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Table 1 Test drugs and reagents

ET N e EY I VA2 4 C I 3

R RE(400) oebral AR CRHE) AR A BR A
FERBE(CS) el JERURSRERHCA IRA
KA AR ortral RET B R T A BRA T
IKETR orpral SRR O 2GR A R A
Pb(NO;), Pix T I N T AR 2y s w1

T R oebral Rt RAL A EGR

ABEL bk oebral i T A PR

7Y H I U i opral Rt A TA PR A

1.1.2 EiLEs
I AN TS A=K 2,

&2 AR
Table 2 Test apparatus
5 % Mo AR
g ZY-MB B SR A
HeRm AR K AL A2 UK i 5w (L) AR
ASAP2460
IrHrAX AR

PEshkE S RETRIT  LakeShore7404
X IR HEFHE  Thermo Scientific FEER CH/RBIH (HEH) A
i K-Alpha R 2> 7]

RIREETE] (L) AR

A

% E LakeShore 2 H]

YRS Zeiss Sigma300

Bruker D8 Ad-

X SR AT Y . T 5 axs A R

AT WA S EAES (IR ) T3 A PR
labxUV -2600

BETT 3]

{HHE AW LT AN  Thermo Scientific  FRER K /REBHE (P E) A

JETEAL Nicolet iS20 B2 7]

fHIRE IR 4% TS-200B i E R ST A TR A

1.2 #PE&E
1.2.1 BT i il %

FERRkC: 5% H, 0, (i 70 80) =1 g:3 mL 1Y
e, 4 — o m B A% Bk se A i A B H, O, 7, il
$¥ 300 min, BT 60 min, 337E,65 C FHET; 54
JETE 5 3R 400 °C T BRAFAAE 120 min, B H 51
2,65 C LT, BPA5 A% Ak 52 245 W ik ((walnut
shell biochar,10/F WSB)

1.2.2  REHEBR ST A Y )l &

FREL 10 ¢ WSB I AF] 100 mL 1 mol/L f# FeCl,
B, #iE 120 min, # 5 4L P 60 min, Bk 1k
1440 min, f J&, 5 3 b h 500 C T BR AT 1k
120 min , fRHIKFI S BEGER 3 K ,65 C T 4L+, B
PR ST A Y (MWSB)

1.2.3  STRBE/ RGPk AL W e B

o3 ) B O [A) BT & CS, i A #] 500 mL
2% (FRAE0) VK TR TS W, 25 B i FE 180 min,
FIAL0 mLAY 5 & —FEHl— & 1 1Y MWSB, 60 C 7K
WEA AR 120 min, 338, 2B FKUE% 3 ~
59,65 C M, B EIAFE R AN TR
Wi/ wEVERE Bk 72 A W e, ICAE 2% (R 43 H0) €S/
MWSB (x =10.20 .30 .40 .50) .

1.3 #MRERAENK

FIHE T4 L85 (SEM ) XF WSB . MWSB . CS/
MWSB 147 1oL &5 A4 1 2 1 T A W2 5 1) L 2 1
FULFLAR D BT Ao AT AR i WSB L CS/MWSB 1 Lt 36
T AR M AL AR 5 1) AR B v A8 8 2T 7 S 3% (FT-IR)
SHEE i WSB . MWSB ., CS/MWSB 43 #, 19 1 7
4000 ~400 em ~" 7 H; A XS AT 54O R
WSB MWSB .,CS/MWSB #E47 S A48T s R X B4k
JEHLFRETE (L ( XPS) XF £ i WSB, CS/MWSB #17
X STZESCH RSB, A A ot 2 75 B D) B 2 P
Fe,0, 1 CS; F| H Z DI fig IR S A g s 1+ (VSM) il
E CS/MWSB [REESEL, M 5 A =0,
[l 20 000 emu/g,

