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Abstract
This study describes a simple and cost effective method for the synthesis of silver nanoparticles from locally available 
Vigna unguiculata L. stem extract, as alternative method to the expensive and toxic chemicals used, and its application 
as adsorbent for malachite green (MG) in a Batch system. The AgNPs were synthesized using AgNO3 as precursor and 
stem extract as reducing and capping agent. The AgNPs were characterized using UV–Vis, SEM-EDX, FTIR and XRD. The 
effects of contact time, pH of solution, initial dye concentration, adsorbent concentration and temperature were stud-
ied and they proved useful in the description of the adsorption process. AgNPs showed SPR bands at 455 nm. The XRD 
micrographs showed face centered cubic crystal structure with average crystalline size of the synthesized nanoparticle 
of ~ 25 nm. Alkaloids present in Vigna unguiculata L. stem played a role in the reduction of AgNO3. An optimum pH of 
adsorption was achieved at 9.0. The adsorption process was observed to be exothermic. Equilibrium isotherm models 
showed Langmuir isotherm with R2 of 0.99194 and residual sum of squares (RSS) of 5.23541 × 10−5, indicating monolayer 
adsorption. Kinetic studies revealed Pseudo-first order kinetics best fitted the rate of adsorption and intra-particle dif-
fusion revealed that the adsorption process was controlled by surface phenomenon and intra-particle diffusion. The 
results showed the applicability of AgNPs in adsorption. However, the relatively low percentage removal (21.6% at 
200 ppm) suggests that Silver nanoparticle synthesized from Vigna unguiculata L. stem, alone may not be sufficient in 
the complete adsorption of MG dye.
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1  Introduction

The discharge of dye-containing wastewater in various 
industries, like food, printing, textiles, dyeing and dye stuff 
manufacturing industries, has become of great environ-
mental concern due to toxicological and aesthetical rea-
sons. Dye wastewaters occur mostly as a result of the inef-
ficiencies in the dyeing process during which a sizeable 
amount of the used dye enters the aquatic environment as 
wastes resulting in colored effluents [1]. Dye wastewaters 
are toxic and have been known to cause a serious hazard 
on health, aquatic organisms and affect human activities. 

Most of the dyes discharged from industries are synthetic, 
containing complex aromatic rings of large molecular size 
which makes them stable against photo-bleaching, resist-
ant to biologically degradation and aerobic digestion [2].

Whilst numerous technologies including membrane 
filtration, reverse osmosis, and electrochemical methods 
have been applied worldwide to remove dyes from water, 
the development of an economic, effective and rapid 
water treatment at a large scale remains a challenging 
issue. Adsorption technology is considered to be the most 
auspicious and robust method to purify aqueous solutions 
at low cost and with high-efficiency [1, 2]. This technique 
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has been found to be beneficial above other techniques in 
terms of initial cost, ease of implementation, insensitivity 
to toxic substances, simplicity of design and capability to 
remove dyes at low concentrations as opposed to other 
techniques where purification becomes less effective at 
very low contaminant concentration.

All adsorption process comprises of the transfer of 
undesirable chemicals, in this case dye, from a liquid or gas 
to the surface of a solid adsorbent in a transient process. 
The ability of adsorption process to remove pollutants is 
solely limited by the capacity of the adsorbent itself. Once 
saturated, pollutants can no longer be removed from a 
solution. Clay based adsorbents [2], sawdust [3], nanopar-
ticles, and other low cost adsorbents have been employed 
to remove MG from water. Nanoparticle adsorption how-
ever is an emerging technique in the area of removal of 
dyes. Large scale adsorption with any suitable adsor-
bent can be carried out either in batch mode or a fixed 
bed adsorption mode. Batch adsorption process are less 
expensive and best suited for small scale operations where 
the adsorption step is not continuously demanded and a 
long contact time is required [4].

