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T E AR EE (Mn™ ) KA S IR T 15 K AR5 IR 1 e A Ab AL B[R], SCEE A IR T S5 K A BT
15U AE CO, KGUR 550 “C oM T i 47 #4#%, IFH 3 mol/L KOH #4781, il £ 15 B &2 4 itk 15 R AE W ik
(composite modified sludge biochar, CMSB) , F¥H T Mn? " JE/K AT, s2i645 260, CMSB 76 pH=4
TN 1.0 g/L B % Mn®™ (W% B & 1) ik 37. 63 mg/g, CMSB X} Mn*" (R BEA7 2 ) LAAR A bt 3 2o 7 —
DB 12 BT Langmuir SR ZBE RIS #8725 00 D 25 R R IR B A2 B R IR RS A o 2R B
Tl s S A B R A o S R IR S | BS54, BRARAS R AT IR AT 15 KA 38 ) V5 R i & e b B
AE Mn®" B K AR SR AR SCRF B SER .

KB TGV W s AU s T 5 TR s B K
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Adsorption of Mn®" by composite modified sludge biochar

BAO Fuxing"?, YUE Zhengbo'?, GAO Yijun’, WANG Shaoping’, CHUAI Xin*, WU Wentao"?
(1. School of Resources and Environmental Engineering, Hefei University of Technology, Hefei 230009, China; 2. Key Laboratory of
Nanominerals and Pollution Control of Anhui Higher Education Institutes, Hefei 230009, China; 3. Nanshan Mining Co. , Ltd. , Anhui
Masteel Mining Resources Group, Ma’anshan 243000, China)

Abstract: Aiming at the problem of the manganese (Mn”*" )-containing wastewater treatment and the
safe treatment and disposal of sludge in municipal sewage treatment plants, the sludge of a sewage
treatment plant in Hefei City was pyrolyzed under CO, atmosphere and 550 °C, and modified with
3 mol/LL. KOH. Composite modified sludge biochar(CMSB) was prepared and used for the treatment
of Mn®" -containing wastewater. The experimental results show that the adsorption capacity of Mn?"
can reach 37, 63 mg/g at a pH value of 4 and a dosage of 1. 0 g/L. of CMSB. The adsorption behavior
of Mn*" by CMSB can be well fitted by the quasi-second-order kinetic model and the Langmuir iso-
therm model. The thermodynamic analysis results show that the adsorption process is spontaneous,
endothermic and entropic. The main adsorption mechanisms include the complexation of oxygen-con-
taining functional groups, w-bond, electrostatic attraction and cation exchange. The research results
can provide technical support and theoretical basis for the safe disposal of sludge and the treatment of
wastewater containing Mn®" in municipal sewage treatment plants,

Key words: sludge biochar; composite modification; pyrolysis; adsorption; manganese-

containing wastewater

W fE B #1:2022-03-07;; & [E H #1:2022-09-25
E&TH : HEK A RFIAE S KIG A &R A2 4 B H (U19A20108)
{EH B SR 2 (1996—), 5l M A IR Tl K222
FIEPE (1980—) . B TR BRI i, A8 Tk Ko 8% b A S0
R 1972—) B B T A0 Tk K280 A AR S0 i EVE#  E-mail : wwthfut@126. com.



% 10 29

AR 2 A AT IR A Y R 3T Mn? ' #9R A5 1323

B (Mn* ) 2 AR TR R R Z —  H 24K
R Mn®" LR SR 0. 1 mg/L B AU &
(R A= A SR IR 2 X NI 22 R e v A8 13 »
SHOE R . RS DT A ik R
I H AT R BRI K Mt B R, H
w0 B A R E R AR 5 e D P
AR TR AR L SRR M 5 YLl — AT RL
FARM W Y GO B R A )
BN 2 HF Mn®" BB T 20 (H X B g fff
FIAEAEL B3RS R B ) B i R R A S
Mo PRI FHRARBAS R UE T L A5 IR
R Mn™" IR H TR SRR A RN

A 2020 4, & E 5 e 77 A & 1k (6 000 ~
9 000) X 10" ), # A &4k B V5 e i — Fh AT a4k
AT KRB S B » 38 1] 5 21 A 1) A= 0 I
R I HL i IR 5 5 U6 Y B 4 R 7 Bk —
AR A AR RS e H 4 PR AU

JEAG V5 IR A ¥ 7k (sludge biochar, SB) i) 3%
T RIS 22 1B BB A1 45/, % T 4 S 5 T I I o e
Frigezet LT B T A B, 7R B B
T R CO, B33 i A4 Wk HAA 5 = 1
Feemm A . fh2F el ik AT R A B L B Ak
LR Bk, &R B 25 %, Hoh KOH Btk
SB ) b2 T R ey H 3R T 67 ey A R A AR
W E N, SCER[10-11 ] WFoe 28, S —
WCPE A EL L SR W BRSO S A2 o BE A Y
S U T T B A 0 e W B RE R A

