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INTRODUCTION

Textile industries generate wastewater that 
contains various contaminants such as dyes and 
heavy metals, which pose a serious environ-
mental risk when directly discharged without 
proper treatment. Textile wastewater is highly 
toxic and contains suspended solids, chemical 
oxygen demand, high dye concentrations, and 

various chemicals as well as heavy metals [Ku-
mar, 2017; Tabish et al., 2024]. The examination 
of several physical and chemical parameters in 
textile wastewater conducted by Dhameliya and 
Ambasana (2023) found that textile wastewa-
ter from the sequential process stage, including 
bleaching, mercerization, printing, and washing, 
had a pH value of 13.1, BOD of 1840 mg/L, COD 
of 4449 mg/L, TSS of 1189 mg/L, and TDS of 
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ABSTRACT
Silver nanoparticles (AgNPs) were generated utilizing Kecemcem (Spondias pinnata) leaf extract, and their efficacy 
in the photocatalysis of turquoise blue textile dye was assessed through a batch method. The produced AgNPs were 
characterized by identify characteristic absorption band using UV-visible spectroscopy. the functional groups using 
FTIR, the crystalline phase, structure, and size through XRD. The photoactive degradation of dye using AgNPs 
was examined under 50-watt UV irradiation at different initial pH mediums, AgNPs-to-dye volume ratios, dye 
concentrations, and lengths of exposure time. The AgNP creation is suggested by a color change from yellow to 
reddish brown and is supported by the UV-visible spectrum, which generally appears 420 nm. The functional groups 
contained in AgNPs were identified from FTIR analysis in the range 1066–3329 cm⁻¹. The signal at 3329.14 cm⁻¹ is 
assigned to OH stretching, while the peaks at 1631.7 cm⁻¹ and 1386 cm⁻¹ are compatible with C=C and C-C stretch-
ing of alkenes, as well as C-H stretching of amide bonds, confirming the presence of protein. Additionally, the signal 
at 1066.64 cm⁻¹ indicates to C-O stretching of carbonyl functional group. Based on XRD data, it was confirmed 
that the crystalline phase of AgNPs was 54.35% with a crystal size of 22 nm, and the peaks observed at 2θ values 
of around 38.21°, 46.45°, 66.65°, and 77.55° showed the 111, 200, 220, and 311 planes of the cubic face-centered 
structure. The photocatalytic degradation efficiency of 125 mg/L turquoise blue textile dye of 94.57% was achieved 
at operational conditions of pH 5, the addition of 6 mL AgNPs per 100 mL dye, and irradiation with a 50-watt UV 
lamp for 150 mins. These results imply that silver nanoparticles prepared using bioreductants contained in Kecem-
cem leaf extract are very promising for treating organic contaminants found in textile wastewater.
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21989 mg/L. These parameters value are over the 
threshold of quality standards required in the Re-
public Nation of Indonesian regulations regarding 
textile wastewater quality standards, where the 
permitted pH value is in the range of 6–9, as well 
as the maximum value of COD, BOD, TSS, and 
heavy metal values are 150, 60, 50, and 1.0 mg/L, 
respectively. In addition, water bodies containing 
dyes can inhibit the penetration of sunlight into 
the water, which results in an oxygen decrease, 
thus endangering the aquatic life system. The ma-
jority of dyes applied in the dyeing process are 
from the azo dye family.

Azo dyes are the chemicals containing the 
functional group R-N=N-R within their molecular 
structure. This azo group of dyes is the most popular 
used in textile dyeing, printing, food and cosmetic 
manufacture, and it is estimated that more than 60% 
of the dyes used are of this dye group [El-Sayed et 
al., 2024]. In general, azo dyes are inherently re-
sistant to natural decomposition due to their robust 
chemical structure, resulting in detrimental effects 
on aquatic ecosystems when the textile wastewater 
effluent is discharged into water bodies. Most azo 
dyes exhibit carcinogenic, mutagenic activities and 
allergic reactions [Strebel et al., 2024].

