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Abstract

Pozzolanic reactive material is considered as one of the most essential characteristic of cementing additive material in concrete technolo-
gy application. Normally, the reactive material contains abundant silica that enhances concrete strength activity. Undeniably, it is proven
that rice husk ash (RHA) possesses large quantity of silica that induces the pozzolanic reaction in concrete. Nevertheless, usage of con-
ventional RHA is still widely accepted in concrete industry nowadays. One of the setback of conventional RHA incorporation is simply
because of its properties inconsistency. Therefore, enhancement on the RHA properties by introduction of a specific pretreatment prior to
incineration process is expected to provide an alternative way in order to produce highly reactive cementing additive material from local-
ly available agricultural by-product, the rice husk. In this paper, a total number of 30 experimental set points was conducted. Statistical
analysis was conducted for four independent variables and two responses using Response Surface Method (RSM). The analysis was
completed using a commercial software set (Design-Expert) for experimental design and analysis. The independent variables were HCI
concentration, soaking time, burning temperature and soaking temperature. Meanwhile, the responses investigated in this study were
including cumulative pozzolan percentage and electric conductivity decrement from 0 to 2 minutes. As for the statistical anal ysis of the
data for response 1, the cumulative pozzolan percentage calculated from the model was in-line with the experimental data, with R-
squared value of 0.9565. Hence, the result validates the precision of the model. On the other hand, the R-squared value for response 2
which is the EC decrement from 0 - 2 Minutes, it shows that the model was in agreement to the experimental values at 0.9342. Thus, it is

again justifies the model accuracy.
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1. Introduction

In 2016, world paddy production was documented to have more
than 740 million tons [1]. Husk covers approximately 20% out of
the total mass of the paddy plant from this massive production [2].
Eventually, the generated rice husk was over 160 million tons last
year. According to BERNAS, which is a body responsible in do-
mestic paddy and rice industry in Malaysia, this abundance by-
product is usually used as a biomass fuel of boiler for electricity
generation within the factory area. However, the rice husk generat-
ed is still underutilized at the factory. The problem becomes com-
plicated when BERNAS has to move out the rice husk from the
factory since this activity incurred extra cost to the company.
Therefore, there is an urge to make use of this abundance by-
product in the industries namely construction industry.

Recently, an extensive research on incorporation of rice husk ash
(RHA) in concrete has been done attributable to high in silica con-
tent. Despite of high number of experimental works done in this
area since 1970s, quality of the conventional rice husk ash studied
is still compromised. Unlike other type of material such as pulver-
ized fuel ash and silica fume, this material is still not widely used
as additive material among the construction key players, although
the research of rice husk ash has begun in 1970s. Among the rea-

sons that hindered the utilization of RHA as SCM in current con-
struction industry are due to inconsistency of its amorphousness
degree with undesirable composition i.e. potassium oxide (K,O)
and sodium oxide (Na,O). These compositions cause pure silica
content in the rice husk ash to melt at low temperature i.e. less than
800°C [3]. This particular reaction is known as eutectic reaction.
When the eutectic reaction occur, it will form crystalline silica and
impart black colour of the produced RHA as well. That is a huge
reason why the rice husk is also very sensitive towards temperature
during burning stage. The sensitivity towards burning condition
causes inconsistency of the properties of rice husk ash produced.
Hence, it is regarded as the main reason that lack of usage of this
material as additive material in current construction sector. Gener-
ally, this phenomenon occurs due to the metallic impurities that
encapsulate on the surface of the husk. These metallic impurities
induces surface melting during the burning process and causing
reduction of specific surface area of the burnt ash. Consequently,
the pozzolanic behavior of the ashes reduces as well [4]. In order to
produce high content of silica in rice husk ash, removal of impuri-
ties on the rice husk surface prior to completion of incineration
process is highly essential. Several researches reported that the
impurities can be greatly eliminated via acid-leaching treatment.
[5], [6] Production of a high quality reactive amorphous silica from
this agricultural waste is essential in order to improve the properties
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of concrete at its best. Therefore, little addition of this excellent
quality material is sufficient in order to achieve high quality con-
crete, hence cost and time effective.

