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Copper and lead ion adsorption characteristics of modified corn stalk biochars

WANG Yi', LI Li"*", SONG Dou—dou', LIU Wei-ting'

(1.School of Resources and Environment, Jilin Agricultural University, Changchun 130118, China; 2.Key Laboratory of Sustainable Use of
Soil Resources in Jilin Province’s Commodity Grain Base, Changchun 130118, China)

Abstract: The aim of this study is to explore the heavy metal adsorption performance of modified biochars and provide a theoretical basis
for the effective removal of copper and lead ions by different modified biochars. At 500 °C, corn straw as the raw material was pyrolyzed in
an oxygen—limited environment to produce biochar (BC). BC was modified with KOH and polyethyleneimine (PEI) to obtain alkali-modi-
fied biochar(KBC) and PEI-modified biochar(PBC). The single-solute adsorption of these biochars for Cu* and Pb** and the competitive
adsorption of Cu* and Ph** were investigated. The adsorption kinetics of Cu®>* and Ph> by the three biochars fit the quasi—second—order ki-
netic equation well. The adsorption rates of the modified biochars were higher than those of the original BC. All the adsorption isotherms
conformed to the Langmuir model and the maximum adsorption capacity followed the order of PBC>KBC>BC. The adsorption capacity and
adsorption parameter of the three biochars were in the order of Ph**>Cu**. Competitive adsorption experiments indicated that the competi-
tive adsorption capacity of Pb* on the three biochars was higher than that of Cu*. The adsorption ability of KBC and PBC for Cu** and Pb*
was greater than that of BC, which demonstrates that KBC and PBC have the potential to become new adsorbents for heavy metals.
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IRANIR R 2 oo L7, BT 25 CHEIRRZ #HH LL 180 r-
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Wy A i tH 2 WML PBC ALBRAS B TN,
o 7R A 2 IR, AT L A SRAE A FLAT S
T, 307 2% e 3 5 MU e (P Jl B 6 3¢ 1) A )
s BRSO A ) pe B I T 22 A 95 R A
19

N o

2.1.2 ZLAMNEIE ST

BC.KBC #il PBC B £LAME1E E W] 2 firi , i &l
AL, Bt AR AR W ) FT- IR Y6 & el 28 5 A B
2, HUE KBC 1 PBC 7E 3440 em™ it W AT 55 J3 s A5 1
i, PBC 7E 2348 em™ A 5 FIWL A H PR

3440 cm™' Kb Ay 06 ¥ 3 O-H 1 45 47 3l 16 5k
N-H {454k shig, —F A FrE S, 5 BCAH L, KBC il
PBC I A W 3545 385 O, 10 BH o1k b B A5 O—H 5%
N-H [ 1 % . PBC 7E 2348 cm™ A3 357 14 W 1Az i 14
P, %o C=N AR IR 3 51 2 1Y 5 1636 cm™ &b B
WU S C=0 I 4a IR 2h 5 N-H /Y T N 25 il iR sl 32
HER, WS A PBC A W (R I AT 385 K, 130 B Herh]

3440 2923 2348 1636 1086
RN /*’\—v—"\\ 1,29/7’~“\\,»PBC
NI, U !
------------- N e e KBC

N

/
-~ 1
TNt

1%t Transmittance/%

4000 3500 3000 2500 2000 1500 1000 500
K Wavelength/cm™

2 BC.KBC 1 PBC HZL5h sttt B
Figure 2 FT-IR image of BC,KBC and PBC
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Figure 1 SEM images of BC,KBC and PBC(500 times)
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FIJRH 22—

P S A2 W KBC 1 PBC 1Y He 2 1 R AR Bl
A=W e BCA BTN, A B FLARFURI -2 FLAR Y G
fn. 5 BCAHE , KBC FI PBC (1 S8 FLAKRFR 4 B 3G hm 1
LOS A5 AN 1.6 7% 5 LA/ G I T 1.2 4581 2.0 % .

