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Table S2 Evaluated model parameters of the adsorption isotherms of BNO

nanosheets over Cd>" at 298 K

Langmuir model Freundlich model

qm=2281 mgg’' 1/n=0.5101

Ky =0.003581 (Lmg™) Kr= 583115 (mgg )(Lmg )"
R?=0.9990 R? =0.9643

Table S3 Cd*" electrosorption dimensionless quantity (R;) over BNO nanosheets at

different initial concentrations

Initial concentrations / mgL'1 Ry

100 0.74
200 0.58
300 0.48
400 0.41
600 0.32
800 0.26
1000 0.22

1200 0.19




Table S4 Parameters of pseudo-first-order and pseudo-second-order models for the

electro-adsorption of Cd** onto BNO nanosheets at 298 K under 1.2V

Pseudo-first-order model

Pseudo-second-order model

Co= 600 mgL"

e, exp = 1395 mgg™

Je,cal = 18 mgg-l
K= 0.1494
R?=0.9253

Co= 600 mgL"’
e, exp = 1395 mgg™

Je,cal = 1395 mgg-l

K, = 8.06x10™

R2

Table S5 Parameters of pseudo-first-order and pseudo-second-order kinetics in terms

of different voltages for the electrosorption of Cd*" onto BNO nanosheets at 298 K

Bias potential Pseudo-first-order

Pseudo-second-order

AY Qecal/ mgg' K/ min’ R’ Gecat/ Mg K,/ gmg” R?
min

0 8.55 0.0758 0.9388 243 2.47x10°  0.9999

0.4 13.31 0.1035 0.8663 625 1.35x10°  0.9999

0.8 15.92 0.1200 0.9249 1000 1.00x10°  0.9999




Table S6 Thermodynamic parameters for the electrosorption of Cd*" onto BNO

nanosheets at 298 K

Temperature / K AG/(kJ mol™) AH/(kJ mol™) AS/(J mol™)
298 K -2.746

308 K -2.222 -12.782 -33.9
318K -1.959

328 K -1.702

Table S7 Evaluated model parameters of the electrosorption isotherms of BNO

nanosheets over various cations at 298 K

Cations

Pb2+
Cu2+
NiZ*
Co*"
Zn>*
Mg2+
Ca
Fe?
3+
Fe

Na*

Langmuir model

Freundlich model

qQu/ mgg'  Ky/Lg' R? 1/n Kp/(mgg)(Lmg™")'™ R2

735 0.00238 1 0.6399 6.85 0.9286
858 0.00244 0.9996 0.6363 8.29 0.9274
976 0.00250 0.9995 0.6331 9.62 0.9263
865 0.00251 0.9995 0.6328 9.77 0.9262
3211 0.00515 0.9976 0.5331 81.22 0.8875
829 0.00245 0.9996 0.6361 8.38 0.9273
963 0.00243 0.9996 0.6372 7.95 0.9277
971 0.00251 0.9995 0.6329 9.71 0.9262
1200 0.00287 0.9998 0.5923 13.21 0.9154
578 0.00203 1 0.6405 5.56 0.9213




Table S8 Parameters of pseudo-first-order and pseudo-second-order models for the

electrosorption over various cations at 298 K

Cations Co/mgL'] Qe,exp Pseudo-first-order Pseudo-second-order
/mgg'] model model
e,cal e,cal k / m !

e,cal _1 ky/min?  R? Je,cal ] 2. ; gmg R

/mgg /mgg min
Pb** 600 220 10.9 0.0750 0.9325 426 0.00148 1
Cu*" 600 488 11.3 0.0878 0.9521 514 0.00140 1
NiZ* 600 559 12.3 0.0976  0.9307 580 0.00135 1
Co*" 600 410 12.3 0.109 0.9558 588 0.00152 1
Zn*" 600 2080 21.9 0.225 09179 2192 0.000693 1
Mg2+ 600 245 11.7 0.107 0.9299 518 0.00169 1
Ca* 600 552 11.2 0.0805 0.9600 496 0.00135 1
Fe*" 600 555 12.3 0.102 0.9303 585 0.00139 1
Fe’* 600 682 13.6 0.115 0.9305 680 0.001125 1
Na® 600 380 10.0 0.0698 0.9211 380 0.00155 1




Table S9 Comparison of the parameters of metal ions

Ions Charge size Hydrated radius (A) Ionic radius (A) electronegativity ~Atomic weight

Zn*t 2 4.19 0.72 1.9 63.55
cd® 2 4.26 0.97 1.69 112.4
Pb> 2 4.01 1.32 233 207.2
NiZt 2 4.04 0.70 1.91 58.69
Co’" 2 423 0.72 1.88 58.93
cu’ 2 430 0.74 1.65 65.39
Mg> 2 4.28 0.65 1.31 2431
ca®* 2 4.12 0.99 1.00 40.08
Fe?t 2 4.28 0.75 1.83 55.85
Fe** 3 4.57 0.60 1.83 55.85
Na" 1 3.58 0.98 0.90 22.99




Table S10 Fitted EIS parameters of the as-prepared BNO nanosheets in different ion

solutions at room temperature.

