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a b s t r a c t

In this paper, a novel bio-functional nanomaterial was synthesized based on beauveria bassiana. SEM 
characterization showed that there were two classic morphologies, including nanospheres formed 
by the spore of beauveria bassiana and nanowires originated from the hyphae of beauveria bassiana. 
The experiments were carried out including effect of pH, contact time and Cd(II) initial concentra-
tion. Substantial ascent for Cd(II) adsorption capacity by beauveria bassiana was observed from pH 
3 to 5. With the increase of pH, there was no significant change in the cadmium adsorption. The 
pseudo-second-order model better presented the adsorption kinetic process. It could be concluded 
that the dominant mechanism was the chemical adsorption. The Freundlich model could better fit 
the adsorption isotherms than Langmuir model. The TEM, FT-IR, XRD and XPS analyses were car-
ried out to investigate the adsorption mechanism. TEM characterization showed that Cd(II) element 
was detected on the surface of nanosphere within amorphous morphology. FT-IR spectra analy-
sis showed that some individual functional groups of the novel bio-functional nanomaterials have 
changed obviously before and after adsorption. XRD patterns showed that peaks of 2θ = 13°, 2θ = 46° 
and 2θ = 75.5° have disappeared. The reason might be that organic groups of the sample changed 
due to the adsorption of Cd(II) ions. Based on these results, the adsorption mechanisms could be 
explained as the formation of Cd(OH)2 and CdCO3 precipitation on the surface of the adsorbent by 
XPS spectra analysis. The results provided an excellent potential application for the waste fungi pro-
duced by the fermentation industry, and provided an important material for the removal of heavy 
metal ions from wastewater.
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1. Introduction

Water contaminated by toxic heavy metal ions such 
as Cd(II) have becoming a major environmental problem 
because of its potential accumulation, non-biodegradabil-
ity. High toxicity in water and soil ecosystems results in a 
hazardous effect on all living organisms [1,2]. Moreover, 
the accumulation of cadmium in human bodies can cause 
itai-itai disease and chronic disorders of the liver, kidney, 
nervous, and cardiovascular systems [3]. Rapid indus-

trialization was considered as the release of wastewater. 
Although the usage of cadmium in the industry have been 
strictly limited, and the demand for cadmium have been 
reduced year by year, cadmium compounds were still 
applied in various fields such as pigments [4], batteries [5], 
solar photocatalysis [6], and elec-trowinning. In some areas, 
toxic heavy metal ions have still been discharged into the 
water and soil ecosystems without any treatment [7–10]. As 
a result, the removal of Cd(II) ions from water and soil have 
become a very important issue for environmental protec-
tion and human health [11,12].
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The existing technologies for the elimination of heavy 
metals from wastewater included chemical precipitation, 
phyto-extraction, ion exchange, membrane filtration and 
adsorption [13–18]. Most of these methods took multiple 
consecutive steps. Therefore, the average removal effi-
ciency was expensive [19]. Among them, adsorption was 
commonly considered as one of the most proficient tech-
niques due to its apparatus simplicity, high efficiency pro-
cess, and low costs [20,21]. As early as the 1970s, there were 
researches about biological adsorbents for wastewater treat-
ment [22]. Gadd and Griffiths [23] carried out the research 
to examine the nature of the interactions between microbes 
and heavy metals, and attempted to clarify the environ-
mental and microbial processes underlying resistance or 
tolerance. The wasting fungi produced by the fermentation 
industry were potential adsorbents for the adsorption of 
heavy metal contaminants [24]. Yang et al. [25] developed 
a reclaimable adsorbent of fungus hyphae-supported alu-
mina (FHSA) bio-nanocomposites, finding that the FHSA 
had potential applicability in fluoride removal. Natarajan 
et al. [26] carried out a research that a waste fungal biomass 
consisted of aspergillus niger grown on wheat bran in a sol-
id-state fermentation process, and this waste have been effi-
ciently used in the removal of toxic metal ions such as iron, 
calcium, nickel and chromium from aqueous solutions. It 
meant that a large number of low-cost fungi can be obtained 
from fermentation industry. In many cases, these abundant 
fungi cells were unwanted byproducts, and these fungi 
cells were hoped to be turned into treasure. There were a 
large amount of functional groups in the fungal cell wall 
contributing to fungal strong adsorption function such as 
sulfonate, amino, carboxyl, hydroxyl and sulfate groups 
[27]. Azin and Moghimi [28] indicated that dye removal 
was performed through biosorption process. Hydroxyl and 
amine groups in the cell wall polymers had the main role 
in dye biosorption. Park et al. [29] found that the inactiva-
tion of aspergillus niger can reduce more toxic Cr6+ to almost 
non-toxic Cr3+. If the time was long enough, Cr6+ was no 
longer present in the aqueous solution, even all the Cr6+ 