XS T AR BobE TR KOH 3 % A= 4 o 1 58 J85 Tk
P A LB 22 ] A B R DA R FLBE 5 5 ok, /N FL Bt i
W R FLBR , PBC 7E KBC B Ll 34T T PELAS
W, KA ML B 2 7 e 2% 18T, (4526 9 ol 4 oK
LB FLAIRFLE AT B AL T 3R FLAE .
2.2 WMsh A%

BC .KBC F1 PBC X} Cu® , Ph> [ W it 2 B BF [) 71
A5 Ak il 28 UL IR 3, 24 Cu® A1 Ph> A4 490 4R W 43 ) R
31.62 mg- L' F123.19 mg- LB, 3 Fh 4= 9 5 X Cu®
Ph> 1% W i o) i AR — 0, WG 47 i I o st ] £ 42
KM Kk, HA97E 240 min ik ) W% [ SE 45 . 78 0~30
min P, BC . KBC F1 PBC X Cu® fity Wl - 447 ik 21 - 1§
R 1Y) 88% LA _F , ~F- X5 W i3 232 43 531 24 0.303,0.408
0.445 mg- g~ min™"; XF Ph** &) W B 24 3K 2] S 1 108 o
[1993% LA L, ~F- Y5 W B 38 5843 531 24 0.277 ,0.328 .0.383
mg - g~ min”'; F W B 2 2R 4 B PBC>KBC>BC.,
1E 30~240 min P W B 258 ] S 3 AIR , 3 ol A= 40 o %o
Cu™ . Pb> 1 - 287 W 5 3 4 43 331K 0~30 min N1~
W B3 R B4 1.7% A1 1.0% . 33X 228 3 A= 4 e X Cu
T P> 18 W R 3 7 3 Ay R R A R 3k 2 o v B2,
W 5 B4 70 s B B, A 0 e 2 1T W o S B 2, Cu
Ph> A] PR B Az 4 ¢ e W B, W o 3k A v ol A T

&1 BC.KBCHIPBCHEUMRSH
Table 1 Physicochemical parameters of BC,KBC and PBC

B TR PEEE AT B R A LA HeAR I ISE{RESA DE{RESA LR
s, Dnl N/% C/%  H/% Acidic group/ Alkaline group/ Group summation/ Specific surface Total pore Micro pore  Average pore
ampe mmol - g™ mmol - g™’ mmol - g™’ area/m’+ g™ volume/cm®+¢”  volume/cm®+ g™ size/nm
BC 2270 59.86 3.036 0.3895 0.588 0.977 3.459 0.025 4 0.001 8 29.37
KBC 2585 67.50 3.324 0.183 0 1.096 1.279 2911 0.026 7 0.001 1 35.31
PBC 5755 6492 4.509 0.266 5 1.407 1.673 2.839 0.0415 0.009 0 58.47
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Figure 3 Adsorption kinetics of biochars for Cu* and Ph**
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HE— ORI g sh 1 2E Oy B kAT G UG 45 R I
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KRB IR BN P& A OC AHWE R sh 17 I ey
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b A= W D¢ b 1R R o A, L RS- A R o Q. 5 S B
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Cu™ il Ph? (1) W B I AN 2 B — W ol 72, T i 2 5
W2 56 3 e m S0 R B4 I L % 1T R o A B R PN A7
WAL, 51T 2058 515 245 M A, i
A, B S B AR B0k (KBC 1 PBC) H: Jsz 1 1 28 45
feo 1 o 357155 F BC, U BH S0 S5 2B 0 o 1 W A T R 3

AR

2.3 RHEIRLE
2.3.1 PR ZR G B TRLLR

25 CHAFF 3B AW e %t Cu® 1 P> (14 % [ 45
AN E 4 FroR . B 4 ATHL, Co® F1 Ph> £E 3 FiAE )
L ) W o 5 - A B P 3 v 4 O, L e A=
Yy 5 (KBC 1 PBC) 1 W B & ¥ & T J5 ih A= 4 O
(BC).