AHIFFE LA T TG AR AL BT 35 6 M AR W 5
& Atk (BRI CO, ¥yt 5 KOH fh2#
MCPEIBE D il £ SB. DA A8 38 ) W B4 AE
{1 SB B B AL S Mn® T
IR B 5 T2 2R F LA

1 XBMBE2HTTIE

L1 ##5iH

TGN A TR 5 AL B A, &
Ky 8004 . ff HE T 105 °C HEA gk £ 1H 5
L WL S 200 H I EARER AR AR
LA Mn® " R AR R B (MnSO, + H,O)
B, KA o A~ R A BR 2 7D i 4
KOH 28GR 70 4 W B L3 BB T A2 AR} £
et A R A
1.2 SB#HHH&

D CO, Yy th, HIemmM S ¢ THIE/M
SBL A RS ETE X LA CO, BEAL R

2 200 mL/min, 7ETHE#E 5 °C/min, PR
Ji 550 C FREE 1 h 500 B E TR OTAE
CO, SA TR IMEZER . 53] CO, PRk tEiE e
H: 7% (CO,-sludge biochar,CSB) ,
2) KOH fe2zeht:. Fhlry 1 g CSBIR A
10 mL 3 mol/L KOH & & 7, I 76 38 BR /2 )
24 h(ZF 120 r/min) AR5 38525, 6T 88 1
AKIHEEARGR B 2 FIEBCh . BRSO
I 5 AT A (60 OO Mt DFBE J5 2 200 H
i A5 B AR 19 525 2R T Ye A2 ) ik (compos-
ite modified sludge biochar,CMSB), W& [ff Mn?"
JG ) CMSB /Rl CMSB-Mn,
1.3 XWigit5aHh
f# F Design Expert {4 (8. 0. 4 i, 3& [H
Stat-Ease, Inc. 23 6]) 7E W W [l % (response sur-
face methodology, RSM) T i /| Box-Behnken
BRI AT St 5 pHAAE ORME R 4.6.8)
Mz R 55 CMISB #fi (RN 1..0.1.5.2. 0 g/1)
AT Mn® " Rk B (BRUE R 25.50.75 mg/L)
XF Mn® " W R2 . #0284 250 mL
HETR L ol — s 1 ) CMSB $t A Mn™™ 5. 8
JEAE 25 “CLL 120 r/min HLBEES) 10 h, RS,
WL 0. 45 pen L 8 AR U8 S IO R A 1
Mn”" FTEHKEE . Mn™ I FH & Q. LR R it
RN WI
Q=1[(o—pIV]/m @b
R=[(o—p)/p]X100% (2)
s oo Sy W BRI W P Min® T 5 g vk B2 R
Mn®" 9 i T i e B 5 oo o W B S 5 9 R Min® Jii
WA VORI WK m S W B 5R) CMSB 1Y
g
B 1R R TR HE— G 8l ) 2 RN — 21
B 2 BRI AR 5 R o A R 2 B R Lang-
muir & % F1 Freundlich £ & #) &1 fif 1
van’t Hoff Jy o #4122 RpE
L4 SHAE
SB I CSB AR 4 58 [E $R58 AR 47 2 30508
BN G 8 Agilent 7500ex HL B £ 55
B TR 3% Y (inductively coupled plasma-mass
spectrometer, [CP-MS) (£ E LR AT ¥
DUAE &S o Mo, Zn, Cr,Pb.Ni, Cu, As iy it & [t
i ] ESCALAB 250 Xi %I X 5486 T RE %X
GEEFER R B A WD 47T X 2ot 1
BEi (X-ray photoelectron spectroscopy, XPS) 43
.M 5E CMSB F1 CMSB-Mn 70 Z R Fir &
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A3 . 8 D/MAX-2500 %1 X B A7 L CH
AP R o) FEAT X St (Xoray diffrac-
tion, XRD) 43 #r, il '8 CMSB, CMSB-Mn 3 1fj 1Y
S5k . RHI Nicolet 6700 fff LM 2R 2T AN 1%
A (S EFER IR B 28 7)) A7 B A5 e 2T
A4t (Fourier transform infrared spectrosco-
py,FTIR) /3 #7, %} CSB,CMSB, CMSB-Mn #%
THI B RE AT A A T e M . (1] SU8020 k&
FHAHE T 8 5% (field emission scanning elec-
tron microscope, FESEM) ( H 374 &) WL HE 5
. 8 Zeta AL 2 CMSB H R HTHLA
KA Autosorb-iQ3 e R K FLAE 2 B AN (55 [
HERSAHS 28 7)) I CSB il CMSB FLZ5HI I 3
. K Agilent 7500cx ICP-MS K6 i 0% Bt 1
B F K \Na® \Mg*" \Ca™",

SR JH R R B 43 e e BE RN 722N W) I
I3IEICIEE T CL AR B AR R AT BR 2 7D A6
Mn”" FTat ke, PIrA B SEge 4k 3 A, D
TR B FRIVE R BT, A8 {8 F Origin Pro
8. 0 #4740 HT.

