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PERE. AR IR W B BB 5 2 ) o SR A o 4 L 2
AEUVIRFR . BT & ik = SLBREE I A0k 1
PEREIAT g, ] AR 2 A= W o i JUk) . AR R FR
FE R BE R A B R . Hlegeit, 2021 423
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Table 1 Test drugs and reagents
e ARR R g AR

R " (400) el ARR(RHEY) BRI RA T
FERWE(CS) aral ALRESREREA IRA R
ANIREH B oppral KB TR A IRA
KZ B el KA KRR A0 BR A 7
Pb(NO; ), VA ES NS SR (A vl T
e el AT R A AR
AREZ ok orfral B TA R F

7SR 3 I g el R EHCORE A TA R A

L 1.2 35 XA
G A S B AT R AR 2,

&2 A
Table 2 Test apparatus
% 4% LU CNIE 3
g ZY-MB YA LRE e LN A
FER TR K ALAR ASAP2460 A2 ye kA B v (i) (X%
SIHTAY A BRA

YeshFE Mt  LakeShore7404 [ LakeShore 2 7]
X KA T8 Thermo Scientific  FERR K /RBHE () &

W K-Alpha (RN
RG] (L) R
BB Tk Signaaco | R EAATR
U\ H)
) Bruker D8 Ad-
X HHERAT AL o PRI A 5 axs 4 FRAH
EL NS LabxUV -2600 By B CRM) TR A B
BT AT
(i HL AR AT 4 Thermo Scientific  Z£8% K /REHE (P E) A
St Nicolet iS20 [N 7]

fHIRHIRIRZ A TS-2008 RS R AR A A

1.2 #etsl&
2.1 dkse Ay il e

FERME: 5% H,0, (B /340 =1 g:3 mL |
o], 45— B AR BR e A I ACBI H, O, 1 Wi, 4
$F 300 min, #7360 min, 31 7€, 65 °C T LT ; 4%
JETEE 3 400 CTF BRAFAE 120 min, 12 1) f5 1
ZE, 65 C AT, BIARAX k7 4= 9 ik (walnut
shell biochar, 3t/ WSB)
1.2.2 @RS E Y il 45

FREL 10 ¢ WSB A 3] 100 mL 1 mol/L ] FeCl,
VW, B FE 120 min, &8 75 4L 3 60 min, [ 1k
1440 min, 3 38, 5 9f f rp 500 °C K PR 4 75 1L
120 min ARUHK TN S EEPES 3 ¥K,65 C T AL, B
1Rk AE Y ik (MWSB) .
1.2.3 oM/ RV ER ke A W i ) &

53 0 kAN [6) B B CS, B A #)] 500 mL
2% (RT3 0 VKGR TS W, %% B4 4 180 min,
A0 mLiY 5 £ —FEHl— 2 5 MWSB, 60 °C 7K
W ORI 120 ming, 398, A B FKBERE 3 ~
5 K,65 CRHET, 15 2 [7] 7 R W 1 1t 1 72 R
Wi/ Rk e A W ok, 1 AE x% (5T i 4351 CS/
MWSB (x =10 .20 .30 .40 .50) .
1.3 #MRERRENK

I L T34 F B2 (SEM) X WSB MWSB , CS/
MWSB 1715 WL 25 ¥4 F1 2 T2 2 W€ 5 AL Ee R i
FRALAR S AT AL 53 BT FE i WSB L CS/MWSB [ Lk 3%
TR FR R AL AR 5 ) A B A2 46 21 AR 65 (FT-IR)
XTRE i WSB . MWSB ., CS/MWSB 43 #7, 1 4 v [l
4000 ~400 em ™" % M X 5 R AT S AU RE
WSB MWSB ,CS/MWSB #E17 S AH 7341 5 >R FH X 32k
e FRETE [ (XPS) Xt £ iy WSBCS/MWSB #17
X BRI FRE S0 BT, ar AR it 2 5 B By 7 28
Fe, 0, F1 CS; | 11 2 )RR SN A B ik 1+ (VSM) I
& CS/MWSB g S50, e 451 3, 03435
H>& £20 000 emu/ g,
1.4 DERHALE

FREC MWSB (CS DL & 10% ~50% ( Jii & 43 %%)
CS/MWSB 4 50 mg, 4 %l A F] 50 mL 100 mg/L
Ph( T1) %W 76 25 °C M1 150 v/min T 4§ 3% W% Bt
720 min 3+ 98 5 R FHSCER (S ] 5 ik, & R b
Ph(ID) ¥z, AR CS/MWSB 1 CS S 748