H Langmuir 1 Freundlich J7 F2 % W BiF 45 I 26 13k
FrilA , oA o i I 6 Cu® il Ph> o R o 22 57
HARMASEOL 3. R aTH0, W9 45 T I b
X Cu™ I Ph™ 7 3 i A ) i v B 400G R X 3R B (2
FMI K o HLEE Langmuir J5 #2504 18 00 B & Q. 1T
1, B M AR % KBC T PBC 19 Q.34 1 BC A T4 &
Cu™ > M2 50 T 14.6% 1 29.8%; Pb> 73 42 5 T
22.2% M1 35.5%, Cu*7E KBC F1 PBC W% [ 75 & (K))
A3 502 BC 14 2.10 1% #1 3.75 4% ; Pb** 7E KBC 1 PBC %)
W it 25 B (K7) 433 & BC Y 1.83 /5 A1 2.82 /% . m] L,
A= W 5O S 6 Cu® R0 P> FR R B HLA e VR . i

R2 EWRIT Cu” P IR hZEFEMESH

Table 2 Adsorption kinetic equation fitting parameters of biochars for Cu* and Ph*"

Ey MW WE—Z 50 112 Quasi—first—order dynamics W 8)) 11477 & Quasi-second—order dynamics
Heavy metals Biochar Q./mg-g" k r Q./mg-g" I r
Cu™ BC 9.52 0.180 6 0.982 3#* 10.18 0.028 8 0.998 1#*
KBC 12.38 0.369 4 0.996 7#* 12.75 0.075 3 0.999 9
PBC 13.54 0.3106 0.994 1% 14.07 0.048 8 0.999 7#*
Pb** BC 8.45 0.2297 0.986 4#* 8.92 0.046 6 0.998 2%
KBC 9.86 0.406 3 0.998 4% 10.09 0.120 7 0.999 9
PBC 11.44 0.407 8 0.999 O#** 11.69 0.109 3 0.999 8#*

T :1=93r00=0.798 5 r0.0s=0.666 ; ** & /R B E HH 22 (P<0.01) 3 #2658 i E A5 (P<0.05)

Note:n=9,r00=0.798 , r00s=0.666, ** indicate statistical significance at P<0.01,* indicate statistical significance at P<0.05.
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Figure 4 Adsorption isotherms of three kinds of biochar for Cu** and Ph* and their fitted curves
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EWTAH LT Cu™, Ph™ HAT B 1 KL (B, 3R B P 5 H
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TE E AL AEPIR ST, FOKRAE AT A= 4 e WL X P> 1Y
W BFE 5 1 (22.46 mg - g) LK T X Cu™ 1 W B 25 £
(12.48 mg-g ") , X SAM LS8 — 3,

Freundlich J5 2 1 n (B2 W0 B B4 I F 26 R B A2
W R AILBR ) 22 5%, 24 n< ) B, J& 7S RN B S5 R 4%
Mn>1EE, J& T L7 B SR 2R 5 n B T 1, W B
SRR TR I AT UL, 3 B A 9 X Ca® il
P (1) 0 B 15 Ry A Lo v W B, HL T L7 2 W0 o 45 i
4L X 5 R 4Ry h LR 2

1 32 Langmuir 7 2 9 A9 K38 Ry, F RUER
VBT 2 o 3k A A X 2 R R . Ru(ELRT DA R Aok k17
.