2 ZRERSITE

2.1 BEERRERTW

15U B A A Y E 4 R i R AR 1 BT
F. 1 AL IA# IS R CSB s 4G e
X T SBL X EEUR M T/E 550 TG A
Bl 14 Jo e R G < s ol ) o
MM CSB g e ki E 4 E . fH CSB iy
B4 IR LUIAT A SCHRL19 T A 995 e bR i
7 EL et i 5 15 e G R 1 Bl — P
FE - ANETERT KU

x1 SRABINENESEREILTL 7. mg/kg
&R Mn  Zn Cr Pb Ni Cu As

FRiE A 9% 1200 500 300 100 500 30
SB 400 710 130 47 34 26 -
CSB 540 810 180 58 37 66 15

2.2 MHHRIE
CSB.CMSB fy BET 2 1fi ARA1FL B 45 1 L
% 2,

%2 CSB.CMSBH# BET bt R EFRFNFLIE4S 1

FefaRR LR/ (/g LA/ (an’/g)  FLIE/nm
CSB 56. 77 0. 092 33. 60
CMSB 171. 46 0. 289 33. 67

CSB, CMSB 1 b & 1l B 4 5 2 56. 77,
171. 46 m’ /g, %3t KOH 2tk )5 22 10 R FFL 24
#RsEn 3 A5 LA BT A FLBR EE o R AL (2~
50 nm), Ifif FALAE R KT FE R E 2 R HEER
PR,

CSB.CMSB () FTIR & #i1 FESEM [& % 11
Bl 1R,

339 146l
s P 1608 1365 /1
= CSB /
W

o/em’
(a) CSBHICMSBIIFTIRi ]

EHT= 300KV Signal. ons Date 27 Jul 2021
wD= 1.0 mm

(b) CSBIFESEMI&I{%
o W 2.

1 CSB.CMSB#J FTIR i£E#1 FESEM El{&

FH & 1a A%0:3 349.1 608 cm " WZISCI& A3 5%
N F—OH,C=C gt C=0 W Yk ¥z 3h =5
1 461 em' ZbIgJEH T CO,* 8i—COOH {45 4%
151365 em Ak S T CH 1 4a B 3h s
998 cm ' Ak R %% 1 A 5 Y TR i UG, 3R BT AE AR
Si—O—Sigk Si—O—C 47 ;875 em ' Lbis I A F
kR C-H B hdRan . i KOH g1,
B — R F B0 Wl i, In—OH, CO,* 8
—COOH, [fif C=C 5 C=0 Ayt A FIr s .
P KOH B b BE e 1 0] ABE A CMSB 19 35 %8B
REATECR s 95k C—H Wlieié iy s B B KOH
g b BE3E i T CMSB 1 95 & 1 B 1 B0 5 1
Si—O—Si 5 Si—O—C W WA BT I8 55 » X A2t H
F KOH b # i Biw 1™ . &l 1b & 1c 7]
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1, CSB HA AHXF P 5 19 R T 4544 . 1 843 KOH
AEFERY) CMSB BAT B ZL45 1 . 3R A K E Y
FLANGT, AT LASR AL B MR A

2.3 Box-Behnken iZit 5% it 447

K RSM (1) Box-Behnken #5545 12k 28

— AN 12 SR S A Pl R A B

CMSB X} Mn?* (I it 12 52 5 {f. Box-Behnken #
T 503k 3 g,

#& 3 Box-Behnken &t HARERER

T VALSES i) 17 (B Q/
JF%  pH  CMSB#NE/(g/L)  o/(mg/L)  (mg/g)
1 8 1.5 25 17. 50
2 6 1.5 50 33.95
3 6 1.5 50 35. 00
4 4 1.5 25 17.50
5 4 1.5 75 35.70
6 8 2.0 50 25.00
7 6 2.0 25 12. 50
8 8 1.0 50 44. 92
9 6 1.0 75 46. 38
10 4 2.0 50 25.00
11 4 1.0 50 37.63
12 6 2.0 75 31.75
13 6 1.0 25 29.17
14 6 1.5 50 33.95
15 6 1.5 50 35. 00
16 6 1.5 50 32. 20
17 8 1.5 75 40. 08

;1 Box-Behnken ¥ 31 fllii A28

EEalil

S5 a5 1) — R R S SR JE AR 4 CMISB (1 52 56 25
F AR (R Q5 3 AR (HE
AN pHE.HE By CMSB #n# . HE C R
Mn®" YIHE R o) Z KR A

Q= 34.02+1.46A —7. 98B+ 9. 65C —

1. 82AB + 1. 09AC + 0. 51BC —
1. 57A% 4 0. 686 9B? — 4. 76(* (3)

R TS RSM 434 57 1) [B] 455 50
TR ELSE Y BRBOE R L T PR R AT T 22 70
R E VRS, W ER A F A P {E#/
FENE TR I 2 17 2 IR B3 (P=>0. 05) ]
FER LRI AL A 8] X I N BE S B B0
SIFT . FETF RSM W B A7 Ty 22 43 B 45 51
W3 A FTE, B 4 n] L R A LA A E Y T
DA ELA o B 1) J 3 1 (P<<0. 000 1), HIR
LRI G (P>>0. 05) , 3% F WA L5 551
AR E Y [R1)A 5 R R g Sz i B e AR R 3
SR R 256 CMSB W [ fig 1 2w, P<Z0. 05
FORBERII S, Rk, A B.C.AB A* \C* T
BRI I,

