SUPPLEMENTARY MATERIALS
Preparations and characterizations of biochar samples
The yields of biochars under different feedstocks and pyrolysis conditions were presented in Table S1. The feedstock type significantly influenced biochar yield, density, ash content, and volatile matter (VM) content, which may potentially impact the potential applications of the resulting biochar. In general, bamboo stalk biochars (BSB) had the highest yield (up to 45.78%), suggesting a higher proportion of stable carbon or lower degradation of organic matter during pyrolysis. Walnut shell biochars had a slightly lower yield of 43.53%, indicating a relatively high conversion efficiency. The corn cob and cocoa husk biochars had relatively lower yields. The other physical properties, including bulk density, ash content, and VM content, of biochars were also affected by the type of feedstocks. Biochars made from corn cob have high VM contents (from 17.66% to 37.32%), and moderate ash contents (from 6.61% to 9.59%) and bulk densities (from 0.501 to 0.632 g/cm3); the cocoa husk biochars have relatively high VM contents (from 21.43% to 32.28%) but low ash contents (from 6.69% to 8.98%), and a moderate range of bulk density (from 0.521 to 0.609 g/cm3); the walnut shell biochars possess moderate levels of both ash (from 7.12% to 9.92%) and VM (from 17.57% to 28.14%) contents, and a relatively moderate bulk density (between 0.507 and 0.542 g/cm3); the bamboo biochars possess moderate levels of both ash contents (from 7.22% to 9.08%) and VM contents (from 16.27% to 27.82%), and relative high levels of bulk density (from 0.614 to 0.656 g/cm3); the poultry litters biochars have relative high level of ash content but low levels of bulk densities and VM contents.
In addition to the feedstocks, the yields and properties of biochars were significantly affected by the pyrolysis conditions, including the pyrolysis temperature and residence time. Generally, among the same feedstock, higher pyrolysis temperature could result in reduced yields, bulk density, and VM contents but with increased ash contents (Table S1). Also, the investigations on corn biochars showed that the longer residence time would have the similar effects, with higher residence time, the yields, bulk densities and VM contents of biochars were lowered, but the ash contents were increased.
Based on the availability and abundance of each feedstock, the following biochar samples were used for further investigations of the structural analysis and water filtration studies, which include the corn biochars under pyrolysis of 350oC with 1.5 h and 2.5 h of residence time, corn biochars under pyrolysis of 550oC and 700oC with 2.5h of residence time, the cocoa husk, walnut shell, and bamboo biochars under pyrolysis of 550oC with 2.5 h of residence time, and the poultry litters biochar produced under gasification method. Their acronym are shown in Table S1.

Table S1. Biochar production under different feedstocks and pyrolysis conditions
	Sample batch
	Processing conditions and properties

	
	Feedstock
	Pyrolysis temperature (oC)
	Residence time (hour)
	Yields/%

	1
	Corn cob (CC)

	350
	1.5
	42.36 ± 2.87a

	2
	Corn cob
	350
	2.5
	41.43 ± 3.93a

	3
	Corn cob
	550
	1.5
	34.62 ± 1.64b

	4
	Corn cob
	550
	2.5
	37.42 ± 1.53c

	5
	Corn cob
	700
	1.5
	30.85 ± 2.16d

	6
	Corn cob
	700
	2.5
	28.60 ± 2.27de

	7
	Cocoa husk (CH)
	350
	2.5
	42.17 ± 1.02a

	8
	Cocoa husk
	550
	2.5
	38.28 ± 1.41c

	9
	Cocoa husk
	700
	2.5
	30.99 ± 1.27d

	10
	Walnut shell (WS)
	350
	2.5
	43.53 ± 1.66a

	11
	Walnut shell
	550
	2.5
	41.49 ± 1.47a

	12
	Walnut shell
	700
	2.5
	37.11 ± 1.82c

	13
	Bamboo stalk (BS)
	350
	2.5
	45.78 ± 1.88f

	14
	Bamboo stalk
	550
	2.5
	43.76 ± 2.22af

	15
	Bamboo stalk
	700
	2.5
	40.28 ± 1.45a

	16
	Poultry litters
	N/A
	N/A
	N/A

	Sample batch
	Processing conditions and properties

	
	Bulk density (g/cm3)
	[bookmark: _heading=h.2nwvbvf3iks2]Ash content (%wt)
	VM content (%wt)
	Acronym