1

Ri= 1+ K. X Cy

— NN Ru=0, W B S AN AT 35 O<Ri<1, A )
W tE s Ri=1, W B S iy 2 e M DG 3R 5 R>1, W B 3 FR AR
MESEAT . R4 AT, ARSI B, RO TE 0 3]

1.0 22 8], 6 BH 3 Ffr £ 9 7% X5 Cu> i Ph> (19 W B2 25 5
HEATHY
2.3.2 BERFRTES WM

R AE S A Jm AR R 3l A W 6 Cu
Ph™ (1) 35 FE B2 W B8R , 548 1 Cu™ #l Ph™ 1Y 35
Grmg B, 5 R UL 6. H IR AL, A EL R — W, 3
T A= R Xt Cu—Ph &2 A1 2 P s R e 111 Q. A K3
AR, T8 Cu-Pb G IR R W i B A AEAH B
PO, Bl 3 A 9 0k X Cu® F1 Ph> (18 W B ot 45
B — W BRI R kR DR A A e 3R T 1
SR —E 1, BT Z A0 A6 19 A 58 4 0 L B
SRR A T WA . Saha ZEPHEXT € Zn  Pb 35
G B RIS e L ZE AR B SRR (B
i <0.02 mg - kg™) , W% Bff = A B VR B, AN AELE
- W B AL B4 S A 5 e R R S SR B i T S
W2 BFFASE 1 B 28, DA TS % 2 1 W B S RIS, AP TR
4 IR

A I R A BE R T A R AN B B, AR X
JEF o KRB R T BOK A B TR R R
A 4 S W B 5 RN B K g RS O6B (pK)
Y488 R T U 70N BV IR T 500 X 5 1 1 A R S AL 5 %o
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Table 3 Isothermal fitting parameters of biochars for Cu® and Ph* adsorption in a single system

F4E He 5 Langmuir Freundlich
Heavy metals Biochar Qumg-g” Ki/L-mg™ r Kimg-g" -1 n r
Cu™ BC 27.14 0.096 0.999 2%#* 6.23 3.071 0.991 8
KBC 31.10 0.226 0.881 6%** 13.08 4.900 0.877 97
PBC 35.21 6.861 0.988 6%+ 23.38 7.328 0.978 3
Pb* BC 40.25 2.169 0.996 7+* 22.60 5.056 0.954 8
KBC 49.19 12.500 0.977 8** 41.39 4.480 0.974 97
PBC 54.51 27.260 0.991 1#* 63.77 3.433 0.963 6+*

T :n=7 3700=0.875 5 7005=0.754 ; **F /R B A (P<0.01) 5 # KR .3 M1 52 (P<0.05) , T [H o

Note:n=7,r00=0.875,r00s=0.754,** indicates statistical significance at P<0.01,* indicates statistical significance at P<0.05. The same below.

R4 YR B—ER P Cu™ 1 PH B ZF R IR RINEE

Table 4 R\ fitted values of isothermal adsorption of Cu™ and Pb* in a single system by biochars

Gy W WA U Initial concentration/mg - L™
Heavy metals Biochar 20 40 60 30 100 120
Cu™ BC 0.342 00 0.206 27 0.147 67 0.115 00 0.094 16 0.079 72
KBC 0.181 03 0.099 52 0.068 62 0.052 37 0.042 34 0.035 53
PBC 0.007 24 0.003 63 0.002 42 0.001 82 0.001 46 0.001 21
Ph* BC 0.022 53 0.011 39 0.007 63 0.005 73 0.004 59 0.003 83
KBC 0.003 99 0.002 00 0.001 33 0.001 00 0.000 80 0.000 67
PBC 0.001 83 0.000 92 0.000 61 0.000 46 0.000 37 0.000 31
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Figure 5 Isotherms of Cu** and Pb** adsorption by biochars
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Table 6 Adsorption affinity based on heavy metal properties

TR ICR M )R B SR
Properties of heavy metal elements Affinity sequence of metal ions
IER RETAN Ph*(0.401)>Cu*(0.419)
AR i et PL*(207.2)>Cu*(63.5)
FL B Ph*(2.33)>Cu?(1.90)
pK Pb*(7.71)>Cu*(8.0)

RS EYRIPEESEES Cu” Py HBMERINEGSH

Table 5 Adsorption isotherm fitting parameters of Cu**and Pb* in mixed system by biochars