adsorbed on the mycelium surface would be transformed to 
Cr3+. Dwivedi et al. [30] discussed two fungi aspergillus fla-
vus and aspergillus niger as biosorbent for removal of heavy 
metals from wastewater and industrial effluents containing 
higher concentration of heavy metals. Siddiquee et al. [31] 
discussed about the tolerance and biosorption capacity of 
filamentous fungi (Trichoderma harzianum, T.aureoviride and 
T.virens) on Zn2+, Pb2+, Ni3+ and Cu2+. Their results indicated 
the possibilities for the clean-up of heavy metals by using 
bio-functional materials. Therefore, bio-functional materi-
als obtained based on fungi, bacteria, and so on, did have a 
certain heavy metal adsorption capacity.

Beauveria bassiana belongs to the Eumycota, Deutero-
mycotina, Hyphomycetales, Moniliales, Moniliaceae, Beau-
veria. At present, the research on beauveria bassiana mainly 
focused on the field of biological characteristics and agri-
cultural biocontrol. Beauveria bassiana was an important 
broad-spectrum insect entomopathogenic fungi. Berestets-
kiy et al. [32] found that the extracts of the Beauveria bas-
siana and B. pseudobassiana exhibited a broad spectrum of 
biological activity. It was also one of the widely studied and 
applied entomogenous fungi around the world, accounting 
for about 21% of the total number of entomogenous fungi 

[33]. In this study, the bio-functional materials based on 
beauveria bassiana were successfully synthesized by a fac-
ile and simple method. And then, the novel bio-functional 
material was analyzed by Fourier transform infrared (FT-IR) 
spectra, X-ray diffraction (XRD) measurements, X-ray pho-
toelectron spectroscopy (XPS) analyses, scanning electron 
microscope (SEM), and Transmission electron microscopy 
(TEM) images. Furthermore, the adsorption capacity of 
such novel bio-functional material was evaluated by using 
Cd(II) as a model of heavy metals. The experimental results 
provided an important reference for beauveria bassiana as a 
bio-functional material for the removal of heavy metal ions 
from the wastewater, and also provided an outstanding 
potential application for the wasting fungi produced by the 
fermentation industry.

2. Experimental section

2.1. Synthesis of fungus Beauveria bassiana

A pure strain of beauveria bassiana was obtained from 
Central South University of Forestry and Technology, 
Changsha, China. The fungal isolate was maintained on 
slants of Potato-dextrose-agar (PDA). And freshly revived 
cultures were used for the synthesis of bio-functional mate-
rials. The PDA medium was sterilized at 121°C for 30 min 
using a high-temperature moist heat sterilization method. 
After the ultra-violet (UV) sterilizing above the operating 
room and console for 20 min, a flat plate with 12 cm of diam-
eter was poured with the PDA. After the flat plate cooled, 
the beauveria bassiana was inoculated and cultured for seven 
days. A small amount of beauveria bassiana spores were 
picked by a vaccination needle to observe under 40 times 
microscope. Beauveria bassiana were successfully cultured 
if a large number of spores were observed under 40 times 
microscope. After preparation of beauveria bassiana were 
sufficient, the beauveria bassiana obtained above was worked 
into spore powder under minus 80°C using a freeze-drying 
method. After BET test, the specific surface area of beauveria 
bassiana was 37.24 cm3/g. And then, the samples prepared 
above were used to carry out the next adsorption kinetic 
and isotherms. 