In the existing researches, most of the activities concentrated on
pretreatment of rice husk using acid leaching concentrated on phys-
ical and chemical properties such as chemical content percentage,
degree of material amorphousness, degree of pozzolanic behavior
etc. Basic engineering properties such as compressive strength has
been studied as well [4], [6]-[8]. Despite of the fact, detail study on
the mechanical properties as well as durability of concrete incorpo-
rating pretreated rice husk ash is still limited. In addition, past re-
searches focused on the acid leaching pretreatment using high con-
centration inorganic acid i.e. nitric acid (HNO3), hydrochloric acid
(HCI), and sulphuric acid (H,SO,4). Utilization of high acid concen-
trations i.e. 1M to 18M, will lead towards cost escalation in terms
of purchasing of raw material needed and treatment of the chemical
wastes generated after completion of the pretreatment procedure.
According to research reported by Sankar et al. (2015), usage of
10% hydrochloric acid (HCI), which equivalent to 3.26M has im-
proved the amorphousness degree of the treated rice husk ash yield
[9]. Nevertheless, the study was limited to pretreatment method
using a single acid concentration and incineration temperature.

This research study is intended to explore the gaps in existing body
of knowledge on simple thermochemical pretreatment method of
raw rice husk via low concentration of acid namely Hydrochloric
acid (HCI) and calcination temperature for an excellent SCM pro-
duction in concrete technology application. It was also aimed to
extend the investigation of producing highly reactive pozzolana in
ultrafine size, with particle diameter of less than Spm through me-
chanical activation using planetary ball mill. To date, literature
regarding to the usage of hydrochloric acid as a leaching medium
in pretreatment process and the calcination temperature are quite
substantial. However, relationship between different acid concen-
trations, pretreatment temperature, pretreatment duration and calci-
nation temperatures have yet to be established. In light of mechani-
cal activation process, most of studies have been done to test mate-
rials such as metakaolin and fly ash but study on the effect of me-
chanical activation via planetary ball mill to conventional rice husk
ash or treated rice husk ash has never been done previously. There-
fore, there is a significant to further extend the investigation on the
effect of low concentration of acid to the quality and performance
of the ultrafine treated rice husk ash (UFTRHA) as highly reactive
cementing additive material as well as the effect of mechanical
activation via planetary ball mill to the UFTRHA.

2. Methodology

2.1. Pre-Treatment Method of Ultrafine Treated Rice
Husk Ash (UFTRHA)

In this research work, source of fresh rice husk was obtained in
one of rice factory in Perak (BERNAS). Before burning process
took place, the rice husk was treated using 0.01M, 0.06M and
0.1M hydrochloric acid (HCI). The specimens were immersed and
heated at various temperatures i.e. from 30°C to 80°C in the acid
solution for 1 to 5 hours respectively. Next, the samples were
cleaned using distilled water until it reached neutral pH. The sam-
ples were then been dried in laboratory oven. It was then inciner-
ated accordingly using Protherm Ashing furnace. It was completed
at 600°C, 700°C and 800°C for 1 hour retention time in accordance
to combination of experimental run suggested by RSM. The
ultrafine treated rice husk ash (UFTRHA) was then milled in
planetary ball mill at a duration of 15 minutes by adopting a value
of 15:1 for ball-to-powder ratio (BPR).

2.2. Chemical and Physical Characterisation of Ul-
trafine Treated Rice Husk Ash (UFTRHA)

In order to investigate chemical composition of UFTRHA, X-ray
fluorescence (XRF) test has been conducted thoroughly. The test
was done for UFTRHA sample that undergone pretreatment in
0.IN HCI solution at 80°C. The analysis was done by using
spectrometer of Bruker Axs S4 Pioneer. The test was in
compliance with BS EN 12677. Meanwhile, as for its physical
characterization part, particle size analysis (PSA) was successfully
conducted using Scirocco 2000 Malvern instrument mastersizer.

