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Cement, walnut shell ash, setting, mechanical properties. The addition of WSA increased the w/c ratio
pozzolanic activity, free lime, and setting times. The total porosity gradually decreased with the
porosity, density, strength, heat of increase of WSA content (26.13 %) while the bulk density increased
hydration (2.0112 g/cm?3). The strength improvements were due to of formation

of fibrous CSH gel, high hydration level, low porosity, high density and
pozzolanic reactions of WSA with the resulting free lime from the
hydration process. The free lime contents of the OPC (WO0) increased
with the curing times (8.78 %), while with WSA the free lime content
decreased due to the pozzolanic activity of WSA (4.23 %). The increase
of WSA content > 25 wt. %, the specific properties were adversely
affected, i.e. the optimum added content of WSA does not exceed 25 wt.
%.

1. Introduction

CO2 emission during the manufacture of cement is the main anthropogenic contributor to global warming which
may lead to human casualties and substantial economic losses [1-10]. Cement is the main building material that
permeates nearly all sides of our built environment, from dams and bridges to houses and the various buildings
[1-4]. The cement industry is also a major source of about 5-7% of global CO2 emissions, where one ton of cement
emits about 560-630 kg of CO2 [3-8, 11]. The emissions often cause severe climate change worldwide that is being
detrimental to human health and well-being. Carbonization in cement industry is to improve the energy efficiency
of cement production processes, and to use alternative materials to partially replace cement in cement structures
[12-14]. However, the wider acceptance of these alternatives faces significant barriers. Utilization of partially
replacing COz-intensive cement is one of the most effective and practical long-term solutions to reduce the heavy
environmental burden relative to cement production [15-18]. Various industrial by-products as granulated blast
furnace slag (GbfS), silica fume (SF), fly ash (FA), sugar can bagasse ash (SCBA) and many others could be used as
cement substituents [19-36]. These wastes and its diverting away from landfills could be promoted its value
[37,38], which it is a step to meet the reduction purposes for excess wastes [39,40]. Using of SCMs for construction
can reduce the environmental pollution due to the accumulation of materials, save the costs of both waste disposal
and producing concrete [41-44]. The bio-derived ashes, such as walnut shell ash, have the potential to actas a SCM
alternative in cementitious composites due to their similar physicochemical properties to conventional SCMs. As
biomass ash, walnut shell ash has abundant silica and calcium dioxide contents that play a vital role in hydraulic
and pozzolanic reactions [45-47]. Many studies on the various agricultural wastes as rice husk ash [48,49], cotton
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stalk and palm leaf ashes [50], rice straw [51], olive waste ash [52], and nano-palm oil fuel ash [53] as SCMs have
reported promising results. Moreover, the finely ground agriculture waste ashes act as filler materials, improving
its density and microstructure of cementitious composites [54,55]. The reliable utilization of walnut shell ash as
a SCM and enrich the role of biomass-derived ash in cementitious materials.

The potential reduction emission of CO2 due to the partial addition of an agricultural waste (WSA) to cement
is a step of a more sustainable construction practice. Moreover, it is essential to mitigate environmental concerns
related to cement production. This study deals with WSA as a valuable resource because it provides a feasible and
an economical solution to waste management. This contributes to the improvements of the mechanical durability.
Thereby, it enhances its long-term performance. The increased demand of alternative building materials for
construction, WSA could be considered as a suitable and efficient alternative. This research also deepens the
scientific understanding of the role and potential applications of biomass ash in cementitious materials.

2. Experimental

2.1 Raw Materials

The used raw materials in the current study are Portland cement (OPC) which was delivered from Sakkara cement
factory, Giza, Egypt. The elementary phases of the OPC are tabulated in Table 1, while the oxide composition of
the OPC and Walnut shell ash (WSA), as measured by an X-ray fluorescence technique (XRF) are summarized in
Table 2. The physical properties of the used OPC cement and WSA are shown in Table 3. The Walnut shell (WS)
was first dried in a drying oven and kept at 100 °C for 48 hours. The dried WS was calcined in a furnace up to 800
°C for 2 hours. Then, it was put into a ball mill for 2 min to obtain WSA [56-58]. The particle size distributions of
the OPC and WSA are shown in Fig. 1, where the WSA is the higher fineness, and the OPC is the lower. Table 4
shows the constitutions of the various cement mixtures. The WSA was substituted for cement to prepare cement
mixtures.

Table 1 Mineralogical composition of OPC sample, wt. %
Material C3S  B-C2S C3A  C4AF
OPC 46.81 2843 590 12.56

Table 2 Chemical composition of materials (%)
Materials SiO2  Al20s Fe203 CaO0 MgO Na20 K20 SOs LOI
OPC 20.58 5.03 338 6332 201 123 0.68 206 176
WSA 56.12 17.26 7.88 922 329 .096 298 1.60 1.65

. T
| TOPC =WSA W/

" /]

“ A

0 !

“ /

20 /
" gl

0 01 015 02 05 1 3 6 9 12 100
Particle size, mm

Comulative volume, %

Fig. 1 Grain size distribution of the raw materials
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Table 3 Physical properties of the raw materials, wt. %

Materials Specific gravity Density, g/cm3 Blaine surface area, cm?/g

OPC 3.15 3.12 3564
WSA 2.66 2.87 5683

Table 4 Composition of cement mixtures, wt. %
Materials W0 W1 W2 W3 W4 W5 W6 W7
OPC 100 95 90 85 80 75 70 65
CSSA 0 5 10 15 20 25 30 35

2.2 Preparation and Methods

During the preparation of cement mixtures, different dosages of WSA (0, 5, 10, 15, 20, 25, 30 and 35 wt. %) were
added to the OPC. These OPC/WSC mixtures were categorized into eight batches as W0, W1, W2, W3, W4, W5, W6
and W7, respectively. The blending process of the various cement blends was done in a porcelain ball mill
containing 2-4 balls for two hours to assure the complete homogeneity of all cement blends.

2.3 Water of Consistency and Setting Times

Water of consistency (w/c- ratio) and setting time are measured using Vicat apparatus [36,59,60]. Water of
consistency (WC) was determined from the following relation [61].