	1
	0.632 ± 0.046a
	6.61 ± 0.38a
	37.32 ± 1.05a
	CCB350/1.5 

	2
	0.623 ± 0.049ab
	7.92 ± 0.53b
	30.49 ± 1.02b
	CCB350/2.5

	3
	0.597 ± 0.044c
	8.57 ± 0.60c
	31.77 ± 1.89b
	

	4
	0.598 ± 0.042c
	8.82 ± 0.58cd
	26.06 ± 1.67dc
	CCB550 

	5
	0.522 ± 0.038d
	8.41 ± 0.51c
	25.93 ± 1.32c
	

	6
	0.501 ± 0.041e
	9.59 ± 0.53e
	17.66 ± 1.43d
	CCB700 

	7
	0.609 ± 0.053bc
	6.69 ± 0.41a
	32.28 ± 2.02b
	

	8
	0.563 ± 0.046f
	8.27 ± 0.49c
	24.89 ± 1.15e
	CHB550 

	9
	0.521 ± 0.033d
	8.98 ± 0.52d
	21.43 ± 0.98f
	

	10
	0.542 ± 0.041f
	7.12 ± 0.45f
	28.14 ± 1.03bc
	

	11
	0.516 ± 0.047d
	9.19 ± 0.63e
	21.11 ± 1.13f
	WSB550 

	12
	0.507 ± 0.033de
	9.92 ± 0.53h
	17.57 ± 0.99g
	

	13
	0.656 ± 0.038g
	7.22 ± 0.38f
	27.82 ± 1.35bc
	

	14
	0.631 ± 0.051a
	7.43 ± 0.47f
	19.32 ± 1.49d
	BSB550

	15
	0.614 ± 0.028b
	9.08 ± 0.63e
	16.27 ± 1.0d
	

	16
	0.498 ± 0.027e
	13.42 ± 0.92i
	14.28 ± 1.55h
	PLB


*The results were presented as mean ± SD on dry basis, where n=9. Tukey’s HSD test was used to determine the statistical difference (p<0.05). The mean values labeled by the same letter indicates no significant differences within the same column.

The elemental compositions of biochar samples are shown in Table S2. The biochar samples possess a broad range of carbon contents by feedstock types and pyrolysis conditions. It was found that with the same pyrolysis temperature (550oC), bamboo biochars possessed relatively higher level of carbon content (86.62%), followed by poultry litters, nutshell and corn biochars (the carbon contents of them were between 83% and 86%), and the cocoa husk biochars had lower level of carbon content (67.66%) and high contents of oxygen, hydrogen, and nitrogen, indicating the significant impacts of feedstock on the elemental composition of biochar.
The pyrolysis condition, including the pyrolysis temperature and residence time, is another important factor. As shown in Table S2, in the characterizations of corn biochars, with higher pyrolysis temperature (from 350 °C to 700 °C), the carbon content in corn biochar increased from 72.23% to 86.59%, while the percentage of hydrogen, oxygen, and nitrogen significantly reduced with higher temperatures. Similarly, with the residence time increased from 1.5 h to 2.5 h, the carbon content in corn biochar increased from 72.23% to 79.32%. With higher pyrolysis temperatures and longer residence time, the increment of carbon content and the decrement of hydrogen and oxygen contents resulted in lower H/C and O/C molar ratios, indicating greater thermal stability and aromaticity.

