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Abstract The uranium contamination is a major envi-

ronmental problem. Biosorption is a potentially important

pathway for immobilization of uranyl cations (UO2
2?).

This study investigated the potentiality of utilization of

Bacillus mucilaginosus as a biosorbent for U(VI) removal

from aqueous solutions. Batch experiments were conducted

to examine U(VI) adsorption to B. mucilaginosus when pH,

sorption time, reaction temperature, biosorbent dosage,

initial U(VI) concentration were independently changed.

The Freundlich and Langmuir adsorption models were used

for the mathematical description of the adsorption equi-

librium. The accumulation process was highly pH depen-

dent within the pH range between 2.0–7.0. An initial

solution pH of 5.5 was most favorable for U(VI) removal.

Temperature over the range 25–45 �C had no effect on the

U(VI) biosorption. The U(VI) uptake was rapid within the

first 30 min and equilibrium was reached at 1 h. The U(VI)

removal efficiency increased concomitantly with increas-

ing biomass dosage, while the biosorption capacity

decreased. The biomass had an observed maximum U(VI)

biosorption capacity of 172 mg/g dry weight of biomass.

The biosorption process could be well defined by Langmuir

isotherms. The adsorption kinetics data were fitted very

well by the pseudo first-order rate model. The X-ray pho-

toelectron spectroscopy analysis confirmed that uranium in

the solution was immobilized onto the biomass during the

course of biosorption. The present results suggest that

B. mucilaginosus can be used as a biosorbent for an effi-

cient removal of U(VI) from aqueous solution.
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Introduction

Large amounts of uranium-bearing wastewater are gener-

ated every year during the mining, extraction, and pro-

cessing of uranium for nuclear fuel and weapons. In

particular, radioactive uranium commonly as one of the

major toxic contaminants released into the environment

during nuclear-related activities, predominates in the

hexavalent form ‘UO2
2?’, which is highly soluble and

mobile under oxidizing conditions, thereby posing a great

human health risk. Therefore, the elimination of uranium

from wastewater is essential to uranium pollution control.

Traditional physical or chemical remediation approa-

ches, such as lime neutralization, anion exchange and

activated aluminum, are not only prohibitively expensive

but can also be limited by poor extraction efficiency,

inhibitory competing ions and massive waste production.

Considering the high cost and technical limitations of

conventional approaches, there is a great need for cost-

effective alternatives to remove U(VI) contamination. It

should be pointed out that adsorption as a promising

innovative technology has been paid considerable attention

in recent years. Numerous experimental investigations

have been reported on the adsorption of U(VI) by minerals,

vegetations, and microorganisms [1–12]. Especially, many

researchers have been studying the biosorptive removal of
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U(VI) using various species of microorganisms, such as

actinomycetes, bacteria, fungi, and yeasts [13–18].

Bacillus mucilaginosus, also called silicate bacteria, is a

most common soil microorganism. Because it is capable of

degrading insoluble soil mineral compounds (silicates,

apatites, and phosphorites) with the release of mobile

potassium and water-soluble phosphorous, plus its capa-

bility to fixing nitrogen, it is widely used as a bio-fertilizer

stimulating plant growth. Much research has been con-

ducted concerning this bacterium on potassium releasing

from soil minerals as well as its application as a microbial

fertilizer [19–24]. In recent years, it has been found that B.

mucilaginosus can be employed in wastewater treatment to

remove various contaminants [25–30]. Their investigations

suggested that it was an excellent bacterium strain with

good adsorption effect and application prospect in waste-

water treatment. Most researchers deemed that B. muci-

laginosus can secrete extracellular polysaccharides with

particular chemical structures during their vital activity.

These substances are always biologically active and have

excellent flocculating activity. However, to the best of our

knowledge, the biosorption of U(VI) by B. mucilaginosus

has been rarely reported. The main focus of the present

work was to investigate the potential ability of U(VI)

biosorption by B. mucilaginosus. Of various factors

affecting the adsorption, pH, contact time, temperature,

initial U(VI) concentration and biosorbent dosage were

examined. Moreover, equilibrium models were used to fit

experimental data. The goal of this study is to evaluate the

feasibility of its use as a U(VI) biosorbent.