F4)E He W Langmuir Freundlich
Heavy metals Biochar Qu/mg-g" Ki/L+mg"' r Kimg-g™-L" n r
Cu™ BC 10.12 1.745 0.993 6** 5.767 5.686 0.987 6%**
KBC 13.83 29.64 0.983 4%* 9.900 7.945 0.971 7#*
PBC 20.08 34.96 0.979 5%** 16.07 7.184 0.942 6*
Ph* BC 15.89 0.923 8 0.997 4%* 7.689 4.112 0.979 7#*
KBC 17.17 13.74 0.974 8** 12.49 6.251 0.974 7#*
PBC 22.99 13.92 0.995 7#* 18.10 5.492 0.955 1#*
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Figure 6 Selectivity coefficients of biochars for Cu*" and Pb** in a

binary composite system
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Figure 7 Adsorption isotherms of three kinds of biochar on Cu™

under different temperature conditions
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under different temperature conditions
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Table 7 Thermodynamic parameters of three kinds
of biochar for Cu*" and Pb*

R AW L AG AH AS
heavy metals Biochar Temperature /C
Cu BC 15 -3.45 24401 12.54
25 -4.49
35 -4.98
KBC 15 -11.74 322.19  2.80
25 —-6.60
35 -7.55
PBC 15 -10.57 257.66  3.06
25 -15.06
35 -13.89
Ph BC 15 -14.71 10642 1248
25 -15.13
35 -16.21
KBC 15 -20.07 129.94  8.37
25 -19.47
35 -20.69
PBC 15 -20.35 175.52 5.61
25 -21.40

35 -23.75
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Ph? [ 5 4+ W B BE 7 29K T Cu™ , LR 5 eV X Cu™
TES G R P 5T A e ot , (HXS Ph> (95 5 A BT
T o T AR BT 3 Al A 0 i I R P BIR i A A
KBC>PBC>BC,

S 0k

[1] R AR, 5, 2mhr, 45 . R B A X A e X 4 S 0 o
Zn® A BYREMR[)). K B R FE27 1, 2019, 33(4) :349-356.

SONG Cheng—yuan, XIA Jian-guo, LI Lin—jia, et al. Effect of hydroxy-
apatite on adsorption of Zn** and Cd* in lead —zinc mine area soils[J].
Journal of Soil and Water Conservation, 2019, 33(4) : 349-356.

[2] Bogusz A, Oleszczuk P. Effect of biochar addition to sewage sludge on
cadmium, copper and lead speciation in sewage sludge—amended soil
[J]. Chemosphere, DO1:10. 1016/j. chemosphere. 2019. 124719.

[3] Wang M, Zhu Y, Cheng L, et al. Review on utilization of biochar for
metal-contaminated soil and sediment remediation[J]. Journal of Envi-
ronmental Sciences, 2018, 63(1):156-173.

[4] E AR, XUEI0, AR, 55 . JSURHRN S RS il 5 X A= 4 i Wi o
CA* sz ml)]. fL T HEE, 2019, 38(9) : 4183-4190.

CAO Jian—hua, LIU Ling—qin, HUANG Ya—ji, et al. Effects of feed-
stock type and pyrolysis temperature on Cd** adsorption by hiochar{J].
Chemical Industry Progress, 2019, 38(9) :4183-4190.

[5] BT, B, FERAR, A5 AW 5 B S G PRI ) 4 5 N HIAE
FEHERE[T]. A IR 2£ 4, 2015, 34(8) : 1429-1440.

LU Hong—hong, GONG Yan—yan, TANG Jing—chun, et al. Advances in
preparation and applications of biochar and its composites|J]. Journal
of Agro—Environment Science, 2015, 34(8) : 1429-1440.

[6] Lahori A H, Guo Z Y, Zhang Z Q, et al. Use of biochar as an amend-
ment for remediation of heavy metal-contaminated soils : Prospects and
challenges|J]. Pedosphere, 2017, 27(6),991-1014.

[7] B, sk, o 25 AR SO IR SE B 5 i B2 (). A
AP IR EERL A4, 2014, 33(5) :821-828.

