Journal of Physics: Conference
Series

PAPER « OPEN ACCESS You may also like

Activated carbon fiber-supported nano

Green preparation of nanoscale zero-valent iron " Zero-valent iron on Cr(V1) removal

. Shengwen Chen, Meng Li, Yundun Wu et
using clove extracts as adsorbent for lead removal =

- Adsorption using chitosan and nano
zerovalent iron composite material for
sustainable water treatment
S R Sowmya, G M Madhu, Ravi
Sankannavar et al.

To cite this article: Setia Budi et al 2019 J. Phys.: Conf. Ser. 1153 012077

- Carboxymethyl nanocellulose stabilized

nano zero-valent iron: an effective method
for reduction of hexavalent chromium in
wastewater

Nitesh Kumar, Abhishek Kardam, Deepak
Singh Rajawat et al.

View the article online for updates and enhancements.

c S| DISCOVER
i - how sustainability
The vi : intersects with

Electrochemical
Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 18.118.126.11 on 21/05/2024 at 23:45


https://doi.org/10.1088/1742-6596/1153/1/012077
https://iopscience.iop.org/article/10.1088/1755-1315/675/1/012170
https://iopscience.iop.org/article/10.1088/1755-1315/675/1/012170
https://iopscience.iop.org/article/10.1088/2053-1591/abdb4d
https://iopscience.iop.org/article/10.1088/2053-1591/abdb4d
https://iopscience.iop.org/article/10.1088/2053-1591/abdb4d
https://iopscience.iop.org/article/10.1088/2053-1591/ab508c
https://iopscience.iop.org/article/10.1088/2053-1591/ab508c
https://iopscience.iop.org/article/10.1088/2053-1591/ab508c
https://iopscience.iop.org/article/10.1088/2053-1591/ab508c
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsvPWf9FGuWvEuiNk362GKFMN7YazYqMsNeOO4DyM7-CNInTbFXN389PKBP_ExwkLbiJBso0PgeOiB79F8UF7KuhavNLqrAlqLq0uUGKrp8mMJj0ZowY3MbJPt93SNXMEnqTGJlCS1iTQT5QXftnXMe1TYNldCW_4-_cmxMGwPCLbHkMFJr0JKjOxfmzTtspeTNPaaLrcxyCK33KSrvWQCzJoabGUwP4NLFaNF2VCT99AcAR9xODl3Ol4Ejlz4eryb5Dzk1Rr_iQeOJH7NKiD7F5GwqGkDWYJZwE94Gg4tL1uRrbT-6QQujDWBc6yLW7l3zbble_9N7Z4BIaUN0dO5G73FcYhyI7&sig=Cg0ArKJSzH0rfcP2Hg7T&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

9th International Conference on Physics and Its Applications (ICOPIA) 10P Publishing
I0OP Conf. Series: Journal of Physics: Conf. Series 1153 (2019) 012077  d0i:10.1088/1742-6596/1153/1/012077

Green preparation of nanoscale zero-valent iron using clove
extracts as adsorbent for lead removal

Setia Budi, Yusmaniar, Increase Afida, Yuliana Dewi Anugerah, Amir Mahmud
Department of Chemistry, Faculty of Mathematics and Science, Universitas Negeri
Jakarta, JI. Rawamangun Muka, Jakarta 13220, INDONESIA

E-mail: setiabudi@unj.ac.id

Abstract. This paper reports our studies on the synthesis of nanoscale zero-valent iron (nZVI)
for lead ions (Pb(II)) adsorbent. The nZVI was prepared using clove (Syzygium aromaticum)
extracts as an environmentally-friendly reducing agent. Fourier transform infra-red spectroscopy
(FTIR) studies indicate that eugenol is the main fraction found in the extracts used in this work.
Dynamic light scattering (DLS) measurements show that relatively small particles with narrow
size distribution were obtained by dropping the reducing agent gradually into the iron sulphate
solution. The batch experiments showed that the as-prepared nZVI exhibits very high removal
efficiency of Pb(II). The optimum adsorption time was reached differently for the adsorbent with
different size distribution. The highest value is 96%, which was achieved at the adsorption time
of 30 minutes by using CT-nZVI.

1. Introduction

Lead has been known as one of the heavy metals utilised in various applications, such as batteries,
coatings, and photographic materials, and in the automotive, aviation, steel, and paint industries. As an
example, in the later application, lead is commonly used in the form of PbCO3 and Pb(OH), to speed up
the paint drying process, protect corrosion-coated surfaces and extend the paint life from damage [1,2].
However, the widespread use of lead has caused environmental problems along with increasing the
levels of these harmful metal pollutants in aquatic environments [3,4]. This condition is hazardous for
the ecosystem and human health. The accumulation of lead in the human body can cause hypertension
[5], anaemia [6], infertility [7], central nervous system damage [8] and impaired renal function [6,9].
Several studies have been conducted as an effort to remediate lead-polluted water. The studies that have
been undertaken include using zeolite compounds, such as chabazite and clinoptilolite [10]. Other
remediation efforts are reported using a permeable reactive barrier (PRB) stabilised with apatite [11,12].
However, these methods require a high cost to remediate water over a large area. To reduce costs, we
can use activated carbon as an adsorbent [13], but activated carbon is not suitable for groundwater
remediation.

