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MICROSTRUCTURAL CHARACTERISATION OF ADSORBENT
ASH WITH POTENTIALLY TOXIC ELEMENTS IN A MORTAR

Abstract: Potentially toxic elements (PTEs) in ecosystems aonstruction materials pose a significant
environmental concern. Various qualitative and djtetive techniques are employed to analyse PTEssample.
This study explores an innovative approach thadripgrates PTE (Cd, Zn, Cu, Pb) adsorbent ash, fagadigi
adsorbed paper ash (APA) and adsorbed mulch asi\JAMto mortar composites. This approach offergesal
advantages, including reduced reliance on wastdfilsn energy recovery during the ashing processd
immobilisation of PTEs within a cement matrix. Thsudy evaluated the elemental and microstructural
characteristics of mortar composites incorporatétth wdsorbed ash by using a scanning electron sdope
(SEM) equipped with energy-dispersive X-ray spestopy (EDS), followed by analysing the elementapsa
with ImageJ software version 1.8.0. Parallel experits were conducted to measure the leaching ofamor
composites. The total elemental content of PTEthénleachate solutions was quantified using andtiaely
coupled plasma-optical emission spectrometer (I8SOThe differences in adsorption capacity andHeey of
PTEs observed between paper and mulch can be esdaltheir distinct affinities, which are influett by the
recorded pH levels. The examined elemental map@wegled a consistent distribution across the ARMAMA
mortar matrix structures, with greater intensitarththe blank mortar sample. Furthermore, there lisvarse
correlation between the order of percentage arearage of the immobilised elements and the orddeasthing,
indicating that the PTEs were successfully immebdi. The percentage of PTE area coverage within Alb#ar
composites followed the subsequent order: Pb > @d > Cu, constituting 32.1 %, 28.6 %, 13.8 %, 48d %,
respectively. This order was also observed in thaekomortar composite, with percentages of 12.58%, %,
4.5 %, and 4.2 %, respectively. In the case ofAfRA mortar composite, the percentage of area cgesialowed

a different sequence: Cd > Pb > Zn > Cu, represgri7.7 %, 26.6 %, 14.5 %, and 14.1 %, respectively
The results also demonstrated notable improvenerke microstructure of the mortar when AMA andAA&re
incorporated, which is attributed to the ash adégi micro-filling capacity. The findings contritito advancing
environmentally sound construction practices, \itiplications for sustainable waste management afidtjpn
mitigation.
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Introduction

Recently, the generation of ash from various s@yrégcluding wood biomass and
paper waste, mainly waste ash containing potentitdixic elements, has garnered
significant attention due to its environmental sewbnomic implications. The European
Union (EU) alone produced an estimated 7.3 milliomes ([t] = tonne = £0y = Mg) of
wood biomass ash (WBA) in 2015 [1], reflecting thereasing utilisation of wood biomass
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as an energy source. For example, Croatia annoatlgumes 37,900 t of wood biomass
in a single biomass plant, contributing to WBA puotion at a rate of 3.1 % relative to the
initial biomass input [2]. Similarly, Hungary gemag¢gs 30,000 t of wood ash each year,
primarily managing it as waste, with disposal mdthaanging from filling former
mineshafts to traditional landfilling [3]. On a dlal scale, the paper industry produces over
450 million t annually, with projections indicatirggrise to 500 million t by the end of 2020
[4]. Notably, Canada, a significant contributorp@per waste, annually produces more than
1 million t of wood ash from pulp and paper millsdawood and forest biomass ashes.
However, this trend is expected to decline duenzreasing disposal costs, stringent
regulations, and limited landfill capacity, pronmgi the reduction or discontinuation of
landfilling as a viable disposal method [5, 6].