Vigna unguiculata L. Walp. is one of the most widely 
adaptable, and salubrious grain legumes grown in mod-
erately hot to hot regions of Africa, Asia, and the Americas. 
It is a dicotyledonous plant of the family of Papilionaceae 
(Leguminosae- Papilionoideae, Fabaceae), belonging to 
the sub-family, Fabiodeae [5].

Africa accounts for about 75% [6], whilst Nigeria is the 
largest producer and consumer, accounting for about 45 
percent of its world’s production [7]. Its common names 
include: Cowpea (English), beans (Nigeria), ewa (Yoruba), 
Wake (Hausa) and Agwa (Igbo). Islam et al. [8] emphasized 
that all parts of the plant used as food are nutritious pro-
viding protein and vitamins. It is chiefly a vegetable and 
grain crop for human. Cowpea is valued as a nutritional 
supplement to cereals and an extender of animal proteins, 
and it serves as a very safe fodder for livestock animals [9]. 
Cowpea has high level of folic acid and low levels of anti-
nutritional and flatulence producing factors [10]. However, 
after harvesting of the cowpea, the stems are of little sig-
nificant value and are mainly utilized for burning purposes.

Malachite green (MG) is a well-known dye used for dye-
ing of leather, wool, silk, used as fungicide, ecto-parasiti-
cide in aquaculture and fisheries due to the low cost, avail-
ability, efficacy and lack of a proper alternative [11]. MG is a 
water soluble cationic dye that belongs to triphenylmeth-
ane category, containing two amino groups. It dissociates 
into anion and coloured cations. MG dyes are mutagenic 
and carcinogenic in nature and is severely toxic to a wide 
range of aquatic life. Conventional water treatment tech-
niques have been found to be inefficient in the treatment 
of MG due to the low biodegradability of the dye.

There are few publications on the use of silver nano-
particle alone as adsorbent for MG and other dyes from 
water [12–16]. Although found to be efficient, none of the 
report has provided insight on the adsorptive removal of 
MG using silver nanoparticle (AgNPs) synthesized from 
Vigna unguiculata L. The readily available stem of Vigna 
unguiculata L. could possibly be utilized as low cost mate-
rial for synthesis of AgNPs for MG removal. Hence, the 
objectives of the present study was to develop an alterna-
tive cost effective synthetic route for AgNPs using aqueous 
stem extract of Vigna unguiculata L. and to evaluate the 
performance as adsorbent for MG using batch adsorption 
method.

2 � Materials and methods

2.1 � Vigna unguiculata stem processing

Fresh stem samples were obtained from farms in New 
Nyanya, Nasarawa, Nigeria. The stems were cleaned with 
running tap water and then with distilled water. The stems 
were cut into smaller pieces for extraction and air dried at 
room temperature. The sample was pulverized and used 
for extraction with distilled water.

2.2 � Moisture content

Three grams of fresh stem was weighed into a pre-
weighed crucible and heated at 105 °C for 4 h to constant 
weight. After which the sample in the crucible was cooled 
in the desiccator and then weighed. The Moisture content 
was calculated by the difference in wet and dry weight:

2.3 � Preparation of the Vigna unguiculata stem 
extract

Forty grams of finely cut/pulverized stem was kept in a 
beaker containing 400 mL distilled water and boiled for 
45 min. The extract was cooled down and filtered with 
Whatman filter paper no.1. The filtrates were stored at 4 °C 
for silver nanoparticle synthesis.

2.4 � Green synthesis and characterization of silver 
nanoparticles

The plant extract (50 mL) was added to 100 mL of 0.01 M 
concentrations of aqueous silver nitrate solution. The 
resulting mixture was allowed to stand for 5 h. The bio-
reduction of Ag+ ions to Ag0 was monitored by taking 

(1)

Moisture Content (%) =
Wet weight − Dry weight

Wet weight
× 100%
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samples at 1 h intervals of reaction time using UV–Vis 
spectrophotometer. Its formation was also confirmed 
by using UV–Visible spectroscopy (UV–Vis Double Beam 
8 Auto cell UVS 2700 Spectrophotometer). The resulting 
AgNPs pellet (which sedimented after some time) was col-
lected, washed and dried at 80 °C in an oven.