Solutions R,/ Q Ry /Q Warburg coefficient of metal ions / s"%cm’!
ZnCl, 1.4 0.8 4.08 %10’
CdCl, 2.1 1.1 4.52%10’
FeCls 0.9 2.2 8.88 X107
NiCl, 1.4 2.6 9.80 X107
FeCl, 1.0 2.7 1.31x10°
CaCl, 1.3 2.8 1.92x10°
CuCl, 1.1 3.1 2.69%X10°
CoCl, 1.0 3.7 3.96%X10°
NaCl 1.2 4.0 5.02%x10°
MgCl, 12 6.2 6.77% 10
PbCl, 1.5 6.9 7.61%x10°

R represents for the electrolyte resistance and R for the charge transfer resistance.



Solution concentration
automatic
detection system

Effluent

Conductivity
meter

Data collection
system

Outlet

Anode

Spacer

Cathode

Inlet

00D

Fig.S1 Schematic diagram for the CDI cell set-up in our work.

10



15004 o Experimental data cd* 36004| o Experimental data Ca®
Fitted data Fitted data
1200+ 3000+
& 200, § 24001 o
Q Juv @
2 8004 y = 1.1422x-0.0364 > 1800-
2 2 _ >
5 R? = 0.9996 5 1200-
3 3004 3
5 5 y = 1.8251x+26.947
O o 600+ 2
04 R’ =0.9982
04
-3004+— : r r r T T T T
0 250 500 750 1000 1250 1500 0 250 500 750 1000 1250 1500
Concentration / mgL™ Concentration / mgL"
36004 o Experimental data Co? 3600 o Experimental data
—— Fitted data Fitted data
3000+ 3000+
§ 2400+ ) / § 24004 yd
@ @
>.18004 >.1800
= =
S 1200 S 12004
3 y = 2.107x+107.52 3 y = 1.9986x+97.16
2
8 600- R"=0.9997 8 600- R®=0.9986
0 0
0 250 500 750 1000, 1250 1500 0 250 500 750 1000, 1250 1500
Concentration / mgL Concentration / mgL
3600 - o Experimental data 3600 o Experimental data
Fitted data Fitted data
3000+ 3000 -
£ 24001 & 24001
2 E
218001 >.1800-
2 s
= 2 y = 2.4466x+4.6228
S 1200 S -
§ y = 2.1798x+104.01 § Tl R?=0.9985
§ 600- R’ =0.9981 8 600-
0+ 0-
0 250 500 750 1000, 1250 1500 0 250 500 750 1000, 1250 1500
Concentration / mgL” Concentration / mgL”
36004 o Experimental data 3600 o Experimental data
—— Fitted data Fitted data
3000- 3000+
£ 2400+ & 2400
2} @
>18004 >.1800
2 >
S 1200 S 1200
B p——— e y = 1.9127x+21.913
8 600 g e DR 8 600 R'=1
R’ =0.9996
04 04
0 250 500 750 1000, 1250 1500 0 250 500 750 1000, 1250 1500
Concentration / mgL" Concentration / mgL
(Continued)

11



36004 o Experimental data 36004 o Experimental data Pb?
—— Fitted data Fitted data
30004 30004
§ 2400+ § 24001
2 4
318004 1800+
= S
S 1200+ 8 1200+
el el
c e c =
8 600 y2—1.579x+79.59 8 6004 y2 1.5292x+23.326
R"=0.9998 R"=0.9997
0 04
0 250 500 750 1000, 1250 1500 0 250 500 750 1000, 1250 1500
Concentration / mgL Concentration / mgL”
3600 4 o Experimental data Zn®
—— Fitted data
30004
§ 2400-
@
> 1800+
=
é 12004
(= -
8 600+ y;1.5694x+24.104
R"=0.9991
04

0 250 500 750 1000, 1250 1500
Concentration / mgL’

Fig.S2 The relationship between solution concentration and conductivity of various

metal chloride solution.
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Fig.S3 (a) Low magnification and (b) enlarged STEM images of the

graphene-like CuB,3 nanosheets.
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Fig.S4 SAED pattern, B, N and O elemental maps for the as-prepared BNO

nanosheets of the as-prepared BNO nanosheets.