ANE pH A1 CMSB #hn& F #Y Q = 4k
N T E A 2 R

MIE 2 AT LLE L 7E pH =4, CMSB % in
1.0 g/L &R .CMSB X Mn*" iy it 4
37.63 mg/g, EHRFE N 75.26% ., CMSB {1k pH
{E 2 E AR AR5 10 S5 1) W B2 B . 2 B3 CMISB
FLA AR R 1) 38 A0S i,

£ 4 BT RSMHMRMERE T ESFER

TR S5 A A e B Yo7 F{& P1{H B
A 1401.11 9 155. 68 123. 44 < 0.000 1 B
A 17.01 1 17.01 13. 49 0.007 9
B 509. 60 1 509. 60 404. 09 < 0.000 1
C 745. 66 1 745. 66 591. 26 < 0.000 1
AB 13. 29 1 13. 29 10. 54 0.014 1
AC 4.79 1 4.79 3.79 0.092 5
BC 1. 04 1 1.04 0. 825 0.393 9
A? 10. 37 1 10. 37 8. 22 0.024 1
B? 1.99 1 1. 99 1.58 0.249 7
c? 95. 28 1 95. 28 75.55 < 0.000 1
5k 2% 8.83 7 1.26
AT 3.58 3 1.19 0.9117 0.510 7 ENTES
gl 5. 24 4 1.31
pEvill 1 409. 94 16

2 CMSB iy 1. 0 /L if. 4 Mn®"
R B 5 i R T it 5T W B R B R A A, B AR A . A TR
/N ULIITE BN B BN T . CMSB Al L 5E

Mn? " ) 5250 B, BP CMSB T4 Mn?" JE 7K 16

pH=6,CMSB # &~ 1. 5 g/L i}, CMSB X
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Mn*" ) 2 bR A RE L ] 1006, B B W B &= 4
35.00 mg/g.

14

12
G2 < 1.0
/(g@

AE pH EF1 CMSB 2N 8 T 89 Q = 4N iz H &

&2

2.4 WRMBHAZESH
2 Pl 2P A i e an 8] 3 s, &3
o, Q. A A I

2 Fha Jy BRI S EOE L3R 5 A,
5 LR WA, RS AL
JI2E B RS Mn® "t W B 3l g 2 FiE (RP =
0. 99) ; tE—Z gl Sy 2FAR Y (R =0. 96) , 1fE 2 5l
J12E R () B R B 4 34. 70 mg/g, 55

M B A 35. 00 mg/g BN, AT,
CMSB Xf Mn*" #) W Bf S 4k 2 W . Mn®" 5
CMSB kAl 7 s el TR

12

25¢

0100 200 300 400 500 600 700 800
t/min

(a) WSR3 R

1Q;"/(min-g/mg)
s & 8

W
T

0~ 100 200 300 400 500 600 700 800
t/min

(b) EERF) )y ERA
B3 2 M ARG &

RS 2MHNEREANSSHEE

e — 20 1

HE G5 Jy

Q./(me/e) Ko /min ! R’ Q./(mg/e) K. /[g/(mg + min)] R
20. 28 0.002 3 0. 96 34.70 2.9X1074 0. 99
2.5 WRMERZESHT = e

Langmuir #%  Freundlich & 8 2818 22 40 &
EIANIET 4 7, 2 F s AU 4005 1 W oFE 6 5000 2 6
fr4).,

Y Freundlich #& & (1} 805 50U A HE . Lang-
muir BRI G HARELT . 78 298,308,318 K Y1
MR R T 0,99, FH] CMSB Xif Mn?* 1 fiff

1.6+
<298 K

L4F «308 K ;,/_/.
~ 1.2 2318K Y Z N
1.0 s
=08 /./A..
3:’0.6 i

0.4 /.

02f

0 10 20 30 40 50
pd(mg/L)

(a) Langmuirf7i

WL BE T e - CMSB X Mn® " (14 15 ff
T R UL Min® g WS B S A O R A
Ry AEAE O~ 1 Z [a] ik, W Bk i R e A R Y. 24
Ri=>1 i W B ik R AN R AEABIE ST
Ry {H¥97E 0~ 1 Ju I, W CMSB Xt % il
Mn®" [ FFPSCR BT

3700 08k .
365 L308K s
3.60F +318K = s .
23.55} s .
£350-

345} .

3.40f °

335}

330 1 1 .I Il 1 1
1.0 15 20 25 30 35 40

In p
(b) Freundlich# %4

4 Langmuir %8 Freundlich R &R &M & E
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F 6 Langmuir #3 Freundlich # B Mt &R &L & $4E

’ . hE /K
SRR SR
298 308 318
. R? 0.9917  0.9983  0.9911
Langmuir
_— Q./(mg/g)  34.66 35.00 40. 00
o Ki/(L/mg 0.304  0.684  0.775
RL 0.061 0.028 0. 025
Freundlich )
N R? 0.8200 0.5500  0.5900
LY

2.6 BAZELDH

¥ In K5 1/T HELHENEMZ (K i
RO AR ANEL S B, I A B R 2tk
2RI IR AH B W AS.