FRECO0.05 ~ 1.0 g 14 30% CS/MWSB g jff 51,
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S A E] pH B4 3.0 ~5.5 W hG W B 50 ~
400 mg/L P ( 1) ¥, 26 %% 34 150 1/ min | B
20 ~60 CHIZMHAT , Wiz B ffS ~ 1 440 min, 11 3E)5
FKHSCERIS ] 7k, M Ph (D) W, L%
VRIS pH A A0 HA v 3 W R 55 458 ko | W
Fof ) LRSS X CS/MWSB Bt Ph (1) 5200

FREL 0.2 g 30% CS/MWSB, /il A %] 50 mL 3=
B K IR 5 kB TR —
WS R Sy B AR

R ~ (2) IR R Ph () B R 25
o q(mg/g) MERRFE(%) .

CO _C[ :
NG 0
E:(COC%C’)MOO% (2)

K2 Co C o350 R Ph (L) ¥ VAR A s v J5 R W
JEHEE ,mg/L; V2 Ph (1) SRR, Ly m kg W
FHE, 8.
1.5 WKz hERE

K FHWE— 8l 1 2SRRI — 2 8l ) 2 A R gl
Y& MWSB W[ Ph”* (5l Jy 2 i Ft 1 B 700 5 72 4
AL (3) K (4) .

k,
lg(Q.-0Q,) =1gQ. =5 303" (3)

0. he o )

T 2o S IR BRI [, min g QA P-4 8 B 75, mg/ g5
Q.0 ¢ B Z A4 e 6 4 i B W B 45 0, mg/ g5k, oA
WE—G s 2 B N S H B, min sk, A E
G zh 12 R R A, g mg ™ min '

SRy itk — 20 o W B e R S B 4 AP 0K
Weber-Morris JURE P 4 3R 20 X6 324 56 40 4 28 47 404
A R IL(S) o

Q, =k " +C (5)
T s Ay W B R[], i &y, DAy UKL N 47 HICHE 3R R
B,mgeg ™ min ™5 C Ry IR BN 2D SR R A K
R, me/ g

2 iR 5550
2.1 CS/MWSB W RIS &R HE
(MR B & 1F T, MWSB  CS 1% CS/MWSB

XK Ph () A P RE IR I 45 S Al 1 BT
i 1 Af L, CS/MWSB %} Ph( 11 ) By BR R T
MWSB fil CS, B CS fy gl ¥k 7] 3% 5% MWSB Xt
Pb( 10 ) fW B i 15 X EE R Tl CS 7 28 i CS/
MWSB %} Pb ( T ) f 3= B R, 30% CS/MWSB X%}
Ph( 1) ()2 Br R h i, ik 5 65.40% , Hb CS . MWSB
Ay B E T O13.15% . 20.89% . | Ut A5, CS/
MWSB [) CS 4858 30% 4

70r BEZAx%CSIMWSB BE& CS N MWSB

v
—
(=)

I
S
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W SR 39 e R
B 1 MWSB.CS Fl CS/YMWSB Xf Pb( 1)
Wz B B EL A
Fig.1 Comparison of adsorption performance of

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

2.2 MMERLESH
2.2.1 F3fe%E (SEM)

3 3 4 H R SR WSB . MWSB il CS/MWSB
AR AN BOWIE 2, IniE 2 Fis . R 2(a) 7]
L, WSB FRIECAGH , B SCR P TTHITE AL, H
T2 BEIE LI, 8K T WSB (1 b 2 AR, 3 Ff
LB A R TWMAE LB E T B 2(b) al I,
MWSB {4 6} 2% 1 it & 1 (9 1 2 BRCAR AR, 32 BH
Fe,0, T8, I H Fe, 0, UK A H B 2 1)
REWHH . NE 2(c)FiH,CS/MWSB FHfEE, 7T
R IR Fe, O, ORI AWk 2R 10 04T
FW , 2 WARE ot Fn 5E RS i 1) CS/MWSB (1B
BGEH R AR, A= Wy e 3% 1] TEORLA | SR Fn AL
B E = Rt AR A T 2 A TE R A, B
CS/MWSB fy B G
2.2.2  BET {45 R34

WSB .CS/MWSB fi#) BET Jil i 45 5 .35 3. H
723 W[ hlL,CS/MWSB () BET FIFLIAFY L WSB [
% P BIFLAR G K X AT B & B T Fey O, J0UR 5%
FERMH T A — 2/ NRSF LB BE S R R
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(c) CS/MWSB