Over the past few years, nZVI has been developed as one of the promising materials for overcoming
various types of pollutants in aquatic environments, one of which is heavy-metal ions. Previous studies
have proven that nZVI may remediate water from inorganic contaminants, such as Pb(II), As(III), As(V),
[3,14] and Cr (VI]) [15-17]. Remediation of metal ions using nZVI is a chemisorption process. In this
process, the positively charged metal ions will be adsorbed on the nZV1 surface, which tends to release
electrons. After the adsorption process occurs, the metal ions, which were initially dissolved in water,
will be reduced by nZVI and precipitated, whereas nZVI will be oxidized to FeOOH and also
precipitated [4]. In this case, nZVI can precipitate lead through redox reactions because Fe(Il) has a

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1


http://creativecommons.org/licenses/by/3.0

9th International Conference on Physics and Its Applications (ICOPIA) 10P Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 1153 (2019) 012077  d0i:10.1088/1742-6596/1153/1/012077

more negative standard reduction potential value compared to Pb(Il). The standard reduction value
shows the tendency of the element to be reduced, and the higher the standard reduction potential value
of an element, the easier it is to be reduced.

For this reason, various synthesis methods have been investigated to fabricate nZVI as an adsorbent.
Generally, nZVI can be synthesised in either top-down or bottom-up techniques. In the top-down
method, nZVI is obtained mechanically by breaking larger iron particles into nanoscale iron particles
using mechanical milling [18]. In the bottom-up method, nZVI is usually obtained through the wet
chemistry pathway by reducing divalent iron (Fe?*) or trivalent iron (Fe**) with the NaBHy as a reducing
agent [19,20]. With this technique, the nZVI particle size is more comfortably to be controlled through
reaction conditions and additive additions. However, NaBHj4 is a harmful chemical because it is toxic,
corrosive and flammable. Plant extracts, such as green tea, an alternative and environmentally-friendly
natural reducing agent, can be used as a substitute for NaBH4 [21,22]. Utilization of plant extracts as
reducers is based on their polyphenol content, which is believed to reduce iron ions to zero-valent iron
(Fe%). So, the high polyphenol content is expected to increase the productivity of the nZVI synthesis
process. In Indonesia, one local plant largely available with a high content of polyphenol is the clove
flower (Syzygium Aromaticum). In this study, clove extract was used as a reducing agent in a green
synthesis approach of nZVI. Based on batch experiments, the obtained nZVI was found to have high
Pb(II) removal efficiency.

2. Experimental Methods

The cloves sample was cut into small cuboid-sizes measuring + 2.5 x 2.5 cm. The clove pieces were
rinsed several times by using tap water and then distilled water. Subsequently, the clove pieces were
dried in an oven at 500°C for five hours. Two grams of the dried sample was boiled in 25 mL of distilled
water and stirred for120 min at a temperature of £45°C to inactivate the enzyme polyphenol oxidase.
The filtrate was then filtered using Whatman paper number 42 to obtain a clear extract, and the extracts
obtained were analysed using FTIR. The nZVI synthesis was performed by reacting the cloves extract
(PP) with a 0.1 M FeSO,4.7H,0 solution in a 0.01 M HCI solvent. The reaction was carried out with a
PP:Fe volume ratio of 1:4. The clove extract was added either directly at the start of the reaction to
obtain a C-nZV1 sample or gradually over an hour of reaction time to produce a CT-nZVI. During the
reaction, the mixture was stirred at 250 rpm for one hour. The resulting black powder was then
characterised using an X-ray diffractometer (XRD).

To investigate the Pb(Il) removal efficiency, we tested the adsorption performance of nZV1 using the
batch method. The batch experiment was conducted using a 200 ppm Pb(NOs), solution. The adsorption
process was performed by adding 5 ml of the dispersed nZV1 into 25 ml of the Pb(ll) solution and using
a shaker at 150 rpm with contact times of 10, 30, 60, 120 and 180 minutes. After the adsorption process
was completed, the filtrate was separated from the adsorbent and was measured using an atomic
absorption spectrometer (AAS) to determine the remaining Pb(ll) ion content.