Different treatment methods, including bio-
logical, physical, and chemical, have been devel-
oped to degrade textile dyes and real wastewater. 
Biological approaches using anaerobic and aero-
bic bacteria (Fajri et al., 2024), Khamir [Sukarta 
et al., 2021], and wood-degrading fungi [Sudiana 
et al., 2022] are able to degrade dyes with high re-
moval efficiency, but they have several limitations, 
especially requiring long operating times and be-
ing very sensitive to experimental conditions. As a 
consequence, the biological treatment is less suc-
cessful when applied to wastewater containing high 
dye concentrations. The physical treatment meth-
ods include adsorption by activated coconut leaf 
stalk [Sudiana et al., 2022], coagulation and floc-
culation [Bressan et al., 2024], and photocatalysis 
using hydroxyapatite/titania composite [Sukarta 
and Sastrawidana, 2024]. Degradation of pollut-
ants through photocatalytic techniques has several 
superior treatments over other treatment methods, 
such as their simplicity of operation, relatively low 
operating cost, and high removal efficiency for 
pollutants [Saeed et al., 2021; Zayed et al., 2022]. 
In photocatalysis, when light with energy equal 
to or more than the semiconductor band gap are 
absorbed by a semiconductor, the photocatalytic 
destruction of dyes begins. Superoxide radicals 

(•O2
2−) and hydroxyl radicals (•OH) are produced 

when electrons are moved from the valence band 
to the conduction band, forming the electron (e-) 
and hole (h+) bands. Both these radicals effec-
tively break down the dyes through redox reac-
tions [Pingmuang et al., 2017; Nazri and Sapawe, 
2020]. Several heterogeneous photocatalysts are 
used for the dye removal, such as ZnO, TiO₂, CdS, 
and nanoparticles of metal such as gold, silver and 
zinc [Paul et al., 2020].

Silver nanoparticles (AgNPs) are nanomate-
rials composed of silver elements. This AgNPs 
can be used for photocatalytic decomposition of 
contaminants from wastewater due to their exclu-
sive characteristics, such as larger surface area, 
smaller size, high thermal stability, antibacterial 
properties, and high catalytic activity [Jaast and 
Grewal, 2021]. Besides that, the AgNPs have also 
been utilized in biomedical and biological appli-
cations, including medical device coatings, anti-
cancer therapy, bone healing, agents of anti-dia-
betic, drug delivery, and antimicrobials [Xu et al., 
2020; Meher et al., 2024], agricultural, such as to 
enhance seed germination, plant growth, nanopes-
ticides, and fertilizer [Khan et al., 2023], and ap-
plications for energy storage, like electrochemical 
sensors and supercapacitors [Salve et al., 2020].

The AgNPs can be created by applying a di-
versity of techniques, like physical, chemical, and 
biological methods. However, biological tech-
niques are preferred because they are scalable, 
economical, and ecologically benign [Parvathiraja 
et al., 2021]. In addition, the physical and chemical 
methods frequently use the harmful chemicals that 
may endanger the environment. To minimize envi-
ronmental risks, recently the preparation of AgNPs 
using plant extracts has received increasing con-
sideration due to its environmentally friendly prop-
erties [Verma et al., 2016]. The plants containing 
reductant agents such as flavonoids, alkaloids, ter-
penoids, saponins, and tannins are potentially used 
in the synthesis of AgNPs. Some plant extracts that 
have been successfully used to synthesize AgNPs 
include horseradish, neem, fenugreek, bitter apple, 
raphanus sativus, beta vulgaris, and Ocimum basi-
licum [Velusamy et al., 2015; Garciduenas-Pina et 
al., 2023; Abada et al., 2024].

