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The properties and mechanism of Cu** and Zn** sorption by MnO,—loaded biochar

LU Man—-man, MA Jie-cheng, ZHANG Xue-sheng, LI Yu—cheng, WANG Ning"

(School of Resources and Environmental Engineering, Anhui University, Heifei 230601, China)

Abstract : Biochar has a large surface and may be used to adsorb heavy metals from aqueous solution. In this study, the properties and mech-
anism of Cu® and Zn** sorption from aqueous solution by MRBC (MnO,~loaded rice—straw—derived biochar) was investigated. Rice straw
was used to produce biochar at a pyrolysis temperature of 600 C for 3 h. In order to increase the Cu®* and Zn*" sorption capacity of the bio-
char derived from rice straw, MnO,~loaded biochar was prepared using raw biochar modified with potassium permanganate (KMnO,). In
this work, the characteristics and mechanism of Cu® and Zn** sorption by 50% MRBC was studied. Batch sorption experiments showed that
contact time, initial concentrations of Cu® and Zn*', modified biochar dosage, and initial solution pH affected the removal of the heavy met-
als. The biochars before and after sorption were characterized using Scanning electron microscopy (SEM) and Fourier transform infrared
spectroscopy (FTIR). Results suggested that with an increase of KMnO4 concentrations, the MnO,—loaded biochar showed a better removal
effect of Cu® and Zn™, which could be attributed to the increase in sorption sites on the surface of the MnO,~loaded hiochar owing to the
presence of manganese oxides. The sorption kinetics fit the pseudo—second—order kinetics model, and sorption equilibrium was reached af-
ter 240 min. The sorption isotherm conformed to the Langmuir model, and the maximum sorption capacities of copper and zinc were 107.53
and 96.15 mg - ¢!, respectively. The sorption mechanism was speculated as follows: (1) surface complexation between oxygen—containing
functional groups and heavy metal ions, (2) the cationic—r effect of metal ions and 7 electrons, and (3) the mineral crystals formed by in-
organic mineral elements exchange ions with metal ions in aqueous solutions.

Keywords: modified biochar;potassium permanganate ; Cu; Zn ; sorption mechanism

W EEA:2017-12-07  FFAHH:2018-03-01

PEB BT : bl 1812 (1992—) , L ZRON LN BB AR NSRS e di il SR BRIFSY . E-mail : 18256146272@163.com
HBEEE: T T E-mail:ningwang0001@163.com

E&TE : MK ARFHERERTH (21275006)

Project supported : The National Natural Science Foundation of China(21275006)



2298

YREINCX ity 3755 108

Bl T AR K e, & @B T & & SR
FEAH N HE B I K R, 3 B0 4 A KRR+
g, EA R BAXEE YRR D B E R
W BRSO WM E RISt R, —HEAA
RS RN LA B R A5

A=W S AR B CANAR BRI 354 L 8 & 26l 55)
FEAIG A B S A5 R T AR e Ak 7= A 1 s 3 55 A AT
B, FYER CPAGER R R BRI ST
) =Ly AR SR R R S &R B T R R
%A LU SER AR ESEY, 3R EDE KR R
R TR SRR WREAT R AR ER
Yy, LGN R AR, RS FF A ekt 3, 25 3 855 50 55 A
B ln) i, Az et T 4 HL O B R A A I A
JIA PR, 380 8 L i o W P R, A 4 o
AR al A W PR A X0 e A -
S AMRE GORIORL (CAn AR AR L E MBS T MO, 55)
AR S P35 T 4 1 e 1A 0 B R0, L 490 K S0
Sy RAE L BRI IL B o A SRk dRE ",
T R A L AR AR, 0 2T B Mn O TR, K A4
B2 I B A TR L R BH I B R X Cu W ¥ R
SCRR A% B, A ) e s RO 25 57 K, LB
X Zn® 25 R AR TE 4T3 A 0 B 3SR — i o 255 W 50 9
il

A SCH ] KMnO, 21 ] #5 MO, 57 2088 1 2B )
S, 3 e W B S5 A JT R 41K L SEM FlFTIR
ST WO A ) o R B AR AR 11T J A, A5 L
etk S HLEE, Sy A9 e i A B 3K R 4 TR
15 Y (Al PR LR S

| MRS

1.1 ERRESKHEEY RO &
AR JEORE A A BT I VT B B KRB RS FF , #R B
FREAREE, BT S (S AR S 3R, B
B#) 6 °C+min” FHE E 600 °C,{# 3 h, B HEE I,
WFEE , B 20~60 H Z 1] A FFAE ) ¢, 128 RBC.
FRELZ) 5 ¢ RBC+40 mL KMnO, 7 ¥ , #7452 h,
105 CHET, - B F 600 CH Ak 30 min, 5 H . KMnO,
5 RBC AT L4351 4 1:40.1:10,1:8.1:2.4:5,1
“}:2.5% MRBC.10% MRBC.12.5% MRBC.50% MRBC ,
80% MRBC.,
1.2 MR ENHE
FREL 25 mL 50 mg- L™ Cu®8Y Zn*' %, 0.01 mol -
L™ NaNOs b 8 5c HL s, LA 1 g L i 4t 43 5]