WC, % =A/Cx 100 (1)

Where, A is the amount of water taken to produce a suitable paste, C is the amount of cement (300 g). The
initial setting time (IST) is the time taken to reach the initial set, while the final setting time (FST) is the time taken
to reach the final set of the paste [62]. The cement pastes were then cast using the predetermined water of
consistency, i.e. during mixing, the measured w/c-ratio was poured into the cement portion inside the mixer and
then run the mixer for about 5 minutes at an average speed of 10 rpm in order to have a perfect homogenous
mixture. The cement pastes were then molded into one-inch cubic stainless-steel molds of dimensions 2.5 x 2.5 x
2.5 cm3 using about 500 g cement mix, vibrated manually for three minutes and then on a mechanical vibrator for
another three minutes [63]. The surface of the molds was smoothed using a suitable spatula. Thereafter, the molds
were kept in a humidity chamber for 24 hours under 95+2 RH and room temperature of 20 * 2 °C, demolded in
the next day and soon immersed in water till the time of testing at 1, 3, 7, 28, 90, 180 and 270 days.

2.4 Water Absorption, Bulk Density, and Total Porosity

Water absorption, bulk density and total porosity [21,64] of the hardened cement pastes could be calculated from
the following relations:

WA, % = (W1-W2) / (W3) X 100 (2)
BD, g/cm? = (W1) / (W1-W2) (3)
&= (0.99 x We x BD) / (1+Wt) 4)

Where, W1, W2, W3, g, We and 0.99 are the saturated, suspended, dry weights, total porosity, free or
evaporable water content and specific volume of free water, respectively.

2.5 Mechanical Properties

2.5.1 Flexural Strength

Flexural strength (FS) was calculated [65,66], whereas the samples were marked at three points adjusting to place
them on the correct point of contact (Fig. 2). Then, the FS was obtained from the following equation:

FS=3 (PL)/ 2 (b) (d) / 10.2 (MPa) (5)
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Where, L: load taken, P: bean or loading of rupture, b: width, d: thickness.

B

Fig. 2 Schematic diagram of bending strength, B: Beam or loading of rupture, S: Span, W: Width and T: Thickness

2.5.2 Compressive Strength

The compressive strength (66,67) could be also calculated from the following relation:
Cs=L (kN) /Sa (cm?) kN/m2x 102 (kg/ cm?)/10.2 (MPa) (6)
Where, Cs: Compressive strength (MPa), L: load (kN), Sa: surface area (cm?).

2.6 Chemically Combined Water Content

The chemically-combined water content at each hydration age was determined on the basis of ignition loss
[30,31,68,69] as follows:

Wn, % =W1-W2 / W2 x100 (7
Where, Wn, W1 and W2 are combined water content, weight of sample before and after ignition, respectively.

2.7 Free Lime Content

The free lime contents (FLn) of the hydrated samples pre-dried at 105°C for 24h were also measured
[20,21,31,36,45,47,48]. The X-ray fluorescence (XRF) was used to analyze the chemical and mineralogical
composition of OPC and WSA raw materials as well as identifying crystalline phases of OPC cement. Subsequently,
based on the quantitative analysis of Ca (OH)2 consumption and the degree of cement hydration was conducted
to explore the effect of WSA on the long-term strength of cement pastes.

2.8 FTIR and SEM

Some selected samples were investigated using infrared spectroscopy (FTIR) to determine the functional groups
in a material and scanning electron microscopy (SEM) to determine the surface morphology of a material. The
FTIR spectra were performed by Pye-Unicum SP-1100 in the range of 4000-400 cm-1. The SEM images of the
fractured surfaces, coated with a thin layer of gold, were obtained by JEOL-JXA-840 electron analyzer at
accelerating voltage of 30 KV. Each group comprised three specimens where the arithmetic mean was considered
for each group to determine the corresponding strength values, noting that any abnormal data must be excluded.

3. Results and Discussion

3.1 Water of Consistency and Setting Times

Fig. 3 demonstrates the water of consistency and setting time of cement pastes with and without WSA. The water
of consistency has been increased with the increase of WSA content. Also, the setting times (initial and final) are
displayed the same trend as water of consistency. When the WSA content increased from 5 to 35 wt. %, the initial
and final setting times increased from 3 to 4.5 hours and from 5 to 6 hours, respectively. The extended workable
life can be ascribed to that silica-rich content of WSA that is not involved in the early-age hydration of cement.
This is mainly due to the reduction of Ca (OH): for secondary cement hydration. This phenomenon also occurs
when applying other SCMs as silica fume [70,71], fly ash [71,72], and sewage sludge ash [73,74] to OPC cement.
This retardation action due to the higher addition of WSA on setting time may be inhibited its practical application.
Therefore, the higher content of its addition must be prevented. It is stipulated that the initial setting time should
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be not less than 50 min. and not more than 2.5 hours, whereas the final setting time should be not less than 2
hours and not more than 8 hours [75]. So, the optimum substitution level of WSA for OPC should not exceed than

20 wt. %.
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Fig. 3 Water of consistency and setting times of the various cement pastes blended with different ratios of WSA

3.2 Flow Value

Fig. 4 demonstrates that the flow value of cement pastes with WSA. It shows that as the WSA content increases,
the flow value is progressively decreased. So, the flow value was shortened from 189 mm to 110 mm with
increasing of WSA up to 35 wt. %. The same trend was obtained fluidity other cement pastes blended with other
agro/waste ashes [70-73]. This is essentially contributed to the surface properties of WSA, where the specific
surface area of WSA (5400 cm? /g) is higher than that of OPC (3600 cm? /g). The higher specific surface area of
WSA enables it to absorb more water molecules to form large water film areas [73]. This strong water demand of
WSA often decreases the amount of water in the surface of cement clinker [31,74]. This impedes the moving of
fresh cement particles. The addition of the high specific surface, angular and irregular shape surface WSA (Fig. 3d
and e) increases the viscosity of WSA particles in cement mixtures. This is contributing to the decreased work
ability of WSA-based cement paste [70-72,76-79].
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Fig. 4 The flow value of the various cement pastes blended with different ratios of WSA

3.3 Hydration and Pozzolanicity

To assess the hydration and pozzolanicity of cement pastes containing different ratios of WSA, Fig. 5 shows the
experimental results of free lime analysis up to 365 days. The concentration of calcium ions, Ca?* or free lime
content, Ca (OH):z decreased with the substantially increasing substitution of WSA. The reduced Ca?* of the cement
suggests that Ca2* or portlandite released during the hydration of cement phases have been gradually consumed
due to the promoted pozzolanic reaction of WSA with Ca%* on account of increasing time of hydration and
replacement levels of WSA [80]. In addition, the increasing addition of WSA from 0 to 25 % led to a gradual loss
of portlandite due to pozzolanic reactions of WSA with both di- and tricalcium silicate cement phases, which are
much similar to other bio-based ashes, such as palm ash [53,81]. However, the increase of portlandite content was
observed with any further increase of WSA content [W6 and W7]. This is essentially attributed to that the high
volume of WSA possessed a great percentage of unhydrated cement phases, i.e. this impedes cement hydration
with the formation of insufficient hydration products for pozzolanic reactions [82]. These results indicated that
the WSA with a replacement level of 0-25 % for OPC in this study can be qualified as pozzolanic cement.