CHEN Wen—fu, ZHANG Wei-ming, MENG Jun. Biochar and agro—
ecological environment: Review and prospect|J]. Journal of Agro—Envi-
ronment Science, 2014, 33(5) :821-828.

[8] TRV, TERBE, X K27, A5 AW n B v R W e i) i 45 N HIAE
FEHEIRE()). AR =4I, 2018, 32(11):2281-2287.

JI Hai-yang, WANG Yu-ying, LIU Yu-xue, et al. Advance in prepara-
tion and application of biochar and modified biochar research[J]. Jour-
nal of Nuclear Agriculture, 2018, 32(11):2281-2287.

[91 A RIAUL, X A i, RETE i, A5 . KRBT AR A 400 9 X i ) R
PRFPERERT S AL FRERLA 2441, 2017, 36(10) : 2092-2098.
ZHU Si-hang, ZHAO Jing—jing, CHU Long—gang, et al. Comparison of
copper adsorption onto unmodified and nano—hydroxyapatite—modified
wheat straw biocharlJ]. Journal of Agro—Environment Science, 2017, 36
(10):2092-2098.

[10]2% P, R, TR EH, 45 . BIOPE A= W 0 o 2 E 1o 7 o )



1312

URIEIN Xl 53955 64

BEACBCRITFE ] A BREER 2 24], 2018, 37(10) :2304-2311.
LI Ran, MENG Hai—bo, SHEN Yu—jun, et al. Immobilization of heavy
metals by modified biochar during composting of pig manure[J]. Jour-
nal of Agro—Environment Science, 2018, 37(10) :2304-2311.

[11] Rl 208, Bt R, K24, 55 MnO 57 24 W) B X Cu™  Zn™ 1Y
FEPALERBIFSEL]. A R RL 24412, 2018, 37(10) :2297-2303.

LU Man—-man, MA Jie—chen, ZHANG Xue-sheng, et al. The proper-
ties mechanism of Cu® and Zn* sorption by MnO,~loaded biochar[J].
Journal of Agro—Environment Science, 2018, 37( 10):2297-2303.

[12] R, 20 AR, EWE, 45 FORFEFF R0 AL BT 5 04 4 2 2 %
B RREOREAERTIEL]. AL FREERE 22240, 2018, 37(1) : 179-185.
ZHU Yin-tao, LI Ye-dong, WANG Ming—yu, et al. Adsorption char-
acteristics of biochar prepared by corn straw alkalization on zinc[J].
Journal of Agro—Environment Science, 2018, 37(1) :179-185.

[13] b B, PLEAG, ok A, 55 AR 0 FE R vk A T
Wy BT TG R ()] A4 T, 2019, 48(8) :1700~-1703.

SUN Yue, YAN Xiao—ju, ZHANG Yan, et al. Main modification meth-
ods of biochar and its application in pollutant removal[J]. Contempo-
rary Chemical Industry, 2019, 48(8):1700-1703.

[14] BRZET, sk IER], BURS RS, 25 . 3 S0 0 g i PR 2T 4 3R 27 4E X Cr
(VD) BB WIESEL)). REERLF274H, 2018, 38(8) : 3090-3098.
CHEN Hao—yu, ZHANG Sheng-li, KAI Cheng—cheng, et al. Polyeth-
yleneimine modified cellulose fiber for Cr( VI ) removal from aqueous
solution[J]. Journal of Environmental Sciences, 2018, 38 (8) : 3090-
3098.

[1STHAZA R, T B, JA S 72, % . PET A 56 H R R S e b4 L A il
i B BAEGRS G ET T[] TIREA L, 2018, 49(11) 1 11145-11150.
HU Shao-zhong, ZHOU Yue, ZHOU Li-hong, et al. Preparation of
the polythylenimine dithiocarbamate crosslinked adsorbing material
and its adsorption of cadmium, copper and lead ions[]]. Functional
Materials, 2018, 49(11) : 11145-11150.