2.3. Pozzolanic Reactivity Test

Pozzolanic reactivity test is ubiquitous in reactivity level investiga-
tion of any cementing additive material. In this regard, rapid evalu-
ation examination procedure were conducted. This investigation
method is referred as pozzolanic reactivity test by using direct
measurement method. It was accomplished by recording electrical
conductivity reduction assessment by utilizing a conductivity meter
from 0 to 2 minutes time frame. In this experimental setup, 200ml
of saturated calcium hydroxide solution (Ca(OH),) or portlandite
were prepared at a specific temperature of 40°C. After that, the
electrical conductivity data need to be recorded prior to inclusion of
59 of the powdered UFTRHA specimen into the saturated
portlandite solution and after the inclusion as well at 0 and 2
minutes durations, respectively. Liquid-to-solid (I/s) ratio of the
pozzolan in the liquid suspension considered was 40 as reported by
other researchers as well [10]-[13].

2.4. Analysis of Data Using Response Surface Method
(RSM)

Response surface method is known as one of a powerful tool in
order to analyse the relationship between parameters and responses
or the output of the research experimental framework. In addition,
the generated model is useful to evaluate the effects of each desired
parameters and their interaction on each of the response variables
[14]. The RSM has several benefits, e.g. advantageous for model
prediction for every response, beneficial in constructing a strong
model with limited number of experimental data points, useful in
assessing interaction effect between the factors as well as allowing
the user to obtain the optimal response [15].

In this paper, central composite design (CCD) coupled with RSM
analysis was conducted for four independent variables and two
responses. The analysis was completed using a commercially avail-
able software package (Design-Expert) for experimental design and
analysis. The independent variables were HCI concentration (A),
soaking time (B), burning temperature (C) and soaking temperature
(D). These independent variables were named as (-1, 1) interval in
which the minimum and maximum value levels were named as -1
and +1, respectively Range of the selected process variables are
presented in Table 1.

Table 1: Variables and boundary level for response surface method of

analysis.
Variables Unit Symbol Boundary level
used -1 0 +1
HCI Concen- Molar A 0.01 0.06 0.1
tration (M)
Soaking time Hour(s) B 1 3 5
Burning °C C 600 700 800
temperature
Soaking °C D 30 55 80
temperature
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3. Results and Discussion

3.1. Variable Array of Response Surface Method (RSM)

In this study, a total number of 30 experimental set points or sam-
ples was conducted and prepared accordingly. Responses investi-
gated in this study were including cumulative pozzolan percentage

(Y1) and electric conductivity decrement from 0 to 2 minutes (Y2).

Cumulative pozzolan percentage is define as total addition value
of several components namely SiO,, Fe,03 and Al,O3. According
to ASTM C 618 (2015), the summation of these oxide components
must be more than 70% in order to be classified as class F
Pozzolan material group [16]. Table 2 tabulates the various exper-
imental run combination according to RSM array together with the
results for further analysis.

Table 2: Combination of experimental run based on RSM array.

was recorded for the fourth experimental run in the RSM array (i.e.
7.33mS/cm). Previously, the same tested UFTRHA sample had
the highest cumulative pozzolan percentage. Therefore, it can be
said that high amount of pozzolanic components increases
pozzolanic reactivity of a material.

In addition, particle size of the material plays an important role in
reactivity level of a material as well. In this regard, vigorous
grinding process via high speed grinding using planetary ball mill
reduces the particle size of material tremendously. The process
induced superior velocity of the ball movements in the milling
container. During the grinding process, grinding media (balls) and
feed stock (UFTRHA) experienced a vigorous shearing condition
and thus the finer particle size produced in the end of the process.
Referring to the data tabulated in Table 3, UFTRHA that had been
treated for four hours and burned at 600°C had smallest particle
size than that of the other UFTRHA specimens with d(0.1), d(0.5)
and d(0.9) of 1.416um, 4.364um and 14.043um, subsequently.

Table 3: Particle size analysis of UFTRHA at various burning temperature
at 4 hours of immersion period.