Table S2. Main elemental compositions of biochars
	Biochar sample
	C %wt
	H %wt
	O %wt
	N% wt
	H/C molar ratio
	O/C molar ratio

	CCB350/1.5
	72.23 ± 1.23a
	3.89 ± 0.42a
	18.89 ± 2.51a
	3.01 ± 0.18a
	0.644 ± 0.055a
	0.206 ± 0.012a

	CCB350/2.5
	79.32 ± 1.37b
	3.27 ± 0.57b
	13.23 ± 2.28b
	2.88 ± 0.15b
	0.495 ± 0.048b
	0.124 ± 0.013b

	CCB550
	84.09 ± 1.43c
	2.48 ± 0.27c
	7.97 ± 1.02c
	2.73 ± 0.11bc
	0.355 ± 0.037c
	0.089 ± 0.072c

	CCB700
	86.89 ± 1.12c
	1.29 ± 0.12d
	8.91 ± 0.94d
	2.26 ± 0.12d
	0.182 ± 0.020d
	0.079 ± 0.061ce

	CHB550
	67.66 ± 0.95d
	2.87 ± 0.21e
	20.63 ± 1.44a
	6.69 ± 0.58e
	0.509 ± 0.043e
	0.229 ± 0.009d

	WSB550
	83.57 ± 1.03c
	2.32 ± 0.18c
	9.02 ± 1.34d
	3.07 ± 0.10a
	0.337 ± 0.017c
	0.091 ± 0.003c

	BSB550
	86.62 ± 1.09c
	2.16 ± 0.22c
	7.23 ± 1.09e
	2.83 ± 0.12b
	0.302 ± 0.014f
	0.072 ± 0.008e

	PLB
	84.64 ± 1.05c
	1.37 ± 0.09d
	8.62 ± 1.88f
	4.62 ± 0.37f
	0.199 ± 0.011d
	0.087 ± 0.006c


*The results were presented as mean ± SD on dry basis, where n = 9. Tukey’s HSD test was used to determine the statistical difference (p<0.05). The mean value accompanied with the same letter indicates not significant differences among all samples in the same column.

The mineral contents in the biochar samples varied significantly and were mainly affected by the type of feedstock and pyrolysis conditions (Table S3). The poultry litter biochar had overall rich mineral contents, and its levels of Cu (83.78 mg/kgbiochar), Fe (1604.92 mg/kgbiochar), Mn (150.47 mg/kgbiochar), Na (723.31 mg/kgbiochar), P (1917.60 mg/kgbiochar), and Zn (424.88 mg/kgbiochar) were the highest among all types of biochars, and the Mg (1483.62 mg/kgbiochar), K (16985.74 mg/kgbiochar), and Ca (2376.27 mg/kgbiochar) were also in high levels. The cocoa husk biochar had an overall high mineral contents, its Al (289.20 mg/kgbiochar), B (120.00 mg/kgbiochar) contents were significantly higher than other types of biochars, and the Ca (4972.07 mg/kgbiochar), K (16852.83 mg/kgbiochar), Mn (125.93 mg/kgbiochar), Cu (56.67 mg/kgbiochar) were also overall higher than other biochars’, and its Mg (1095.02 mg/kgbiochar), Fe (272.28 mg/kgbiochar), Zn (54.95 mg/kgbiochar), P (827.50 mg/kgbiochar), and S (254.01 mg/kgbiochar) are in moderate levels. The bamboo biochars had a lower levels of mineral contents, especially its Ca (1462.31 mg/kgbiochar), Mg (353.28 mg/kgbiochar) and P (223.72 mg/kgbiochar) were largely lower than other biochars’ corresponding contents, and it also had moderate level contents of Mn (55.04 mg/kgbiochar), Zn (61.68 mg/kgbiochar), Na (156.80 mg/kgbiochar), and S (197.65 mg/kgbiochar) among all the biochars. The nutshell biochars had a moderate and balanced contents of Ca (1584.52), K (15,478.25), Fe (377.97 mg/kgbiochar), Mg (507.67 mg/kgbiochar), Mn (50.21 mg/kgbiochar), Zn (38.24 mg/kgbiochar), and its contents of P (477.01 mg/kgbiochar) and B (10.20 mg/kgbiochar), and Na (167.92 mg/kgbiochar) were in relative lower levels. 
The mineral contents of biochars from the same feedstocks varied significantly under different pyrolysis conditions. For biochar made from corn cob, with increased pyrolysis temperature or residence time, the contents of B, Ca, K, Na, and S decreased significantly, the contents of Cu, Fe, Mn, and Zn maintained at relatively stable levels, the content of P increased. Overall, the contents of As, Cd, Co, Cr, Ni, and Pb were below the detection limits in the biochar sample. The three types of corn biochars had general high contents of K and Ca, and moderate contents of Cu, Fe, Mg, Mn, P, S, and Zn; the overall contents of B were lower compared to other types of biochars.