In Bali of Indonesia, Kecemcem leaves are 
widely consumed fresh as salad or made into a 
traditional herbal drink known as ‘loloh.’ In ad-
dition, this plant is believed to be part of tradi-
tional Balinese ethnobotany for the treatment of 
diabetes, gastric ulcers, and urolithiasis [Sujarwo 
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et al., 2015]. Phytochemical examination of Ke-
cemcem leaf extract was found to contain flavo-
noids, terpenoids, tannins, phenols, and alkaloids 
[Cahyawati et al., 2019]. By considering its abun-
dant availability, ease of obtaining, and the phy-
tochemicals in the Kecemcem leaf, this biomedi-
cal plant extract is a possible option for use as 
a bioreductant in the preparation of AgNPs. The 
aim of this work was to investigate the ability of 
AgNPs produced from the aqueous extract of Ke-
cemcem leaf to breakdown turquoise blue textile 
dye. The produced AgNPs were characterized by 
their wavelength using a UV-Vis spectrophotom-
eter, functional groups using FTIR, crystal phase 
using XRD, and surface morphology using SEM-
EDX. Furthermore, the AgNPs were analyzed for 
their capability to degrade anionic turquoise blue 
dye photocatalytically irradiated by a 50-watt UV 
lamp. The operational parameters studied includ-
ed the impact of pH, AgNP to dye volume ratio, 
concentration of dye, and exposure time on the 
efficiency of photocatalytic degradation.

MATERIALS AND METHODS

Materials

The primary compounds utilized in this study, 
such as AgNO₃, NH₄OH, H₂SO₄, HCl, FeCl₃, and 
chloroform, are of analytical grade purity. The 
Kecemcem leaf (Spondias pinnata) was obtained 
from Bangli regency, while turquoise blue dye 
was obtained from Sigma-Aldrich. The dye mo-
lecular configuration is displayed in Figure 1.

Preparation of aqueous kecemcem leaf extract 

Kecemcem leaves have been cleaned with 
distilled water to eliminate their contaminants and 
then left in a room without light for seven days 
to dry. Dried Kecemcem leaves are crushed into 
powder with a blender machine and then sieved 

with a 50-mesh sieve size. Twenty grams of Ke-
cemcem leaf powder was put in a 250-mL beaker 
glass consisting of 100 mL of water and heated 
at 60 °C for 15 minutes. Following cooling, the 
mixture was filtered using size 42 Whatman filter 
paper. The aqueous Kecemcem leaf extract was 
evaporated using a vacuum evaporator to obtain 
concentrated Kecemcem leaf extract. 

Qualitative identification of phytochemicals from 
kecemcem leaf extract

Bioreductants such as alkaloids, flavonoids, 
terpenoids, steroids, tannins, and saponins con-
tained in the water extract used for the preparation 
of AgNPs were identified qualitatively using cer-
tain reagents. The alkaloids test is conducted using 
Dragendroff, Wagner, and Mayer reagents; the fla-
vonoid test is using Shinod’s test; terpenoids and 
steroids are tested through Liebermann-Buchard 
reagents; the test for saponins is using the foam 
test; and the test for tannins is with ferric chloride 
solution. They are identified based on the charac-
teristic color change and the precipitate formed.

The AgNPs synthesis

The AgNPs were prepared using 1 mM silver 
nitrate to aqueous extract of Kecemcel leaf vol-
ume ratio of 0.5. An amount of 50 mL of 1 mM 
AgNO₃ solution was transferred in a glass beaker 
containing 100 mL of aqueous Kecemcem leaf 
extract, and the concoction was heated at 60 °C 
for 15 mins. The change in color of the mixture 
from yellow to reddish brown indicates that Ag-
NPs have been formed.

Characterization of AgNPs 

The characteristics of the synthesized AgNPs 
include determining the maximum wavelength 
using a Shimadzu UV-Vis spectrophotometer, 
identifying functional groups using FTIR, and 
analyzing the crystalline phase and particle size 
using XRD.