1.31
12F "
1.1F
1.0+
:0.97 :
0.8+
0.7+

0.6

0.5 s . s . -
310 3.5 320 325 330

T7/(10°/K)
B 5 MAFUEHE

I AR [ AT A5 BT 2 S0
HHAE AG UK AH L AS. W3 7 g, 3 7 nf
HIL,AG<<0.AH > 0,AS >0 , 45 B EH] CMSB
X Mn®* (R R B TR 3 Y. BE TR

1353

15901365

bri N

16087, 461\ /\W

4000 3500 3000 2500 2000 1500 1000 500
o/em’
(a) CMSBFICMSB-Mn[HFTIR{ &

35¢ C—C(284.80eV)
30F (71.69%)
E 251 C—0(286.05 eV
_:Q ?(5) (19.35%)
= C=0(288.33 ¢V)
10- (8 96%) x
5¢ —e— =
0 1 | ) - ”\7
295 290 285 280
4ifrag/ eV

(c) CMSB- MnffC 1s XPS i

FETH I | AG 3K, R W TE i i PR 58 T W b 22
HE Ak. AS>0,£0 Mn®" £ CMSB a@ﬁuﬁ
BRI [ 7 22 G0 10 TC - AR BE 3 it

KT RAZESHUESHEE

HE/K
S8
298 308 318
In K 0.51 0. 95 1.22
AG/ (k] /mol) —1.26 —2.43 —3.23
AH/ (k] /mol) 29.55

AS/[]/(mol « K)] 102. 01

2.7 WRBRHLHI S
CMSB,CMSB-Mn ) FTIR % & f1 XPS ji&
RIE 6 frs. B & 6a o] Al W Mn®" )5,
—COOH(1 461 em™ )& %, wﬁ%ﬁ%ﬁﬁ%,
JEHZE—COOH & 5 & N, & A Hhiels
Mn”" Z Ml & A R4 -G k) C—H 25
PRI (875 em D) 4K, C=C MR Bk th
BB AT 2k, EE CMSB ) 1 608 cm™ ' A #%
#1590 em Ak, XEELERIESE T Mn? T -n S AE
Fxt Mn™" W Bt AR s

Jgi—ARSE CMSB % Mn? ™ i fHAILEE , SR
F XPS 43Hr W B i 5 CMSB 2 i fb 2% R 1k A2 1k
&l 6b 71, CMSB 1785 43 BE% Cls XPS g af
LISy Hy 3 AT 43Rt C—C(284. 80 eV) .C—
0O(285. 80 €V),C=0(288. 98 V)" I TE [L 4] 43
Wk 56.54%.30.72%.12.73%,

35-
30+ C—C(284.80 eV)
. ask (56.54%)
= 20l C—0(28580eV) |
25t (30.72%)
=l C=0(288.98 eV) \
10r (12. 73%) \ //
5k —
0 1
295 290 285 280
it hg/eV
(b) CMSBH’JC 1s XPSi¥ [
161
642.01 ¢V
| 653.52¢eV Mn 2p3/2 0
ISF NMn2pi2 \‘
S 14t ‘ 4
= 657.10eV /' 646.10eV] |
131 N’M \'t\ \q YR
vbww"{%ﬁﬁﬂwﬂﬂ/ \"\y l"“”ﬂ ) \&
12F — \
M gdiydbicn
|
665 660 655 650 645 640 635 630

“hifrhe/eV
(d) CMSB-MnffJMn2p XPSH#

B 6 CMSB.CMSB-Mn g FTIR & &1 XPS i &
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ME 6c 7 PAFE B, WM Mn®" 5 . CMSB-Mn
1) C—0O, C=0 W AH v & 7 3 #% £ 286. 05,
288.33 eV,C—0,C= O I 14> 3 4 &
19.35%0.8. 96 %0, it — Ul C—0O.C=0 %
THRERERS M AL EAE D

i & 6d w] Al W B Mn*" J5 , CMSB-Mn [#)
Mn 2p)6iE 9 43k 4 S0, AL FE 653. 52 eV Ab Y
Mn 2pl1/2.642. 01 eV Abfy Mn 2p3/2 J% 646. 10,
657. 10 e VAL ) T 16, Mn 2p1/2 5 Mn 2p3/2
ZA1Z912. 00 eV RE & 2 1 TR WA H B W]

*Si0,

2 | CMSB-Mn
= R MY LT SNV S O Y, TN
-

-
CMSB ot e
st A hado s
0 10 20 30 40 50 60 70
20/(°)
(a) CMSBHICMSB-Mn(fJXRD 4} #7455

Mn 7EW B A A0 B F R A

CMSB., CMSB-Mn # XRD 4 #7 45 5 il
CMSB-Mn f# FESEM K14 & 7 s .