In response to the mounting challenges posed by dibposal of these ashes,
researchers have explored innovative solutions. dtabie solution has been the
incorporation of industrial by-products such as dish and bottom ash, as well as waste
wood ash and other cellulose-based material asfies;ementitious composites, including
mortar [7-9]. The use of mortar as a binding agentmasonry work units has been
well-established to fill gaps, seal surfaces, antlaace the aesthetic appeal of masonry
structures [10]. By utilising waste wood ash andilsir materials in cementitious
composites, there is the potential to address tvesging issues simultaneously. First, it
reduces the volume of discarded ash, mitigatingadtgerse environmental impacts and
minimising the waste sent to landfills. Secondyritvides a valuable and eco-friendly way
to improve the performance and longevity of cortom materials. However, it is
important to note that the elemental compositiod atnuctural characteristics of ash can
vary significantly depending on its source, nedatisg thorough assessments through
leaching and microstructural tests to ensure thimkslity of these materials for practical
applications [9].

Researchers have explored various aspects of iok@inpg waste ash into construction
materials. Awolusi et al. [11] investigated the rogtructure features of conventional
Portland cement mortar incorporating waste wood fagim sawdust. The SEM image
revealed more considerable interstitial distanada/den sawdust ash particles compared to
cement particles, indicating a more compact arnarege of the latter. Similarly, Gabrijel et
al. [1] conducted a microstructural study and obserthat the addition of wood ash to
concrete increased particle sphericity, leading ingproved packing and enhanced
workability when combined with smaller particle essz The microstructure investigation of
incorporating paper waste ash into mortar compesites received limited attention in the
existing literature. However, Wong et al. [12] caoted a study in which waste newspaper
ash was employed as a partial replacement for cefnetreated concrete cylinders.
The study utilised SEM analysis to examine the astucture of the incorporated
newspaper ash concrete composite sample compaedetfierence sample. After 28 days
of curing, the SEM analysis of the micrograph c# tiewspaper ash concrete composite
sample showed a dense surface with fewer voidss $hows that the sample is more
compact and has less porosity than the referenogplea Additional investigations
conducted by researchers have explored the chenoogbosition of the added ash. These
studies have substantiated that incorporating astvetl from wood and various other
waste sources enhances the compressive strengttuaataility of the composite material.
These improvements are attributed to oxides sucBi@s Al,O;, and FgO; within wood
ash. These oxides can generate calcium silicateateydC-S-H) gel, providing secondary
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binding properties to the composite material [18]. Additionally, studies of paper ash
chemical composition showed that paper ashes ¢omsimly of Ca, Si, Al, Mg, and K
as oxides, generally present in Portland cementtgpidal supplementary cementitious
materials [15, 16].

This research addresses a significant gap in tidy sif mortar composites containing
cellulose-based adsorbent ash, particularly whewldd with potentially toxic elements.
While existing studies have primarily focused onchamical strength and leaching
behaviour, there is limited research on their ndtmectural properties linked to leaching
properties. The primary objectives of this reseasth to examine and quantify the
dispersion of PTEs within various cellulose adsotteshes immobilised within hardened
mortar matrices, specifically adsorbed paper adhA)Aand adsorbed mulch ash (AMA).
Additionally, the study aims to explore the relasbip between the leaching behaviour of
these composites and the effective immobilisatioRTES.

Several steps were included in the research proteisislly, mortar-adsorbent ash
mixes were prepared. Images and elemental maps there captured using scanning
electron microscopy with energy-dispersive X-ragaposcopy. ImageJ software was used
to quantify the dispersion of potentially toxic mlents in these images. Finally, the
concentrations of the leached PTEs were determimgidg an inductively coupled
plasma-optical emission spectrometer (ICP-OES).

This study aims to better understand the elememidl microstructural properties of
mortar composites containing adsorbed paper ashAYA&hd mulch ash (AMA).
The findings of this study will aid in the developm, improvement, and performance
evaluation of sustainable construction materiaks, weell as provide insights into the
immobilisation and distribution of PTEs within mart composites, advancing our
knowledge of these materials.