Penerbit
UTHM



7 J. of Sustainable Materials Processing and Management Vol. 5 No. 2 (2025) p. 1-16

S.g e i ALY s < <
g-g W2 —=+—W3 =
82 | k= WA —@= WS /
.. Yy /
S *=W6 W7 7
’ /
7.6 —
7.4
o 72 //
Oh 7 /
i
£ 6.4 L=
8 6.2 %—.\
v 6
?é 2’2 — ‘—\H\ \1\I=I_
=52 - —
5
4.8 ke s >
e \‘:x%‘\. 2 "
42 \X"\. . .
. ————
3.6 -
3.4
1 3 7 28 90 180 365
Hydration time, days

Fig. 5 Free lime contents of the various cement pastes blended with different ratios of WSA and hydrated up to 365
days

3.4 Total Porosity and Bulk Density

The total porosity (TP) and bulk density (BD) of the various cement pastes blended with different ratios of WSA
hydrated up to 365 days are represented in Fig. 6 and Fig. 7, respectively. Generally, the BD of the various blended
cement pastes improved and enhanced with the substitution of WSA until the cement pastes incorporated 25 wt.
% WSA (W5), i.e. 2.0112 g/cm3, and then the BD started to decrease with any further addition of WSA (W6 and
W7), ie. 2.0064 and 2.0059, respectively. On contrast, the TP gradually decreased slightly as the WSA content
increased in the cement mix. This continued up till 25 wt. % WSA (W5), and then the TP started to increase (W6
and W7). The increase of BD is mainly due to three factors. The first is the normal hydration process of the main
major phases of the cement [16,17,21,62], the second is the pozzolanic property of the WSA with the evolved Ca
(OH):z from the first process [28-30,39,50,68], while the third is the filling action of the free fine WSA that close
the available pore spaces between particles [62,68,79]. The decrease of BD is essentially contributed to two factors
too. The first is the deficiency of the main hydrating portion of the cement [62,62,67,74,79,83]. The second factor
is that the higher incorporation of WSA particles at the expense of OPC hindered the hydration process, i.e. the
rate of hydration is adversely affected and decreased. So, the BD decreased. This would be reflected negatively on
the TP where it tended to increase. Hence, the higher content of WSA 25 wt. % (W5) must be avoided.
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Fig. 6 Total porosity of the various cement pastes blended with different ratios of WSA and hydrated up to 365 days
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Fig. 7 Bulk density of the various cement pastes blended with different ratios of WSA and hydrated up to 365 days

3.5 Heat of Hydration

Experimental results of heat of hydration (HH) of the various cement pastes blended with different ratios of WSA
hydrated up to 365 days are represented in Fig. 8. The HH of the OPC (WO0) is generally increased up to 90 days of
hydration (12.58 kj.g.105) and then seemed to be constant up to 365 days (12.43 kj.g.105), whereas the other
blended cements (W1-W?7) only increased up to 90 days and then decreased onward up to 365 days [62, 67,69].
The HH of cement batches W1-W5 are slightly higher than those of the blank (WO0) at all hydrating times, while
that of batches W6 and W7 incorporating higher WSA contents is lower than those of the other cement batches
[53.61,69]. Moreover, it even exhibited lower values than those of the blank (WO0).

Penerbit
UTHM



9 J. of Sustainable Materials Processing and Management Vol. 5 No. 2 (2025) p. 1-16

§\
?§§

Heat ofilydratlon, KJ.g.10°
"
n
§\
SN\
>

10.75
10.5 ——
1025 ‘—_—J W0 -B-Wl =+=W2 ——W3
o < W4 -=W5 -o=W6 W7
10
1 3 7 28 20 180 365

Hydration time, days

Fig. 8 Heat of hydration of the various cement pastes blended with different ratios of WSA and hydrated up to 365
days

3.6 Mechanical Properties

3.6.1 Flexural Strength

The flexural strength of the various cement pastes containing different ratios of WSA hydrated up to 365 days is
presented in Fig. 9. Generally, the flexural strength improved and enhanced with the progressive of hydration
times due to the normal hydration proves of the cement phases [21,28,29,62,83]. The flexural strength of cement
pastes blended with WSA slightly improved and enhanced during the early hydration ages up to 7 days, and then
faster and higher during the later ages of hydration. This is essentially due to both the normal hydration process
of the main phases of the cement and the pozzolanic activity of WSA with the resulting Ca (OH)2 from the first
process, i.e. the flexural strength increased due the decrease of CaO ion concentration inside the cement matrix
[39,61,68,79]. This confirms the pozzolanic reactivity of WSA [83-86]. With the increase of WSA content, the
flexural strength also improved and enhanced, but only up to 25 wt. %, i.e. 24.93 MPa and then adversely affected
and decreased, i.e. 24.82 MPa [62,67,74]. There was a linear mapping of CaO reduction. This is also attributed to
the generation and creation of additional CSH gels brought on by CaO reduction [87-89]. The decrease of flexural
strength with the higher amounts of WSA [W6 and W7] is due to the higher percentages of the unreacted or
hydrated cement particles. These desirable strength properties indicated that WSA is an attractive supplementary
cementitious material for construction applications in terms of long-term mechanical properties. The inhibited
cement hydrations with larger replacing of WSA can be attributed to the physical, chemical origins of WSA and its
composition which lowers the concentration of Ca?* and OH- ions in the cement mixtures [90]. Moreover, the
decrease of the major phases of the cement (CsS, CzS, CsA and C4AF) due to the addition of WSA led to retard the
rate of hydration of the cement paste [91], and increases the interparticle pores or spaces between cement
particles and limits the moving of the reactive ions in the cement [92]. So, the optimum content of WSA is 25 wt.
%, and the higher addition of WSA» 25 wt. % (W6 and W7) must be eliminated.