Fourier transform infrared spectroscopy (FTIR) studies 
were carried out for both unloaded and MG-loaded AgNPs 
using Perkin Elmer FTIR Spectrum BX having a resolution 
of 32 cm−1 in wavelength region 350–4400 cm−1 in KBr pel-
lets. It was used to identify the presence of biomolecules 
and functional group which may support the capping and 
stabilization by the stem extract.

The surface morphology of the synthesized AgNPs was 
determined from SEM (JOEL JSM 7600F). The crystallinity 
and crystal phases of the AgNPs was characterized by X-ray 
diffraction (XRD, Rigaku D/Max-IIIC) pattern measured 
with Cu-Kα Radiation (λ = 1.556 Å) in the range of 20–80.

The point of zero charge of the synthesized AgNPs was 
determined by Salt addition method. In this method, a 
weighed amount (0.05 g) of AgNPs was added to 10 mL of 
0.01 M NaCl solution in 100 mL conical flask with pH rang-
ing from 2–12. The initial pH of the solution was adjusted 
using 0.1 M NaOH or HCl. AgNPs (0.05 g) adsorbent was 
added to each flask. The conical flasks were shaken for 24 h 
after which the final pH values were measured. The differ-
ence between the initial and final pH was calculated and 
plotted against the initial pH. The pHpzc was obtained from 
the point of intersection with pH axis.

2.5 � Adsorbate characteristics and preparation

Malachite green dye is widely used in textile, paper and 
carpet industries. It is a basic cationic dye. Malachite 
green dye C.I. = 42,000B, CAS No. 2437-29-8, chemi-
cal formula = C23H26N2O; λmax = 611 nm (experimentally 
obtained) was manufactured by Kem light Laboratories 
PVT, India. 0.5 g weighed quantity of the dye was dissolved 
in 1000 mL deionized water to prepare stock solution. 
Experimental solutions of the desired concentration were 
obtained by dilution of stock solution.

2.6 � Batch adsorption experiment

Effects of initial solution pH (3–12), contact time 
(5–60 min), AgNPs adsorbent concentration (0.4–2.0 g), 
initial MG dye concentration (50–300 mg/L) and tem-
perature (30–50  °C) on the adsorption process were 
studied in batches. The pH of the adsorbate solution was 
adjusted with 0.1 M HCl or 0.1 M NaOH. AgNPs (1.0 g) 
was weighed and added to 20 mL of 200 mg/L MG solu-
tion in a 100-mL conical flask. The flasks were shaken in a 
thermo-stated shaker at 130 rpm for 30 min. The solution 

was centrifuged at 20,000 rpm for 10 min. Samples were 
taken from the flasks after a given time to analyze the 
concentration of malachite green in the solution. The 
residual amount of malachite green in each flask was 
investigated using UV–VIS spectrophotometer (SHI-
MADZU Brand UV-3000) at λmax of 611.0 nm. The amount 
of dye adsorbed per unit AgNPs, qe(mg dye/g adsorbent) 
was calculated according to a mass balance on the dye 
concentration using:

where C0 and Ce (mg/L) are the dye concentrations at ini-
tial and at equilibrium, respectively. V is the volume of the 
solution (L) and m is the mass (g) of AgNPs adsorbent used.

2.7 � Adsorption isotherms and kinetic modeling

The Adsorption isotherms were studied on the adsorption 
of MG dye on AgNPs using adsorption models like Lang-
muir, Freundlich, Tempkin and Dubinin–Radushkevich 
(D–R). The theory behind these isotherm equations have 
been discussed extensively [17]. The suitability of the iso-
therm equations to the equilibrium data obtained were 
compared by accessing the correlation coefficients, R2 and 
residual sum of the squares (RSS). Linear regression was 
carried out by using OriginPro 2017 from OriginLab.

