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S1. Adsorption models

To evaluate the adsorption efficiency of the adsorbent, the pseudo-first-order (PF-order) and
pseudo-second-order (PS-order) adsorption kinetic models were considered. Their corresponding

fitting equations are as follows:

qe=qe(1—-e™) )
PS-order kinetics equation:
2
4, kot
qt B 1+ qekzt (2)

where gt (mg/g) is the amount of the adsorbed material at time t (min); ge is the adsorbed amount
at equilibrium (mg/g); and k1 and k2 are the adsorption rate constants of the PF-order (min™) and PS-
order (min™) models, respectively [1].

To determine the adsorption efficiency, the obtained experimental data were simulated using
the Langmuir and Freundlich isotherm models. The former model assumes the formation of a
monolayer after adsorption saturation, and the latter model assumes that a multi-molecular layer
with different energies of various adsorption sites is formed. The equation for the Langmuir model
can be written as:

o= % 3)
where Ku is the Langmuir adsorption constant (L/mg), C. is the equilibrium amount of the

adsorbed material (mg/L), and gm is the adsorbed amount (maximum adsorption capacity)

corresponding to the formation of a complete monolayer on the adsorbent surface (mg/g).

The equation for the Freundlich isotherm model can be expressed as follows:
1

Je= KiCo' (4)
Here, Kr and n are the Freundlich model constants that are related to the adsorption capacity and

adsorption strength, respectively [2].

S2. Effect of contact time and adsorption kinetics

Adsorption kinetics may not only help to elucidate the adsorption mechanism, but also evaluate
the performance of the adsorbent. The measured adsorption capacities of CNBT were fitted and
analyzed by the PF-order and PS-order kinetic models, as shown in Figure S1. The adsorption of
Cr(VI) and MB species reached equilibrium within the first 0.5 h, and their removal rates were 57%
and 80%, respectively. Afterwards, no significant adsorption of Cr(VI) was observed in the next 4.5 h,
and weak desorption of MB was detected. The initial rapid adsorption may be attributed to the
presence of a large number of Cr(VI) and MB species on the adsorbent surface, while the late
adsorption stage was relatively slow because of the saturation of the adsorption sites [3]. Owing to
the limited number of adsorption sites on the CNBT surface, the competition between Cr(VI) and MB
species for these sites may also lead to the weak desorption of MB.

Table S1 lists the fitting parameters obtained for the CNBT composite. They show that the
adsorption of Cr(VI) and MB can be described by both the first-order and second-order kinetic models;

however, more accurate fitting was achieved for the second-order model indicating that the
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adsorption rate linearly increased with the concentrations of Cr(VI) and MB, suggesting the overall
adsorption process was controlled by chemisorption. Besides, the adsorption process was dependent
on the number of available adsorption sites on the surface of the adsorbent and eventually controlled
by the attachment of the adsorbates on the surface[4]. Besides, according to Table S1, the MB

adsorption rate was lower than that of Cr(VI).

S3. Adsorption isotherms

The fitting results obtained for the Langmuir and Freundlich models are presented in Table S2
and Figure S2, respectively. Langmuir model normally describes the adsorption isotherm of
adsorbate on completely homogeneous surface of adsorbent, Freundlich model is commonly used
for the description of multilayer adsorption of adsorbates on heterogeneous adsorbent surface[4].
They show that the adsorption capacities of Cr(VI) and MB increased with increases in their initial
concentrations and ultimately reached equilibria. As the concentrations of Cr(VI) and MB increased,
the adsorption sites became gradually occupied and finally reached saturation [1]. The obtained
correlation coefficient (R? > 0.9) listed in Table S2 indicates that the adsorption process is more
consistent with the Langmuir model and that the Cr(VI) and MB adsorption sites are homogeneously
distributed on the CNBT surface, which lead to monolayer adsorption and there is no interaction
between the adsorbate molecules. [5]. Therefore, the adsorption capacity is proportional to both the

specific surface area of the adsorbent and number of adsorption sites.

S4. Supplementary Tables

Table S1. Kinetic parameters of Cr(VI) and MB adsorption by CNBT: Cocrv=5 mg/L, Coms=20 mg/L,
m/V=2.5 g/L, pH=3.0, T=25 °C.

Pollutants Pseudo-first-order-kinetics Pseudo-second-order-kinetics

qe (mg/g) ki (min) R qe (mg/g) k2 (min) R
Cr(VI) 1.19£0.02 0.394+0.06  0.983 1.21+£0.02 0.98+0.03 0.986
MB 6.07+0.04 0.40£0.03  0.995 6.15+0.05 0.22+0.04 0.996

Table S2. Comparison of different isotherm parameters of Cr(VI) and MB adsorption by CNBT:
Cocrviy=b mg/L, Coms=20 mg/L, m/V=2.5 g/L, pH=3.0, T=25 °C.

Models Langmuir model Freundlich model

qm (mg/g) Kv(L/mg) R n Kr (mg/g) R
Cr(VI) 1.1010.05 5.14%1.69 0.900 713+1.23  0.75£0.05 0.897
MB 17.72+1.50 1.16+0.42 0.911 492+126  6.91x1.53 0.814
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63 Table S3. Magnetic properties of BiFeOs, CNB and CNBT measured.
Ms (emu/g) Mr (emu/g) Hc (Oe)
BiFeOs 2.95 0.29 75.99
CNB 1.85 0.14 56.76
CNBT 1.30 0.12 69.69
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68 Figure S2. Different adsorption isotherm models of Cr(VI) (a) and MB (b) onto by CNBT.
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70 Figure S3. Schematic diagram of photocatalytic activity test reaction scheme.
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Figure S5. Hysteresis loops of BiFeOs, CNB and CNBT measured.
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Figure S6. Comparison of adsorption effects of g-CsNs4, BiFeOs, CNB and CNBT: Cocrviy=5 mg/L,
Coms=20 mg/L, m/V=2.5 g/L, pH=2.0, T=25 °C.
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