3.6.2 Compressive Strength

Fig. 10 demonstrates the compressive strength of the different cement pastes containing different ratios of WSA
hydrated up to 150 days. The compressive strength is generally increased due to the normal hydration process of
the major phases of the cement [62,90,91]. The compressive strength values of the cement pastes incorporated
WSA marginally increased during the early ages of hydration up to 28 days, and then largely improved and
enhanced during the later ages of hydration, i.e. it exhibited better values compared with those of the reference
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(WO0). This is essentially contributed to that the WSA has pozzolanic characters that are promoting the strength
development at later ages of hydration. Also, the filling action played an important role to decrease the open pores
which affected positively on the total porosity and often reflected positively on the compressive strength. As the
compressive strength values increased with the hydration time, it also increased with the increase of WSA content,
but only up to 25 wt. %, i.e. 57.36 MPa and then adversely affected with the further increase of WSA, i.e. 47.08 MPa
[29,30,67,92]. This is essentially contributed to the larger amounts of the unhydrated or unreacted cement
particles. This is consistent with many previous studies [93-95]. Therefore, the optimum content of WSA is 25 wt.

%, and the higher addition of WSA > 25 wt. % must be prevented.
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4. Conclusion

Walnut shell ash (WSA) has been successfully utilized as a new supplementary cementitious material (SCM). The
use of WSA led to increase of W/C-ratio, the elongation of setting time and the reduction of the fluidity of cement
paste due to the inactive WSA and its irregular surface. The substitution of WSA for OPC must be < 25 wt. %,
beyond which both W/C-ratio, setting time and fluidity are undesirable. The free lime content of the OPC (W0)
increased due to the hydration of the di- and trisilicate phases of the cement, but decreased with the addition of
WSA due to the pozzolanic action of WSA. The total porosity gradually decreased whereas the bulk density
enhanced, but only up to 25 wt. % WSA (W5). With any further addition more than this ratio the total porosity
increased, while the bulk density decreased. The use of WSA » 25 wt. % to replace OPC resulted in lower later
mechanical properties, where the addition of 25 wt. % WSA exhibits the optimum flexural and compressive
strength results. The strength enhancement originated from the high rate of hydration, the low porosity, the
reduction of free lime content and the formation of additional fibrous CSH gel in cement paste with 25 wt. % WSA.
The obtained results confirmed that the WSA is a qualified SCM. The partial substitution of WSA for cement up to
25 wt. % has a great potential to help in mechanical performance enhancement and good densification of cement
pastes.

Acknowledgement
This work was supported by National Research Centre, Cairo, Egypt.

Conflict of Interest

Authors declare that there is no conflict of interests regarding the publication of the paper.

Author Contribution

The author confirms sole responsibility for the following: study conception and design, data collection, analysis and
interpretation of results, and manuscript preparation.

References

[1] Yang, K.H., Jung, Y.B., Cho, M.S., & Tae, S. H. (2015). Effect of supplementary cementitious materials on
reduction of COz emissions from concrete. Journal of Cleaner Production, 103, 774-783.

[2] Shahbaz, M., Balsalobre-Lorente, D., & Sinha, A. (2019). Foreign direct Investment-CO2 emissions nexus in
Middle East and North African countries: Importance of biomass energy consumption. Journal of cleaner
production, 217, 603-614.

[3] Geng, Y. Wang, Z,, Shen, L., & Zhao, . (2019). Calculating of CO2 emission factors for Chinese cement
production based on inorganic carbon and organic carbon. Journal of Cleaner Production, 217, 503-509.

[4] Wang, L., Chen, L., Provis, ]. L., Tsang, D. C., & Poon, C. S. (2020). Accelerated carbonation of reactive MgO
and Portland cement blends under flowing CO2 gas. Cement and Concrete Composites, 106, 103489.

[5] Coffetti, D., Crotti, E., Gazzaniga, G., Carrara, M., Pastore, T., & Coppola, L. (2022). Pathways towards
sustainable concrete. Cement and Concrete Research, 154, 106718.

[6] Shah, L H., Miller, S. A, Jiang, D., & Myers, R. ]. (2022). Cement substitution with secondary materials can
reduce annual global CO2 emissions by up to 1.3 gigatons. Nature Communications, 13(1), 5758.
https://doi.org/10.1038/s41467-022-33289-7

[71 Chen, H,, Yang, ]., Chen, X,, Zhang, D., & Gan, V.]. (2024). Tempnet: A graph convolutional network for
temperature field prediction of fire-damaged concrete. Expert Systems with Applications, 238, 121997.
https://doi.org/10.1016/j.eswa.2023.121997

[8] Fennell, P., Driver, |., Bataille, C., & Davis, S. ]. (2022). Cement and steel—nine steps to net zero. Nature,
603(7902), 574-577. https://doi.org/10.1038/d41586-022-00758-4

[9] Cao, Z., Myers, R.]., Lupton, R. C,, Duan, H., Sacchi, R,, Zhou, N,, ... & Liu, G. (2020). The sponge effect and
carbon emission mitigation potentials of the global cement cycle. Nature communications, 11(1), 3777.
https://doi.org/10.1038/s41467-020-17583-w

[10] Fennell, P. S, Davis, S. J., & Mohammed, A. (2021). Decarbonizing cement production. Joule, 5(6), 1305-
1311. https://doi.org/10.1016/j.joule.2021.04.011

[11] Habert, G., Miller, S. A., John, V. M,, Provis, ]. L., Favier, A., Horvath, A., & Scrivener, K. L. (2020).
Environmental impacts and decarbonization strategies in the cement and concrete industries. Nature
Reviews Earth & Environment, 1(11), 559-573. https://doi.org/10.1038/s43017-020-0093-3

Penerbit
UTHM


https://doi.org/10.1038/s41467-022-33289-7
https://doi.org/10.1016/j.eswa.2023.121997
https://doi.org/10.1038/d41586-022-00758-4
https://doi.org/10.1038/s41467-020-17583-w
https://doi.org/10.1016/j.joule.2021.04.011
https://doi.org/10.1038/s43017-020-0093-3

J. of Sustainable Materials Processing and Management Vol. 5 No. 2 (2025) p. 1-16 12

[12] Wu, W.N,, Liu, X. Y., Hu, Z,, Zhang, R., & Lu, X. Y. (2019). Improving the sustainability of cement clinker
calcination process by assessing the heat loss through kiln shell and its influencing factors: A case study in
China. Journal of Cleaner Production, 224, 132-141. https://doi.org/10.1016/j.jclepro.2019.03.209

[13] Xu, Q. Hao, X,, Shi, X., Zhang, Z., Sun, Q., & Di, Y. (2022). Control of denitration system in cement calcination
process: A Novel method of Deep Neural Network Model Predictive Control. Journal of Cleaner Production,
332,129970. https://doi.org/10.1016/j. jclepro.2021.129970