14



v
Y __/\

Vertical distance: 1.033 nm

=
c
~
®
o
c
S
3
.8
©
b=
o
>

-

50 100 150
——— 50N Horizontal distance / nm
a b

Fig.S5 (a) AFM image and (b) the cross section analysis for the as-prepared BNO

nanosheets.
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Fig.S6 XPS survey spectrum, B 1s spectra, N 1s spectra and O 1s spectra of the

as-prepared BNO nanosheets.
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Fig.S8 (a) N, adsorption—desorption plots and (b) pore size distribution of the

as-prepared BNO nanosheets.
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Fig.S9 (a) XRD patterns and (b) ToF-SIMS spectra of the products during the

fabrication.
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Fig.S10 STEM images of the products during the fabrication: (a) 0.5 min; (b) 1

min; (¢) 2 min;(d) 5 min;(e)10 min;(f) 30 min
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Fig.S11 (a) CV curves with different concentrations at 5 mVs™; (b) Charge/discharge

curves in 600mgL™ CdCl, aqueous solution at 0.2mAcm™; (c) Specific capacity at

various diffident current density; (d) Nyquist plots and equivalent circuit (inset) in

600mgL " CdCl, aqueous solution of the as-prepared BNO nanosheets.
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Fig.S12 (a) CV curves at 5 mVs™' in 600mgL”’ CdCl, aqueous solution; (b)
Charge-discharge profiles at 0.2 mAcm™ in 600mgL™ CdCl, aqueous solution; (c)
Specific capacity at 0.2 mAcm™ in 600mgL™" CdCl, aqueous solution for amorphous

BNO prepared in this work, commercial amorphous BN and BN.

20



| 750- A
6004 - - Wi gl - o A T S S i
= Physical 8 - 24
ysical H £ i
8400 adsorption § b f?.';:;?:o.. g
g Electrosorption S_ ;450- Electrosorption S.
2 L1685 2 B
g 12V § 300 12V 5
8 2004 . < = - <
: 0.8V los< § b L0.8<
3 04V © 1504 0.4V
od = - v Poo ol ——— - v 100
0 50 100 150 200 0 50 100 150 200
Time / min Time / min
a b
4 +0.1
+0.0
> 34
3 --0.1 9
=4 3
J (]
22 L.0.22
g =
= 12V >
O 14 0.8V --0.3
04V
--0.4
ov
0. T T T T
0 50 100 150 200
Time / min

C

Fig.S13 (a) Solution concentration changes; (b) solution conductivity changes and (c)

current signal changes for the as-prepared BNO nanosheets over 600mgL" CdCl,

solution with a flowing rate of 50 mgL™" at various voltages during electrosorption.
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Fig.S14 (a) "Nand (b) '"O MAS NMR of the charged BNO nanosheets at various

voltage in CdCl, solution.
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Fig.S15 (a) Cd 3ds;; (b) Nls and (¢) Ols XPS spectra of the charged BNO nanosheets

at various applied voltage.
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Fig.S16 Cd 3ds,, N1s and Ols XPS spectra of the charged BNO nanosheets when the

electrode was short-circuited.
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Fig.S17 (a) '°Cd; (b) PN 1s and (c) 'O MAS NMR spectra of the charged BNO

nanosheets when the electrode was short-circuited.
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Fig.S18 (a) Electrosorption capacity vs. time profiles; (b) Solution conductivity vs.

time profiles; (c) Charge efficiency and (d) Zeta potential vs. pH profiles of

amorphous BNO nanosheets, amorphous BNO, commercial amorphous BN and BN,

respectively; (e) The electrosorption capacity of our amorphous BNO nanosheets

towards Cd*" vs. pH profile at 1.2 V by CDI with a flowing rate of 50 mgL ™.
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Fig.S19 (a) Electrosorption capacity; (b) Solution conductivity and (c) I-t
relationships of our amorphous BNO nanosheets towards Cd*" at different flowing

rates during electrosorption.
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Fig.S20 (a) Electrosorption isotherm;(b) Langmuir model simulation; (c)

Freundlich model simulation; (d) pseudo-first-order kinetics simulation; (e)

pseudo-second-order kinetics simulation for the as-prepared BNO nanosheets over

600mgL " CdCl, aqueous solution at 1.2 V by CDI with a flowing rate of 50 mgL™".