Adsorption kinetics studies provide vital information 
with regards to the time needed for reaching equilibrium, 
rate of adsorption process and adsorption potential rate 
limiting steps. The adsorption kinetics of adsorption of MG 
dye on AgNPs was investigated using pseudo-first order, 
pseudo-second-order, Elovich and intraparticle diffusion 
models. The equations and theory of the kinetic models 
have also been discussed extensively in literature [17].

2.8 � Residual square of sums (rss)

Believed to be one of the most widely used error func-
tion was used to evaluate the best fit isotherm model. 
This error is represented as:

where qeCalc (mg/g) is the theoretical concentration of 
MG dye on the AgNPs, calculated from one of the iso-
therm models. qeExp (mg/g) is the experimentally meas-
ured adsorbed solid phase concentration of the MG dye 
adsorbed on AgNPs.

(2)qe =
C0 − Ce

m
× V

(3)�2 =

n
∑

i=1

(

qeCalc − qeExp
)2
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2.9 � Nonlinear Chi–square test (χ2)

This is one of the error analysis carried out to determina-
tion of the best fit of an adsorption system. The value of 
this function can be obtained from the equation:

The best fit kinetic model was validated with non-linear 
Chi–square test (χ2) and correlation coefficient (R2). R2 of 
the best fit model must be the closest to 1. Also, similarities 
between experimentally determined and calculated data 
expressed using non-linear Chi–square test (χ2) must be 
relatively low.

3 � Results and discussion

3.1 � Moisture content and UV–visible spectroscopy

The moisture content of Vigna unguiculata stem was deter-
mined by oven drying and was found to be 25.89 ± 0.51%. 
The synthesis of AgNPs was visually confirmed by a change 
in colour of the silver nitrate solution into a dark brown-
coloured solution. The colour change is due to vibration 
of the metal nanoparticles in the electronic energy lev-
els, leading to the emergence of SPR bands character-
istic to the metal. A characteristic wavelength band at 
450–460 nm (455 nm) further confirmed the formation of 
AgNPs (Fig. 1). The absorbance increased with time, con-
noting the formation of larger particles, in consonance 
with Smith et al. [18] who suggested that the longer the 
reaction time, the larger the nanoparticle size.

(4)�2 =

n
∑

i=1

(

qeCalc − qeExp
)2

qeExp

The close proximity of the conduction band and valence 
band in silver nanoparticles, like most noble metal nano-
particles, allows easy oscillation of free electrons between 
the bands giving rise to a surface plasmon resonance (SPR) 
absorption band. The phenomenon, Surface Plasmon 
Resonance, occurs as a result of collective oscillation of 
free electrons of the nanoparticles in resonance with the 
frequency of the incident light wave, usually in the vis-
ible or UV region, interacting with the nanoparticles. Fun-
damentally, SPR absorption peaks are exclusive to metal 
nanoparticle only thereby making the existence of SPR 
peak a fingerprint of metal nanoparticle formation. Shift 
in SPR bands towards the red end or blue end depends on 
particle size, shape, state of aggregation and the surround-
ing dielectric medium [19].

3.2 � Fourier transform infra‑red (FTIR) analysis 
of the AgNPs

The spectrum showing the functional groups present in 
the synthesized AgNPs from Vigna unguiculata L. stem is 
as shown in Fig. 2. The possible biomolecules in the AgNPs 
showed characteristic absorption bands at wave numbers 
(cm−1) 3413.46, 2927.64, 1592.17, 1388.48, 1023.64, 612.5, 
539.54. The absorption peaks were assigned N–H stretch-
ing in alkaloids; C–H stretching vibrations; –C=C– in the 
aromatic rings of the biomolecules or possible –N–H bend; 
–C–N– stretching vibrations of amine, –C–O– stretching 
vibrations and bands 612.5, 539.54 cm−1 due to –C–Br– or 
–C=C– benzene vibrations. The observed peaks suggested 
the capping of the nanoparticles by alkaloids present in 
Vigna unguiculata L. stem.