Photocatalytic degradation studies 

The breakdown of turquoise blue dye solution 
by photocatalysis with AgNPs was conducted in a 
batch system. A total of 10 mL of AgNPs was trans-
ferred to the photocatalytic reactor containing 100 
mL of 25 mg/L turquoise blue dye solution and then 
irradiated with 50 watts of UV light for 180 min-
utes. The various operating variables are examined, 
including the impact of AgNPs to dye volume ratio, 

Figure 1. Molecular structure of the turquoise blue 
dye
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initial pH and concentration of dye solution, and ir-
radiation duration time. The absorbance of dye be-
fore and after treatment was determined through a 
UV-Vis spectrophotometer at 615 nm. Each opera-
tional parameter treatment is carried out three rep-
lications. The percentage of tuquoisel blue removal 
was determined using formula:

 

 
 

𝐷𝐷𝐷𝐷𝐷𝐷 𝑟𝑟𝐷𝐷𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 (%) = 𝐴𝐴𝑟𝑟 − 𝐴𝐴𝐴𝐴
𝐴𝐴𝑟𝑟  ×  100% 

 

(1) 

 

 (1)

where: the Ao and At represents the dye ab-
sorbance at before and after treatment, 
respectively.

The initial pH solution effect 

The impact of dye solution’s initial pH on dye 
removal is investigated using the batch technique. 
As much as 100 mL of 25 mg/L blue-green dye 
was placed in the photocatalytic reactor, and the 
mixture was adjusted to an initial pH of 6.The dye 
solution in a reactor was added with 10.0 mgL of 
AgNPs, and then it was irradiated with a 50-watt 
UV lamp for 180 mins. The same treatment was 
also carried out at different initial pH levels of tur-
quoise blue dye, namely 4, 5, 7, 8, 9, and 10. A 
UV-visible spectrophotometer set at 615 nm was 
used to detect the dye absorbance before and after 
treatment.

The AgNPs to dye volume ratio effect

In this treatment, 10.0 mL of AgNPs was 
transferred to a reactor containing 100 mL of a tur-
quoise blue dye solution at a concentration of 25 
mg/L. The mixture in the reactor was adjusted to 
the ideal pH obtained by prior treatment and then 
irradiated with a 50-watt UV lamp for 180 min-
utes. Following treatment, Whatman No. 42 filter 
paper was used to filter the mixture, and a UV-
visible spectrophotometer set at 615 nm was ap-
plied to detect the dye absorption. Using the same 
procedure, the dye treatment was carried out at 
various volumes of AgNPs addition, namely 2.0, 
4.0, 6.0, and 8.0 mL per 100 mL of dye solution.

The dye concentration effect

As much as 100 mL of 25 mg/L turquoise 
blue textile dye was place in a photocatalytic re-
actor, then AgNPs were added with the optimum 
volume of AgNPs as well as adjusted at the opti-
mum pH obtained from the previous treatment. 
After 180 minutes of being irradiated with a 
50-watt UV lamp, the mixture was filtered with 

Whatman No. 42 filter paper. The dye absorbance 
before and after treatment was determined using 
a UV-visible spectrophotometer at a wavelength 
of 615 nm. The same process was also conducted 
at different concentrations of turquoise blue dye, 
including 50, 75, 100, 125, and 150 mg/L. 

The irradiation duration time effect

To evaluate the UV light exposure time effect 
on the percentage of dye removal, a total volume 
of 100 mL turquoise blue textile dye was placed in 
a photocatalytic reactor and added with the opti-
mum volume of AgNPs as well as adjusted at the 
optimum pH obtained from the previous treatment. 
The photocatalytic degradation process of dyes ir-
radiated by 50-watt UV lamps was carried out at 
different UV lamp exposure times, namely 30, 60, 
120, and 150 minutes. A UV-visible spectropho-
tometer set at 615 nm was applied to measure the 
dye absorbance both before and after treatment.

RESULTS AND DISCUSSIONS 

Phytochemical screening of aquoes 
kecemcem leaf extract 

A phytochemical screening test was aimed at 
identifying flavonoids, terpenoids, steroids, alka-
loids, saponins, and tannins that act as bioreduc-
tors in the formation of AgNPs. The presence of 
these phytochemical compounds in Kecemcem 
leaf is conceded by the confirmatory test result, 
involving precipitate formation and changes in 
color. The qualitative phytochemical screening 
analysis results of Kecemcem leaf aqueous ex-
tract are summarised in Table 1.