28



1200 690+
v 08V \ 08V
3 6604
g oo 7 e \
Sy Q 3
2 0.4V 26301 1N 04V
T 600+ 2
8 d = 6004
c ;f S
2 300 ov 3 oV
= S 5704
2 f o
T
< 01 5404
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Time / min Time / min
45 Experimental data 0.034 Experimental data
7 Pseudo-first-order model ’ Pseudo-second-order model
3.04 nowv 0.02+ == 2 l/
V.0 Vv 08V
A -
o 1.54 S 0.014
£ y =0.001x + 0.001
= . 2 =
0.04 y Y 0.0460x + 4.5653 A 0.004 R"=0.9999
R"=0.8473
'15 T T T T T T '001 T T T T T T
-5 0 5 10 15 20 25 -5 0 5 10 15 20 25
Time / min Time / min
4 Experimental data 0.054 A Experimental data
Pseudo-first-order model Pseudo-second-order model
34 ~ 0.04 -
~, 21 [p.av] 0.03-
F o
()
g 14 = 0.02-
[ =4
- 5 y =-0.1025x + 2.5737 i y =0.0016x + 0.0018
1 2_ 014
R’ = 0.8482 R’ = 0.9999
-1 0.004
0 6 12 18 24 5 0 5 10 15 20 25
Time / min Time / min
44 © Experimental data ¢ Experimental data
Pseudo-first-order model 0.24 Pseudo-second-order model
34
5 y =-0.0439x + 3.7486 01
=, ] R® = 0.8590 '
= -
o 14 S
1= = y = 0.0032x + 0.0029
c 0.0
04 5 R’ =0.9999
1
1 -0.1-
)
'2 T T T T T T T T T
0 8 16 24 32 0 10 20 30
Time / min Time / min

Fig.S21 (a) Electrosorption isotherm;(b) Solution conductivity; (¢) Freundlich model
simulation; (d) pseudo-first-order kinetics simulation; (e) pseudo-second-order
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kinetics simulation for the as-prepared BNO nanosheets towards 600 mgL" CdCL

aqueous solution at different Bias potentials with a flowing rate of 50 mgL ™.
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Fig.S22 (a) electro-adsorption capacity at different temperatures; (b) solution
conductivity changes; (c¢) Plots of InKd vs T"'; (d) Plots of Ink, vs T for the
as-prepared BNO nanosheets towards 600 mgL" CdCl, aqueous solution at different

Bias potentials with a flowing rate of 50 mgL™.
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Fig.S23 Effect of anions on the electrosorption capacity of BNO nanosheets

(600mgL'Cd*") at 1.2 V by CDI with a flowing rate of 50 mgL ™.
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Fig.S24 (a) Solution conductivity changes; (b) electrosorption capacity and charge
efficiencies; (c¢) the I-t curves of adsorption (charge at 1.2 V) and desorption
(discharge at 0 V) for BNO nanosheets towards 600mgL" CdCL, aqueous solution at

1.2 V by CDI with a flowing rate of 50 mgL™" over 10 cycles.
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Fig.S25 (a) XRD profile; (b) Nitrogen sorption isotherm (the inset is the pore size

distribution); (¢) STEM image and the elemental mapping of its red frame (C and F
elements originated from PTFE and carbon black) and (f) enlarged STEM image of

the as-prepared BNO nanosheets after 10 cycles.
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Fig.S26 CDI Removal efficiency of (a)10 mg BNO nanosheets over Cd*" 50 ppb to

10 ppm; (b) BNO nanosheets with different masses over 600 mgL™' Cd*" under 1.2 V

at a flow rate of 50 mgL™".
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Fig.27 (a) In-situ electrosorption curves; (b) solution conductivity changes; (c)
Electrosorption isotherms;(d) removal efficiency for individual metal ions in aqueous
solution (600mgL™") over 10 mg BNO nanosheets; (¢) Removal efficiency for
competitive metal ions in 100 mL aqueous solution (600mgL™) on 200 mg BNO

nanosheets at 1.2 V by CDI with a flowing rate of 50 mgL ™.
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Fig.28 (a) Binding energy shifts of N, O and M*"and (b) N, 'O and M*" MAS

NMR shifts of our BNO nanosheets after being charged at 1.2V in various meatl ions
solution (600mgL™") at a flow rate of 50 mgL™". All the chemical shifts was detemined
from the shifts of core peaks in the NMR spectra. The chemical shifts of Fe*" and Ni**

was detemined from their static NMR spectra.
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Fig.29 (a) In-situ electrosorption curves; (b) solution conductivity changes; (c)

Electrosorption capacity in individual and competitive adsorption; (d) removal

efficiency for individual metal ions in aqueous solution (600mgL™") over 10 mg BNO

nanosheets; (¢) Removal efficiency for competitive metal ions in 100 mL aqueous

solution (600mgL™") on 200 mg BNO nanosheets at 1.2 V by CDI with a flowing rate

of 50 mgL™.
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Fig.30 (a) Binding energy shifts of N, O and M™ and (b) N, 'O and M™" MAS
NMR shifts of our BNO nanosheets after being charged at 1.2V in various meatl ions
solution (600mgL™") at a flow rate of 50 mgL™". All the chemical shifts was detemined
from the shifts of core peaks in the NMR spectra. The chemical shifts of Fe*" was

detemined from its static NMR spectra.
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Fig.S31 Nyquist plots of the as-prepared BNO nanosheets in different ion solutions

(600mgL'1) at room temperature.
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1.2V in various meatl ions solution (600mgL ") with a flow rate of 50 mgL".
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