2.2. Chemicals

Cd(II) chloride (Ca(Cl)2×2.5H2O), sodium hydroxide 
(NaOH), hydrochloric acid (HCl) were purchased from 
China national pharmaceutical group corporation. The 
deionized (DI) water was used in all experiment.

2.3. Instruments

The Cd(II) ion detection was carried out on an Atomic 
absorption spectrometer (Thermo solaarmb, USA) with an 
air-acetylene burner. The operating parameters for Cd(II) 
were set as recommended by the manufacturer. A pH meter, 
the Amtast AMT12 (USA) model glass-electrode, was 
employed for measuring pH values in the aqueous phase. 
Scanning electron microscope (SEM) (Ultra 55, Germany) 
was used to analyze the size and morphology of the sample 
in this work. To understand the adsorption mechanism of 
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Cd(II) on bio-functional material based on beauveria bassi-
ana, Fourier transform-infrared spectrometry (FT-IR) spec-
trophotometer in range of 400–4000 cm–1 with the KBr disk 
method (Thermo Nicolet 5700, USA) was applied to iden-
tify the surface functional groups. The structures of samples 
were analyzed by an X-ray powder diffractometer (XRD) 
(Bruker D8 Advance, Germany) with Cu Kα radiation at 40 
kV and 40 mA in a scanning range of 10º–90º (2θ). XPS anal-
yses were performed with an Axis ultra spectrometer (Kra-
tos Analytical Ltd.) using aluminum (Al) monochromatic 
X-ray source (AI Ka = 1486.6 eV) at 25°C in a high vacuum 
environment (approximately 5 × 10–9 tor). All the binding 
energies were calibrated by using containment carb on the 
C1s (284.8 eV). TEM images were obtained on a Tecnai G2 
F20 S-TWIN with an accelerating voltage of 100 kV.

2.4. Adsorption experiment

In the experiments, the 15 mg/L, 30 mg/L, 40 mg/L, 
50 mg/L, 60 mg/L, 70 mg/L and 90 mg/L of Cd(II) stock 
solution were prepared by dissolving an amount of Cd 
(Cl)2 × 2.5H2O into DI water, respectively. The pH optimi-
zation experiments were performed in a 30 mL of 50 mg/L 
Cd(II) solution contained in a 250 mL conical flask with 
0.2000 g of bio-functional material based on beauveria bassi-
ana. The conical flask was placed on an orbital shaker at 180 
rpm for 360 min (Hanuo instrument SHA-B, China). These 
experiments have been performed from pH 3 to 8. The 
adsorption kinetic experiment was performed with 0.2000 
g of the sample poured in a conical flask including 30 mL 
of Cd(II) (50 mg/L) with pH 5. The conical flask was placed 
on an orbital shaker (Hanuo instrument SHA-B, China) at 
180 rpm for 15 min, 60 min, 120 min, 300 min and 720 min, 
respectively. The adsorption thermodynamics experiments 
were performed in a 250 mL conical flask with 0.2000 g of 
the adsorbent and 30 mL of Cd(II) solution with 15 mg/L, 
30 mg/L, 40 mg/L, 50 mg/L, 60 mg/L, 70 mg/L and 90 
mg/L at pH 5, respectively. The reagent bottle was placed 
on an orbital shaker (Hanuo instrument SHA-B, China) at 
180 rpm for 720 min. The suitable pH of the Cd(II) solution 
was attained with 0.2 mol/L of HCl or 0.2 mol/L of NaOH. 
A 0.45 μm syring filter water membrane was applied to fil-
ter the suspension. To assess Cd(II) concentration, the filter 
solution was carried out on an Atomic absorption spec-
trometer(AAS). The adsorption capacity for Cd(II) uptake, 
Qe (mg/g), at equilibrium can be determined by the follow-
ing Eq. (1) [34]:

Q C C V Me i e= −( ) /  (1)

where Ci and Ce (mg/L) refer to Cd(II) concentration at ini-
tial and equilibrium, respectively; V (L) was the Cd(II) solu-
tion volume, and M (g) was the adsorbent mass.