[14] Huang, Y., Yang, ., Feng, R., & Chen, H. (2022). Resistance of cold-formed sorbite stainless steel circular
tubes under uniaxial compression. Thin-Walled Structures, 179, 109739.
https://doi.org/10.1016/j.tws.2022.109739

[15] Giergiczny, Z. (2019). Fly ash and slag. Cement and concrete research, 124, 105826.
https://doi.org/10.1016/j.cemconres.2019.105826

[16] Nodehi, M., Ozbakkaloglu, T., & Gholampour, A. (2022). Effect of supplementary cementitious materials on
properties of 3D printed conventional and alkali-activated concrete: A review. Automation in Construction,
138, 104215. https://doi.org/10.1016/j.autcon.2022.104215

[17] Al-Shmaisani, S., Kalina, R. D., Ferron, R. D., & Juenger, M. C. (2022). Critical assessment of rapid methods to
qualify supplementary cementitious materials for use in concrete. Cement and Concrete Research, 153,
106709. https://doi.org/10.1016/j. cemconres.2021.106709

[18] Ayati, B., Newport, D., Wong, H., & Cheeseman, C. (2022). Acid activated smectite clay as pozzolanic
supplementary cementitious material. Cement and Concrete Research, 162, 106969.
https://doi.org/10.1016/j.cemconres.2022.106969

[19] Skibsted, ]., & Snellings, R. (2019). Reactivity of supplementary cementitious materials (SCMs) in cement
blends. Cement and Concrete Research, 124, 105799. https://doi.org/10.1016/j.cemconres.2019.105799

[20] Darweesh, H. H. M. (2020). Physico-mechanical properties and microstructure of Portland cement pastes
replaced by corn stalk ash (CSA). Intern Journal of Chemical Research and Development, 2(1), 24-33.
https://dx.doi.org/10.33545/26646552

[21] Darweesh, H. H. M., & MR, A. E. S. (2020). Specific characteristics and microstructure of Portland cement
pastes containing wheat straw ash (WSA). Indian Journal of Engineering, 17(48), 569-583.

[22] Darweesh, H. H. M., & Aboel-Suoud, M. R. (2020). Effect of agricultural waste material on the properties of
portland cement pastes. Research & Development in Material science, 13, 1360-1367.
https://doi.org/10.31031/RDMS.2020.13.000802

[23] Darweesh, H. H. M. (2021). Durability and chemical resistance of nanoparticles fly ash and silica fume belite
cement pastes against sulfate and chloride aggressive media-Part Il. NanoNEXT, 2(4), 1-13.
https://doi.org/10.34256 /nnxt2141

[24] Darweesh, H. H. M. (2021). Low heat blended cements containing nanosized particles of natural pumice
alone or in combination with granulated blast furnace slag. NanoProgress, 3, 38-46.
https://doi.org/10.36686/Ariviyal. NP.2021.03.05.025

[25] Darweesh, H. H. M. (2021). Physical and chemo/mechanical behaviors of fly ash and silica fume belite
cement pastes-Part [. NanoNEXT, 2(2), 1-15. https://doi.org/10.34256 /nnxt2121

[26] Darweesh, H. H. M. (2021). Utilization of physalis pith ash as a pozzolanic material in portland cement
pastes. Journal of Biomaterials, 5(1), 1-9.

[27] Darweesh, H. H. M. (2021). Characterization of coir pith ash blended cement pastes. Research &
Development in Material science, RDMS, 851(15), 1630-1639.
https://doi.org/10.31031/RDMS.2021.15.000851

[28] Darweesh, H. H. M. (2022). Water permeability, strength development and microstructure of activated
pulverized rice husk ash geopolymer cement. NanoNEXT, 3(1), 5-22. https://doi.org/10.54392 /nnxt2212

[29] Darweesh, H. H. M. (2023). Effect of banana leaf ash as a sustainable material on the hydration of Portland
cement pastes. International Journal of Materials Science, 4(1), 01-11.

[30] Darweesh, H. H. M. (2023). Utilization of Oyster Shell Powder for Hydration and Mechanical Properties
Improvement of Portland Cement Pastes. Journal of Sustainable Materials Processing and Management, 3(1),
19-30. https://doi.org/10.30880/jsmpm.2023.03.01.003

[31] Darweesh, H. H. M., & El-Suoud, M. A. (2017). Saw dust ash substitution for cement pastes-Part 1. Am |
Constr Build Mater, 2(1), 1-9.

Penerbit
UTHM


https://doi.org/10.1016/j.jclepro.2019.03.209
https://doi.org/10.1016/j.%20jclepro.2021.129970
https://doi.org/10.1016/j.tws.2022.109739
https://doi.org/10.1016/j.cemconres.2019.105826
https://doi.org/10.1016/j.autcon.2022.104215
https://doi.org/10.1016/j.%20cemconres.2021.106709
https://doi.org/10.1016/j.cemconres.2022.106969
https://doi.org/10.1016/j.cemconres.2019.105799
https://dx.doi.org/10.33545/26646552
https://doi.org/10.31031/RDMS.2020.13.000802
https://doi.org/10.34256/nnxt2141
https://doi.org/10.36686/Ariviyal.NP.2021.03.05.025
https://doi.org/10.34256/nnxt2121
https://doi.org/10.31031/RDMS.2021.15.000851
https://doi.org/10.54392/nnxt2212
https://doi.org/10.30880/jsmpm.2023.03.01.003

13 J. of Sustainable Materials Processing and Management Vol. 5 No. 2 (2025) p. 1-16

[32] Darweesh, H. H. M., & El-Suoud, M. A. (2019). Palm ash as a pozzolanic material for portland cement pastes.
To Chemistry Journal, 4(2), 72-87.

[33] Darweesh, H. H. M., & El-Suoud, M. A. (2019). Influence of sugarcane bagasse ash substitution on Portland
cement characteristics. Indian Journal of Engineering, 16, 252-266.

[34] Darweesh, H. H. M., & El-Suoud, M. A. (2015). Quaternary Cement Composites Containing Some Industrial
By-products to Avoid the Environmental Pollution. EC Chemistry 2.1 (2015): 78-91.