3. Results and Discussion

Figure 1 shows FTIR spectrum from the clove extracts. The polyphenol was indicated by a number of
peaks observed at wavenumbers of 3576, 3108, 1604, 1516, 1257 cm™. The stretching peak of the
phenolic functional group was observed at 3576 cm™. The stretching peak from the C-H bond on the
aromatic ring appeared at 3108 cm. C=C bonding in the alkene and aromatic ring appeared as sharp
peaks at 1604 and 1516 cm, respectively. The presence of C-O (ether) in the functional group was
observed from the peak at 1257 cm™. In addition, there was a peak at 1097 cm indicating a =C-H bond
from the alkene. The adsorption peaks lead to the presence of eugenol content in clove extracts [23,24].
In addition to these peaks, at the wave number of 1710 cm, there was a peak derived from the carbonyl
group (C=0), whereas the eugenol structure has no carbonyl group. This peak indicates the presence of
other secondary metabolites of the polyphenols contained in the clove extracts. The substance is thought
to be tannin and acetyl eugenol that has a molecular structure in the presence of the carbonyl group since
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both structures are reported as the second most massive secondary metabolite substances other than
eugenols in the clove extracts [24,25].
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Figure 1. FTIR spectrum of the clove extract

Figure 2 shows a diffraction pattern of CT-nZVI synthesised with the clove extracts. The formation of
Fe° is indicated by a sharp diffraction peak at 26 44.89° correspond to (110) plane of Fe. This result is
confirmed by the XRD pattern database PDF card number 00-006-0696. Other diffraction peaks are
derived from iron oxide, such as Fe,Os and FesO4, which generally grownon the surface of the nZVI1
particles. The very high peak intensity at 26 44.89° compared to other diffraction peaks indicated that
Fe° exists as a main phase in the prepared nZV1. The formation of Fe® using plant extracts is believed
to be the role of the polyphenol contained therein. The results of the nZVI particle size distribution
measurements performed using the dynamic light scattering PSA is shown on the form of the histogram
in Figure 3. The histogram indicates that the synthesised nZV1 are polydisperse. From the figures, it is
seen that CT-nZ VI has a narrower size distribution with Dv10, Dv 50 and Dv90 values of 170 nm, 147

nm and 422 nm, respectively, compared to C-nZV1 with Dv10, Dv 50 and Dv90 values of 113 nm, 170
nm and 250 nm, respectively.
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Figure 2. The diffraction pattern of the synthesised nZV1
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Figure 3. Particles size distribution of C-nZV1 (a) and CT-nZVI (b).

The adsorption ability of nZV1 for Pb(Il) removal was investigated using batch adsorption experiments.
The removal efficiency (R) of Pb(ll) was calculated using the following equation [14],

R=( —g—s)xmo% )

where Co is the initial concentration and Ct is the final concentration of Pb(ll) in the aqueous solution.
Figure 4 shows the effect of adsorption time on the removal of Pb(I1) by both C-nZV1 and CT-nZVI. It
is seen that the removal efficiency value of CT-nZVI is higher than that of C-nZV1 at all adsorption time
tested. The smaller particles size with the narrower size distribution of CT-nZV1 could be a convincing
reason for this fact since small particles have a high surface area of the adsorbent. In Figure 4, we could
also notice the changes in the removal percentage of lead, as an effect of the adsorption time for C-nZVI
and CT-nZVI, are dissimilar. For C-nZVI adsorbent, the percentage of removal increases with the
increase of adsorption time from 63% at 10 minutes to 86% at 120 minutes. In this case, the rise of the
contact period should give enough time for the adsorbent to capture the lead ions. However, at the longer
adsorption time (180 minutes), the percentage removal is found to decrease to 79%. This result indicates
dissolution of a small number of the adsorbed lead occurred. In the case of CT-nZ VI, the increase of the
removal percentage values only takes place until the adsorption time of 30 minutes has passed, at which
time the removal percentage reaches 96%. The value was then found to steady at longer adsorption
times. We can assume that the adsorbent has been saturated at 30 minutes of the contact time, which
indicates that the lead adsorption occurred more rapidly than that of C-nZV1. The lead adsorption takes
place through the chemisorption process, in which the ions adsorbed on the surface of nZV1 that donated
electron to reduce the lead ion [4] having more positive reduction potential (E° = -0,13 V) compared to
iron ion (E° = -0,44 V). Therefore, the rapid adsorption processes by CT-nZV1 should be attributed to
the fine particle of the adsorbent, which provided a larger adsorption site [12,24] than that of C-nZV1.
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Figure 4. The removal efficiency of lead for C-nZV1 and CT-nZVI| at different adsorption times.

4. Conclusion

The use of clove extracts as a green reducer agent for the preparation of nZV1 was investigated. Narrow
size distribution of the small particles of nZVI was obtained by dropping the extracts into the iron
sulphate solution rather than adding it all at once. The as-prepared nZVI demonstrated its ability to
adsorp Pb(ll) from the aqueous solution. The removal efficiency of Pb(Il) depended on the adsorption
time and adsorbent particles size distribution. In this work, by using CT-nZVI, the highest removal
efficiency values with a relatively short adsorption time was achieved. The smaller particles size of CT-
nZV1 that should have a large surface area is a critical factor in increasing the adsorbent capacity and
also speeding up the adsorption process.
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