In addition, Fig.  2 showed the superimposed FTIR 
spectrum of the AgNPs before and after adsorption. 
The spectra indicated the bands remained essentially 

Fig. 1   UV–Vis Spectra of AgNPs Fig. 2   FT-IR spectrum of AgNPs before and after adsorption
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unchanged even after the adsorption. Therefore, the 
FTIR spectra suggested that electrostatic interactions 
between the adsorbate molecules and AgNPs adsorbent 
surface is predominantly responsible for the adsorption 
of MG dye.

3.3 � Scanning electron microscopy (sem)‑energy 
dispersive x‑ray (EDX)

The surface morphology and elemental composition 
of AgNPs was obtained by SEM and EDX analysis. Fig-
ure 3 showed the SEM image of the synthesized AgNPs. 

Fig. 3   The SEM-EDX micrograph of synthesized AgNPs
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The resolution limit of the SEM prohibits distinguishing 
individual AgNPs, thus the size of the nanoparticles that 
assembled into spheres could not be estimated accu-
rately. EDX analysis provides the elemental composition 
of sample. Figure 3 also showed the elemental composi-
tion of unloaded AgNPs. The results revealed sharp peaks 
of the elements Ag, C and smaller peaks of the elements 
such as, Si, K, and O. The elemental analysis (%) showed: 
Ag, 60.10; Si, 1.40; C, 30.70; K, 0.70 and O, 7.10.

3.4 � X‑ray diffraction (XRD)

The AgNPs synthesized from Vigna unguiculata L. stem 
extract were confirmed by the characteristic peaks 
observed in the XRD micrograph (Fig. 4). The diffracted 
intensities were recorded from 20° to 80°. Four strong 
Bragg reflections corresponds to the planes of (100), 
(101), (110), and (222) that can be indexed according to 
the facets of face centered cubic crystal structure of sil-
ver. The inter-planar spacing (dcalculated) values are 2.336, 
1.955, 1.436 and 1.224 Å for (100), (101), (110) and (222) 
planes respectively and matched with standard silver 
values. The Debye–Scherrer formula was used to calcu-
late the average crystalline size,

where D is the average crystalline size of the nano-parti-
cles, k is geometric factor (0.9), λ is the wavelength of X-ray 
radiation source and β is the angular FWHM (full-width at 
half maximum) of the XRD peak at the diffraction angle 
θ. The calculated average crystalline size of the AgNPs is 
~ 25 nm.

(5)D =
k�

� cos �

3.5 � Effect of pHpzc of adsorbent and pH of adsorbate

The pH of the adsorbate solution plays a pivotal role in 
adsorption as it influences the surface charge of the adsor-
bent and mobility of the adsorbate [20]. The effect of pH 
of adsorbate (MG) on its adsorption using AgNPs is repre-
sented in Fig. 5. The pHpzc for AgNPs was found to be 8.6 
from the point of intersection with the pHi axes as repre-
sented in Fig. 6. The point of zero charge (pHpzc) is the pH 
where the net charge on the adsorbent surface, in this case 
AgNPs, is zero. From experimental data, it was found that 
the adsorption capacity, qe (mg/g) increased from 17.65 
to 80.39 at pH 3 to 9 after which it remained constant and 
then dropped at pH 12.

Based on the concept of pHpzc, at pH above the pHpzc, 
the surface of the adsorbent will be predominantly 
negatively charged while net positive charge would be 
obtained when solution pH is below the pHpzc. At pH 
less than 8.6, the adsorbent surface was highly cationic 
and electrostatic repulsion is experienced between the 

Fig. 4   XRD micrograph of synthesized AgNPs

Fig. 5   Effect of pH on the adsorption of MB by AgNPs

Fig. 6   Determination of pH of point of zero charge of AgNPs
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adsorbent and adsorbate resulting a low adsorption 
capacity. At pH 9, AgNPs surface becomes anionic which 
favors the adsorption of cationic dyes due to increase in 
electrostatic force of attraction.