[35] Darweesh, H. H. M. (2017). Mortar composites based on industrial wastes. Int. ]. Mater. Lifetime, 3(1), 1-8.
https://doi.org/10.12691/ijml-3-1-1

[36] Darweesh, H. H. M., & El-Suoud, M. A. (2014). Setting, hardening and mechanical properties of some
cement/agrowaste composites-Part . Am. ]. Min. Metall, 2, 32-40. https://doi.org/10.12691/ajmm-2-2-3

[37] Malefors, C., Strid, L., & Eriksson, M. (2022). Food waste changes in the Swedish public catering sector in
relation to global reduction targets. Resources, Conservation and Recycling, 185, 106463.
https://doi.org/10.1016/j.resconrec.2022.106463

[38] Van Fan, Y., Jiang, P., Tan, R. R, Aviso, K. B,, You, F., Zhao, X,, ... & Klemes, ]. J. (2022). Forecasting plastic
waste generation and interventions for environmental hazard mitigation. Journal of hazardous materials,
424,127330. https://doi.org/10.1016/j. jhazmat.2021.127330

[39] Chen, H,, Qin, R, Chow, C. L., & Lau, D. (2023). Recycling thermoset plastic waste for manufacturing green
cement mortar. Cement and Concrete Composites, 137, 104922.
https://doi.org/10.1016/j.cemconcomp.2022.104922

[40] Chen, H. (2023). Development of Urban Waste-enhanced Green Cement-based Materials. Doctoral thesis,
City University of Hong Kong.

[41] Tapas, M. ]., Sofia, L., Vessalas, K., Thomas, P., Sirivivatnanon, V., & Scrivener, K. (2021). Efficacy of SCMs to
mitigate ASR in systems with higher alkali contents assessed by pore solution method. Cement and Concrete
Research, 142, 106353. https://doi.org/10.1016/j.cemconres.2021.106353

[42] Sotiriadis, K., Macova, P., Mazur, A. S., Viani, A,, Tolstoy, P. M., & Tsivilis, S. (2020). Long-term thaumasite
sulfate attack on Portland-limestone cement concrete: A multi-technique analytical approach for assessing
phase assemblage. Cement and Concrete Research, 130, 105995.
https://doi.org/10.1016/j.cemconres.2020.105995

[43] Juenger, M. C,, Snellings, R., & Bernal, S. A. (2019). Supplementary cementitious materials: New sources,
characterization, and performance insights. Cement and Concrete Research, 122, 257-273.
https://doi.org/10.1016/j.cemconres.2019.05.008

[44] Franco-Lujan, V. A,, Mendoza-Rangel, ]. M., Jimenez-Quero, V. G., & Montes-Garcia, P. (2021). Chloride-
binding capacity of ternary concretes containing fly ash and untreated sugarcane bagasse ash. Cement and
Concrete Composites, 120, 104040. https://doi.org/10.1016/j.cemconcomp.2021.104040

[45] Alaneme, K. K., Fatile, B. 0., & Borode, ]. 0. (2014). Mechanical and corrosion behaviour of Zn-27Al based
composites reinforced with groundnut shell ash and silicon carbide. Tribology in Industry, 36(2), 195.

[46] Chundawat, N. S, Parmar, B. S., Deuri, A. S., Vaidya, D., Sepehr, K. S., & Chauhan, N. P. S. (2020). Walnut shell
ash as a sustainable material for compounding with bromobutyl rubber for tire inner liner applications.
Polymer Composites, 41(12), 5317-5330. https://doi.org/10.1002 /pc.25796

[47] Hamada, H. M., Thomas, B. S., Tayeh, B., Yahaya, F. M., Muthusamy, K., & Yang, ]. (2020). Use of oil palm shell
as an aggregate in cement concrete: A review. Construction and Building Materials, 265, 120357.
https://doi.org/10.1016/j.conbuildmat.2020.120357

[48] Tayeh, B. A., Alyousef, R., Alabduljabbar, H., & Alaskar, A. (2021). Recycling of rice husk waste for a
sustainable concrete: a critical review. Journal of Cleaner Production, 312, 127734.
https://doi.org/10.1016/j.jclepro.2021.127734

[49] Faried, A. S., Mostafa, S. A, Tayeh, B. A., & Tawfik, T. A. (2021). The effect of using nano rice husk ash of
different burning degrees on ultra-high-performance concrete properties. Construction and Building
Materials, 290, 123279. https://doi.org/10.1016/j. conbuildmat.2021.123279

[50] Amin, M., Zeyad, A. M., Tayeh, B. A., & Agwa, I. S. (2021). Effects of nano cotton stalk and palm leaf ashes on
ultrahigh-performance concrete properties incorporating recycled concrete aggregates. Construction and
Building Materials, 302, 124196. https://doi.org/10.1016/j.conbuildmat.2021.124196

Penerbit
UTHM


https://doi.org/10.12691/ijml-3-1-1
https://doi.org/10.12691/ajmm-2-2-3
https://doi.org/10.1016/j.resconrec.2022.106463
https://doi.org/10.1016/j.%20jhazmat.2021.127330
https://doi.org/10.1016/j.cemconcomp.2022.104922
https://doi.org/10.1016/j.cemconres.2021.106353
https://doi.org/10.1016/j.cemconres.2020.105995
https://doi.org/10.1016/j.cemconres.2019.05.008
https://doi.org/10.1016/j.cemconcomp.2021.104040
https://doi.org/10.1002/pc.25796
https://doi.org/10.1016/j.conbuildmat.2020.120357
https://doi.org/10.1016/j.jclepro.2021.127734
https://doi.org/10.1016/j.%20conbuildmat.2021.123279
https://doi.org/10.1016/j.conbuildmat.2021.124196

J. of Sustainable Materials Processing and Management Vol. 5 No. 2 (2025) p. 1-16 14

[51] Agwa, L. S, Omar, O. M., Tayeh, B. A., & Abdelsalam, B. A. (2020). Effects of using rice straw and cotton stalk
ashes on the properties of lightweight self-compacting concrete. Construction and Building Materials, 235,
117541. https://doi.org/10.1016/j.conbuildmat.2019.117541

[52] Tayeh, B. A, Hadzima-Nyarko, M., Zeyad, A. M., & Al-Harazin, S. Z. (2021). Properties and durability of
concrete with olive waste ash as a partial cement replacement. Advances in concrete construction, 11(1), 59-
71. https://doi.org/10.12989/acc.2021.11.1.059

[53] Hamada, H., Tayeh, B., Yahaya, F., Muthusamy, K., & Al-Attar, A. (2020). Effects of nano-palm oil fuel ash and
nano-eggshell powder on concrete. Construction and Building Materials, 261, 119790.
https://doi.org/10.1016/j.conbuildmat.2020.119790

[54] Kusuma, R. T., Hiremath, R. B, Rajesh, P., Kumar, B., & Renukappa, S. (2022). Sustainable transition towards
biomass-based cement industry: A review. Renewable and Sustainable Energy Reviews, 163, 112503.
https://doi.org/10.1016/j.rser.2022.112503

[55] Hafez, R. D. A, Tayeh, B. A.,, & Abdelsamie, K. (2022). Manufacturing nano novel composites using sugarcane
and eggshell as an alternative for producing nano green mortar. Environmental Science and Pollution
Research, 29(23), 34984-35000. https://doi.org/10.1007/S11356-022-18675-4

[56] Cyr, M., Coutand, M., & Clastres, P. (2007). Technological and environmental behavior of sewage sludge ash
(SSA) in cement-based materials. Cement and Concrete Research, 37(8), 1278-1289.