Materials and methods

Microorganism, chemicals and U(VI) stock solution

The dry B. mucilaginosus Krassilnikov (strain no. ACC

C10012) powder which contains ca. 1.2 9 108 living cells

per gram dry weight was purchased from Baolvyuan Bio-

technology Company, Beijing, China. The dry powder with

size smaller than 200 mesh was selected for subsequent

biosorption experiment without further treatment.

A stock solution of U(VI) (1 mg/mL) was prepared by

dissolving U3O8 in a mixture of HCl, H2O2 and HNO3. The

other concentrations were obtained from the stock solu-

tions by appropriate dilution. The U3O8 was supplied by

School of Nuclear Resources and Nuclear Fuel Engineer-

ing, University of South China. The other chemicals were

purchased from Sinopharm Chemical Reagent Company,

Shanghai, China. All chemicals used in this study were of

analytical grade. All experimental solutions were prepared

using distilled water.

Biosorption experiments

For all the biosorption experiments, 50 mL U(VI) solution

was mixed with a known amount of dry B. mucilaginosus

powder in a series of 250 mL conical flasks. The pH of the

U(VI) solution was adjusted as required using 1.0 mol/L

NaOH and 1.0 mol/L HNO3 before mixing with the bio-

mass. Then the experiments continued on a rotary shaker

(140 r/min). A sample of solution was withdrawn at suit-

able time intervals, centrifuged at 12,0009g for 15 min

and U(VI) was determined in the supernatant. The U(VI)

removal efficiency and adsorption capacity of U(VI) onto

the biomass were obtained using the following equations:

U VIð Þ uptake %ð Þ ¼ ðC0 � CÞ=C0 � 100% ð1Þ
Q ¼ ðC0 � CÞV=M ð2Þ

where Q (mg/g) is the adsorption capacity of U(VI) onto the

biomass, C0 and C (mg/L) are the concentrations of the

U(VI) in the solution before and after biosorption, respec-

tively, V (L) is the volume of the aqueous solution and

M (g) is the dry weight of the biosorbent. Uranium-free and

biosorbent-free blanks were used as controls. Each of the

experiment was repeated thrice and the average values were

obtained. The U(VI) concentrations in samples were

determined using a standard method given by Xie et al. [31].

The batch biosorption data were fitted with Langmuir

and Freundlich isotherms. The relative parameters were

worked out by linear regression analysis using Origin 8.0

software. The linearized Langmuir isotherm can be

expressed as,

Ceq

Qeq

¼ 1

Qmax

Ceq þ
1

bQmax

ð3Þ

The linearized Freundlich model can be expressed as,

ln Qeq ¼ ln KF þ
1

n
ln Ceq ð4Þ

where Qeq (mg/g) denotes the equilibrium adsorption

capacity, Qmax (mg/g) the maximum monolayer adsorption

capacity, Ceq (mg/g) the residual U(VI) concentration in

the solution at equilibrium, b (L/mg) the Langmuir con-

stant related to the energy of adsorption, KF (mg/g) the

Freundlich constant related to the adsorption capacity of

biosorbent, n the Freundlich exponent related to adsorption

intensity (dimensionless).

Kinetic modeling

In order to examine the kinetics of U(VI) uptake on

B. mucilaginosus biomass, the pseudo first-, second-order

kinetic models were used for analysis of adsorption

kinetics. The pseudo first-order equation, based on solid

capacity, is generally expressed as follows:
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dQt

dt
¼ k1ðQeq � QtÞ ð5Þ

The integrated form of above equation becomes,

Qt ¼ Qeqð1� e�k1tÞ ð6Þ

where Qeq and Qt (mg/g) are the amounts of adsorbed metal

per unit cell mass at equilibrium and after a contact time

t (min), respectively and k1 (min-1) is the rate constant of

pseudo first-order sorption. The value of the rate constant

(k1) and Qeq for the pseudo first-order sorption reaction can

be obtained by plotting Qt versus t as well as further

nonlinear regression analysis.

The pseudo second-order rate of Lagergren can be

expressed as follows [8]:

dQt

dt
¼ k2ðQeq � QtÞ2 ð7Þ

The integrated linear form of Eq. 7 can be expressed as

follows:

t

Qt
¼ t

Qeq

þ 1

k2Q2
eq

ð8Þ

where k2 (g/(mg min)) is the rate constant for the pseudo

second-order sorption. The value of the rate constant (k2)

and Qeq for the pseudo second-order sorption reaction can

be worked out by plotting t/Qt versus t as well as further

linear regression analysis.