[16] Ma Y, Liu W J, Zhang N, et al. Polyethylenimine modified biochar ad-
sorbent for hexavalent chromium removal from the aqueous solution
[J]. Bioresource Technology, 2014, 169 :403-408.

[17] EFE, HEE, W43, % AP s = SUE f 0B sh g 2= F
FEI]. BRBERLA2R, 2019, 39(6) : 1790-1800.

WANG Xiu—juan, LEI Yu-tao, ZENG Jing—wen, et al. Thermodynam-
ic study on biochar’ s adsorption of triclosan[J]. Journal of Environ-
mental Sciences, 2019, 39(6) : 1790-1800.

(18] F& T, = b, XIFHE . AR 74 Bl o 45z Jas PR K )i A5 i

WSTR[, BRI T, 2016, 36(3) :34-37.
XU Sheng, GONG Xiao—feng, LIU Chun-ying. Research progress of
strengthening measures for treatment of heavy metal ion containing
wastewater by agricultural and forestry waste materials[J]. Modern
Chemical Industry, 2016, 36(3) : 34-37.

[19] b 25 i il 56 U B 390 2 B oK v o 5 J RS BHR B SR D] 5
JIE : v R R R, 2014
MA Ying. Modified carbonaceous adsorbent for heavy metals and dye
removal from the aqueous solution[D]. Hefei: University of Science
and Technology of China, 2014.

[20] ZZH4H, BEHa A, 2%, 55 K FEREFF A9 BT Ph (1D ) Ay I B

FRIE[D]. P54k, 2011, 30(11):1851-1857.

AN Zeng—-li, HOU Yan-wei, CAI Chao, et al. Lead ( Il ) adsorption
characeristics on different biochars derived from rice straw[]J]. Envi-
ronmental Chemistry, 2011, 30(11):1851-1857.

[21] FeAramd, AROCHS, B3 RE T, 25 . R RFEFFLE 4 0 Xk Cd 1 1 B

SN 2R ()] A FREER 274l 2014, 33(5) :958-964.
XU Nan - nan, LIN Da-song, XU Ying-ming, et al. Adsorption of
aquatic Cd*" by hiochar obtained from corn stover[J]. Journal of Agro—
Environment Science, 2014, 33(5) :958-964.

[22] BHEAR, FIRIE, ARAR I, 5 BBk BCAE W he o o 4 Jm A A 1) R
BHREPEDFIELT]. FRETRL 2441, 2016, 36(4) : 1190-1198.

XIE Chao-ran, WANG Zhao—wei, ZHU Jun—min, et al. Adsorption of
lead and copper from aqueous on biochar produced from walnut green
husk[J]. Journal of Environmental Sciences, 2016, 36(4) :1190-1198.

[23] BB, Bk, M AR, &5 WRR RS A P 5ok e i (1 I B

PERFEHLEI)]. R5EA2E, 2017, 38(5) :2161-2171.
WANG Tong-tong, MA Jiang—bo, QU Dong, et al. Characteristics and
mechanism of copper adsorption from aqueous solutions on biochar
produced from sawdust and apple branch[J]. Environmental Science,
2017, 38(5):2161-2171.

[24] Macias—Garcia A, Gomez Corzo M, Alfaro Dominguez M, et al. Study
of the adsorption and electroadsorption process of Cu( Il ) ions within
thermally and chemically modified activated carbon[J]. Journal of
Hazardous Materials, 2017, 328 :46-55.

[25]12 % F R, B L VI P A X 5 T A R K 3
SEOMHTI. B FHAE T, 2018, 47(2) :231-233.

LI Yan, WANG Xin, HUANG Jin—tian. A kinetic analysis and adsorp-
tion of cupric ion onto Salix psammophila—based activated carbon fi-
bers[J]. Applied Chemicals, 2018, 47(2) :231-233.