Table S3. Mineral compositions of the biochar samples
	Biochar Samples
	Mineral contents (mg/kgbiochar)

	
	Al
	As
	B
	Ca
	Cd
	Co
	Cr
	Cu
	Fe

	CCB350/1.5
	146.40
	<3.00
	36.36
	5607.75
	<0.20
	<0.30
	<0.30
	40.90
	367.73

	CCB350/2.5
	75.20
	<3.00
	11.57
	2176.24
	<0.20
	<0.30
	<0.30
	37.92
	355.89

	CCB550
	26.10
	<3.00
	6.23
	1870.20
	<0.20
	<0.30
	<0.30
	33.84
	338.62

	CCB700
	41.88
	<3.00
	5.48
	1537.31
	<0.20
	<0.30
	<0.30
	35.97
	326.26

	CHB550
	289.20
	<3.00
	120.00
	4972.07
	<0.20
	<0.30
	<0.30
	56.67
	272.28

	WSB550
	118.10
	<3.00
	10.20
	1584.52
	<0.20
	<0.30
	<0.3
	43.93
	377.97

	BSB550
	102.10
	<3.00
	30.30
	1462.31
	<0.20
	<0.30
	<0.3
	33.81
	436.98

	PLB
	71.90
	<3.00
	45.66
	2376.27
	<0.30
	<0.30
	<0.3
	83.78
	1604.92

	Biochar Samples
	Mineral contents (mg/kgbiochar)

	
	K
	Mg
	Mn
	Na
	Ni
	P
	Pb
	S
	Zn

	CCB350/1.5
	17728.21
	1266.40
	58.24
	532.16
	2.91
	1381.38
	<2.50
	374.23
	100.36

	CCB350/2.5
	16772.44
	1152.64
	53.28
	377.92
	1.02
	1266.22
	<2.50
	229.18
	95.64

	CCB550
	19428.21
	882.13
	43.14
	144.69
	0.56
	1488.11
	<2.50
	187.22
	85.18

	CCB700
	13617.61
	1040.72
	44.06
	148.85
	<0.50
	1722.90
	<2.50
	168.49
	89.58

	CHB550
	16852.83
	1095.02
	125.93
	147.08
	0.55
	827.50
	<2.50
	254.01
	54.95

	WSB550
	15478.25
	507.67
	50.21
	167.92
	<0.50
	477.01
	<2.50
	230.98
	38.24

	BSB550
	12564.55
	353.28
	55.04
	156.8
	<0.50
	223.72
	<2.50
	197.65
	61.68

	PLB
	16985.74
	1483.62
	150.47
	723.31
	<0.50
	1917.60
	<2.50
	107.84
	424.88


*The results were presented as mean on dry basis, where n=6. 