X-ray photoelectron spectroscopy analysis (XPS)

The sample of B. mucilaginosus biomass incubated with

100 mg/L U(VI) solution for 1 h was centrifuged

(10,000 rpm, 10 min) to remove all supernatants. Then the

precipitation was further dehydrated by vacuum drying.

The dry and dehydrated samples before and after uranium

biosorption were characterized using XPS system (Thermo

ESCALAB 250, USA) with a monochromatic Al Ka X-ray

beam (energy = 1486.5 eV and power = 150 W). The

XPS spectra were recorded in the fixed analyzer trans-

mission mode with a pass energy of 20 eV and with energy

steps of 0.1 eV. This technique was employed to elucidate

the surface characteristics. A description of this technique

and its interpretation were reported by Briggs [32].

Results and discussion

Effect of pH

The solution pH is one of the most critical variable

parameters controlling the adsorption process as it influ-

ences the dissociation state of biosorbent site as well as the

water chemistry of soluble U(VI) cations [33]. In order to

search for the optimum pH for the biosorption process as

well as to find out whether the biomass was able to show a

good U(VI) uptake at extreme pH values, metal uptake was

studied at pH ranging from 2.0 to 7.0. As shown in Fig. 1,

initial solution pH significantly affected the equilibrium

U(VI) sorption capacity. Over the range tested, extreme

acid condition (pH 2.0) did not favor biosorption of U(VI).

As the pH increased, sorption of U(VI) increased and the

maximum loading for U(VI) was observed at pH 5.5. An

increase in pH beyond the optimum caused decline in

sorption of U(VI).

The reduced sorption at low pH could be attributed to:

(i) uranium mainly exists in the form of the simple uranyl

cations (UO2
2?) in an acid medium, which have high sol-

ubility and are unreadily to be sequestrated; (ii) large

quantities of protons compete with U(VI) cations for the

adsorption sites resulting in the reduced uptake of U(VI)

[5]. As the solution pH increases (up to 5.5), the formation

of dominant monovalent hydrolyzed U(VI) species, such as

UO2OH?, (UO2)3(OH)5
? reduced its solubility and

prompted binding affinity towards the bacterial surface,

hence adsorption capacity increases with increasing pH to a

certain limit [34]. On the other side, along with the

increasing pH, gradual dissociation of protons from func-

tional groups on the cell wall make the adsorbent surface

more negatively charged, therefore the adsorption of pos-

itively charged species is more favorable. At higher pH

(pH C 5.5), schoepite precipitation (4UO3�9H2O) occurs

which decreases the dissolved U(VI) concentration in

solution, and consequently leads to the reduced availability

of U(VI) sorption onto the biomass [35]. Based on this

result, all subsequent experiments were carried out

at pH 5.5.

2 3 4 5 6 7
0

20

40

60

80

100

U
(V

I)
 u

pt
ak

e 
ca

pa
ci

ty
(m

g/
g)

pH

Fig. 1 Effect of pH on U(VI) biosorption (initial uranium concen-

tration: 100 mg/L; temperature: 25 �C; biosorbent concentration:

1 g/L; contact time: 60 min)
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Effect of contact time and temperature

The contact time between the adsorbate and adsorbent is an

important parameter for designed adsorption process. As

shown in Fig. 2, the U(VI) removal efficiency increased

with time elapsed at early stage. The rate of metal uptake

during the entire period of biosorption was found to be

independent of initial U(VI) concentrations used. A larger

amount of U(VI) was removed rapidly in the first 30 min

during which about 90% of the total U(VI) was removed.

Subsequently the U(VI) sorption rate became slowly. The

sorption process reached an equilibrium state within

60 min after which no more metal were adsorbed by

the biomass. The above phenomena is probably due to the

larger surface area of bacteria at the beginning of the

adsorption and the exhaustion of surface adsorption sites at

late stage. The fast biosorption kinetics observed initially is

typical for biosorption process involving no energy-medi-

ated reactions and metal removal from solution is due to

purely physico-chemical interactions between biomass and

metal solution. The incubation time of 1 h was adopted as

the equilibrium time for all of the other experiments.