In this kinetic study, Cd(II) adsorption amount (Qt) can 
be calculated by Eq. (2) [35,36]:

Q C C V Mt i t= −( ) /  (2)

where Ci and Ct (mg/L) were Cd(II) concentration at initial 
and time t (min), respectively; V (L) was the Cd(II) solution 
volume, and M (g) was the adsorbent mass.

2.5. Adsorption model fitting

In this work, the pseudo-first-order and pseudo-sec-
ond-order kinetic models were applied to describe the 
adsorption of Cd(II) ions onto bio-functional materials 
based on beauveria bassiana. The pseudo-first-order kinetic 
model was given as Eq. (3) [37,38]:

ln( ) lnQ Q Q K te t e− = − 1  (3)

The pseudo-second-order kinetic model defined the 
adsorption mechanism. It can be articulated by the subse-
quent Eq. (4) [39,40]:

t Q K Q t Qt e e= +1 2
2  (4)

where Qt and Qe (mg/g) were the amounts of the metal 
adsorbed at time t (min) and equilibrium, respectively. K1 
(1/min) was the rate constant of pseudo-first-order, and K2 
(g/(mg×min)) was the rate constant of pseudo-second-or-
der models.

The intra-particle-diffusion model (IPD model) was 
proposed to determine whether Intra-particle diffusion was 
the rate limiting step. It can be articulated by the subse-
quent Eq. (5) [41]:

Q K t Ct id= +0 5.  (5)

where Kid was the Intra-particle diffusion rate constant (mg/
(g×min0.5)), C was a constant related to the boundary layer 
thickness. If the rate limiting step was the Intra-particle diffu-
sion, the plot of Qt against the square root of time should be a 
straight line and should pass through the origin (C = 0). Other-
wise, the deviation of the plot from the linearity indicated the 
rate-limiting step should be boundary layer (film) diffusion.

Most adsorption data can be suitably expressed using 
either Langmuir or Freundlich model, and the linearized 
form of these models can be demonstrated in Eq. (6) [42,43] 
and Eq. (7) [44,45]:

C Q K Q C Qe e L e= +1 max max  (6)

ln ln lnQ K n Ce f e= + 1   (7)

where Qe was the solid phase equilibrium concentration and 
Ce was equilibrium concentration of the metal ions (mg/L). 
Qmax was the maximum sorption capacity (mg/g), and KL 
was a constant related to binding energy of the sorption 
system (L/mg). The KL and Qmax can be obtained from the 
intercept and slope of the linear plots when Ce/Qe results in 
a fairly straight line. Also, Kf and 1/n were related to the Fre-
undlich equilibrium constant. Kf (mg/g)(mg/L)1/n was the 
Freundlich constant linked with the relative capacity, and n 
corresponded to adsorption intensity.

3. Results and discussion

3.1. Characterization of bio-functional materials

3.1.1. SEM characterization

Fig. 1 shows the SEM images of bio-functional materi-
als. As illustrated in Fig. 1a, there were two classic morphol-
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ogies in the visualization of samples. One was in the form of 
nanosphere formed by the spores of beauveria bassiana and 
another one was in the form of nanowire originated from 
the hyphae of beauveria bassiana. Thus, the bio-functional 
materials would be named as BB Nanomaterials in this 
work. The diameter of nanospheres were between 460–760 
nm. It can be observed obviously the nanospheres attached 
around the nanowires, as a result of that the spores of beau-
veria bassiana fall off from the hyphae of beauveria bassiana, 
during the synthesis of the sample. Fig. 1b shows the attach-
ment phenomena that six nanospheres arranged around 
the nanowire in the form of monolayer and non-uniform. 
The diameters of nanospheres were approximately 580 
nm. While, the width of nanowire was approximately 500 
nm and the length was 5.5 um. As presented in Fig. 1c, the 
nanosphere of BB Nanomaterials emerged in the form of 
spherical. In general, the adsorption of metal ions from 
solution was influenced by surface chemistry, sorbent sur-
face and precipitation reactions [46]. The surface of the BB 
Nanomaterials was rough, which could effectively increase 
the specific area and increase the adsorption capacity of the 
sample. The reason for that might be due to the dehydration 
in the freeze-drying process of beauveria bassiana.