Materials and methods

Adsorption method

This study used two cellulose-based adsorbents rshinwSupplementary Materials
(Fig. S1). The first is a wastepaper obtained franfocal store in Godollo, Hungary.
The second adsorbent is mulch obtained from oadsir&@he adsorbent was applied at
a concentration of 10 g1, and triplicate aqueous solutions of PTEs weregmed with
concentrations of 50 mgt for the adsorption experiments. The prepared PStstion
included lead, zinc, cadmium, and copper from clamigrade salts [Pb(N{,
CdCb-21/2H0, Cu(NQ),- 3H,0, Zn(CHCO,),- 2H,0]. The samples were shaken for four
hours at 24 rpm. After adsorption, samples weteréd using ashless MN 640 m @90 mm
filter paper.

The removed fluid’s pH was measured using the Jgr8840 pH meter and acidified
with concentrated nitric acid to below pH two befaesting. The total elemental content of
PTEs filtrate was determined by a Horiba Jobin Yvactiva M Inductively Coupled
Plasma-Optical Emission Spectrometer (ICP-OES). &dsorption capacity [mg ¢ ] of
PTEs was calculated using the following equation:

_ VG-&)

m

(1)
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whereq is the uptake [mg ], C, andC, are the liquid phase concentrations of PTEs at
initial and equilibrium [mg Y], V is the volume [L], ananis the amount of adsorbent [g].

Adsorbent ash preparation

In this study, two kinds of PTE-contaminated asbvah in supplementary materials
(Fig. 2). were produced in the laboratory after dldsorption experiments. The remaining
adsorbents on filter paper were compressed to agptire adsorbed fraction; this procedure
was followed by oven drying at 105 °C. Finally, sdes were burned in the furnace
at 450 °C for four hours.

Mortar adsorbent ash mixture preparation

Preparing mortar-adsorbed ash composite samplésdonicrostructure and elemental
mapping study. Ash mortar mixture preparation imedl weighing various constituents of
the mixture. Mix proportions are 1:3:0.5:0.03. histstudy, the weight ratio of APA and
AMA added to mortar was 3 %.

The preparation steps are summarised as follows:s@ihd was added to (AMA) and
(APA) ash and mixed to improve the homogenisatibthe mortar. Cement was added
with additional dry mixing. Finally, the water atidnh had a fixed ratio of water/binder
(w/b). The ordinary Portland cement used was of roencial origin and supplied by
Baumit Building Materials Manufacturer and Trademited. The cement compressive
strength (28 days) is 40 N/mMimand the setting time is approximately 230 minutes
The specimens in Figure S2 (Supplementary Matgriadsre left for 28 days under
temperature-controlled conditions in the laborataty(20 + 2) °C. The procedure also
included the preparation of blank mortar samples €ach analysed parameter, three
repetitions were made to ensure the accuracy ofthk.

Leaching method

The mortar composite leaching concentrations wéundiexd following the CEN/TS
14429 : 2005 test method [17]. The mortar samplesewcrushed and sieved through
a 1 mm sieve. The HNQreagent was prepared in concentrations of 0.43ié. crushed
sample was weighed, and the reagent was adde®olmttle at a weight/volume ratio of
1/10. The sealed PE bottles were placed on a ragitgtor and rotated at 24 rpm for four
hours. After mixing, the elute was filtered using BIN 640 m ashless filter paper.
The removed fluid’s pH was measured using the JENVB5810 pH meter and acidified
with concentrated nitric acid to below pH two befeesting. The total elemental content of
PTEs leachate solutions was determined by a Haldian Yvon Activa M Inductively
Coupled Plasma-Optical Emission Spectrometer (I&S0

Scanning electron microscopy (SEM)

The microstructure and elemental mapping studyefmortar ash composite samples
were performed using scanning electron microsc&BM). The SEM analysis shows the
structural differences between mortar before atet &fcorporating (APA) and (AMA) into
mortar composites. Additionally, SEM images provadbetter analysis of the morphology
and the porosity and identify the core-shell stitetof the samples. The instrument used
for SEM analysis was a Hitachi S-4700 field emissi&canning electron microscope
combined with a Bruker (former Réntec) QX2 energgpdrsive X-ray fluorescence
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spectrometer. Before analysis to enable the usgatber high-quality information from
SEM. An extra step involved coating the sample withadditional thin layer (~10 nm) of
a conductive material; the sputter coater used& the samples was gold. The elemental
mapping of the studied elements (Cu, Pb, Zn, CAC8j Al) was carried out at 20 kV
acceleration voltage and 9 pA beam current. Theisitipn time of the individual samples
was at least 1 hour.