2 WSB MWSB FI CS/MWSB [ SEM [#]
Fig.2 SEM spectrum of WSB,MWSB and CS/MWSB

ST B FLBEAR S 30, Sl b S AR R B, FLIARR AR
NSRS R, S B B BT BE 0 R B, (H5E R
BEBISIASE I TG PEE REMT, S 71 1 1~ It g
%3 WSB Hil CS/MWSB i) BET 431
Table 3 BET analysis of WSB and CS/MWSB

v -3 BET L35 FLIRRY
b p 2, -1 3, -1
fL#&/nm F/(m*-g™h) (em’-g™")
WSB 3.013 1 474. 608 7 0.210 849
CS/MWSB 8.946 8 78.5878 0. 035 105

2.2.3 X HERATH (XRD) 4347
WSB . MWSB FI CS/MWSB [ X 28 7 51 & 3

TLE 3, MIE 3 A F 1 20 = 16° ~30°4b 4 1 A
sp’ ZR AL ) FEAT St 3, FR AR W e R AR R AS 1Y
T L) MWSB FI CS/MWSB 45 Af B (1 45
W, 7E 20 Sk 30.1°,35.5° 43.1°,53.4°_57.0°,
62. 6° 74, 3°AMFIER R IR BLRIERIE I, £ 4 Fe, O,
SR B R A A7 50T 23 B BT Fesy O, 1K B4
(220) . (311 ), (400) ., (422).(511),(440) .
(444) G, 20 A4 5 R TN 738, Fe, O, 5 A
1o F1 5% B8 8% )5 JF R i 45 WSB 45 #9, MWSB il
CS/MWSB 7E 26 4 33. 20° 1 49. 50° b5 H 3 2 4~
HiGige , 53 B B A 7S J7 Fe, 05 11 (104) F1(024)
ShTAT L 32 B 7E SR AL 19 5t B b B 43 Fe, O, 41 728 K
1?6203“8J 5
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Fig.3 XRD spectrum of WSB, MWSB
and CS/MWSB

2.2.4 X W8 FRERE (XPS) /34T

WSB il CS/MWSB [ XPS 4> #7 tn &l 4 i 7% .
MIE 4 T B H: WSB 7E 45 4 Gl 284.3 eV FlI
532.09 eV ALtH})'E Cls #1 Ols By ¥FAEIE, CS/MWSB
TE 45 A el 284.15 €V, 532.17 eV, 399.96 eV,
711.68.04 eV ¥ T Cls,Ols Nls, Fe2p FJ4R4E
W, M Fe, O, BRI 2k TR R
2.2.5 fHHEMNLIMNERE ST (FT-IR)

WSB . MWSB ,CS/MWSB (41 4MGiE an i 5 Br
Ko WSB A 21 4 )6 % B, #£ 3610.0 em ™',
1778.0cm ™" .1 669.0 cm ™' 1 913.1 em ™' &b ¥y H
W—OH (FRH) (BEEL W B C—H (1) F¢1IE 1,
1487.8 em ™' 45 Pk sh i V1 8 55 36 C =C, T
MWSB 21 7MY B R, 7 3 605. 7 em ™' Ak i) B8 14
—OH M4k 32815 AR i 2L, R W]—OH 1y &
A TN ;1 650. 7 em ™" b A RR DL C =C B fif
AiPRBIA 913.1 em ™' Ab C—H AYFEAE 1G24 BT fin
# . CS/MWSB 4T AN ERERE o, 7E 3 476.5 cm ™' 4ib
1) 5 W —NH, .—OH ) i 45 = 2h 22 1% 22 i,
2856.1 cm ' 52921, 6 em ' 4b HY BH A BOME 1 45 44
R AE I Wi w0 2y ) 5 T R S P (—CH) Al
(—CH,) & R BIA 5¢51 725. 0 em ™' Ab BRI
B R o Bk B C =0 Y il 45 Ik 3l W i 0,
1466. 1 em ™' AbF5 38 C=C (145 I sl 06 & A 218
A TR 1103, 6 em ™' F1 1051, 4 cm ™' b A ik
FH(C—0—C) MFFIE IR Wi, T 72 WSB Hr & A7
B C—O0—C, W I £ 1 Bl Ty 38 Bk ol M 52 ]
B LR TR, FE R O AR 95 AL A5 A
J—OH ,—NH ,C =0 .C—0—C FEHRe A4 A Py

Cls

Ols

V\—/‘L/lf‘ﬂ

1400 1200 1000 800 600 400 200 0

ZEEfEleV

(a) WSB

SHHE

| I

Cls

SHHE

Ols

|

1400 1200 1000 800 600 400 200 0
Lh4rhleV

(b) CS/IMWSB

B4 WSB f1 CS/MWSB it XPS 4% &
Fig.4 XPS full spectrum of WSB,MWSB
and CS/MWSB

I, % T kA CS/MWSB 5 Ph( 1) IR &1ER™ .