Pretreatment Incineration Particle Size (pm)
Soaking Dura- | Temp. (°C)
tion (Hrs) d(.1) d(0.5) d(0.9)
600°C 1.416 4.364 14.043
4 700°C 1.460 4.676 14.768
800°C 1.205 4.948 21.638

3.2. Statistical Data Analysis

According to Table 4, for the first response, soaking temperature
(D) demonstrated the highest F value of 215.32, followed by HCI
concentration together with soaking time effect (AB) and the
quadratic effect soaking temperature (D?) with the F value of 9.6
and 4.18, respectively in analysis of Variance (ANOVA). In addi-
tion, cumulative pozzolan percentage projected from the model
was conforming to the experimental data, with R-squared value of
0.9565. Therefore, it justifies the model precision.

On the other hand, Table 5 tabulates the analysis of variance
(ANOVA) for second response. Based on the analysis, it is noted
that immersion temperature (D) recorded to have the highest F
value of 227.93. It was then followed by immersion time effect
(AB) with a value of 27.04 and the quadratic effect immersion
time (B? with the F value of 9.46. Meanwhile, the R-squared
value for EC decrement from 0 - 2 Minutes from the model was
inline with the experimental values at 0.9342. Therefore, it con-
firms the model accurateness. In addition, the tested factor or pa-
rameters in this experimental works can be applied with other
additive materials that needed to be treated as well.

Table 4: Analysis of variance (ANOVA) for models evaluation for first
response.

Res-ponse
Res- 2:
Factor | Factor Factor | ponse 1: Electric
1: 2: Fagor 4: Cumu- Conduc-
HCI Soa- i Soa- lative tivit
Al Conc. king Burning king pozzolan (EC>)l
. temperature
(M) time © Temp. | Percen- | decrement
(A) (B) (D) tage from0 - 2
(Y1) Minutes
(Y2)
1 0.1 3 700 59 94.67 5.94
2 0.1 1 600 30 89.32 4.25
3 0.01 5 800 80 98.39 6.87
4 0.1 4 600 80 99.11 7.33
5 0.06 & 700 55 95.81 6.13
6 0.06 3 700 55 94.32 5.34
7 0.01 5 800 30 90.8 4.43
8 0.06 3 700 55 95.45 6.17
9 0.01 5 600 80 98.65 6.93
10 0.01 1 600 30 87.65 3.85
11 0.1 1 800 30 90.97 4.52
12 0.06 3 700 55 95.81 6.2
13 0.06 3 700 30 92.55 5.01
14 0.06 3 700 55 94.39 5.81
15 0.1 5 800 80 98.32 6.65
16 0.01 3 700 55 95.85 6.21
17 0.06 3 600 55 97.35 6.41
18 0.1 5 600 30 91.2 4.65
19 0.01 1 800 30 86.27 3.54
20 0.06 3 700 80 99.01 7.06
21 0.06 1 700 55 93.66 5.21
22 0.1 5 600 80 98 6.71
23 0.01 1 600 80 93.61 5.22
24 0.06 5 700 55 97.92 6.54
25 0.01 5 600 30 91.75 4.87
26 0.06 3 700 55) 95.81 6.13
27 0.1 1 800 80 98.28 6.75
28 0.1 5) 800 30 91.25 4.77
29 0.01 1 800 80 94.71 5.92
30 0.06 3 800 55) 95.68 6.17

As for the first response, experimental results was deduced from
XRF analysis. It can be observed that the cumulative pozzolan
percentage of all 30 experimental set points were recorded to be
more than 70%. In addition, the predominant content was silica
(Si0,). It was also noted that, the cumulative pozzolan percentage
for UFTRHA pretreated using 0.1M HCI at 80°C for four hours
and incinerated at 600°C has greatest content among other samples
that were produced at 700°C and 800°C.

In order to complete the RSM array, pozzolanic evaluation analy-
sis of the UFTRHA samples were done by measuring electrical
conductivity (EC) value at zero and two minutes, respectively.
The decrement amount of the EC readings from zero to two
minutes were noted as the second response in this study. Based on
the findings, the largest value of electric conductivity difference