[57] de Azevedo Basto, P., Junior, H. S., & de Melo Neto, A. A. (2019). Characterization and pozzolanic properties
of sewage sludge ashes (SSA) by electrical conductivity. Cement and Concrete Composites, 104, 103410.

[58] Suraneni, P., & Weiss, ]. (2017). Examining the pozzolanicity of supplementary cementitious materials using
isothermal calorimetry and thermogravimetric analysis. Cement and Concrete Composites, 83, 273-278.

[59] ASTM C187 (1998). Test method for amount of water required for normal consistency of hydraulic cement
paste. American Society for Testing and Materials.

[60] ASTM C191-21 (2021). Standard Test Methods for Time of Setting of Hydraulic Cement by Vicat Needle.

[61] Darweesh, H., & Abu-El-Naga, H. (2024). The Performance of Portland Cement Pastes (OPC) Incorporated
with Ceramic Sanitary Ware Powder Waste (CSPW) at Ambient Temperature. Journal of Sustainable
Materials Processing and Management, 4(1), 57-70. https://doi.org/10.30880/jsmpm.2024.04.01.006

[62] Hewlett, P. C., & Liska, M. (2019). Pozzolanas and pozzolanic materials, in: Lea’s chemistry of cement and
concrete (5th ed.), Butterworth-Heinemann, 363-467.

[63] ASTM C642-21 (2021). Standard test method for density, absorption, and voids in hardened concrete. West
Conshohocken, PA, USA: ASTM International.

[64] ASTM C293-02 (2002). Standard test method for flexural strength of concrete (using simple beam with
centerpoint loading). American Society for Testing and Materials.

[65] ASTM C348-21 (2021). Standard Test Method for Flexural Strength of Hydraulic-Cement Mortars, ASTM
International, West Conshohocken, PA.

[66] ASTM C109-20 (2020). Standard Test Method for Compressive Strength of Hydraulic Cement Mortars.
ASTM International, West Conshohocken, PA; c2020.

[67] Darweesh, H. H. M. (2024). Performance of brick demolition waste in Geopolymer cement pastes.
International Journal of Civil Engineering and Architecture Engineering, 5(1), 34-44.

[68] Darweesh, H. H. M., & Abu-El-Naga, H. (2024). Effect of curing temperatures on the hydration of cement
pastes containing nanograin size particles of sanitary ware ceramic powder waste. International Journal of
Materials Science, 5(1), 7-14.

[69] Darweesh, H. H. M. (2024). Reactive magnesia Portland blended cement pastes, Journal of Civil Engineering
and Applications, 5(1), 23-32.

[70] Xu, X, Lin, X,, Pan, X,, Ji, T., Liang, Y., & Zhang, H. (2020). Influence of silica fume on the setting time and
mechanical properties of a new magnesium phosphate cement. Construction and Building Materials, 235,
117544. https://doi.org/10.1016/j.conbuildmat.2019.117544

[71] Darweesh, H. H. M. (2021). Physical and chemo/mechanical behaviors of fly ash and silica fume belite
cement pastes-Part [. NanoNEXT, 2(2), 1-15. https://doi.org/10.34256 /nnxt2121

[72] Zunino, F., Bentz, D. P., & Castro, ]. (2018). Reducing setting time of blended cement paste containing high-

SO3 fly ash (HSFA) using chemical/physical accelerators and by fly ash pre-washing. Cement and Concrete
Composites, 90, 14-26. https://doi.org/10.1016/j.cemconcomp.2018.03.018

Penerbit
UTHM


https://doi.org/10.1016/j.conbuildmat.2019.117541
https://doi.org/10.12989/acc.2021.11.1.059
https://doi.org/10.1016/j.conbuildmat.2020.119790
https://doi.org/10.1016/j.rser.2022.112503
https://doi.org/10.1007/S11356-022-18675-4
https://doi.org/10.30880/jsmpm.2024.04.01.006
https://doi.org/10.1016/j.conbuildmat.2019.117544
https://doi.org/10.34256/nnxt2121
https://doi.org/10.1016/j.cemconcomp.2018.03.018

15 J. of Sustainable Materials Processing and Management Vol. 5 No. 2 (2025) p. 1-16

[73] Mejdi, M., Saillio, M., Chaussadent, T., Divet, L., & Tagnit-Hamou, A. (2020). Hydration mechanisms of
sewage sludge ashes used as cement replacement. Cement and Concrete Research, 135,106115.
https://doi.org/10.1016/j.cemconres.2020.106115

[74] Darweesh, H. H. M. (2021). Light-weight bricks from clay combined with cement kiln dust and sludge
wastes. International Journal of Research in Engineering, 3(1), 12-18.

[75] ASTM C230/C230M-14 (2020). Standard Specification for Flow Table for Use in Tests of Hydraulic Cement.

[76] Santhosh, K. G., Subhani, S. M., & Bahurudeen, A. (2022). Recycling of palm oil fuel ash and rice husk ash in
the cleaner production of concrete. Journal of Cleaner Production, 354, 131736.
https://doi.org/10.1016/j.jclepro.2022.131736

[77] Ghasemi, Y., Emborg, M., & Cwirzen, A. (2019). Effect of water film thickness on the flow in conventional
mortars and concrete. Materials and Structures, 52(3), 62. https://doi.org/10.1617/s11527-019-1362-9

[78] Xu, X, Xu, Y., & Duan, L. (2018). Effect of fineness and components of CFBC ash on performance of basic
magnesium sulfate cement. Construction and Building Materials, 170, 801-811.
https://doi.org/10.1016/j.conbuildmat.2018.03.054

[79] Darweesh, H. H. M., & El-Suoud, M. A. (2019). Palm ash as a pozzolanic material for portland cement pastes.
To Chemistry Journal, 4(2), 72-87.