Image analysis procedure

The elemental mapping covered the adsorbed elerf@dtsZn, Cu, Pb) and others (Si,
Ca, and Al). The working method of image analydishe elemental maps of each of the
seven elements in AMA, APA, and blank mortar conifggswas carried out using ImageJ
software V 1.8.0. ImageJ is one of the first tdolsanalysing digital images. The National
Institutes of Health produced the initial versionli997. This program’s open-source code,
made accessible under a BSD-2 license, is a signifibenefit. It can be used for image
analysis and other purposes [18].

Results and discussion

Influence of adsorbent type on PTEs adsorption

Cellulose-based adsorbents have a strong affimty FTEs and dyes due to the
presence of cellulose, which contains oxygen andrdwyl functional groups. These
characteristics enhance their capacity for effectidsorption of PTEs [19]. The adsorption
capacities of potentially toxic elements, namelgdlecopper, cadmium, and zinc, within
mulch were investigated. The competitive adsorptiapacities among these metal cations
exhibited a slightly descending order: Pb > Cu >>Cdn, with respective capacities of
0.496 mg @', 0.495 mg @, 0.491 mg g and 0.482 mg@. This trend is in accordance
with prior findings reported by Chirenje et al. J[2@vhich suggested that wood ash
effectively immobilised these four metals. The dite@s of metals retained by the wood
ash also followed the Pb > Cu > Cd > Zn sequengailaBly, modified coated wood
mulches follow the same order for Pb, Cu, and Zh [22]. Furthermore, an intriguing
consistency emerged between adsorption affinity alegttronegativity, suggesting that
electronegativity provided a compelling explanatifam our experimental observations.
Electronegativity values, as presented in Tablefot, the four PTEs are ranked in
decreasing order: Pb(2.33) > CG* (1.90) > Cd" (1.69) > ZA* (1.65). Electronegativity
plays a significant role in PTE adsorption, as fisetéth higher electronegativity tend to
form stronger covalent bonds with oxygen atomshenadsorbent surface. Consequently,
PK**, possessing the highest electronegativity valuehibited the most substantial
biosorption capacity, whereas Zncharacterised by the lowest electronegativityueal
displayed the least biosorption capacity, as supddry research conducted by Pham et al.
[23] and Han et al. [24].

In contrast, when examining the adsorption capeitf these same metal cations
within the paper, the competitive adsorption cajeifollowed a descending order of
Pb > Cu > Zn > Cd, with respective capacities 48Img g*, 1.26 mg @', 0.81 mg g and
0.77 mg g This outcome is consistent with the study by Déngl. [25], which looked at
the adsorption capacity of carbonised paper panialgoxes for aqueous Pb, Zn, and Cd.
Their study revealed high aqueous Pb, Zn, and Cpgtisa capacities, with Langmuir
maximum sorption capacities of 458 md,gl46 mg @' and 10.7 mg G, respectively.
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Notably, cadmium exhibited the lowest adsorptioroagithese elements. Furthermore, it
was observed that the paper showed a superior@socapacity compared to mulch for
all the investigated PTEs.

The varying affinities of mulch and paper adsorbefor PTE adsorption could be
attributed to differences in the pH levels of tikdusons. After the adsorption process, the
average pH for mulch was measured at 4.69, whileo#per, it registered at 5.58. Lower
pH levels were associated with reduced adsorptfomedal ions due to competition with
H" ions for active adsorption sites [26-28]. Convirsat higher pH levels, the presence of
H" ions decreased on the adsorbent surface, resiitingreased adsorption of metal ions,
as supported by Kushwaha et al. [29].