3.2. Removal of Cd(II) by bio-functional materials

3.2.1. Effect of pH 

pH played a significant role in heavy metal removal by 
fungus [47], which could affect the speciation of the metal in 
the solution as well as the surface properties of the fungus. 
Generally, pH could affect adsorption capacity by affecting 
ion exchange and metal deposition reactions, or by influ-
encing the electric charge density of the surface to facilitate, 
or hinder electrostatic interactions to influence metal ion 
concentrations in aqueous solution [48]. To determine the 
effect of the initial solution pH on Cd(II) adsorption with 
the BB Nanomaterials as adsorbent, the pH from 3 to 8 of 
the aqueous solution were systematically carried out in the 
50 mg/L of Cd(II) aqueous solution for the contact time of 
360 min. The desired pH was adjusted by adding droplets 
0.2 mol/L of HCl or NaOH. As shown in Fig. 2, substantial 
ascent in Cd(II) adsorption capacity by beauveria bassiana 
was observed from pH 3 to 5. Cd(II) removal had no signif-
icant alternation from pH 5 to 8. Lower adsorption capacity 
at low pH might be ascribed to the association of hydro-

nium ions with the cell surface [49]. The hydronium ions 
with the cell surface generated a positive charge on the fun-
gus cell wall. Thus, BB Nanomaterials with positive charge 
on the cell wall created a repulsive force against Cd(II) 
ions in the solution. In general, Qe reached the maximum 
adsorption capacity after pH 5. Thus, pH 5 was selected as 
the optimum pH in this paper.

3.2.2. Adsorption kinetic and breakthrough test

Adsorption kinetics were necessary to investigate the 
adsorption efficiency of sorbents in the removal of Cd(II). 
Adsorption kinetic experiments are shown in Fig. 3. The 
adsorption capacity of Cd(II) raised up sharply in the first 
120 min and slowly reached saturation at approximately 
300 min. Three models including pseudo-first-order, pseu-
do-second-order and Intra-particle-diffusion equations 
were used to study the variations in adsorption with time. 
Through these methods, a proper mechanism to describe 
the adsorption of Cd(II) ions onto BB nanomaterials was 
observed. The data were obtained by fitting these mod-
els and tabulated in the Table 1. Based on the results, the 

Fig. 1. SEM images of BB Nanomaterials. (a) two classic morphologies of samples; (b) nanospheres arranged around the nanowire; 
(c) the nanosphere of BB Nanomaterials.

Fig. 2. Effect of aqueous solution pH on adsorption of Cd(II) (at 
298.1 K; adsorbent = 0.2000 g; pH = 3, 4, 5, 6, 7 and 8; C (Cd) = 
50 mg/L; V = 30 Ml; agitation speed = 180 rpm; contact time = 
360 min).
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pseudo-second-order model presented better correlation 
coefficient values (R2 = 0.9948) than those of the pseu-
do-first-order and Intra-particle-diffusion models because 
of a higher correlation. Furthermore, the experimental Qt 
values possessed good similarity with the theoretical ones. 
The pseudo-second-order model also better described the 
kinetics of Cu, Cd and Pb adsorption by the peat moss-de-
rived biochar [50,51], which assumed that the adsorp-
tion capacity was proportional to the number of chemical 
actively sites occupied on the sorbent [39]. Thus, it could be 
concluded that the dominant mechanism was the chemical 
adsorption that can be well attributed to the pseudo-sec-
ond-order kinetic model. In order to further supplement the 
kinetic experiments and verify the adsorption experiments. 
After ultrasonic breakthrough, the samples were used for 
adsorption experiments. As shown in Fig. 4, the adsorption 
capacity was 21.55 mg/g at 720 min, which was basically 
similar to the synthesized sample.