Responses | Source Sum of | Degree Mean | F p-value
Square | of Squar | Value | Prob>
S Free- e =
dom
Cumula- Model 331.09 | 14 2365 | 2354 | <
tive 0.0001
Pozzolan a
Percent-
age
A 7.05 1 7.05 7.02 0.0182
B 30.34 1 30.34 | 30.2 <
0.0001
© 3.79E- | 1 3.79E | 3.77E | 0.9952
05 -05 -05
D 21628 | 1 216.2 | 2153 | <
8 2 0.0001
AB 9.64 1 9.64 9.6 0.0073
AC 1.26 1 1.26 1.25 0.2809
AD 0.04 1 0.04 0.039 | 0.8452
BC 0.95 1 0.95 0.95 0.3459
BD 0.014 1 0.014 | 0.014 | 0.9066
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CD 0.55 1 0.55 0.54 0.4718
A2 3.43 1 3.43 3.42 0.0843
B2 1.86 1 1.86 1.85 0.1938
C2 0.087 1 0.087 0.087 0.7723
D2 4.2 1 4.2 4.18 0.0588
Lack of | 12.48 10 1.25 2.42 0.1712
Fit b

R- 0.9565

Squared

Adjust- | 0.9158

ed R-

squared

#Significant under 95% level of confidence.
® Not significant relative to the pure error due to noise.

Table 5: Analysis of variance (ANOVA) for models evaluation for second
response.

Respons- | Sour-ce | Sum of | Degree Mean F p-value
es Square | of Free- | Squar | Value | Prob>F
S dom e
Electric Model 28.01 6 4.67 5441 | <
Conduc- 0.0001
tivity a

(EC)
decre-
ment
fromO -
2
Minutes
A 0.54 1 0.54 6.24 0.0201
B 2.32 1 2.32 27.04 <0.000
1
D 19.55 1 19.55 227.9 <0.000
3 1
AB 0.82 1 0.82 9.61 0.0050
B2 0.81 1 0.81 9.46 0.0054
D2 0.67 1 0.67 7.76 0.0105
Lack of | 1.41 18 0.078 | 0.69 0.7452
Fit b
R-squa- | 0.9342
red
Adjust- | 0.9170
ed R-
squa-
red

2 Significant under 95% level of confidence.
® Not significant relative to the pure error due to noise.

The interactions between HCI concentration, soaking time, burn-
ing temperature and soaking temperature are depicted in the three
dimensional (3D) response surface plot shown in Fig. 1. As for
Fig.1, interaction between soaking time and HCI concentration at
constant soaking temperature and burning temperature of 80°C
and 600°C was presented correspondingly. From the figure, it can
be deduced that cumulative pozzolan percentage amount increases
as soaking temperature increases. This phenomenon is due to the
removal of metallic impurities that encapsulated on the surface of
the rice husk during pretreatment process. Hence, it remarkably
enhance the purity of UFTRHA produced via low concentration

acid pretreatment process prior to burning process [4], [8], [9].[17].

Cumulative pozzolan Percentage

G Troe A: HCI Conc
B: Soaking Time 100

Fig.1: Response surface plot of cumulative pozzolan percentage: Effect of

soaking time and HCI concentration at burning temperature and soaking
temperature of 6000C and 800C respectively.

4. Conclusion

Utilising local agricultural waste as SCM is seen as one of the best
solution in order to maximise the usage of the by product. Based
on the results, it shows that, the optimum conditions in pre-
treatment process possesses a significant role in terms of improv-
ing the chemical composition of UFTRHA as highly reactive ce-
menting additive material. Meanwhile, high speed grinding proce-
dure ensure the smallest particle size of produced UFTRHA that
resulted in high pozzolanic reactivity level. These properties are
important so that highly reactive additive material can be generat-
ed for a better concrete technology practice. In light of the chemi-
cal composition analysis, the cumulative pozzolan percentage for
UFTRHA pretreated using 0.1M HCI at 80°C for four hours and
incinerated at 600°C has highest percentage amount of 99.11%.
The similar sample also recorded largest value of EC decrement
and hence verify its pozzolanicity level at 7.33mS/cm. As for the
statistical analysis of the data for response 1, the cumulative
pozzolan percentage predicted from the model was in agreement
with the experimental values, with R-squared value of 0.9565,
which confirms the accuracy of the model. On the other hand, the
R-squared value for response 2 which is the EC decrement from 0
- 2 Minutes, it shows that the model was inline with the experi-
mental values at 0.9342. Thus, it justify the model precision.
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