1.4 WRHHRIE

FREL MWSB . CS DL M 10% ~50% ( JF & 43 %)
CS/MWSB 4% 50 mg, 43 7l il A #] 50 mL 100 mg/L
Pb( I ) ¥ . 76 25 °C F1 150 t/min T ¥& 3% W2 Fff
720 min, & U8 J5 R FH SCHER (5] J7 32, = WD
Ph(ID) #eJ& , LITE CS/MWSB 1 CS B &40 4k .,

FREL0.05 ~1.0 g 1Y 30% CS/MWSB I fi 5],



2023 4F 10 HEES ) i

PR SO RME/ WM 5E AR W i 1 o RS i e Ph (1) BB - 137 -

SR AE] pH {E N 3.0 ~5.5 IR HE K 50 ~
400 mg/L BYPb( 11 ) ¥, 7EH% 3 150 v/ min | I B2
20 ~60 CHZMT P& WS ~ 1 440 min, i385
KHSCHRLS ] ik, s Ph (1) MR EE, L%
SERR ARG pH A A0 1A VR BE W2 B0 591 45 ke | TR
] RS X CS/MWSB W2 B Ph (10 FISE2H
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Bk Yk Ja wE R Lk T R R A — ]
WLEETT LR S B ROR o
R (L) ~ (2) THEAEET Ph( 1) A0 R 25
it q(mg/g) MEREE(%),
(C,-C)-V
g=—2——2 7

m
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(6, -C)
Cy
A Cy . C o510 Ph (I ) 5 V1 L 1 e B8 TR
JE e mg/L; VoA Ph (1) EBRAREL, Ly m A 0% it
R, g,
1.5 WMz h=ilE
K UME— R ) 12 R — 25l Sy oA R it
A MWSB W B Ph>* 1 3h 2 ad #2046 7 #E 4%
I (3) H(4),

x 100% (2)

1800.-0) =1g0, —5 2zt (3)
v 1 L
Q k0 0.
e BT AL, ming Q, ok P B 25 B, me/ g5
QN t W2 A= Py e hh o 4 8 1) W B S B me/ g5 by N
WE— Bl ) 2 7 T SO0, A, min sk, R IE
PN 1 RN RH R, g-mg ™ +min ',
gt — 2 e W B ook AR S s 4 2D B
Weber-Morris JIURL P 477 BCRE 7Y X6F 28 56 %5 9 47 40
B R (S) .
Q, =ky"’ +C (5)
oo RIS ], min g &, R OB Y B HIE R
B, mg-g ™' -min~"?; C WM FH R REA L
HHEL, me/ g

2 ERE55Wr
2.1 CS/MWSB HEEBHEREMTFHE
TEAHRI AR ES 2518, MWSB .CS } CS/MWSB

(4)

XTEKH Ph( D) B B PEREIR IR 25 R an i 1 s
i E 1 AL, CS/MWSB X Ph( I ) LB R & T
MWSB Fl CS, % Bl CS 19 ok M 7] 3% 551 MWSB X}
Ph( I1) B9WK Bt BE 715 X EE AN TA] €S £ 2k & 1 €S/
MWSB %f Pb ( I ) B9 2 Bx %, 30% CS/MWSB X}
Ph( I ) A 2Br % i m, I8 8] 65.40% , b CS .MWSB
SRR T 13.15% . 20.89% . H1 AR, CS/
MWSB [ CS 11 &0 30% Ak,

70r BPAx%CSIMWSB BE& CS MWSB
60F
e
I \
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Fig.1 Comparison of adsorption performance of

MWSB, CS and CS/MWSB to Pb( II)

2.2 MRPHRESH
2.2.1 HIHEEE(SEM)

T ok T 4 L A W8 WSB  MWSB il CS/MWSB
) AR A OUIE S a2 Fias . AR 2 (a) AT
W, WSB R AT, 208 R i TR 55,
T ZBRIE LB, 3R T WSB 1Y LL R T AR, ixX A
LIRSS AR FWAESRE T, HE2(b) A,
MWSB b4 2 1 B 2 b 1010 22 BRC0R B0RL, 36 11
Fe,0, H1#R M T1, I H. Fe,0, WU A B B 1Y
REMI, WK 2(c) B H,CS/MWSB FKAHLEE , 72
R EAERETE Fe, 0, TR A YR 02T, /AT
B, IR e RN e FRBE A 1Y CS/MWSB 1Y JE
AL R AR AR, A W e 3 1T SERLRS | 48R AL
B s kR A 2 s A RS T
CS/MWSB f4 Sz i e
2.2.2  BET L5 R4