(100%)

¥
AONSEVEY
1487.8 — WSB
36100 L 17780 166)0 ‘
4000 3 500 3 000 2 500 2000 1500 1000 500 0
W em™

B S5 WSB MWSB f1 CS/YMWSB i FT-IR ¥
Fig.5 FT-IR spectrum of WSB MWSB
and CS/MWSB

2.2.6  fg# i (VSM) 234

CS/MWSB s Hi £k WLIE 6. i 6 (a) F i,
TR SO A R ) 0 [ e 22 30 S Y A I 1 5
Joh 1. 984 emu/g, | FH AMNnw 37 ] 2B CS/MWSB
M7 B, 8, I 6 (b) & i, w i Hh L e 7
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W ki L4, o D B v, Bmi ) (H,)
H149.5 G, F A wi A5 B (M) 2}y 0.270 0 emu/g,,
FIRETE MWSB i AL B PR oy Fe, O, 78 il 25 AF T
HAER Fe, 0, 3% 55 XRD I B4R 50"

3
——24.84 mg

? o
.,

—-20k -10k 0 10k 20k

H
(a) 228l
051
04+ ——24.84 mg /
0.3+
M
021 '
Ty O1F
= 0
g H,
= -0.1F
—02+
—03f
_04F

- ;5300 72‘00 - I00 0 l(;O Z(I)O 3(I)0
H
(b) JRie
6 CS/MWSB i fifiit it £k
Fig.6 Hysteresis curve of CS/MWSB

2.2.7 CS/MWSB [{fE1E/ Bk I

CS/MWSB (1 i ¥ oy B 5 SL W & 7 (a)
7(b) 7R , 45 3 B RL AT Bl A W% B T K
o ok, T FE 4R KA B S CS/MWSB
P, 5350, NI 7 (a) W LA i, CS/MWSB £
B Ph( 1) b BRI R A SRR IS , KWLM BHH L
A Py e UKL T 5 A28 0 R AR TR AR
2.3 CS/ MWSB [t Pb( I ) &M E =R
2.3.1 WG pH XTI Ph( 1) 52

FREL 50 mg 30% CS/MWSB, 43 34 pH {4 %
3.03.54.0.4.5.5.0.5.5 1% 100 mg/L Pb( 11 ) %
W, 7E 25 °CF PR % WK 120 min, 5% pH (B %)
CS/MWSB W Pb (11 ) () 52 i, it 56 45 21 WL & 8.,
M OHAE R 1.0 ~2.0 i, fi F CS/MWSB % i (1) —
g M= =i o e o T O S W 2 3 o)

(D)o &5

(a) B oy BT

7 CS/MWSB [l B 455
Fig.7 Magnetic separation results of CS/MWSB

H* 5 Ph( 1) PR 177 2 5 4V, 5 B0 B ¢
/NP, Y pH AT, 5 Ph( 1) 354+ HY
/L, W 0 5 T 4 TR A R 2 R T G
HUREEWIR > H 5 Ph( T HERAE F R IR D855 , %
B W i, pH {4 5. 0 Fif CS/MWSB £ R
IRFN o Bl pH R P4k 2 0 O, Uk BE 8
/N,Ph (1) JF4 LA P (OH) * (Pb (OH), JE 7
T2 P (1) W AR, CS/MWSB X Ph( 1) fy
W Fff 0t 28 T R 256 40 A, pH (Bl 5. 0 BF CS/
MWSB [ Ph( 1) (A% et o

|
W W A
=)} > S

©
W B B/ (g ™)

34

3.0 35 4.0 4.5 5.0 55
pHfE
B8 pH X} CS/MWSB Mgkt Ph( 11 ) 5%
Fig.8 Effect of pH on CS/MWSB adsorption
to Pb( 1)

2.3.2 W R AT XS R Ph (T ) B2

L pH =5. 0,100 mg/L Ph( 1) %1% 50 mL, 4y
A 0.05 g.0. 10 g.0. 20 g.0. 40 g.0. 60 g.0. 80 g,
1. 00 g 30% CS/MWSB,, 7£ 25 °C T 453% W% fff 120 min,
G 50 FH B X B Ph (I ) B2, iR 25 2R 0
9 o MBI AL | ~4 o/L i, Pb( 1) ZBR
FHH 58.2% WK F 75.9% o 24 W% I R A
4 g/LJ5,Po( 1) BERFETE GG, 3 7] GBS 1 1 1Y
CS/MWSB #4 kL G 2OH A B0k & A RAE Rl
CS/MWSB i 5 e 1 BUF 12 L s 22 W R B
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CS/MWSB Ry L 4 o/L i,
80+
75+

g 70t

M 65F

60 -

55

é 1I0 1‘2 ll4 1‘6 1I8 2I0
Pt/ 1)