[26] F B, Fbfh, )A S A HE Ca (1) PHCID) NiCID A

Cd (I ) Fry 88— K 5 5 W B S 0. ALK 4 (A SRR,
2017, 53(6) : 1122-1132.
WANG Qi, WANG Bin—wei, TAN Guang—cai, et al. Single and com-
petitive adsorption of Cu( Il ), Pb( Il ), Ni( Il ) and Cd( I ) onto bio-
char{]]. Journal of Peking University (Natural Science Edition), 2017,
53(6):1122-1132.

[27] Saha U K, Taniguchi S, Sakurai K. Simultaneous adsorption of cadmi-
um, zinc, and lead on hydroxyalumium— and hydroxyaluminosilicate—
montmorillonite complexes|J]. Soil Science Society of America Journal,
2002, 66(1):117-128.

[28] XUGUAH, B35 4%, 4% FF, S5 A FERARLESE A W me KR

Cd™ 1 Zn* R B AIFIELT]. AW FREERE 27412, 2019, 38(5) : 1142
1150.
LIU Jian—nan, FENG Ji-meng, LI Dan, et al. The adsorption of Cd*
and Zn™ in aqueous solutions by dairy manure and walnut shell bio-
charJ]. Journal of Agro—Environment Science, 2019, 38 (5) : 1142 -
1150.

[20] BRORAR, TR0 BA, FNFILE, S5 . 132 pH A HLBT AN 3 K AL 5
BYSE AR I R REMALT. Al FRETRF 2441, 2007, 26(2) :510-515.
LIN Da-song, XU Ying—ming, SUN Guo—hong, et al. Effects of pH,

organic matter and oxides on competitive adsorption of Cd** and Ph**



TE % TORRRFECIEAE DO B S TR 1313

by soil[J]. Journal of Agro—Environment Science, 2007, 26(2) : 510
515.

[30] ARFFHE, B =0k, Bl B, 4% . SIBRSERNEXT Zo 10 I HPEREL]. 137
Fk2, 2008, 25(5) :617-621.
ZHU Zai-sheng, LUO San-lai, ZHONG Na, et al. Adsorption proper-
ties of crosslinked chitosan for Zn* [J]. Applied Chemistry, 2008, 25
(5):617-621.

Bz, BRI, BB SRS # L4 e 8 1 W b pg
SHUIRRVI] 1685387, 2014, 34(9) :58-65.
XING Yun, LI Su=juan, LI Bu—hai. Disussion on the adsorption per-
formance and mechanism of cross—linked chitosan on common metal
ions[J]. Metallurgical Analysis, 2014, 34(9) : 58-65.

[32] Nieboer E, Richardson D H S. The replacement of the nodescript term
‘heavy metals’ by a biologically and chemical significant classifica-
tion of metal ions[J]. Environmrntal Pollution Series B, Chemical and

Physical, 1980, 1(1) :3-26.

[33] Chen C, Wang J. Influence of metal ionic characteristics on their bio-
sorption capacity by Saccharomyces cerevisiael}]. Applied Microbiology
and Biotechnology, 2007, 74(4) :911-917.

[34] IR, ARIZE, IRELRY, 55 . Zno/Ni/Cu-BTC 3L WL WIS 21 P A
WEEE[I). PR, 2019, 39(5) :2021-2027.

ZHOU Yi-tian, XU Lu-yi, XU Li-weli, et al. Enhanced adsorptive of
Congo red by Zn/Ni/Cu-BTC[J]. China Environmental Science, 2019,
39(5):2021-2027.

[35] Wang W, Ma X L, Sun J, et al. Adsorption of enrofloxacin on acid/al-
kali-modified corn stalk biochar[J]. Spectroscopy Letters, 2019, 52
(7):367-375.

[36] ¥ POME, E AL, 5 F . L IERRAL AT TR Sk R W AT 1
ST 44, 2019, 51(2) :359-365.

ZENG Qing—hui, WANG Yu-wei, LI Li. Effect of acidification on ad-
sorption behavior of sulfachloropyridazine (SCP) by black soil[J]. Soil,
2019, 51(2) :359-365.