WSB.CS/MWSB [ BET il 345 5 025 3. H
263 AL, CS/MWSB 14 BET FIFLIAFI [ WSB [
ik, M FLAEIE K, X AT HE 2 M T Fe, O, k7 ok
TR | A —28/ NRSHRGFLBR PSR, KRR
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(c) CS/MWSB

2 WSB._MWSB fi1 CS/YMWSB ) SEM [
Fig.2 SEM spectrum of WSB,MWSB and CS/MWSB

~F B FLBSURE X B, Sofdt be 2 T ART R, LA FR A
NSRRI PR R RE ) T B H 5 3R
B S ARSI T i RENT, ST T AL Rt fig
%3 WSB I CS/MWSB iy BET 4347
Table 3 BET analysis of WSB and CS/MWSB

. SE BET 31 fLIRBY
B ! 3
fL#%/nm B/ (m?-g™h) (em®-g™1)
WSB 3.0131 474. 608 7 0.210 849
CS/MWSB 8.946 8 78.587 8 0. 035 105

2.2.3 X FHERATHH(XRD) 43t
WSB . MWSB Fl CS/MWSB %) X 528177 5 & i

WLE 3, W 3 AT E . 7 20 =16° ~30°40A 1 4
sp’ 2Ltk A TE AT S0 B, R AE Y iR AR A
TeERIZER S, MWSB F1 CS/MWSB A 1L 1) 5 1iF
I 7 20 & 30.1°,35.5°,43.1°,53.4° 57.0°,
62. 6° 74. 3°AAFER AR B FFIF 1& , 77 & Fe, 0,
AR AR AE AT ST 2 X L T Fe, O, fib AR Y
(220) . (311),(400) . (422) . (511) . (440) .
(444) aiim , R EYI R LI T 38 Fe, 0, 5 TR 4
) 7e B IS IF R e 4E WSB 4544, MWSB #lI
CS/MWSB 7E 26 & 33. 20° 1 49. 50° 43 H B 2 4~
AT | 43550 5% & 7S Fe, O, B (104 ) F1(024)
fm T, 2% B 7E e Ak 1 3 2 A 358 4 Fe, O, A1 AZ
Fe,0,'"*)
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Fig.3 XRD spectrum of WSB, MWSB
and CS/MWSB

2.2.4 X FEOLHFRERE (XPS) 44T

WSB F1 CS/MWSB #J XPS 43 #r &l 4 FrR .
MIE 4 T F . WSB 7E 45 & Be h 284.3 eV Al
532.09 eV 4 1B Cls F1 O1s HY4FAFE %, CS/MWSB
TE45 & fE N 284.15 eV, 532.17 eV, 399.96 eV,
711.68.04 eV H L T Cls,Ols Nls, Fe2p HF1E
g, e Fe, O, 8 I gk TRk A,
2.2.5 HHEMNLIMERE BT (FT-IR)