B9 CS/MWSB XM Ph( 1) f 520
Fig.9 Effect of CS/MWSB dosage on adsorption
to Pb( 1)

2.3.3  REEXSWHE Ph( D) BRI
HEpH =5. 0,100 mg/L Pb( I ) &% 50 mL, i
A 0.20 g 30% CS/MWSB, 43 5l #£ 20 °C .30 C .
40 °C 50 °C .60 °CF i 3% W 120 min , % 23 & %
Ph( D) FORE MR, I 45 R 10 fron. i K
A1 7520 ~ 40 CHf, CS/MWSB X Pb( 1) 92 R
SR IRLEE B T T T, 2R T 40 C i, BEE
UL T e, 2RI/ o W TR AR R A
I SN, A7 ) T 4 T B 1o WA R ) 3 T A
FHC T FLR I o S P SO bR i
WEREIFEAR . i CS/MWSB BB Pb (I ) A3 FL i
R 40 C,
851

0 2 4 6

65 L L 1 I
20 30 40 50 60
HREEIC
10 JREEX) CS/MWSB Bt Ph( 1) B 5%
Fig.10 Effect of temperature on CS/MWSB

adsorption to Pb( II )

2.3.4  IpEDS IR Ph( ) 520

FREL 0.20 g 30% CS/MWSB T 50 mL ) pH
5.0.100 mg/L Ph( Il ) %k, 7 40 °C T 73 54k %
5 min, 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, % £ B} [A] X} CS/MWSB W fff
Ph( 1) sz iR B 45 RN & 11 fros . o B a] 50
TEWIEA 1A 120 min P, CS/MWSB %t Pb( T ) [ W% Fff
BORESML LR IEF] 78. 5% LU I, 3% & B T W%
WIHIBY Br , CMMB 2% [fi £L 8 18 52 22, 1 H fE
o 2, Re e A Z LA 7 a5, Ph (1) #5 2 #
W 56 7 A A 591 2 T s A A L I 5 B A I RS B
[ A EA , Ph (11 ) 7 48 1 W B 510 58 22 10 W B A7 A
[F] s, AR A 9 S ol A5 L B 3 B JEL G, T LA
Ph( 1) EBRREA R RAE o 254 % 18 WK
%%, L 180 min 2 CS/MWSB W% B Pb( 1T ) 1 5 f%:
B[] o

851

60 L L 1 L il 1 L 1
0 200 400 600 800 1000 1200 1400 1600
15} 8] /min

B 11 mfEx; CS/MWSB W B i) 50
Fig.11 Effect of time on CS/MWSB adsorption
to Pb( 1)
2.3.5 VWA PhCID) Wk BE XU Ph (L) Y
A
3 pH = 5.0 WKy 50 mg/L.75 mg/L,
100 mg/L 150 mg/L.200 mg/L 300 mg/L 400 mg/L
() Pb ( 1) % 50 mL, 4% i1 A 0.20 g 30% CS/
MWSB, 7£ 40 °C TR 7% W [t 180 min, Z2E Ph( 1 ) I
TR ey e 2 6 W B P (1) Y 52wl 0 25 2R
12 Frs o fy R AT R0 4% Wb Ph (D) ¥ B2 i
50 mg/ LiZ i % 400 mg/L if, Pb(IT) 25 BRr A
i1 34.30% - Ft+ % 90.86% , W [t &=t iy 4. 29 mg/g
TH# 89.86 mg/g; ffE Pb (1) 4] & #e 5 4 i, o
Ph( 11 ) 12 B Bt i SR HE Sl 1, B AR B 57 57 1
W TR T 00 5 B B AT, TR BRSPS
TR, R B A48, Ph (1) 25 B A 22 L 22 1
B, AT, CS/MWSB X F Rk g Ph( 1)
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the CS/MWSB adsorption to Pb( II )
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GUO Zongjie, HOU Feng
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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/YMWSB) 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, 0, 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( II ) solution with the initial concentration of 400 mg/L, when
the adsorbent was dosed at 4 g/I., the adsorption capacity of CS/MWSB was increased by the adsorption of
Pb( Il ). The adsorption rate of CS/MWSB for Pb( Il ) 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( Il ) 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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