It appears that temperature affects biosorption of metal

ions, yet this is only for energy dependent mechanisms. To

investigate the effect of this parameter on the kinetics of

U(VI) biosorption, the following four temperatures were

chosen: 25, 35, 45 and 55 �C. As shown in Fig. 3, no

significant difference in U(VI) uptake was detected. This

phenomenon indicated that this process is temperature

independent, which is consistent with previous result while

studying uranium sorption by Pseudomonas sp. [36]. For

many biosorption processes, metal uptake is influenced to a

limited extent within a certain range of temperature

because physico-chemical processes such as ion exchange

exists largely in biosorption. Consequently, temperature

was found to have minor effect on the accumulation of

U(VI) in our experiment.

Effect of cell dosage

The percentage removal and adsorption capacity of U(VI)

by B. mucilaginosus at different biosorbent dosages

(0.2–2.0 g/L) for the initial U(VI) concentration 200 mg/L

is shown in Fig. 4. It was found that the percentage of

uranium removal increased concurrently with increasing

biomass dosage. When the biosorbent dosage increased

from 0.2 to 1.2 g/L, the percentage removal changed from

16.1 to 87.5%. This phenomena can be explained that the

number of available adsorption sites rise accordingly,
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Fig. 2 Effect of contact time on U(VI) biosorption (initial uranium

concentration: 50, 100 mg/L; temperature: 25 �C; biosorbent con-

centration: 1 g/L; pH: 5.5)
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Fig. 3 Effect of temperature on U(VI) biosorption (initial uranium

concentration: 100 mg/L; pH: 5.5; biosorbent concentration: 1 g/L;

contact time: 60 min)
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Fig. 4 Effect of cell dosage on U(VI) biosorption (initial uranium

concentration: 200 mg/L; temperature: 25 �C; pH: 5.5; contact time:

60 min)
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resulting in an increase of total adsorbed U(VI) concen-

tration. Further increase in biomass dosage from 1.2 to

2.0 g/L was unable to produce significant U(VI) removal

due to the low uranyl level in solution.

However, the adsorption capacity kept constant near a

maximum value (ca. 172 mg/g dry weight) at a lower cell

dosage ranging from 0.2 to 1.0 g/L (Fig. 4). This result

could be due to the saturation of sorption sites in the

bacterial surface. On the contrary, at a higher cell dosage

greater than 1.0 g/L, the adsorption capacity decreased

with increasing cell dosage (Fig. 4). This decrease in spe-

cific uptake values with increase in biomass dosage has

been explained by other researchers hypothesizing that

high biomass dosage causes formation of cell aggregates,

thereby reducing the effective biosorption area [37], or an

increase in biomass dosage leads to interference between

binding sites [38]. Similar results on the influence of the

biomass dosage on the U(VI) biosorption have been

reported for other microorganisms.

Effect of initial uranium concentration

The percentage removal and equilibrium adsorption

capacity at different U(VI) concentrations (50–400 mg/L)

are presented in Fig. 5. When the initial U(VI) concentra-

tion increased from 25 to 150 mg/L, the percentage

removal of U(VI) changed little keeping ca. 88%. How-

ever, the U(VI) removal efficiency decreased slightly at

lower U(VI) concentrations less than 150 mg/L, whereas

decreased sharply at higher U(VI) levels greater than

150 mg/L.

As shown in Fig. 5, the adsorption capacity of U(VI) by

B. mucilaginosus increased with increasing U(VI) concen-

tration. This increase may be due to higher probability of

collision between the metal ions and biosorbent particles,

which is driven by concentration gradients with the increase

of the initial U(VI) concentration. In other words, the initial

concentration gave a key driving force to conquer all mass

transfer resistance of uranium between the liquid and solid

phase. Therefore a relatively higher initial concentration of

U(VI) will promote the adsorption process. When the U(VI)

concentration was greater than 250 mg/L, the adsorption

capacity changed little, reaching a maximum U(VI) uptake

capacity ca. 172 mg/g. This phenomenon can be interpreted

that the adsorption sites were saturate since only a finite

number of surface adsorption sites were provided at higher

U(VI) concentrations.

Adsorption isotherm

There are several isothermal equations used in the literature

to describe the adsorption characteristics of an biosorbent.

In this study, two typical equilibrium isotherms, the

Langmuir and Freundlich models, were chosen to identify

which isotherm could better describe the equilibrium

adsorption of U(VI) onto the biomass. The Langmuir

model presumes that the biosorption process occurs on a

surface composed of a fixed number of adsorption sites of

equal energy, with one molecule adsorbed per adsorption

site until a monolayer coverage is obtained. Unlike the

Langmuir isotherm, the Freundlich equation presumes a

heterogeneous surface and deems that molecules binding

on a surface site will affect the adjacent sites.