3.6 � Effect of contact time

The effect of contact time is one of the most important 
factors in batch adsorption process as it ensures that the 
equilibrium of the adsorbent–dye system is attained. The 
effect of contact time is summarized in Fig. 7. The per-
centage removal and adsorption capacity (qe) at a time (t) 
increased rapidly with an increase in contact time initially, 
and thereafter a contact time of 40 min beyond which no 
noticeable change was observed. The rapid dye adsorp-
tion at the initial stage is believed to be as a result of the 
availability of vacant sites on the adsorbent surface at 
the beginning of the adsorption process which gradually 
became scarce over time until the point where all possible 
adsorption sites were occupied. At which point, equilib-
rium is reached between the adsorbent and the dye. This is 
in agreement with the trend reported by Azeez et al. [20].

3.7 � Effect of temperature

The temperature dependency of the adsorption of MG dye 
on AgNPs is represented in Fig. 8. The adsorption capac-
ity decreased from 37.25 to 7.84 mg/g as the temperature 
increased from 30 to 50 °C. This phenomenon suggests 
that the adsorption process is an exothermic one and 
that low temperature is the most favourable condition for 
adsorption of MG dye using AgNPs. This observation may 
be as a result of increased entropy and mobility of the mol-
ecules of the dye with increase in temperature.

3.8 � Effect of initial dye concentration

The impact of initial dye concentration is the basis for all 
adsorption isotherm models. Figure 9 showed an upward 
trend of the MG dye adsorption (qe) with increase in con-
centration. At higher dye concentration, the dye mol-
ecules were adsorbed more than lower concentrations as 
more dye molecules were available for interaction with 
the adsorbent sites. The percentage of MG removed how-
ever decreased after 200 mg/L and the concentration of 
200 mg/L was used for other batch experimental studies.

3.9 � Effect of adsorbent concentration

Concentration of the adsorbent determines the adsorption 
capacity of an adsorbent for a given initial concentration of 

Fig. 7   Effect of contact time on the removal of MG by AgNPs

Fig. 8   Effect of temperature on the removal of MG by AgNPs

Fig. 9   Effect of initial dye concentration on the removal of MG by 
AgNPs
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the adsorbate at given operating conditions. The effect of 
adsorbent concentration on adsorption of MG was studied 
in range 0.4–2.0 g. Figure 10 showed that the percentage 
MG removal increased from 15.69 to 50% as the concentra-
tion of adsorbent increased from 0.4–2.0 g. The observed 
trend is attributed to an increase in adsorbent surface and 
the number of sites available for adsorption [17].

3.10 � Adsorption isotherm evaluation for MG dye 
removal using AgNPs

For accurate examination of the relationship between the 
amount of MG dye adsorbed and its concentration, Lang-
muir, Temkin, Freundlich and Dubinin–Radushkevich iso-
therm models were employed. The parameters obtained 
from the plots are represented in Table 1. Correlation coef-
ficient (R2) and the residual sum of squares (RSS) were used 
to determine which model best describes the adsorption 
process. The closer the R2 to unity and the lower the RSS 
values, the better the agreement between experimental 

data, and model. At which point we can describe the iso-
therm as being the best fit to describe the adsorption pro-
cess. Comparing R2 and RSS for each isotherm, the Lang-
muir isotherm best fits the adsorption of MG dye using 
AgNPs. This implies the adsorption process is a monolayer 
and homogenous adsorption with finite number of avail-
able adsorption sites possessing equal affinity for adsorb-
ate molecules and also with neighboring adsorbate mole-
cules in no way interacting with each other. The value of RL, 
which is an indicator of the favorability of the adsorption 
process, was calculated for Langmuir adsorption constant 
(KL). As shown in Table 1, RL is 0.809192 (0 < 0.809192 < 1), 
confirming that the adsorption process was favorable.