Table 1 shows that the aquose extract of Ke-
cemcem leaf contains bioactive compounds of 
flavonoids, terpenoids, alkaloids, saponins, and 
tannins, while steroids were not found in this 
leaf extract. The existence of these bioactive sub-
stances is important for reduction of AgNO3 in the 
synthesis of AgNPs. The Ag+ ion can be reduced 
to Ago by electron donation from flavonoid, ter-
penoid, alkaloid, saponin and tannin [Hemlata et 
al., 2015; Ahmed and Mustafa, 2020]. The devel-
opment of a deep pink flavonoid precipitate us-
ing Shinod reagent indicated a positive flavonoid 
test [Komala, 2022]. Detection of the presence 
of alkaloids in the aqueous extract of Kecem-
cem leaf was carried out using Mayer, Wagner, 
and Dragendorff reagents. In Dragendorff’s test, 
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Table 1. The identification result of phytochemical compound from Kecemcem leaf aqueous extract

the formation of a red precipitate after the addi-
tion of potassium bismuth iodide to the aqueous 
extract of Kecemcem leaf indicates the presence 
of alkaloids. In Mayer’s test, the formation of a 
yellowish colored precipitate after the addition of 
extract with a potassium mercuric iodide reagent 
indicates the presence of alkaloids. Meanwhile, 
in the Wagner test, the aqueous extract of Kecem-
cem leaf was added with a solution of iodine in 
potassium iodide and a reddish brown precipitate 

was formed which indicated the presence of alka-
loids [Pandey and Tripathi, 2014].

Charactiristic of AgNPs

AgNPs absorption spectra in the UV-Vis

UV-visible spectroscopy is the most com-
mon method for confirming the creation of me-
tallic nanoparticles. The main sign indicating the 
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formation of silver nanoparticles is when the mix-
ture changes color from transparent to dark brown 
due to the reduction reaction of Ag+ to Ag0 [Jain et 
al., 2020]. The formation of AgNPs can be detect-
ed their UV-Vis absorbance spectrum in the scan-
ning range of 300–800 nm as assigned in Figure 2. 

As we can see in Figure 2, the UV-Visible 
spectrum obtains a maximum absorption band at 
420 nm, which indicates the phytochemicals in 
the aqueous extract of Kecemcem leaf are effec-
tive in reducing Ag+ ions to AgNPs because col-
loidal silver has a characteristic absorption band 
in the range of 400–450 nm [Gopalakrishnan et 
al., 2023]. In aqueous solution, AgNPs were dark 
brown in color due to electron excitation and 
changes in electronic energy levels, which indi-
cated the reduction of Ag+ to Ago [Elemike et al., 
2017]. The same absorption band at 420 nm was 
also observed for silver nanoparticles synthesized 
using Streptomyces sp. [Karthik et al., 2014]. 

However, several research results found a strong 
peak from UV-Visible spectroscopy of AgNPs 
synthesized using Thunbergia grandiflora leaf ex-
tract appearing at 441 nm [Varadavenkatesan et 
al., 2024], and AgNPs synthesized using Calen-
dula officinalis leaves were observed at 436 nm 
[Paul et al., 2020].

FTIR analysis

The FTIR spectrophotometer is applied to 
identify the major functional groups associated 
with the AgNPs and the phytochemicals, such as 
the flavonoids, terpenoids, alkaloids, steroids, sa-
ponins, and tannins obtained in an aqueous extract 
of Kecemcem leaf. The FTIR spectrum of phyto-
chemical compounds from the aqueous extract of 
Kecemcem leaf recorded in the region of wave-
numbers 500–4000 cm⁻¹ is presented in Figure 3.