H I 7a AT MR R 5 XRD 3% B A AL, 75
20 4 20. 83°(100),26. 59°(101),36. 49°(110) .
50.05°(112).59. 86°(211),68. 20°(301) 4b
BT 5 1 15 Sk SiO, (PDF # 83-0539) 4 1iF U
WA R I 2 87 19 AH 22 B Min™ " 0% B R J2& i
FUUTE - 1 238 3 7E CMSB 2 1 8 i & & W 1
B2 Bx

EHT= 3,004V nal A= inLens Dat 1
W= 22mm Mag= 5000KX Time

(b) CMSB-MnfJFESEM K14

B 7 CMSB.CMSB-Mn i XRD 4> #r45 £ F1 CMSB-Mn #J FESEM B

H1 & 7b ] L R Mn® " 5 ) CMSB-Mn £
THT A AR 2 R 8 1 Rt . X 2 R T RE 2
CMSB 5 M JERIO% 440 . 254 FTIR
KA1 XPS 3% & 4r b AT OEL WS 2 R
T—COOMn",

CMSB B4 2 W, fa /5 (point of zero charge,

20, T 35

10 0 30
% 53
B O rf -1 £
2 | pH=.89 120

-10f . s

200/ \k}f ﬁi 110

30l . l ‘ . . .15

2 3 4 5 6 71 8
pH

(a) FHATIE

& 8b Al 1L, K \Na® \Mg*" | Ca®" 2 #li5
el . KA Na' ANfig 5 CMSB 2 i i B fit [
B 57 B UL TE 4, DN HL R il B 5 Min® T )
BB TR 565 Ca? T Mg BRI T3
T E i P 7R I P Ao R e ) 9 A mA )L e
Ca®" ¥ B 15 %) 0. 150 0 mmol/g, I ¥

PZO) MPH B TR R W 8 fron. i l&l 8a n]
A1, CMSB |y PZC JE4E pH=2. 89, Ik, ¥
pH<C2. 89 i, CMSB 2 1 #7 1F H fof , 24 pH >
2. 89 It CMSB [ 3% 1 i, 4] 728 09 670 FL A » X2 £
TRIERE T (OH D MEE 71 LR, 5 T
5T LE HLAAT A Min® ™ 3R A e AR LA

0.16f 0.150 0
200,14+
Q
£0.12+
=0.10F
0.08r
B L
ﬁﬂo_oa
#0.04
=
=0.02

00210 0.0270

| 0.0027

K* Mg?* Na* Ca*"
FHES 7
(b) BB TR
B8 CMSBHEHREAMNELRMIBE FREMLER

Mn*" 5 R 55 CMSB R Ca™ ' & AR 1 85346k
A AL S =Ca+Mn’>" —>=Mn+Ca*" ,

25 B ik, CMSB X Mn®" ity W B AL 4n T
O FHEERRALJUHZE—COOH 5 Mn*" Z[i] &
AR AER BB T—COOMn™ ; @ J5 k&
C—Hz C=CH5 M L Mn*" n ;3 HHh



% 10 #1

AR 2 A AT IR A Y R 3T Mn? ' #9R A5 1329

i faf ) CMSB 5 FHE 7 Mn™" [ # B 0 51 76 H 5
@ K" Na" Mg .Ca"" & HE T 5 Mn"" 51
SCHAE
2.8 ZFHEDW

IR RGN AT P AT IR EAR KRR EE I
T sORE AR 7 AR RN E . B TS )R
TIRFEY) A T3 P & BV B 5 v ad i f A
FEAR A 05 I H IR T 75 7K ) 354535 Je 8 v] A3k
FHBUR MG 3% 2L % A 95 J0/t, 5 AN
200~250 TG/t B FF S5 A bR K 35 90 A EES L R
BHRA KD . 2 SOk 29 T3+ i 78
SLEGE SR il £ 1 kg CMSB 4 7= i A
TSR 7. 04 5T, K 3% 0. 009 75 TG, k% 2%
A 0. 117 56, CO, IR 3. 96 JG, i 3% H A
5. 04 76, KOH % 124 50. 4 JC, S3+25K 66. 57 IC;
SR ff A Tk BLEE B KOH (3. 00 JT/kg),
KOH 2% HI{ N 5. 04 J6. BB 4 M 25k 21. 21 I,
5 ACK 32. 50~39. 00 JG/kg B M I 24 s AH
EE™T, CMSB S — B vk 7 14 o Mk A L W B 5], ]
DL HLh A AR HS Mn® ' R K

3 #

A SC LA V5 K AL BT 15 e R SRRk X R
I CO, SRR ) FcHE AT KOH Ak 22 el 1)
I it Ty AT A B Ty i B — P 2 0F Ho
A TS R A MR (CMSB) . 2 Akt AT
RIS SB (1) H 25 18 FURIFL BR &5 44, 38 mT 34 m 3
R A HREAEE. 1] Box-Behnken #7%I i
1758 5 e 1, & B CMSB 7E pH=4, & fin & 4
1O g/LEF, X} Mn*" (% W fff 5 7] 35 37. 63 mg/g.
Mn*" 7E CMSB |- B A7 4 ] DL TE — 480 )
SRR Langmuir 55 i 2845 BY AR 47 1 i 47 400
G T 12 0 BT R IR B A R B R TR A
R . CMSB X} Mn™" [y 0 B AL > 75 %20 fig
F 2% 4 1E B —COOMN ™ | e 884 H L i H
W5 1/ T B 3SR E

(& % x #k]

[1] LIY C,HUANG H,XU Z,et al. Mechanism study on man-
ganese( [] ) removal from acid mine wastewater using red
mud and its application to a lab-scale column[ J]. Journal of
Cleaner Production,2020,253:119955.