3.11 � Adsorption kinetics

The controlling mechanism and rate of the adsorption of 
MG dye unto AgNPs were studied in order to understand 
the adsorption kinetics. The parameters obtained for 
Pseudo-first-order, Pseudo-second order, Elovich kinetic 
models, and intra-particle diffusion model are shown 
in Table  2. Correlation coefficient (R2) and non-linear 
Chi–square test (χ2) were used to explore the similarity 
between experimental and calculated data. The model 
that best describes the adsorption process must have 
R2 values closest to unity and a relatively low (χ2) value. 
Comparison of correlation coefficients of pseudo-first 
order, pseudo-second order and Elovich kinetic models 
(Table  2) show that pseudo-first order best describes 
the mechanism and rate of adsorption of MG on AgNPs. 
Equally important, the lower value of χ2 further confirms 
pseudo-first order as the best fit kinetic model. This sug-
gests that the adsorption of MG dye on AgNPs may be 
inclined towards physisorption [17].

Intra-particle diffusion, among other factors, controls 
the rate of adsorption. The possibility of intra-particle 
diffusion having an influence on the adsorption process 
was studied (Table 2). The rate controlling step in the 
adsorption process was further investigated using the 
Elovich model (Table 2). The linear plot for intra-particle Fig. 10   Effect of adsorbent dose on the removal of MG by AgNPs

Table 1   Adsorption isotherms 
parameters for the removal 
process onto AgNPs

Isotherms Equation R2 RSS Constants Values

Langmuir 1

qe
=

1

qmax

+
1

CeqmaxKL

0.99194 5.23541 × 10−5 qmax (mg/g) 268.82
KL 7.86 × 10−4

RL 0.81
Temkin qe = B ln A + B ln Ce 0.95974 57.84293 B 25.15

A 0.03
Freundlich log qe =

1

n
log Ce + log Kf 0.97684 0.01003 n 0.9869

Kf 0.22
D-R ln qe = ln q0 − βε2 0.85524 0.26602 β 480.14

Q0 43.61
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diffusion model has a correlation coefficient R2 of 
0.92937 which indicates the involvement of intra-par-
ticle diffusion in the adsorption process. However, the 
linear plot did not pass through the origin, suggesting 
that intra-particle diffusion was not the sole rate-deter-
mining step. The Elovich plot also did not pass through 
the origin, thus corroborating the suggestion. Therefore, 
surface adsorption and intra-particle diffusion occurred 
concurrently during adsorption process. From intrapar-
ticle diffusion, the larger the intercept value of C, the 
greater the boundary layer diffusion effect [20–22].

4 � Conclusion

This report shows a novel route for the synthesis of 
AgNPs using stem extract of readily available, Vigna 
unguiculata L and its application as adsorbent for mala-
chite green (MG). The synthesized AgNPs was charac-
terized using UV–Vis Spectroscopy, FTIR, SEM and XRD. 
The Initial pH, contact time, initial dye concentration, 
adsorbent concentration and temperature affected the 
adsorption process. Batch adsorption of MG dye was 
also carried out on the synthesized AgNPs. Adsorption 
isotherm and kinetic models were used to describe the 
adsorption process. Langmuir isotherm was the best fit 
for the experimental data with maximum monolayer 
adsorption capacity of 268.82 mg/g. The adsorption fol-
lowed Pseudo-first-order kinetics and was controlled 
by intra-particle diffusion and surface adsorption. The 
synthesized AgNPs can be used as adsorbent for MG, 
however, the relatively low percentage removal (21.6% 
at 200 mg/L) of MG dye suggest that silver nanoparticle, 
synthesized from Vigna unguiculata L. stem, alone may 
not be sufficient in the complete adsorption of MG dye.
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