[80] Shi, Z., Ferreiro, S., Lothenbach, B., Geiker, M. R., Kunther, W., Kaufmann, J., ... & Skibsted, ]. (2019). Sulfate
resistance of calcined clay-Limestone-Portland cements. Cement and Concrete Research, 116, 238-251.
https://doi.org/10.1016/j.cemconres.2018.11.003

[81] Hamada, H. M., Alya’a, A, Yahaya, F. M., Muthusamy, K., Tayeh, B. A., & Humada, A. M. (2020). Effect of high-
volume ultrafine palm oil fuel ash on the engineering and transport properties of concrete. Case Studies in
Construction Materials, 12, e00318.

[82] Jiang, X, Xiao, R., Bai, Y., Huang, B., & Ma, Y. (2022). Influence of waste glass powder as a supplementary
cementitious material (SCM) on physical and mechanical properties of cement paste under high
temperatures. Journal of Cleaner Production, 340, 130778. https://doi.org/10.1016/j.jclepro.2022.130778

[83] Faried, A. S., Mostafa, S. A., Tayeh, B. A., & Tawfik, T. A. (2021). The effect of using nano rice husk ash of
different burning degrees on ultra-high-performance concrete properties. Construction and Building
Materials, 290, 123279. https://doi.org/10.1016/j.conbuildmat.2021.123279

[84] Amin, M., Zeyad, A. M., Tayeh, B. A, & Agwa, L. S. (2021). Effects of nano cotton stalk and palm leaf ashes on
ultrahigh-performance concrete properties incorporating recycled concrete aggregates. Construction and
Building Materials, 302, 124196. https://doi.org/10.1016/j.conbuildmat.2021.124196

[85] Tayeh, B. A., Hadzima-Nyarko, M., Zeyad, A. M., & Al-Harazin, S. Z. (2021). Properties and durability of
concrete with olive waste ash as a partial cement replacement. Advances in concrete construction, 11(1), 59-
71. https://doi.org/10.12989/acc.2021.11.1.059

[86] Chen, H., Qin, R, & Lau, D. (2021). Recycling used engine oil in concrete design mix: An ecofriendly and
feasible solution. Journal of Cleaner Production, 329, 129555.
https://doi.org/10.1016/j.jclepro.2021.129555

[87] Kusuma, R. T., Hiremath, R. B, Rajesh, P., Kumar, B., & Renukappa, S. (2022). Sustainable transition towards
biomass-based cement industry: A review. Renewable and Sustainable Energy Reviews, 163, 112503.
https://doi.org/10.1016/j.rser.2022.112503

[88] Hafez, R. D. A, Tayeh, B. A.,, & Abdelsamie, K. (2022). Manufacturing nano novel composites using sugarcane
and eggshell as an alternative for producing nano green mortar. Environmental Science and Pollution
Research, 29(23), 34984-35000. https://doi.org/10.1007/S11356-022-18675-4

[89] Ottosen, L. M., Thornberg, D., Cohen, Y., & Stiernstrom, S. (2022). Utilization of acid-washed sewage sludge
ash as sand or cement replacement in concrete. Resources, Conservation and Recycling, 176, 105943.
https://doi.org/10.1016/j.resconrec.2021.105943

[90] Kumar, V., & Garg, N. (2022). The chemical and physical origin of incineration ash reactivity in cementitious
systems. Resources, Conservation and Recycling, 177, 1060009.
https://doi.org/10.1016/j.resconrec.2021.106009

[91] Minnu, S. N., Bahurudeen, A., & Athira, G. (2021). Comparison of sugarcane bagasse ash with fly ash and
slag: An approach towards industrial acceptance of sugar industry waste in cleaner production of cement.
Journal of Cleaner Production, 285, 124836. https://doi.org/10.1016/j.jclepro.2020.124836

Penerbit
UTHM


https://doi.org/10.1016/j.cemconres.2020.106115
https://doi.org/10.1016/j.jclepro.2022.131736
https://doi.org/10.1617/s11527-019-1362-9
https://doi.org/10.1016/j.conbuildmat.2018.03.054
https://doi.org/10.1016/j.cemconres.2018.11.003
https://doi.org/10.1016/j.jclepro.2022.130778
https://doi.org/10.1016/j.conbuildmat.2021.123279
https://doi.org/10.1016/j.conbuildmat.2021.124196
https://doi.org/10.12989/acc.2021.11.1.059
https://doi.org/10.1016/j.jclepro.2021.129555
https://doi.org/10.1016/j.rser.2022.112503
https://doi.org/10.1007/S11356-022-18675-4
https://doi.org/10.1016/j.resconrec.2021.105943
https://doi.org/10.1016/j.resconrec.2021.106009
https://doi.org/10.1016/j.jclepro.2020.124836

J. of Sustainable Materials Processing and Management Vol. 5 No. 2 (2025) p. 1-16 16

[92] Berodier, E. S. K. S. G., & Scrivener, K. (2014). Understanding the Filler Effect on the Nucleation and Growth
of C - S - H. Journal of the American Ceramic Society, 97(12), 3764-3773.
https://doi.org/10.1111/jace.13177

[93] Tayeh, B. A, Alyousef, R., Alabduljabbar, H., & Alaskar, A. (2021). Recycling of rice husk waste for a

sustainable concrete: a critical review. Journal of Cleaner Production, 312, 127734.
https://doi.org/10.1016/j.jclepro.2021.127734

[94] Agwa, L. S, Omar, 0. M., Tayeh, B. A,, & Abdelsalam, B. A. (2020). Effects of using rice straw and cotton stalk
ashes on the properties of lightweight self-compacting concrete. Construction and Building Materials, 235,
117541. https://doi.org/10.1016/j.conbuildmat.2019.117541

[95] Hamada, H., Tayeh, B., Yahaya, F., Muthusamy, K., & Al-Attar, A. (2020). Effects of nano-palm oil fuel ash and
nano-eggshell powder on concrete. Construction and Building Materials, 261, 119790.
https://doi.org/10.1016/j.conbuildmat.2020.119790

Penerbit
UTHM


https://doi.org/10.1111/jace.13177
https://doi.org/10.1016/j.jclepro.2021.127734
https://doi.org/10.1016/j.conbuildmat.2019.117541
https://doi.org/10.1016/j.conbuildmat.2020.119790