Table 1
Basic physical and chemical properties of potegttakic elements [30]
lon - Hydrolysis Water and ion Charge-to-
s y;ggi es radius Electror[w_v]sgatlwty constant radius diameter ratio
[pm] [] [nm] [eA™]
Pb* 119 2.33 7.80 0.40 1.68
Cu® 73 1.90 7.34 0.42 2.74
Zn* 74 1.65 8.96 0.43 2.10
Cd* 95 1.69 9.20 0.43 2.70

Influence of adsorbent ash type on PTEs leachingdm mortar composites

The leaching results from the AMA mortar compodialtowed the order Cu > Zn >
Cd > Pb, with respective values of 1.25 mgkd.01 mg kg, 0.50 mg kg’ and
0.14 mg kg at 0.43 M HNQ. This observation could be attributed inverselyHe ionic
radius of PTEs, as indicated in Table 1. While AB&ching test results followed the order
Cu > Zn > Pb > Cd with leaching amounts of 1.96kgd, 1.81 mg k@', 1.69 mg kg", and
0.41 mg k@', respectively. These results highlight how adsorpaffinity also played
a pivotal role in determining the resulting leaehabncentrations of PTEs. For instance,
cadmium exhibited consistently low adsorption citgawhen paper was used as the
adsorbent. Additionally, pH, as noted by Kinniburghal. [31], is another influencing
factor in adsorption and leaching behaviour in bydroxide gels composed of iron and
aluminium. After the leaching process with 0.43 NGk, the measured pH values were
5.25 for (AMA) mortar and 7.22 for (APA) mortar. &e results align with the idea that
variations in pH contribute to the differing affiieis for PTE adsorption, with (AMA)
mortar being more acidic than (APA) mortar, whidigras with their respective adsorption
preferences due to the pivotal role of acidityhis phenomenon.

Table 2
Compared leaching results with leaching limit val{rag kg?, L/S = 10 [32]
. . Inert waste Non-hazardous Hazardous

Element AMA leaching APA leaching limit waste waste

Cd 0.50 0.41 0.04 1 5

Pb 0.14 1.69 0.5 10 50

Cu 1.25 1.96 2 50 100

n 1.01 1.81 4 50 200

The leaching quantities from both AMA and APA werealuated against the leaching
threshold values specified in accordance with thstevacceptance criteria outlined in EU
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directive 1999/31/EC, as illustrated in Table 2.eTfindings reveal that for all the
investigated PTESs, the leaching levels were belogvhazardous limits, thus confirming
that these utilised adsorbents can be safely eraglay construction applications without
posing any environmental risks.

Elemental mapping

Research findings on elemental mapping are presantd-igure 1. The elemental
distribution of Al, Cd, Zn, Pb, Cu, Si, and Ca imetAMA, APA, and blank mortar
composites was examined using SEM-EDS. The analggealed that the adsorbed PTEs -
Cd, Zn, Cu, and Pb - exhibited a uniform distribatthroughout the APA and AMA mortar
matrix structure. However, their distribution ingitly was higher than that of the blank
mortar sample, indicating evidence of PTE immodtiisn.

Several steps were performed to conduct an in-dapéhysis of the elemental maps.
Each image was cropped, filtered, adjusted, amfoamed to 8-bit using ImageJ software
Vv 1.8.0 [33].