WSB . MWSB ,CS/MWSB £ AN GiE an ikl 5 B
o WSB 19 £ 4h % 3% K, #F 3610.0 em ™',
1778.0 cm ™" 1 669.0 ecm ™ F1913.1 em ™' b HY
W—OH (2 4k) WX R & C—H nY % ik 1,
1487.8 em ™M 4E 4k 2 1 1 & 05 36 C =C, 1
MWSB 21 4ME 15 K, 7E 3 605. 7 em ™' Ak Y 9 1
H—OH WP 4a PR3N AR15 A i sl | K I—OH ny &
HA N5 1650. 7 em ™' ZbAYRRER XU C =C A
iR B A 913. 1 em ™' 4b C—H M HFAE I 24 B i
58, CS/MWSB [IZLAMETERIF 7 3 476.5 cm ™' Ab
[ T I S—NH, .—OH %) i 45 Pr 3 A% 15 22 Bt
2856.1 cm ' 52921. 6 em ' Ab 5T BB B 45 4
AR W W g 43 ) 5 3 S AT (—CH) AN
(—CH,) 925 thIRENA 5 51 725. 0 cm ' 4b HE AR 3
o PR PR JE C =0 1Y i 45 PR Bl W i g,
1466. 1 em " F5 3 C =C MRk ahig & 4218
I AR [1103. 6 cm ~ 11 051. 4 cm ' 4k Kk
B (C—0—C) MFFEM W s | T 7E WSB Hhi A i
W C—0—C, KW T & — B 5l Th 28 B el 1 7e R
O R LTI, R REE A MR T B g
J—OH ,—NH .C =0 .C—0—C 2B fe P17 fr i

Cls

Ols

RS

1400 1200 1000 800 600 400 200 0

ZE5HE eV

(a) WSB

TR

|

Cls

1
o

Ols

1400 1200 1000 800 600 400 200 0
Z55REleV

(b) CS/MWSB

A

4 WSB 1 CS/MWSB () XPS 4% [X]
Fig.4 XPS full spectrum of WSB,MWSB
and CS/MWSB

N, 5 F &4 CS/MWSB 5 Ph( 1) BYFL&VEH™

A

B3 A(100%)

26188 ivmselN ‘ o
4000 3500 3000 2500 2000 1500 1000 500 0
Wk /em™

B 5 WSB MWSB #l CSYMWSB iy FT-IR Kl
Fig.5 FT-IR spectrum of WSB MWSB
and CS/MWSB

2.2.6 fEHHZE(VSM) 2 #T

CS/MWSB i th 26 WL 6, HIE 6 (a) F i,
R P AT R ARk %) 0 T £ 42 30 S AR R G A
FEN 1.984 emu/g, Al HAMNINE I T SEEE CS/MWSB
A ES ik, 46, R 6(b) B BEHE M 267 1
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AR G R4, B D s R, R ) (H)
H149.5 G, TR AL TR (M,) 4 0.270 0 emu/g,
A BEFE MWSB {54kt B2 H 343 Fe, O, 78 S A& T
FZEH Fe,0,, 31X 5 XRD &9 25 58 —5 |

3
—24.84 mg

| o
A,

-20k -10k 0 10k 20k

(a) &l

051
04+ ——24.84 mg

03r

pd
o ///
e

mu-g’')

5]
= -0.1F ¢
=

-0.2
03+
_04}+

-300  -200 -100 0 100 200 300
H
(b) Jrrak

6 CS/MWSB MfiHir £k
Fig. 6 Hysteresis curve of CS/MWSB

2.2.7 CS/MWSB BRGNS B 50

CS/MWSB 11 # ¥ 4> B B L W & 7 (a) AN
Bl 7(b) Frs, 45 R 3R Iz bR} AT 9 2k M B MK
har ok, AT H T E &R R KA H S CS/MWSB
Ay lEnlc, a8, WKL 7 (a) AT LLE H, CS/MWSB 7E 1%
B Ph( 1) i B A R A RIS, RIZ AR L
T A W) R ORI 5 AN oy R TR
2.3 CS/ MWSB R Pb( I ) &0 EZBFHF
2.3.1 VWL pH XTI Ph( 1) fY 5200

FREL 50 mg 30% CS/MWSB, 23 J 3| pH & H
3.03.5.4.0.4.55.0,5.5 % 100 mg/L Pb( Il ) i#
W, 12 25 C T 4Rz W F 120 min, % %€ pH {H X
CS/MWSB BB Ph ( 11) 4 52 0, 056 45 2 WL 1A 8.,
M pHEN 1.0 ~2.0 B, T CS/MWSB K [ 1) —
S g == = i N ) i e A 1 il S R L Rl ol