The 16 types of USEPA regulated PAHs were partially identified in the biochar samples (Table S4). The major identified PAH was naphthalene and the contents of other PAH were either relatively low (< 5 mg/kgbiochar) or not detectable. The corn biochars had high levels of light molecular weight PAHs, such as naphthalene, fluorene, and phenanthrene, the pyrene and benzo[a]anthracene were in moderate levels, some heavy molecular weight PAHs like benzo[a]pyrene and indeno[1,2,3-cd]pyrene were also present but at lower levels (0.9 and 1.1 mg/kgbiochar). The cocoa husk biochars had a broad PAH spectrum as all types of PAHs were detected, and its anthracene (2.3 mg/kgbiochar) and benzo[a]pyrene (1.2 mg/kgbiochar) contents were noticeably higher than other types of biochars. The PAHs contents of nutshell biochars were generally in a moderate level, but it had the highest amount of acenaphthylene (3.1 mg/kgbiochar) of all biochars. The bamboo biochars possessed most of light molecular weight biochars, the contents of acenaphthylene (2.8 mg/kgbiochar) was relative higher compared to other biochars, some other PAHs such as acenaphthene (1.6 mg/kgbiochar), fluorene (1.2 mg/kgbiochar), phenanthrene (1.3 mg/kgbiochar), and benzo[a]anthracene (1.0 mg/kgbiochar) were in moderate level, the heavy PAHs were either in low level or not detected. The poultry litter biochars had the fewest types of PAHs, in which the heavy molecular weight biochars were not detected, and the contents of light molecular weight biochars were in moderate and low levels. In terms of corn biochars prepared under different conditions, generally, the overall PAH contents in biochar samples were not significantly different. However, increasing pyrolysis temperature tended to reduce total light molecular PAHs slightly but increase heavy molecular weight PAHs, and at same temperature, longer residence time appeared to cause slightly more PAH accumulations, especially for the heavy molecular weight ones.

Table S4. PAH contents of corn biochars
	Biochar Type
	PAH contents (mg/kgbiochar)

	
	Naphthalene
	Acenaphthylene
	Acenaphthene
	Fluorene
	Phenanthrene
	Anthracene

	CCB350/1.5
	10.7 ± 0.9a
	1.4 ± 0.3a
	0.6 ± 0.1a
	4.9 ± 0.4a
	1.9 ± 0.2a
	1.2 ± 0.2a

	CCB350/2.5
	10.6 ± 1.0a
	1.5 ± 0.3a
	0.8 ± 0.1a
	5.0 ± 0.7a
	1.9 ± 0.3a
	1.3 ± 0.2a

	CCB550
	11.8 ± 1.3a
	2.2 ± 0.5b
	1.7 ± 0.3b
	2.2 ± 0.3b
	1.3 ± 0.3b
	2.1 ± 0.4b

	CCB700
	6.9 ± 0.7b
	0.8 ± 0.2c
	1.0 ± 0.1c
	0.5 ± 0.1c
	1.0 ± 0.2b
	1.4 ± 0.2a

	CHB550
	10.3 ± 1.3a
	1.8 ± 0.2a
	2.3 ± 0.2d
	2.7 ± 0.3b
	2.1 ± 0.3c
	2.3 ± 0.3b

	WSB550
	11.2 ± 1.1a
	3.1 ± 0.1d
	1.4 ± 0.1b
	1.4 ± 0.2d
	0.4 ± 0.1d
	1.1 ± 0.1a

	BSB550
	8.8 ± 0.9c
	2.8 ± 0.4bd
	1.6 ± 0.3b
	1.2 ± 0.2d
	1.3 ± 0.2b
	0.7 ± 0.2c

	PLB
	9.1 ± 0.8c
	1.2 ± 0.2a
	0.7 ± 0.1a
	0.8 ± 0.2cd
	1.0 ± 0.1b
	0.8 ± 0.1c

	Biochar Type
	PAH contents (mg/kgbiochar)

	
	Fluoranthene
	Pyrene
	Benz[a]anthracene
	Chrysene
	Benzo[b]fluoranthene
	Benzo[k]fluoranthene

	CCB350/1.5
	Not detected
	1.4 ± 0.2a
	1.3 ± 0.3a
	Not detected
	Not detected
	Not detected

	CCB350/2.5
	Not detected
	1.4 ± 0.3a
	1.8 ± 0.4a
	Not detected
	Not detected
	Not detected