The FTIR absorption band of the Kecemcem 
leaf aqueous extract appeared at 3651.25 cm-1, 
2985.51 cm-1, 2303.79 cm-1, 1,695.43 cm-1, and 
817.82 cm-1, respectively. The band observed at 
3651.25 cm-1 can be associated to the hydroxyl 
group (OH) functional group. The signal appear-
ing around the wave number 2985.81 cm-1 may 
be caused by the C-H stretching of the methylene 
group or aliphatic group, and this also confirms 
the presence of saponins in the aqueous extract of 
Kecemcem leaf. The FTIR signal that appears at 
1695.43 cm-1 can be associated to the C=C func-
tion of terpenoids. This is reinforced by the fact 
that terpenoids often show absorption bands in 
the 1450–1700 cm-1 region due to the presence 
of C=C bonds [Malik et al., 2018]. Furthemore, 
the reduction of Ag+ to form Ago by bioreductor 
contain in Kecemcem leaf aqueous extract, makes 

Figure 2. UV–Vis spectrum of AgNPs synthesized 
using Kecemcem leaf aqueous extract

Figure 3. FTIR spectrum for aqueous extract of Kecemcem leaf and AgNPs
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the peaks are shifted to a higher wavenumber 
such as 3828.70 cm-1, 3329.14 cm-1, 2341.58 cm-1, 
2059.98 cm-1, and 1066.64 cm-1, respectively. As 
we seen in Figure 3, the FTIR spectrum of synthe-
sized AgNps peaks at 3329.14 cm-1 may be attrib-
uted to OH stretching. Similarly, the IR spectrum 
peaks at 1631.7 cm-1 and 1386.62 cm−1 attributed 
to the C=C stretching of cyclic alkene and C-H 
stretching of amide bond confirmed the presence 
of protein [Al-Nuairi et al., 2020]. Peak observed 
at 1066.64 cm-1 coresspond to C-O stretching of 
carbonyl functional group [Nouri et al., 2020].

XRD analysis

XRD spectrophotometer were applied to 
identify the crystalline phase, structure and size 
of AgNPs synthesized from Kecemcem leaf ex-
tract. The XRD pattern analysis of synthesized 
AgNPs using aqueous extract of Kecemcem leaf 
is presented in Figure 4.

Figure 3 shows the XRD pattern of AgNPs, 
which has five diffraction peaks at 2θ values of 
31.60°, 38.45°, 43.97°, 64.01°, and 77.62°. Ex-
amination of the crystallinity degree of AgNPs 
based on the XRD pattern using Origin version 
8.5.1, and was found to be 54.35% with aver-
age size of crystalline was 22 nm. According to 
Trieu et al.(2023), the diffraction pattern related 
to Ag metal was exhibited at 2θ values 38.3°, 
44.1°,64.6°, and 77.5° which are considered with 
(111), (200), (220), and (311) respectively planes, 
confirm to cubic face-centered structure. In addi-
tion, studies conducted by Riaz et al. (2020) and 
Githala et al. (2022) also confirmed that the X-ray 
diffraction patterns of AgNPs at 2θ around 38.22°, 
46.32°, 64.34°, and 76.46° were associated with 

the (111), (200), (220), and (311) planes, respec-
tively confirm the cubic face-centered structure. 

Photocatalyric degradation studies

The photocatalytic degradation of turquoise 
blue dye in aqueous solution was done using syn-
thesized AgNPs as a catalyst. The catalyst was ir-
radiated with 50 watts of UV lamp. The operating 
conditional were investigate involving the effect 
of pH, dye concentration, volume addition of Ag-
NPs and exposure duration time. 

The initial pH effect

The pH is one of a crucial operating parameter 
factors in the degradation activity of AgNPs, be-
cause the pH affect the surface charge of AgNPs 
and dissociation ability of turquoise blue dye. In 
acidic media, more H+ ions can be accessed on the 
surface of AgNPs, causing the surface to become 
more positively charged, thus increasing the pho-
tocatalytic activity due to the strong interaction 
between AgNPs and the anionic turquoise blue 
dye. However, in alkaline conditions, the strong 
force of repulsion between the negative charge 
AgNPs surface and the anionic turquoise blue 
dye makes it difficult for anionic dye molecules 
to get adsorbed on the surface of AgNPs. There-
fore, this repulsion contributes to decreasing the 
photocatalytic degradation efficiency under basic 
conditions [Khan et al., 2024]. The optimum en-
vironment’s pH level required for photocatalytic 
degradation process of dyes varies depending on 
the specific photocatalyst and the dye types. To 
investigate the optimum pH in dye removal, 100 
mL of turquoise blue dye with a concentration of 

Figure 4. XRD pattern for AgNPs
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25 mg/L were treated for 180 min. with a 10.0 
mL AgNPs suspension at different pHs of 4–10. 
The removal photocatalytic efficiency of AgNPs 
against turquoise blue dye removal in different 
pH mediums is presented in Figure 5.