3.2.3. Adsorption thermodynamics

As was known to all, the fitting of adsorption isotherm 
equation to experimental data was often an important 
aspect of data analysis [52,53]. The most important infor-
mation that disclosed the adsorbate molecules distribution 
between the solid and the liquid phases could be provided 
by the adsorption isotherm when the adsorption process 
approached equilibrium. A large number of studies have 
reported problems in linearization of isotherm equations 

which may lead to violation of the theories behind the iso-
therm [54–56]. To estimate the adsorption thermodynam-
ics, a different initial concentration of Cd(II) was prepared 
at pH 5. Also, the most appropriate time was 720 min at 
298.1 K. The adsorption isotherms are shown in Fig. 5. The 
adsorption capacity raised up drastically at first and then 
stayed unchanged. In this paper, the Langmuir and Freun-
dlich thermodynamics models were used to describe the 
adsorption actions and adsorption ability of Cd(II) ions 
onto the BB Nanomaterials.

3.3. Adsorption mechanism

3.3.1. TEM characterization

With the aim of collecting more information about the 
microstructure and morphology of the BB Nanomaterials, 
TEM have been employed for analyzing the elemental dis-
tribution and lattice distribution with the results shown in 
Fig. 6. EDX was used to analyze the elemental distribution 
in order to identify how Cd(II) ions was adsorbed onto BB 
Nanomaterials. Fig. 6a shows the structure of nanosphere 
very clearly and retained spore integrity. And, the surface 
of the spores was thick cell wall with rough wrinkles. Also, 
the diameter of the nanosphere was approximately 750 nm. 
As illustrated in Fig. 6b, Cd(II) element was detected on 
the surface of nanospheres, further proving that novel BB 
Nanomaterials that originated from beauveria bassiana can 
be used to remove heavy metal ions. As shown in Fig. 6c, 
HR-TEM had not obvious lattice, proving that the bio-func-

Fig. 3. Adsorption kinetic for adsorption of Cd(II) onto BB Nano-
materials (at 298.1 K; absorbent = 0.2000 g; C (Cd) = 50 mg/L; T 
= 15 min, 60 min, 120 min, 300 min and 720 min; V = 30 mL; 
agitation speed = 180 rpm; pH = 5).

Fig. 4. Adsorption kinetic for adsorption of Cd(II) onto nanopar-
ticles after ultrasonic breakthrough (at 298.1 K; absorbent = 
0.2000 g; C (Cd) = 50 mg/L; T = 15 min, 60 min, 120 min, 300 
min and 720 min; V = 30 mL; agitation speed = 180 rpm; pH = 5).

Table 1
Kinetic parameters for adsorption of Cd(II) onto BB nanomaterials

Pseudo-first-order Pseudo-second-order Intra-particle diffusion

K1 (min–1) Qe (mg/g) R2 K2 (g/mg min) Qe (mg/g) R2 Kid
C R2

0.1510 20.0893 0.9895 0.0208 20.5044 0.9948 0.5510 10.2654 0.2960
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tional materials have not form inorganic salt morphology. 
That was to say, there was no inorganic salt morphology 
of the BB Nanomaterials, proving that adsorption of Cd(II) 
onto the BB Nanomaterials had not significant effect on the 
composition of the bio-functional materials.