Element Blank _ Mulch mortar mix Paper mortar mix

- :
& <

BSE

Al-K

Cd
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Element Blank Mulch mortar mix Paper mortar mix
Zn .
Pb .
Cu .
| .
Ca ‘ :

Fig. 1. Elemental mapping of APA, AMA, and blank ntam samples

The analysed elemental maps provided informatiorthenestimated area coverage
percentage [%] for the adsorbed PTEs and other rmadgmmental content in the studied
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mortar composites. Figure 2 displays the estimpézdentage of the area coverage for each
element of the adsorbed PTEs within AMA, APA, anthnk mortar composites.
The percentage of area coverage of PTEs within AMdértar composites followed the
following order: Pb > Cd > Zn > Cu, accounting f(82.1, 28.6, 13.8 and 12.4) %,
respectively. This order was also followed by th&nk mortar composite, accounting for
12.5 %, 8.6 %, 4.5 % and 4.2 %, respectively.

a) b) c)
40
35 35
30 30
25 25
S 20 5 20
15 © 15 = 15
(5]
z 5 ] 5 5
0 0 0
Pb Cd Cu Zn Pb Cd Cu Zn Pb Cd Cu Zn
Elements Elements Elements

Fig. 2. Area coverage percentage for adsorbed elsnestimated using ImageJ software V 1.8.0 for:
a) blank mortar, b) AMA, and c) APA composites

In the APA mortar composite, the percentage of ameerage followed the following
order: Cd > Pb > Zn > Cu, accounting for 27.7 %,6266, 14.5 %, and 14.1 %,
respectively. The highest percentage of area cgeenas observed for Pb, accounting for
32.1 %, followed by Cd at 28.6 % within the AMA ntar composite. In contrast, the APA
mortar composite exhibited slightly lower perceetmgf area coverage for Pb and Cd, with
values of 26.6 % and 27.7 %, respectively. The €dakiour in APA mortar composites
could be attributed to the results of pH, whichwgfdhat APA composites tend to shift
towards a more basic environment than AMA compesitéhis behaviour aligns with the
findings of Singh et al. [34], which demonstratattiCd has a higher adsorption capacity
than Pb when the media is basic. In all the testedar composites, the area coverage
percentage for Zn was consistently observed tdipatly higher than that for Cu.

An inverse correlation between the estimated peage of area coverage for
adsorbed PTEs and the leaching results from thetamaromposites was observed,
suggesting valuable insights into the immobilisationechanisms for these PTEs.
Specifically, the immobilisation mechanisms for la, and Zn in cementitious materials
can be explained as follows: Lead: The predomimantobilisation mechanism for Pb in
cementitious materials involves precipitation asoloble lead silicates (e.g., Pb$iO
Ph,SiO,, PiSIOs, and PBSIOs) [35, 36]. Cadmium: In cement hydration systemd, i€
primarily immobilised through the precipitation bydroxides. These insoluble phases are
subsequently adsorbed onto the C-S-H surface lathél pore structure of cement pastes.
[37, 38]. Zinc: precipitation as hydroxides or camhtes may be the major mechanism for
immobilising Zn in solidification/stabilisation stggns [39]. Zinc, being amphoteric, is
soluble in a highly alkaline environment provideg bement hydration and exists as
hydroxyl complexes ([Zn(OH)* and [Zn(OH)]"). These hydroxyl complexes are less
prone to adsorption onto the surface of C-S-H doetheir negative charge [36].
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Zn immobilised less than Pb and Cd because of @shanism of immobilisation. It is
an amphoteric metal that is soluble in highly dli@lenvironments and hardly adsorbs onto
C-S-H, while Pb and Cd precipitate as hydroxiddsnd the pore structure of cement
pastes. This comprehensive understanding of theolriligation mechanisms helps explain
the observed order of PTEs and provides insights low these mechanisms influence
leaching behaviour in mortar composites.