Figures 6 and 7 reflect the linearized Langmuir and

Freundlich adsorption isotherms of U(VI) at different ini-

tial uranium concentrations as well as at different cell

dosages, respectively. The calculated results of the
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Fig. 5 Effect of initial U(VI) concentration on its biosorption

(temperature: 25 �C; pH: 5.5; biosorbent concentration: 1 g/L;

contact time: 60 min)
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Fig. 6 Langmuir (a) and Freundlich (b) adsorption isotherm of U(VI)

on B. mucilaginosus at different initial uranium concentrations

(temperature: 25 �C; pH: 5.5; biosorbent concentration: 1 g/L;

contact time: 60 min)
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Langmuir, Freundlich isotherm constants are given in

Table 1. The correlation coefficient values of Langmuir

isotherm (RL
2 = 0.997 at different initial uranium concen-

trations; RL
2 = 0.979 at different initial cell dosages) are

nearer to 1.0 than those of Freundlich isotherm (RF
2 = 0.825

at different initial uranium concentrations; RF
2 = 0.417 at

different initial cell dosages), so the former isotherm is

more significant than the latter isotherm. This suggests that

monolayer sorption is dominant for U(VI) sorbed on cells

in this study.

The maximum uptake capacity Qmax is an important

parameter evaluating the ability of microbial biomass to

accumulate metals from aqueous solutions. The Qmax value

for uranium uptake by B. mucilaginosus reported here was

172.7 ± 1.8 mg/g dry wt. Previous studies have reported

on different biosorbents with different U(VI) adsorption

capacities, such as 198.0 mg/g dry wt by Cystoseria indica

algae [9], 124.0 mg/g dry wt by Synechococcus elongates

[10] and 112.2 mg/g dry wt by Rhizopus arrhizus [12].

Hence, we can conclude that the U(VI) adsorption capacity

of B. mucilaginosus is comparable with some biosorbents

mentioned previously. In the case of Langmuir isotherm

model, the higher value of Qmax and b also suggested that

B. mucilaginosus was effective for the removal of U(VI)

from aqueous solution.

Kinetic modeling

Generally speaking, the reaction order of biosorption

depend upon the characteristics of the metals as well as the

nature of the sorption sites available on the biosorbent.

Figures 8 and 9 show the plots of nonlinearized form of the
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Fig. 7 Langmuir (a) and Freundlich (b) adsorption isotherm of U(VI)

on B. mucilaginosus at cell dosages (initial uranium concentration:

200 mg/L; temperature: 25 �C; pH: 5.5; contact time: 60 min)

Table 1 Biosorption equilibrium constants obtained from Langmuir and Freundlich isotherms

Different initial conditions Langmuir Freundlich

Qmax (mg/g) b (L/mg) RL
2 KF (mg/g) n RF

2

Different cell dosages (data from Fig. 4) 174.5 0.00914 0.979 58.61 4.625 0.417

Different initial U(VI) concentrations (data from Fig. 5) 170.9 0.1113 0.997 25.51 2.47 0.825
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Fig. 8 Plot of the nonlinearized form of the pseudo first-order model

at different initial U(VI) concentrations (initial uranium concentra-

tion: 50, 100 mg/L; temperature: 25 �C; biosorbent concentration:

1 g/L; pH: 5.5)
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Fig. 9 Plot of the linearized form of the pseudo second-order model

at different initial U(VI) concentrations (initial uranium concentra-

tion: 50, 100 mg/L; temperature: 25 �C; biosorbent concentration:

1 g/L; pH: 5.5)
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pseudo first-order (Qt versus t) and linearized pseudo sec-