3.3.2. FT-IR and XRD analysis

FT-IR spectra of BB Nanomaterials before and after 
adsorption were obtained in the range of 500–4000 cm–1 
(as shown in Fig. 7a). FT-IR gave the possible information 
on functional group present on the cell surface and their 
interaction with the heavy metals. Significant, shift in the 
nature of FT-IR spectra bands of fungi grown with heavy 
metal were obtained. There are five individual adsorption 
peaks in Fig. 7a. The characteristic peak of the BB Nano-
materials before and after adsorption in Fig. 7a at 3416 cm–1 
representing primary and secondary amine and amide for 
N-H and O-H stretching vibration. The characteristic peak 
at 2924 cm–1 for lipid C-H stretching vibration area, whereas 
band at 1652 cm–1 was protein amide I band and amide II 
band mainly. The broad band at 1042 cm–1 was polysaccha-
ride and other carbohydrate molecules C-O-C and C-O-P 
stretching vibration band mainly. The broad band at R1 
and R2 regions BB Nanomaterials before and after adsorp-
tion had individually obvious change. The reason might be 
that organic groups of BB Nanomaterials changed due to 
the adsorption of Cd(II) ions onto BB Nanomaterials. The 
results in this paper were similar to the study of Gola et al. 
[47] and Kaushik et al. [47]. Moreover, small shifts in every 
wavelength were observed in presence of metal system, 
indicating the involvement of various functional groups.

Cd(II) was analyzed by XRD to define its crystal struc-
ture. XRD analysis was mainly used for mineral and other 
compound which had definite crystal structures. XRD pat-
terns for the BB Nanomaterials are presented in Fig. 7b. The 
different analyses were found that there were individually 
obvious changes of BB Nanomaterials before and after 
adsorption. And the changes were mainly reflected in S1, 
S2 and S3 regions. In the XRD pattern of the BB Nanomate-
rials after adsorption, peaks of 2θ = 13° in S1 region and 2θ 
= 75.5° in S3 region have disappeared. Also, a higher peak 
of 2θ = 46° has also disappeared in the XRD pattern of BB 
nanomaterials after adsorption, as illustrated in the region 
S2 in Fig. 7b. The reason might be that the disappearance of 
organic groups for BB Nanomaterials have been changed 
due to the adsorption of Cd(II) ions onto the BB nanoma-
terials.

Fig. 5. Adsorption thermodynamics for adsorption of Cd(II) 
onto BB Nanomaterials (absorbent = 0.2000 g; C(Cd) = 15 mg/L, 
30 mg/L, 40 mg/L, 50 mg/L, 60 mg/L, 70 mg/L and 90 mg/L; 
T = 720 min; V = 30 Ml; agitation speed = 180 rpm; pH = 5). (a) 
Adsorption thermodynamics for adsorption of Cd(II) onto BB 
Nanomaterials; (b) Freundlich model for adsorption of Cd(II) 
onto BB Nanomaterials; (c) Langmuir model for adsorption of 
Cd(II) onto BB Nanomaterials.

Fig. 6. (a) TEM image of the novel BB Nanomaterials; (b) EDX 
spectrum of the elemental distribution; (c) HR-TEM image of 
the novel BB Nanomaterials.
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3.3.3. XPS analysis

The XPS wide scan and different elements core-
level spectra of BB nanomaterials after adsorption were 
employed to further investigate the function group infor-
mation. The wide scan spectra for BB nanomaterials after 
adsorption are shown in Fig. 8a, which shows O 1s, Cd 
3d, C 1s, Si 2p and Al 2p signal with binding energy cen-
tered at 531.6 eV, 405.2 eV, 284.1 eV, 105.3 eV and 84.5 eV, 
respectively. This implied that Cd(II) ions have success-
fully conjugated in BB Nanomaterials after adsorption. As 
illustrated in Fig. 8b, two peak components of the Cd 3d 

core-level spectra of BB Nanomaterials after adsorption 
had binding energies at about 404.4 eV and 405 eV, which 
can be assigned to CdO (48.71 wt. %) and Cd(OH)2 (51.29 
wt. %) respectively, proving that BB Nanomaterials after 
adsorption have successfully adsorbed Cd(II) ions. More-
over, the XPS C 1s core-level spectra of BB nanomaterials 
after adsorption are shown in Fig. 8c. The binding energy 
centered at approximately 284.098 eV, 285.623 eV, 287.257 
eV and 286.401 eV can be assigned to C-C (45.37 wt. %), 
C=O (29.37 wt. %), CO3