The percentage of area coverage of the major etsmégthin AMA, APA, and blank
mortar composites compared are presented in Figur@he results showed that the
percentage coverage of the major elements witldrAMA mortar composite followed the
following descending order: Pb > Ca > Cd > Al >38i > Zn > Cu. In contrast, the order
in APA mortar composite was Si > Cd > Pb > Al > €&e > Zn > Cu. Silicon in APA
mortar samples has the highest area coverage pageemecause calcium silicate is usually
used as paper filler to improve the paper bulk, ofig¢he most critical properties in
papermaking [40]. In AMA mortar composite, the ¢aile area coverage percentage was
higher than APA mortar composite; this result imgistent with the findings of the
researchers [41] who studied the chemical composiif oak mulch ash and other wood
ashes and found that calcium was the element Wwihhighest elemental content in these
ashes.
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Fig. 3. Compared area coverage percentage for raigorents estimated using ImageJ software V 1.8

SEM analysis

Scanning Electron Microscopy (SEM) has emerged apowerful tool for the
characterisation and analysis of materials, pdetbuin the field of construction materials.
In the context of mortar composites, SEM analydisws for the investigation of
microstructure features, providing valuable inssginto the arrangement and distribution of
different components within the composite material.

The SEM examination in this study revealed diffeenin the microstructure of APA,
AMA, and blank samples, referring to Figure 4 of tBEM images. The results showed
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that, unlike APA mortar, blank mortar has the mogtrocracks and porosity, while AMA
mortar has the least. The microstructure of AMA tawors significantly denser than that of
APA and blank mortar. According to SEM examinatitime inclusion of AMA and APA
enhanced the microstructure of the mortar due ® rticro-filling capabilities.
The hydration phase was aluminate-ferrite, mondgubed (AFm), a well-developed yet
very thin hexagonal plate, indicating late formatifor all composites [42]. Another
apparent colour difference appeared in SEM imagksrevthe adsorbed paper ash and
mulch ash, when incorporated in the mortar, lead tbarker colour than the blank mortar.
This finding is consistent with the results of Lasket al. [6] when using fly and bottom
ash of paper waste in a concrete composite.

The results of this study suggest that furtherisgighould examine the mechanical
strength and durability of the PTEs adsorbed papkrmortar composite and the adsorbed
mulch ash mortar composites to ensure that PTEsotlaffect these properties. It is also
recommended to investigate the usage of AMA and AR AMther applications in civil
engineering, including use in bricks, panels, g&opers, and other alkali-activated
materials, concrete, and other green building raser~inally, a long-term study for aged
samples of APA and AMA mortar composites is recomadesl to see the effect of age on
microstructure; further research involving moreegistive analysis will help to ensure better
use of this waste material.

Conclusion

This research addresses the utilisation of celulmssed adsorbent ashes, specifically
adsorbed paper ash (APA) and mulch ash (AMA), inrtanocomposites. The study
investigates their affinity for potentially toxicleenents (PTESs), their immobilisation
mechanisms, leaching behaviour, and microstruckeg.findings include:

e Adsorption and leaching: APA and AMA effectivelysaib PTEs due to their unique
chemical properties. The pH of the solution affeatsorption, with higher pH fevering
more significant adsorption. Notably, both ashesmohilise PTEs effectively,
reducing leaching potential.

* Low environmental risk: Leaching tests reveal tRaEs leached from these mortar
composites are well below hazardous limits, sugagdshat APA and AMA can be
safely used in construction materials without pgsignificant environmental risks.
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« Elemental mapping and microstructure: Accordingstanning Electron Microscopy
(SEM) analysis, the AMA mortar has a denser micumstire than APA mortar and
blank mortar, lending credence to the idea that aldition of AMA and APA
improved the mortar’'s microstructure thanks to rthaiicro-filling capabilities.
Elemental mapping results show that adsorbed Cd,CiIn and Pb are distributed
reasonably uniformly throughout the APA and AMA na@ormatrices, with a greater
intensity of dispersion than the blank mortar sampindicating evidence of
immobilisation of the PTEs.

»  Future research: Future studies should examine tt@siposites’ mechanical strength
and durability and explore their use in variousilcigngineering applications.
Long-term investigations on aged samples will pdevinsights into the effects of
aging on microstructure and performance.

This research contributes to sustainable constmuatnaterials by offering valuable
insights into using cellulose-based adsorbent ash@sortar composites, reducing waste
and environmental impact while enhancing materafgrmance.
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