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Table S1 BET surface area, pore volumes and pore of BC and Ce-BC.
	Samples
	Surface area (m2/g)
	Pore volume (mL/g)
	Average pore diameter (nm)

	BC
	2.67
	0.0131
	8.12

	Ce-BC
	3.08
	0.0239
	12.33












Figure S1. Effect of time on the adsorption of P by the BC and Ce-BC.














Figure S2. Effect of initial concentration on the adsorption of P by the BC and Ce-BC.



















Figure S3. Effect of dosage on the adsorption of P by the BC (a) and Ce-BC (b).














Table S2 Isotherm model parameters for P adsorption via the BC and Ce-BC
	Adsorbents
	Isotherm parameters
	Temperature(K)

	
	
	298
	303
	308

	BC
	Langmuir
	(mg/g)
	23.3925
	23.6056
	24.7281

	
	
	)
	0.0266
	0.0301
	0.03965

	
	
	
	0.8524
	0.8679
	0.8938

	
	Freundlich
	
	1.4943
	1.7354
	2.2312

	
	
	n
	1.8271
	1.8686
	2.0627

	
	
	
	0.8064
	0.8211
	0.7928

	
	D-R
	(mg/g)
	15.6251
	15.7631
	18.2445

	
	
	E (kJ
	13.4152
	18.3241
	21.2543

	
	
	
	0.8834
	0.9314
	0.9413

	Ce-BC
	Langmuir
	(mg/g)
	24.6651
	25.6356
	26.2214

	
	
	)
	0.0822
	0.0934
	0.1009

	
	
	
	0.7321
	0.7695
	0.7908

	
	Freundlich
	
	3.2061
	3.5121
	4.3391

	
	
	n
	2.2714
	2.3533
	2.6354

	
	
	
	0.6054
	0.6314
	0.6924

	
	D-R
	(mg/g)
	19.3154
	19.4091
	19.8395

	
	
	E (kJ 
	25.1453
	27.3321
	29.3175

	
	
	
	0.8564
	0.8851
	0.9009



















Figure S4. Isotherm models for P adsorption by Ce-BC under different temperatures at the optimal adsorption condition (a) Langmuir isotherm model; (b) Freundlich isotherm model; (c) D-R isotherm model.







         Figure S5. Pseudo-first and pseudo-second kinetic models for P (a); the external diffusion kinetic model for P (b); Intraparticle diffusion kinetic model for P (c) by the BC.







Figure S6. Pseudo-first and pseudo-second kinetic models for P (a); the external diffusion kinetic model for P (b); Intraparticle diffusion kinetic model for P (c) by the Ce-BC.

Table S3 Kinetic parameters for P removal by the BC and Ce-BC
	Kinetic models
	Parameters
	Adsorbents

	
	
	BC
	Ce-BC

	Pseudo-first-order
	
	0.2618
	0.5334

	
	
	9.8214
	10.6636

	
	
	0.9941
	0.9950

	Pseudo-second-order
	
	0.01675
	0.0461

	
	
	13.2426
	12.7215

	
	
	0.9861
	0.9968

	External diffusion
	
	0.1603
	0.2965

	
	
	0.9875
	0.9685

	Intraparticle diffusion
	
	3.4771
	4.5614

	
	
	0.9353
	0.9783

	
	
	0.3146
	0.0621

	
	
	1
	1

































Figure. S7 Thermodynamic fit for P adsorption by BC (a) and Ce-BC (b).











Table S4 Thermodynamic parameters of adsorption for P onto the adsorbents at various temperatures.
	Adsorbents
	C0 (mg/L)
	H0 (kJ/mol)
	S0 (kJ/mol)
	[bookmark: _Hlk35643977]G0 (kJ/mol)

	
	
	
	
	303 (K)
	313 (K)
	323 (K)

	BC
	5
	20.78
	0.0644
	-0.1573
	-0.3247
	-0.7512

	Ce-BC
	5
	28.55
	0.1831
	-0.2258
	-0.8385
	-1.9656



[image: ]
Figure S8. Fractional distribution of P species in solution at various pH values