ond-order (t/Qt versus t) kinetic models, respectively. The

parameters, including adsorption kinetic constants, corre-

lation coefficients and Qeq values, were obtained using

linear or nonlinear regression analysis and presented in

Table 2. Although the correlation coefficients of two

models were both greater than 0.99 exhibiting good cor-

relations, the first-order kinetic model fits the experimental

data better than second-order kinetic model on the basis of

correlation Qeq and rate constant k. On the one hand, the

calculated Qeq2 values of second-order kinetic model

(49.09 and 92.51 mg/L) did not give reasonable values,

which were too greater compared with experimental Qexp

values; whereas Qeq1 values of first-order kinetic model

(45.78 and 87.39 mg/L) were much nearer to experimental

Qexp values. In other words, the theoretical values of the

pseudo first-order rate kinetics (Qeq1) are also consistent

with the experimental ones. On the other side, taking rate

constant k into consideration, the first-order kinetic model

is also more applicable. The fact that the calculated k val-

ues of second-order kinetic model at different U(VI) con-

centrations without changing temperature varied greatly is

obviously unreasonable (Table 2). The reason is that rate

constant is only a function of temperature and should keep

constant at a fixed temperature. In summary, U(VI) bio-

sorption by B. mucilaginosus followed the pseudo first-

order kinetic model. Our result differs from most previous

reports on the U(VI) biosorption by other microorganisms,

such as Aspergillus fumigatus, Trichoderma harzianum,

Pseudomonas aeruginosa, which all agreed well with

pseudo second-order reaction [12, 15, 39].

XPS evaluation

The XPS is basically a powerful surface analysis tool. In

this study, the uranium phase associated with B. mucilag-

inosus after adsorption was analyzed by XPS. High-reso-

lution U4f XPS spectra of the raw B. mucilaginosus sample

as well as after U(VI) uptake are shown in Fig. 10. Com-

pared with raw B. mucilaginosus sample, there are two new

energy peaks for B. mucilaginosus after U(VI) uptake, at

382.0 and 392.8 eV appearing in the curves of binding

energy, which correspond to those reported for 4f7/2 and

4f5/2 orbital binding energy respectively in uranium

binding to oxygen-containing groups [40]. Table 3 listed

the atomic concentrations of relevant chemical elements in

B. mucilaginosus sample before and after U(VI) uptake

according to the XPS spectra analysis. The XPS results

showed that after the biosorption process, the biomass was

loaded with uranium.

Additionally, after U(VI) uptake, there were almost no

changes in the atomic concentration of in C, O, N, which

belongs to the chemical composition of a bacterial cell.

Nevertheless, significant changes in the atomic concentra-

tions of K, P and Si were noted after U(VI) uptake. It was

observed that element such as K, P and Si were simulta-

neously released into the bulk solution during U(VI) bio-

sorption. This phenomenon can be explained that the

experimental bacteria B. mucilaginosus itself is a micro-

organism capable of mobilizing phosphate and potassium.

The fact that U(VI) binding to the bacterial surface

accompanied by the release of K, P and Si implied the

involvement of ion exchange mechanism in radionuclide

uptake.

Table 2 Pseudo first-order and pseudo second-order adsorption rate constants for uranium sorption by B. mucilaginosus at different initial U(VI)

concentrations

Different initial U(VI) concentrations

(mg/L)

Pseudo first-order Pseudo second-order Experimental value

k1 (min-1) Qeq1 (mg/g) R1
2 k2 (g/(mg min0)) Qeq2 (mg/g) R2

2 Qexp (mg/g)

50 0.0858 45.78 0.9835 0.00278 49.09 0.9928 Ca. 45 mg/L

100 0.0847 87.39 0.9920 0.00157 92.51 0.9901 Ca. 87 mg/L
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Fig. 10 XPS analysis (U4f scan) of dry B. mucilaginosus powder

before U(VI) uptake (original sample) and after U(VI) uptake (initial

uranium concentration: 100 mg/L; temperature: 25 �C; pH: 5.5;

contact time: 60 min)
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Conclusions

The U(VI) adsorption behavior by B. mucilaginosus was

investigated. It was found that although temperature over

the range 25–45 �C had no effect on the U(VI) biosorption,

the sorption process was affected by experimental condi-

tions such as pH, sorption time, biosorbent dosage, initial

U(VI) concentration. The best pH for U(VI) adsorption is

5.0. The U(VI) uptake reached an equilibrium state after

1 h. The U(VI) removal efficiency increased concurrently

with increasing biomass dosage, yet the adsorption

capacity declined. The biomass had an observed maximum

U(VI) adsorption capacity of 172 mg/g dry weight of

biomass. The adsorption data fitted very well to Langmuir

adsorption model as well as pseudo first-order model. The

XPS spectrum verified that uranium was fixed onto the

biomass during the course of biosorption. The results

indicated that B. mucilaginosus can be applied as an

effective biosorbent for U(VI) removal from aqueous

solution.
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