(a) 4 83T (b) RSy B
7  CS/MWSB (G 5y B 45 531

Fig.7 Magnetic separation results of CS/MWSB

H* 5 Pbh( 1) RHER 7= A 5w 4 VR, S5 300 B 25
HHR/NP Y pH S ER, S5 Ph( ) SEFA HY
Yok /U WG R 5 2 T ) AR Y A DR S Ak i O
Ffr iR /D H 5 Ph( ) HERRAE F R I8 55 ,
B 23 BT 0, pH (B 5. 0 IF CS/MWSB 2 [ %
RE e, W pH E P4k 2248 K, H Tk R K ik
/NP () FFEE LA Pb(OH) *  Pb (OH), & R 4%
FE P () WRBEREAR, CS/MWSB Xt Ph( 1)
W B i 228 T KA, 255 43 B, pH (B 5.0 B CS/
MWSB Wt Ph( 1) AR e

30 X

h 28

| 1 26
3.0 3.5 4.0 4.5 5.0 5.5

pH{E

8 pH {EXFT CS/MWSB W[ Ph( 1T ) 520
Fig.8 Effect of pH on CS/MWSB adsorption
to Pb( 1)

2.3.2 WA X Ph( D) A5 0H

B pH =5. 0,100 mg/L Pb( I ) &% 50 mL, 5>
MHA0.05¢.0.10.0.20 g.0.40 g.0.60 g.0.80 g,
1. 00 g 30% CS/MWSB, 7E 25 °C T 3% W fff 120 min,
W SR FH XTI B Ph (1) AR S S 3645 SR
&9 Fix, WBHFIHEAE 1 ~4 ¢/L i, Ph( 1) ZBR
K 58.2% WK F 75.9% ., 4 W K O O
4 ¢/LJ7,Pb( 1) KBRBF LS, X Al GE & 5y
CS/MWSB kg EUOH [ B ok & A REM L H
CS/MWSB A9 i e 1 BT R e 22 T Bt 56
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CS/MWSB Hy# &L 4 o/L Mk

80

é 1|0 1|2 114 1I6 1|8 Zb
JHHE(g L7

B9 CS/MWSB FHE XM Ph( 11 ) A5

Fig.9 Effect of CS/MWSB dosage on adsorption
to Pb( 1)

2.3.3 JREEXFTIE Ph( D) R AR

B pH =5. 0,100 mg/L Pb( 1 ) IE¥ 50 mL, il
A 0.20 g 30% CS/MWSB, 4 %l 1£ 20 C .30 C .
40 °C 50 °C .60 C T3 W B 120 min , 25 525 B X
Ph( 1) WCR 52, 50 25 R an &l 10 s, H
A 7620 ~ 40 CHF, CS/MWSB % Ph( I1) 824
R ek B B v T A, IR R T 40 C Y P
TR TE s, BB, T, AR T AR
BRZ SR, AR T 5 4 R B 1) W B 7] 2 1 Ay
Y (HERRE I A T U R B b el
BRHEE TT A, dc CS/MWSB W2 fff Ph( 11 ) B9 3& B iR
JE M 40 °C

85

0 2 4 6

80~

LBRRI%

70

65 L L 1 1
20 30 40 50 60
BE/C
Bl 10 JEJEXT CS/MWSB W Ph( 1T ) A5
Fig.10 Effect of temperature on CS/MWSB

adsorption to Ph( 1)

2.3.4 WA R Ph (L) A 520

FREL 0.20 g 30% CS/MWSB T 50 mL f pH
5.0.,100 mg/L Pb( 11 ) %W, 75 40 °CF 7 5l %
S5min, 10 min, 20 min, 40 min, 60 min, 80 min,

100 min 120 min 180 min .240 min 300 min 360 min .