[2] NECULITA C M, ROSA E. A review of the implications
and challenges of manganese removal from mine drainage

[J]. Chemosphere, 2019, 214 ;491-510.

[3] AN Q.MIAO Y,ZHAO B,et al. An alkali modified biochar
for enhancing Mn?" adsorption: performance and chemical
mechanism[ ] ]. Materials Chemistry and Physics, 2020,
248:122895.

(4] IR, £2 ., BOC#HK 5. WBUS RS B b E SR T%
Rt MERERN AR ], BREERLA, 2021,42(6) : 2966-2974.

[5] SINGH S,KUMAR V,DHANJAL D S,et al. A sustainable
paradigm of sewage sludge biochar; valorization, opportuni-
ties, challenges and future prospects[ ] ]. Journal of Cleaner
Production, 2020,269.122259.

[6] HUANG W H, LEE D J, HUANG C P. Modification on
biochars for applications: a research update[ ] ]. Bioresource
Technology,2021,319:124100.

[7] YEKPNY,LIC,PENG W X, et al. Production of modified
biochar to treat landfill leachate using integrated microwave
pyrolytic CO»activation[ ] ]. Chemical Engineering Journal,
2021,425:131886.

[8] ZHANG ] J,SHAO J G,]JIN Q Z, et al. Sludge-based bio-
char activation to enhance Pb ( [[ ) adsorption[] ]. Fuel,
2019,252:101-108.

Co]  JRIAdm , M, S0 78, 4. i 7l T 1 KOH etk vs
Ter= PR il g B Foam Ak 25 Bk P CID B WF5E L) . AR}
224, 2022,42(8) :194-207.

[10] ZHANG L G,PAN J S,LIU L, et al. Combined physical
and chemical activation of sludge-based adsorbent en-
hances Cr( V[) removal from wastewater[ ] |. Journal of
Cleaner Production,2019,238:117904.

C11] PR -4l 2 306 G 3 A s ol SRAR A 4% 15 M ¢ 11 S 3
WFFELDI. 430 - AR, 2020,

[12] DU X L,CUI S S,FANG X,et al. Adsorption of Cd([[),
Cu(Il), and Zn (Il ) by granules prepared using sludge
from a drinking water purification plant[ ] ]. Journal of En-
vironmental Chemical Engineering,2020,8(6):104530.

[13] ZHOU Q W, LIAO B H, LIN L N, et al. Adsorption of
Cu(][) and Cd( ] ) from aqueous solutions by ferroman-
ganese binary oxide-biochar composites[ ] ]. Science of the
Total Environment,2018,615:115-122.

[14] WANG Y Y,LIU Y X,LU H H,et al. Competitive adsorption
of Pb(ID , Cu(ID ,and Zn(ID) ions onto hydroxyapatite-biochar
nanocomposite in aqueous solutions| ] . Journal of Solid State
Chemistry,2018,261:53-61.

[15] BULIN C,MA Z Y,GUO T,et al. Magnetic graphene ox-
ide nanocomposite; one-pot preparation, adsorption per-
formance and mechanism for aqueous Mn( [ ) and ZnC]] )
[J7]. Journal of Physics and Chemistry of Solids, 2021,
156:110130.

[16] U. S. EPA. Method 3050B:; acid digestion of sediments,
sludges, and soils: Revision 2[ Z]. Washington, DC: United
States Environmental Protection Agency,1996.

(17]  EZEABRTRARAELL. K S E = R e 4 6ok
BEW::GB 11906—1989[ ST, [ R A3« th & A1 ]
1989.:244-246.

(18] w7, skt EAUHE, 2. & AR5 e kit R &



1330

ATk K FIRCH KAF RO

746 %

IR TE S AALRE LT . PR TR 2019, 37(3) :29-34.

Technology &- Innovation,2021,23:101727.

(191 e N RSLAE 55 R & B BEE. A F 5 P85 de o4 i [25] WREMl, SARZE A/, S8, V5 YRR AR 9 5 X S0 Y Rk
Frif: GB 4284-—2018[ST. [ Mt A 3« i B & A PR B e R AL 3L L op PR BE R 24, 2020, 40 (1)
2018.2. 217-226.

