 ground for 
60 minutes, with grinding speed of 300rpm and 
BPR value of 15:1 

 
During the acid treatment process, the biomass 

hierarchy breakdown of the intermolecular and 
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intramolecular bonds in cellulose and hemicellulose 
of husk occurred and interrupted its rigid structure. 
A similar observation has also been reported by Lee, 
Hamid, and Zain [27].  

To quantitatively analyze the effect of grinding 
duration on the morphology of UFTRHA in this 
study, the FESEM technique was used at a high 
magnification of 1000X. The morphologies of the 
UFTRHA particles for grinding duration variation 
(15, 30, 45, and 60 minutes) are shown in Fig.6 to 
9.  

 
5. CONCLUSIONS 
 

In a nutshell, the mechanical activation process 
is proven effective in producing a highly reactive 
UFTRHA. The average particle size decreased with 
increases in both grinding speed and grinding 
duration for speeds of 100rpm and 200rpm. 
However, 300rpm for about 15 minutes of milling 
was sufficient to produce ultrafine particle size 
(<5µm) of ashes. As for BET-SSA analysis, 
UFTRHA-600oC had the highest value of 
222.9125m2/g with the optimum grinding condition 
of 300rpm grinding speed for 15 minutes. The 
morphology of UFTRHA included the soft structure 
of the ash, which broke into small pieces, although 
no grinding aid has been introduced to the ash 
powder. As a result, the pores of UFTRHA are filled 
with agglomerated ash particles. Both UFTRHA 
and NTRHA powders had agglomerated particles 
with irregular shapes due to the high-energy milling 
effect. Thus, the extended grinding period (> 15 
minutes) caused particle agglomeration. Hence, 
larger particle sizes and lower BET-SSA values 
were yielded. Lastly, it is suggested to investigate 
further the effect of UFTRHA in other 
characterization properties of ash, such as x-ray 
diffraction (XRD) analysis and transmission 
electron microscopy (TEM) analysis. Also, the 
expansion of this research work by incorporating 
UFTRHA in concrete is strongly recommended for 
further investigation of its mechanical properties 
accordingly. 
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