	CCB550
	0.5 ± 0.1a
	0.8 ± 0.2b
	1.2 ± 0.2a
	0.4± 0.1a
	Not detected
	0.7 ± 0.1a

	CCB700
	0.7 ± 0.2a
	1.1 ± 0.2ab
	0.7 ± 0.1b
	Not detected
	0.9 ± 0.1a
	Not detected

	CHB550
	0.6 ± 0.1a
	1.3 ± 0.4a
	0.9 ± 0.1b
	0.6± 0.1a
	1.2 ± 0.3a
	0.4 ± 0.1a

	WSB550
	1.1 ± 0.2b
	1.7 ± 0.3a
	1.2 ± 0.2a
	Not detected
	0.5 ± 0.1b
	1.1 ± 0.2b

	BSB550
	0.8 ± 0.1ab
	0.9 ± 0.1b
	1.0 ± 0.1ab
	Not detected
	0.9 ± 0.2b
	0.7 ± 0.1a

	PLB
	0.9 ± 0.2ab
	1.2 ± 0.2ab
	0.7 ± 0.1b
	Not detected
	0.6 ± 0.1b
	Not detected

	Biochar Type
	PAH contents (mg/kgbiochar)

	
	Benzo[a]pyrene
	Indeno[1,2,3-cd]pyrene
	Dibenz[a,h]anthracene
	Benzo[g,h,i]perylene
	
	

	CCB350/1.5
	0.9 ± 0.2ab
	1.1 ± 0.1a
	Not detected
	Not detected
	
	

	CCB350/2.5
	0.7 ± 0.1a
	1.6 ± 0.3b
	Not detected
	Not detected
	
	

	CCB550
	0.7 ± 0.2a
	1.4 ± 0.3ab
	Not detected
	1.2 ± 0.3a
	
	

	CCB700
	Not detected
	0.9 ± 0.2ac
	0.7 ± 0.1
	0.6 ± 0.1b
	
	

	CHB550
	1.2 ± 0.2b
	0.7 ± 0.1c
	Not detected
	0.7 ± 0.1b
	
	

	WSB550
	Not detected
	0.5 ± 0.1c
	Not detected
	Not detected
	
	

	BSB550
	Not detected
	Not detected
	Not detected
	Not detected
	
	

	PLB
	Not detected
	Not detected
	Not detected
	Not detected
	
	


*The results were presented as mean ± SD on dry basis, where n = 9. Tukey’s HSD test was used to determine the statistical difference (p<0.05). The mean value accompanied with the same letter indicates not significant differences among all samples in the same column.

The surface area (by BET method), pore size, and total pore volume of the biochar samples were shown in Table S5. Generally, the surface properties of biochar samples differed significantly across feedstocks. In the investigations of surface area of biochars, bamboo biochars possess the highest level (77.19 m2/g), followed by the poultry litters biochars (69.82 m2/g) and walnut shell biochars (64.33 69.82 m2/g), the cocoa husk biochars have the moderate level of surface area (52.12 m2/g), and the corn biochars possess the lowest level (up to 31.70 m2/g). The bamboo biochars also have the highest level of pore size (47.15 nm), followed by walnut shell biochars (42.56 nm), and by comparison, the other three types of biochars have lower pore sizes (less than 40 nm). Also, the walnut shell biochars showed the highest pore volume (0.03819 cm3/g), the bamboo biochars and poultry litter biochars also have relatively high levels (0.03237 and 0.02676 cm3/g, respectively), followed by corn (up to 0.02793 cm3/g) and cocoa husk biochars (0.02544 cm3/g). The surface properties of biochars were also affected by the pyrolysis conditions. The investigations on corn biochars indicated that by elevating the pyrolysis temperature from 350 to 550oC (with fixed residence time of 2.5 h), the surface area increased from 8.79 m2/g to 31.70 m2/g, and the total pore volume increased from 0.01252cm3/g to 002793 cm3/g. However, when the temperature reached 700 °C, the surface area and pore volume decreased to 26.41 m2/g and 0.02317 cm3/g, indicating the porous structure may be partially compromised. In addition, under the pyrolysis of 350 °C, when the residence time was increased from 1.5 h to 2.5 h, the surface area, pore size, and pore volume were increased to 15.42 m2/g, 22.76 nm, and 0.01772 cm3/g, respectively.