Figure S9. Zeta potential of BC and Ce-BC



Figure S10 Effect of pH on the adsorption of P by the BC and Ce-BC












Figure S11. Cyclic adsorption-regeneration study of P by Ce-BC

2

oleObject2.bin

image3.emf
0.0 0.2 0.4 0.6 0.8 1.0

2

4

6

8

10

12

14

16

0

20

40

60

80

100

h

 (%)

q

e

 (mg/g)

Dosage (g)

 

(a)


oleObject3.bin

image4.emf
0.0 0.2 0.4 0.6 0.8 1.0

2

4

6

8

10

12

14

16

0

20

40

60

80

100

h

 (%)

q

e

 (mg/g)

Dosage (g)

(b)


oleObject4.bin

image5.emf
0 20 40 60 80 100

0

3

6

9

12

15

18

21

 298 K

 303 K

 308 K

q

e

 (mg/g)

C

e

 (mg/L)

(a)


oleObject5.bin

image6.emf
0 20 40 60 80 100

0

3

6

9

12

15

18

21

(b)

 298 K

 303 K

 308 K

q

e

 (mg/g)

C

e

 (mg/L)


oleObject6.bin

image7.emf
0 20 40 60 80 100

0

3

6

9

12

15

18

21

(c)

 298 K

 303 K

 308 K

q

e

 (mg/g)

C

e

 (mg/L)


oleObject7.bin

image8.wmf
0

3

6

9

12

0

2

4

6

8

10

 

pseudo-first-order kinetic model

 

pseudo-second-order kinetic model

q

e

 (mg/g)

Time (h)

(a)


oleObject8.bin

image9.emf
0 2 4 6 8 10 12

2.6

2.8

3.0

3.2

3.4

3.6

3.8

4.0

 

 

ln

(

C

t

)

Time (h)

(b)


oleObject9.bin

image10.emf
0 1 2 3 4

0

2

4

6

8

10

q

e

 (mg/g)

t

0.5

 (h

0.5

)

(c)


oleObject10.bin

image11.emf
0 3 6 9 12

0

2

4

6

8

10

12

 

pseudo-first-order kinetic model

 

pseudo-second-order kinetic model

q

e

 (mg/g)

Time (h)

(a)


oleObject11.bin

image12.emf
0 2 4 6 8 10 12

1.6

2.0

2.4

2.8

3.2

3.6

4.0

ln

(

C

t

)

Time (h)

(b)


oleObject12.bin

image13.emf
0 1 2 3 4

0

2

4

6

8

10

12

q

e

 (mg/g)

t

0.5

 (h

0.5

)

(c)


oleObject13.bin

image14.wmf
3.2x10

-3

3.3x10

-3

3.3x10

-3

3.3x10

-3

3.4x10

-3

-0.8

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

 

BC

ln

(

K

0

)

1/T 

(

K

-1

)

(a)


oleObject14.bin

image15.wmf
3.2x10

-3

3.3x10

-3

3.3x10

-3

3.3x10

-3

3.4x10

-3

-0.15

0.00

0.15

0.30

0.45

0.60

0.75

0.90

 

Ce-

BC

ln

(

K

0

)

1/T 

(

K

-1

)

(b)


oleObject15.bin

image16.emf

image17.emf
2 4 6 8 10

-40

-20

0

20

40

6.09

6.39

 

 

Zeta Potential (mV)

pH

 

BC

 Ce-BC


oleObject16.bin

image18.emf
2 3 4 5 6 7 8 9 10

0

2

4

6

8

10

 

 

q

e

 (mg/g)

pH

 BC

 Ce-BC


oleObject17.bin

image19.emf
20

40

60

80

100

1 2 3 4 5 6 7 8

0

3

6

9

12

15

Adsorption capacity (mg/g)

Cycle number 

 

Recycle efficiency (%)

(a)


oleObject18.bin

image1.emf
0 5 10 15 20 25

0

2

4

6

8

10

12

14

 

 

 

BC

 Ce-BC

q

e

 (mg/g)

Time (h)


oleObject1.bin

image2.emf
0 20 40 60 80 100 120 140 160

0

3

6

9

12

15

18

21

 

BC

 Ce-BC

 

 

q

e

 (mg/g)

Concentration (mg/L)