[20] PANAHI H K S.DEHHAGHI M,OK Y S.et al. A com- [26] KAZAK O, TOR A. In situ preparation of magnetic hydro-
prehensive review of engineered biochar: production, char- char by co-hydrothermal treatment of waste vinasse with
acteristics, and environmental applications[ ] ]. Journal of red mud and its adsorption property for Pb( [ ) in aqueous
Cleaner Production,2020,270:122462. solution [ J |. Journal of Hazardous Materials, 2020,

[21] ZHANG Y,TANG ] Y,ZHANG W J,et al. Preparation of 393:122391.
ultrahigh-surface-area sludge biopolymers-based carbon u- [27] BRSPS dr ik S R & B PEM [ D, iR -
sing alkali treatment for organic matters recovery coupled R Rl K2, 2016,
to catalytic pyrolysis[J]. Journal of Environmental Sci- [28] ZEEM. WA AR G i = SR R S iEAE LD .
ences,2021,106:83-96. I P EE TR, 2013,

[22] CUI X Q,FANG S Y,YAO Y Q, et al. Potential mecha- [29] ZHANG R Y.ZHENG X X,CHEN B H, et al. Enhanced
nisms of cadmium removal from aqueous solution by Can- adsorption of sulfamethoxazole from aqueous solution by
na indica derived biochar[ J]. Science of the Total Environ- Fe-impregnated graphited biochar[ ]J]. Journal of Cleaner
ment,2016,562:517-525. Production, 2020, 256 :120662.

[23] HUANG M J,ZHANG Y, XIANG W, et al. Efficient ad- [30] PAP S,RAD()NICJ,TRIFUN()VIC S, et al. Evaluation of
sorption of Mn( [[ ) by layered double hydroxides interca- the adsorption potential of eco-friendly activated carbon
lated with diethylenetriaminepentaacetic acid and the prepared from cherry kernels for the removal of Pb?*,
mechanistic study[ ] ]. Journal of Environmental Sciences, Cd*" and Ni?" from aqueous wastes| ] ]. Journal of Envi-
2019,85:56-65. ronmental Management,2016,184;297-306.

[24] AMRAN F,ZAINI M A A. Sodium hydroxide-activated Casu-
arina empty fruit: isotherm, kinetics and thermodynamics of (ﬁ{féﬁiﬁ E'K{,ﬂ%)
methylene blue and congo red adsorption[ ] ]. Environmental

(S 1321 ;) AR A A [T ], A A R 2 4, 2022, 31 (7))

(207 Hpae. EACH. HI58 %, RAEVRIDRE R K + 1340-1349.

A R L. o E K R 2021 (12) 5 14-23., (291 FEAKHw. M. BOURR . 45, 31 4w SR BN AR P 2

(207 FEM. FRIR SR 55 W IR BB R0 S D L ROMRCTREPIZZRERERFAE O R0 L 0. LA 25 574 2023,
ZREVE BBV B (1], 3R BE R BF 5T 2023, 36 (1) 34(2):305-314.

188-197. [30] ThFe. 9k 2 SR . 45, M VY A % 207 % L1 st AR A AR 4 A

[22] WOCH M W,STEFANOWICZ A M,STANEK M. Waste JEFPIE] 3¢ 2R I CCA HERF [T . dbmt Aol K224, 2017,
heaps left by historical Zn-Pb ore mining are hotspots of 39(6):32-44.
species diversity of beech forest understory vegetation[ ] ]. (311 BROAER, EAHHE, HEVK, 45, ZRI A LIRS TR AR YA ML 35l
Science of the Total Environment,2017,599/600;32-41. REAYRPIRIBRZEPELT . Mol B2z, 2015, 51(1)  12-21.

[23] RLTH, NI, SR B BT abey peit ity Ay (32 ORISR WORL S5 MR MR IR R SO A
MR 25 S R ) 6 2 [0 ). B 22 2, 2022, 30 (10) A BRI - LU R 4 3% 7 B AR A 1 LD . ARk TR
2764-2771. 2021,37(2) :1-10.

(247 okt 6 XUEE 6. SR B A R e s ey (98] VL RR JEMERIERT 6 AR AL M IS ST eI 55
SRR 152 1], 5 k2% %9 C 1 AR RHE D) 2022, L] AL 2022, 18(4) 225228,
281,404, [30] 3% JRLL. X 5. P 5 R0 5k A SR 0 B

(251 TPk, XU HE. T35 . 55 B9 PHALH 5 DR B BE O 43 1 FERFOYL) ] TLPEAL 4. 2019, 31€10) £ 57-62.

J K 4 TR AT B AR AE [T ], AR A 22 4. 2012, 32(3) (35 Wmmi. A AR AW B SR SR P R ER TP
796-804. RERFFEIR]. M Al T2 , 2008,

(267 SRR SRR S L HGE MR BOCHLEID), (36] SCTRMEWER, RO . i S B L S R
Kb W2 2021, SREEREFEL ] P E A, 2017,33(11) : 13-18.

[27] fREeSe WA, A %5 RO KRR st ® [37] R BRSSOV L gUR A PR 2 Y e 258 o

(28]

S IR WM R RE W IE [T ). 50 SRR 2 Bt 2 4l CH SRR} 2
J2).2019,39(4) :55-60.
EAE R R S5, R A 5 L0 HEIR S0 AR T R B

PERFFEL)]. PRI, 2018(8) : 69-72.

GHfEami  WIEHO