Table S5. Surface properties of biochar samples
	Biochar sample
	BET surface
area (m2/g)
	Pore size (nm)
	Total pore volume (cm3/g)

	CCB350/1.5
	8.79 ± 0.42a
	17.51 ± 0.89a
	0.01252 ± 0.00029a

	CCB350/2.5
	15.42 ± 1.07b
	22.76 ± 1.12b
	0.01772 ± 0.00024b

	CCB550
	31.70 ± 1.74c
	37.33 ± 2.68c
	0.02793 ± 0.00041c

	CCB700
	29.41 ± 1.57c
	32.82 ± 3.17c
	0.02317 ± 0.00022c

	CHB550
	52.12 ± 2.02d
	36.22 ± 1.09c
	0.02544 ± 0.00131c

	WSB550
	64.33 ± 2.19e
	42.56 ± 2.11d
	0.03819 ± 0.00122d

	BSB550
	77.19 ± 2.07f
	47.15 ± 1.85e
	0.03237 ± 0.00107d

	PLB
	69.82 ± 1.92g
	37.23 ± 1.66c
	0.02676 ± 0.00115c


*The results were presented as mean ± SD on dry basis, where n = 9. Tukey’s HSD test was used to determine the statistical difference (p<0.05). The mean value accompanied by the same letter indicates no significant differences among all samples in the same column.

[bookmark: _heading=h.gjdgxs]Other selected physicochemical properties of biochar samples were displayed in Table S6. All the biochar samples had alkaline pH (from 9.5 to 10.5), and higher pyrolysis temperatures resulted in greater values of pH. The zeta potentials of all the biochar samples were negative, and the value was lower than -20 mV, indicating the biochar samples present a negatively charged surface. The investigations on corn biochars revealed that the zeta potentials were affected by the pyrolysis temperature and residence time. With the pyrolysis temperature increased from 350 °C to 700 °C, the zeta potential increased from -29.86 mV to -24.65 mV. With the residence time increased from 1.5 h to 2.5 h, the values increased to -29.43 mV. The biochar samples possessed relatively high cation exchange capacity, which enabled them with the capacity of adsorbing ion contaminants.

Table S6. Selected physicochemical properties of corn biochars
	Biochar sample
	pH
	Zeta potentials(mV)
	Cation exchange capacity (cmol(+)/kg)
	Base saturation/%

	CCB350/1.5
	9.7
	−29.86 ± 1.89a
	49.65 ± 1.02a
	100

	CCB350/2.5
	9.7
	−29.43 ± 1.73a
	53.77 ±1.13b
	100

	CCB550
	9.9
	−25.73 ± 1.48b
	60.05 ± 1.33c
	100

	CCB700
	10.5
	−24.65 ± 1.76b
	63.94 ± 1.10c
	97%

	CHB550
	10.1
	−25.52 ± 2.47b
	50.45 ± 1.21a
	98%

	WSB550
	9.8
	−29.58 ± 2.75a
	57.26 ± 1.04d
	100%

	BSB550
	9.5
	−37.56 ± 2.64c
	61.28 ± 1.14c
	100%

	PLB
	10.0
	[bookmark: _GoBack]−31.66 ± 1.92a
	58.28 ± 1.08cd
	100%


*The zeta potential and cation exchange capacity results were presented as mean ± SD where n = 9. Tukey’s HSD test was used to determine the statistical difference (p<0.05). The mean value accompanied by the same letter indicates no significant differences within the same column. The pH and base saturation results were presented as the mean value where n = 9.