Figure 5 shows the removal photocatalytic ef-
ficiency slightly increased from 9.02% to 90.26.% 
when the pH increased from 4 to 5 and then the 
efficiency decreased gradually up to pH of 10. The 
AgNPs photocatalic activity against blue-green 
textile dye in a solution irradiated with 50 watts 
of UV light for 180 minutes, which was optimal at 
pH 5 with a removal efficiency of 90.26%. Similar 
findings have been observed by other researchers 
such as Devi and Dhurai, (2023) who report the 
highest color removal photocatalytic efficiency 
of anionic colomill brilliant red 3BN acid dye by 
AgNPs synthesized using Pongamia pinnata leaf 
extract was obtained at pH 4. However, Bassim et 
al. (2023) who found that the photocatalytic degra-
dation efficiency of CuO/TiO2 nanoparticles syn-
thesized using citrus aurantium fruit extract against 
cationic methylene blue dye at pH 3 was 46.3% 
and increased drastically to 92.6% at pH 9. In acid-
ic conditions, the AgNPs surfaces have a negative 
charge, and the turquoise blue dye is an anionic dye 
type. As a consequence, mighty adhesion between 
AgNPs and this dye leads to increased photocata-
lytic activity. In addition, the pH point zero charge 
(PZC) of AgNP greatly affects the strength of its 
interaction with the dye, which directly impacts 
the photocatalytic activity. The PZC refers to the 
specific pH at which the net charge of the AgNPs 
is neutralized, resulting in a total charge of zero. 
As reported in some literatures, the PZC of AgNPs 

is about 8.5, which implies that at pH values   lower 
than 8.5, the surface of AgNPs will predominantly 
have positive charges, while at pH above 8.6, they 
tend to have negative charges [Ezeuko et al., 2022; 
Castellar-Ortega, et al., 2022; Singh et al., 2023]. 

The AgNPs-to-dye volume ratio effect 

The effect of the AgNPs-to-dye ratio on the 
photocatalytic degradation ability against tur-
quoise blue dye was examined using variations in 
the volume of AgNPs colloidal suspension (2, 4, 
6, 8, and 10 mL) against a fixed volume of 100 
mL of dye with a concentration of 25 mg/L. The 
removal efficiency of turquoise blue dye using 
various volume of AgNPs is presented in Figure 6.

As seen in Figure 6, Increasing the volume 
of AgNPs colloidal suspension used for the pho-
tocatalytic degradation process will generate the 
electron-hole pairs or increase the formation of 
radical hydroxyl (•OH) and thus cause a faster tur-
quoise blue dye degradation process. In this study, 
the treatment of 100 mL of 25 mg/L turquoise blue 
textile dye for 180 minutes using varying volumes 
of AgNPs (2, 4, 6, 8, and 10 mL) irradiated with 
50 watts of UV light provided degradation ef-
ficiencies of 61.49%, 77.96%, 89.79%, 90.23%, 
and 90.26%, respectively. The photocatalytic ac-
tivity increased drastically starting from the addi-
tion of 2 mL to 6 mL of AgNPs, then their activity 
increased slightly after the addition of the AgNPs 
volume from 8 mL to 10 mL. Similar findings 
were also reported by Hosseini-Zori and Shouri-
jeh (2018), that photocatalytic activity increased 
in line with the increase in the concentration of 
photocatalyst used, but photocatalytic activity 

Figure 5. The photocatalytic degradation of tuquoise 
using AgNPs at different initial pH medium

Figure 6. The photocatalytic degradation of turquoise 
blue dye at different AgNPs-to-dye volume ratios



241

Ecological Engineering & Environmental Technology 2025, 26(3), 233–244

decreased after further increase in the amount of 
photocatalyst. The decrease in photocatalytic ac-
tivity at higher doses of AgNPs is associated with 
an increase in the turbidity of the liquid medium, 
which tends to scatter light, thus reducing its pho-
tocatalytic activity [Khan et al., 2024].