800 min . 1 440 min, % ZL B [8] X} CS/MWSB W [ff
Ph( 1) By, X 25 R an il 11 Fras, H B AT
FERIEE A 120 min Y, CS/MWSB %f Ph( 11 ) 1 M B
AR E | R RIKF] 78, 5% DL b, 3% i T W
IR BE, CMMB 1 fLBR 8 i 5 £ |, 21l B 6E 1
B e, REIR U 2 B 5, Ph (D) R 5
WG o6 2 % FF 551) 2 T itk A FL B 38 3 il o R BFF st
[ A HER: , Ph( I1) 5 85 T W B 550 5 22 A W B 407
(R EsF, A PN o, {5 45 L B 38 T 9 JE , B LA
Ph( 1) LBRFIEARMGFFRE D 6% 8
I8, LL 180 min S CS/MWSB W[t Ph( 1) 9 &4
i)

85r

~]
W

FBRHEI%
~J
S

60 1 I 1 1 1 1 1 1
0 200 400 600 800 10001200 1400 1600
Fi} ] /min

B 11 WHE %t CS/MWSB W B A 52 i
Fig.11 Effect of time on CS/MWSB adsorption
to Pb( 1)
2.3.5 YRUWEAY Ph( D) MIUGHe XTI Ph( T ) Y
Al
3 EE pH =5. 0 W R 50 mg/L.75 mg/L,
100 mg/L 150 mg/L 200 mg/L 300 mg/L 400 mg/L
/) Pb ( I1) % 50 mL, £ i1 A 0.20 g 30% CS/
MWSB , 7E 40 °C T 4= 7 W ff 180 min, %% Ph( I ) %
VAT G VA B X R B Ph (D) 9 s g, 3 56 &5 2R
Bl 12 st AT b Ph (1) W B W
50 mg/ LB Wi N3] 400 mg/L i, Ph( 1 ) A £
i 34.30% T+ % 90. 86% , W Fff &t 4. 29 mg/g
T+3 89.86 mg/g; Fi Pb ( 11 ) %) & v BE B4, Ky
Ph (1) 1% B4t %) S HE B 7, B AWK BT 53] S A5 1
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Preparation of chitosan supported magnetic walnut shell biochar and its

adsorption properties on high concentration of Pb( Il )
YAN Xiang, YANG Jiandong, HAN Li, WANG Duliu, YUAN Guixia, FAN Xiumei, ZHOU Yali,

GUO Zongjie, HOU Feng
(College of Agricultural and Forestry Technical, Longnan Teachers College, Chengxian 742500, China)

Abstract: The magnetic walnut shell biochar was prepared by using walnut shell powder as biomass raw material

and H,0, and FeCl; as modifiers in turn under oxygen-limited conditions, and then the chitosan/magnetic walnut

shell biochar composite ( CS/MWSB) was prepared by using chitosan as modifier and polyethylene glycol as
cross linking agent, and SEM, FT-IR, N, desorption, XRD, XPS, and VSM techniques were used to characterize

the morphological and physicochemical properties, and the adsorption performance of CS/MWSB on Pb( Il ) in

simulated wastewater was investigated by static tests. The results showed that: the surface of CS/MWSB had a large

number of microporous structures, and the active groups and the aromatic group of CS/MWSB increased when the

surface was loaded with spherical Fe;0O, particles and chitosan; the CS/MWSB with 30% chitosan loading had the
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strongest adsorption capacity for Pb( I ) ; for the Pb( Il ) solution with the initial concentration of 400 mg/L., when
the adsorbent was dosed at 4 g/L., the adsorption capacity of CS/MWSB was increased by the adsorption of
Pb( I ). The adsorption rate of CS/MWSB for Ph( I ) was 90.86% and the adsorption capacity was 89. 86 mg/¢g
at pH 5.0 and temperature 40 C for 3 h. The adsorption of Pb( I ) by CS/MWSB was in accordance with the
quasi-secondary kinetic equation and the adsorption process was mainly chemisorption.

Key words: walnut shell ; magnetic biochar; chitosan; adsorption; Pb( Il ) ; wastewater treatment; heavy metal ;

kinetic analysis
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