I 32 1 2 19 el A 0 e R0 DA L (22
1) °C . 180 r-min' &% 24 h, [F] B} 525 O FIAEAT, B
L, 1 0.45 wm BEME, 37 B AAS(ContrA A 700, H52 )i
FEVE T Cu™ M Zn™ VMR BE . 25 53 B : 0~80% MRBC
XF Cu® [ 25 Bk %43 ) R 26.89% | 66.72% | 80.64%
82.08% . 95.70% F 92.53%, Zn* ] 2 % K 4> 5 Ky
19.30% .36.74% .57.48% .58.93% .72.76% F1 69.53% ,
A AT L, 50% MRBC X Cu® il Zn® W B S50CR e i,
IS5 B2 B S B 44 L 50% MRBC R RIFFE 42
1.3 #tE WL
1.3.1 W B 5h F1 275256
FREL0.2 ¢ 50% MRBC, il A 200 mL Cu® (¥
50.35 mg- L") 8% Zn (W& & 4 53.05 mg - L), Hifth
ZMFR 1.2, 28 9HE 0.5.20,30.60., 120,240,480 min
F1 1440 min BOFE | 38 % AR 8117 pH<2.0, AAS Il 22
UEW  Cu™ Fl Zn™ R JE
E—2 8 )12 2 1 1og(Q.—Q.)=logQ.—
A S | t
WGl )24 ) o kaf@
ORE N BB + Q=i+ 1" +c
R QAT T mg - g5 QA o I 20 A=y e o) o
S R R mg - g7 s ke SR IE— BN 2 R
R B W s o R — SR BN T2 T R SO TR
Boh'se ﬁﬁiﬁ:ﬁ,mg'g_'o
1.3.2 S50 W o — e A 2 3
43 S HE ] 5~500 mg - L™ Cu® Fl Zn*> ¥, 1 g+ L
1 50% MRBC, HoAth 25 [ 1.2, 0 5 38 Hr Cu™
o WP . WRRRERE B0 5 2o B T R, R Al K Ik vk
50%MRBC %tk , 70 CHET, BIVAG I BiF S 56 5 81 i
50% MRBC; #% 1 g« L™ $5J0 W B 52 55 1] 0 () MRBC,
JITA 0.01 mol - L™ NaNO: W , 5 iR R FE IR ¥ 45 14
TR 12 h, AR 3K, 3 UK AR W R 4 R
Cu™ Zn™ [ i
Langmuir J5 £ : Q.

ke
2.303

_QuKi-C.

1+K.-C.
s C Ry W B - A 5 VR B 4 R MR B mg - LT
Q. R F MW B B, mg - o7t Qu M IR B 4, mg - g7 5 Ko
R Langmuir 5 50, FEAE W B A4 R 2 1T 110 W5z BFF A0 % T
EIREFEMIIB AN, Lomg ™,

Freundlich /7 % : logQ.=logKi+logC.

o Q- B, me - o7t C oA WY EE 4
JE B WL  mg- L Koy 25 mg - g - L7 sn h
Freundlich & %1, F/~ W TR B




2018 10 H

Fli h 0, 25 - MnO, S48 A W 5T 0of Cu* \Zin?™* )W R BILER AT 52

2299

1.3.3 pH FJin 52 m sL 56

S0 R 9256 . (1) F HNOs B NaOH 3 75 7
pH 4 2.0~7.0; (2)50% MRBC il &4 0.5~5.0 g- L',
HARBER 1.2,
L4 £t mpERS R

ICE MY (vario ELcube, 72 [E ) 73 ¥ 4= 9 I kE
s P TG 2 2 18 5 M R — e R V5 YR A I 7 0B+ Min
SR REAE R, 284 3 kV B R R RS
T I S5 (S-4800, H 37 ) WAL K i R HITE 4 ; KBr &
% 3E 2ol B 21 40 53 AL (Vertex 80 — Hyperion
2000, |76 )l 7€ £ i 7E 4000~400 em™, 43 HEH 4 em™
H FTIR 3% .

2 GRS

2.1 WRPBhHF LI

1A sl 2= 405 R R 1A, 0~30 min IR &
TR B SR R B 1 90% LA b, A b s v ad AR S A
18 507 B L, 240 min FEAS I8 B W - 08 B S0
2 p ORI B R BB R [ o o
A Rk e 2 G W i & WAL=y Bk N e
R Co™ (Zn® B W B 4 22 A L R*>0.99 H Y- fii W (Y £
BT SR (Quve) 5 LI AE (Qu.o) 23T o 0K PN 9 K

B, - B i QS R I R K IRAE TR
[ Sfiir . W B 4R Cu®  Zn® 1R 28 4E 3 MnO, 1 3k 4
Yy () ZRIAT o 4 2 1T 281 R B o5, T Ak AR,
HIGTRA I K Ca Mg 57 G R AR 5 Cu®
I R BTSN S R HIGR B4
2.2 iR BH - AR AR SEIG
& 2 4 50% MRBC XF Cu . Zn™ [ -1 W% [ -5 4]
VR (Q.—Co) & R IMER, Vi TRW) I vk FE AR, A= 40
i FRARE JEL 08 110 W A7 o5 R P S 1A B Co ¥, Wi
BRFA7 A58 T FRL R, 5 P S P A X 9 /L, WO o 510 3 1) i

1201 1120

100 1 4100
T 80 180 T
o 50
£ 6ol - W fff~Cu 1o £
1 ~O- WeHff—Zn i
§ 40 + - f#~Cu =40 §
= []I_Z

- - f#WE~Zn 12

0 40

200 300 400 500
WIS fmg - 1!
B 2 #IIER EEXT 50% MRBC IR B & 12 R 2 B0 5211

Figure 2 Effect of initial concentration on 50% MRBC sorption—
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Table 1 Fitting parameters of sorption kinetics
E—2sh i i B 1 iR UKL RO R
R 551 IR " -
Qecp/mgeg” Q.cal/mg-g’ ke R Q..ca/mg-g™! k> R ki, c R
50% MRBC Cu™ 49.15 6.96 0.038 0.977 49.41 0.017 1.000 0.32 4490 0.777
Zn™ 52.88 12.17 0.023 0.898 53.42 0.005 0.998 1.12 40.13  0.760
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