The initial dye concentration effect

Dye concentration influences the light pen-
etration during the photocatalysis process. In this 
treatment, the AgNPs synthesized photocatalityc 
activity against turquoise blue dye in dofferent 
dye concentration at range of 25–150 mg/L was 
assessed, and its result is depicted in Figure 7.

Figure 7 provides a visual depiction of the 
degradation efficiency of turquoise blue dye over 
a fixed duration of 180 minutes. As seen in Fig-
ure 7, the photocatalytic degradation efficiency 
increased with increasing dye concentration from 
25 mg/L to 100 mg/L, then it decreased slightly 
at a dye concentration of 125 mg/L, while there 
was a drastic decrease at a dye concentration of 
150 mg/L. The decrease in photocatalytic degra-
dation efficiency in high dye concentration treat-
ment may be associated with the inhibition of 
photon absorption on the AgNPs surface [Wang 
et al., 2022]. According to Bopape et al. (2024), a 
decrease in the quantity of photons that reach the 
photocatalyst surface is influenced by the increas-
ing number of dye molecules that are absorbed on 
the surface. In this research, the maximum con-
centration of dye solution that can be treated to 
produce optimum degradation efficiency is 125 
mg/L with a degradation percentage of 94.35%. 
This finding consistent with Alshehri et al. (2019), 
who studied the photocatalytic degradation pro-
cess of MB at various concentrations in the range 
of 2.0 × 10-5 to 12 × 10-5 M. The results of their 
study showed that the removal efficiency reduced 
with increasing concentration of MB dye, where 
the optimal dye dose was obtained at 1 × 10− 5 M.

The exposure duration time effect 

The exposure duration time effect on the ac-
tivity of turquoise blue dye photocatalytic degra-
dation using AgNPs was investigated at pH 5.0, 
applying 100 mL of dye with a concentration of 
125 mg/L and 6 mL of AgNPs colloidal suspen-
sion irradiated with a 50-watt UV lamp for 30–180 
min. of duration time. The removal photocatalytic 
degradation efficiency of turquoise blue dye us-
ing AgNPs at different exposure duration times 

Figure 7. The photocatalytic degradation of 
turquoise blue using AgNPs at different initial dye 

concentration

Figure 8. The photocatalytic degradation of turquoise 
blue using AgNPs at different exposure duration time

was assigned in Figure 8. Figure 8 clearly shows 
that the photocatalytic activity rate increases rap-
idly at exposure duration up to 90 min, and then 
the photocatalytic activity slows down at contact 
time from 90 to 150 min and finally decreases at 
contact time from 150 to 180 min. The photo-
catalytic degradation efficiency in cussessive of 
73.45%, 81.32%, 88.80%, 90.52%, 94.57%, and 
93.79% was observed after 30, 60, 90, 120, 150, 
and 180 mins. of exposure time. This finding is in 
line with Parethe et al. (2024), who reported that 
the photocatalytic degradation of methylene blue 
is a function of contact time between the dye and 
cobalt oxide nanoparticles, where the degradation 
efficiency increased with increasing contact time.

CONCLUSIONS

This study focused on degrading turquoise 
blue textile dyes photocatalytically using silver 
nanoparticles irradiated by UV light. The results 
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of this research were that silver nanoparticles pre-
pared using a reductant from Kecemcem leaf ex-
tract were able to degrade turquoise blue anionic 
dyes effectively and efficiently. The percentage 
of photocatalytic degradation of 100 mL of tur-
quoise blue textile dyes with a concentration of 
125 mg/L was obtained at 94.57% in 150 minutes 
of exposure time, with operating parameters in-
cluding pH 5, UV lamp intensity of 50 watts, and 
the volume of AgNPs used was 6 mL per 100 mL 
of dye solution. With high degradation efficiency, 
silver nanoparticles synthesized with Kecemcem 
leaf extract have great potential to be applied in 
the removal textile wastewater.
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