2– (13.77 wt. %) and C-O (11.49 wt. 
%) species, respectively. The appearance of CO3

2– indi-

Fig. 8. XPS spectra of BB Nanomaterials after adsorption. (a) XPS spectra of BB Nanomaterials after adsorption of Cd(II); (b) Cd 3d 
spectra of BB Nanomaterials after adsorption; (c) C 1s spectra of BB Nanomaterials after adsorption; (d) O 1s spectra of BB Nanoma-
terials after adsorption.BB Nanomaterials.

Fig. 7. (a) FT-IR spectra of BB Nanomaterials before and after adsorption (black line represented BB Nanomaterials before 
adsorption; purple line represented BB Nanomaterials after adsorption). (b) XRD patterns of BB Nanomaterials before and 
after adsorption (black line represented BB Nanomaterials before adsorption; purple line represented BB Nanomaterials after 
adsorption).
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cated that CdO might exist in the form of CdCO3. And 
also, there were organic materials in BB nanomaterials. 
As shown in Fig. 8d, two peak components of the O 1s 
core-level spectra of BB Nanomaterials after adsorp-
tion had binding energies at about 531.038 eV, 532.04 eV  
and 532.928 eV, which could be assigned to C-O (57.22 
wt. %), metal oxide (36.3 wt. %) and C=O (6.48 wt. %) 
species respectively, further demonstrating BB Nanoma-
terials after adsorption have successfully adsorbed Cd(II) 
ions.

4. Conclusions

In this paper, one kind of novel BB nanomaterials 
of bio-functional material is synthesized on the PDA 
medium based on beauveria bassiana. SEM characterization 
show that there are two classic morphologies in the visu-
alization of samples, including nanosphere formed by the 
spore of beauveria bassiana and nanowire originate from 
the hyphae of beauveria bassiana. A batch of adsorption 
experiment is carried out including effect of pH, contact 
time and initial Cd(II) ions concentration. pH 5 is selected 
as the optimum pH due to the fact that Qe reached the 
maximum adsorption capacity after pH 5. In adsorption 
kinetic, the pseudo-second-order model better presented 
correlation coefficient values (R2 = 0.9948). It could be 
concluded that the dominant mechanism is the chemi-
cal adsorption. In adsorption thermodynamics, the Fre-
undlich model could better fit the adsorption isotherms 
than Langmuir model. In order to explain their adsorp-
tion mechanism, analyses of TEM, FT-IR, XRD and XPS 
are carried out. TEM characterization show that Cd(II) 
element is detected on the surface of nanosphere within 
amorphous morphology. FT-IR spectra analyses show 
that BB nanomaterials before and after adsorption have 
individually obvious changes. XRD pattern show that 
peaks of 2θ = 13° in S1 region, 2θ = 75.5° in S3 region and 
2θ = 46° in S2 region have disappeared. The reason might 
be that organic groups of BB Nanomaterials change due to 
the adsorption of Cd(II) ions onto BB nanomaterials. XPS 
spectra analyses imply that Cd(II) ions have successfully 
conjugated in BB nanomaterials after adsorption in form 
of CdCO3 and Cd(OH)2. In this paper, the preparation 
process of BB nanomaterials was complicated. However, 
the novel nanospheres/nanowires created from beauveria 
bassiana comes from the wasting fungi. It will be a sig-
nificant economical and environment-friendly approach 
for the reuse of wasting fungi. This work will provide an 
important material for the removal of heavy metal ions 
from the wastewater.

Table 2
Thermodynamics parameters for adsorption of Cd(II) onto BB 
Nanomaterials

Freundlich model parameters Langmuir model parameters

Kf (mg/g) 
(mg/L)1/n

n R2 KL 
(L/mg)

Qmax 

(mg/g)
R2

12.9880 0.1226 0.9957 0.8958 20.6604 0.9761
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