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Preparation of Biochar—Ferro Manganese Oxide Composite Material and Properties of Removal of Arsenic( Il )

from Aqueous Solution

LIN Li-na'?, HUANG Qing'?, LIU Zhong—qi%, SONG Zheng-guo®”*

(1.School of Land and Environmental Sciences, Shenyang Agriculture University, Shenyang 110000, China; 2.Agro—Environmental Protec—
tion Institute, Ministry of Agriculture, Tianjin 300191, China)

Abstract: By impregnation method for four kinds of different proportions of biochar—ferro manganese oxide composite (FMBC ) material
(F:M;BC,y , F;M;BCy, F/M,BCys, FsM;BCy) were prepared. FMBC materials at four different ratios were characterized using SEM, XPS, and
FTIR and the As( Il ) removal efficiencies and adsorbing capacities were studied. When comparing the FMBC with biochar(BC ), the specif—
ic surface area increased from 61.0 m?- g™ to 208 m?- ¢!, the pore diameter decreased from 23.7 nm to 2.76 nm, and the concentration of basic
functional groups increased. MnOx and FeOx were created on surface of FMBC. The As( Il ) removal efficiency and adsorbing capacity us—
ing different ratios of FMBC increased significantly compared with BC. The As( Il ) removal efficiencies and adsorbing capacities were in
the order of F\M,BCys> F\M3BCap>F M;BCio> FsM;BCy>BC, and the As( Il ) removal rate of F;M,BCys( Fe:Mn:biochar=1:4:25, mass ratio )
(82.6% ) was higher than that of BC(35.4% ) when their dosage was 0.016 g-mL™. This study demonstrated that FMBCs would be potential
carbon sorbents for removing As( Il ) from polluted waterbodies.
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FREEWE I B TR E RN, LA (600 em® min™ ) fE
RS, FE N (600 C) LA IH 2 h, B HI B =
TG B, B 258 FACK A P ek 2= vk g
Oy ESFEHETRTE 1 100 HIE i, & .

R —ERER E A 2 A AR A& (FM=Biochar,
fRIFK FMBC) : FRHU— 2 5 1 4= 9 AR R H T Y
IR E A 0.06~0.24 mol - L™ [ 4R BREH 40 mL
FIHE Ky 0.06~0.18 mol - L™ iR’k 40 mL, JRAE]
&, AR EACRRE R 2 h, RSP S
J5 A K IBER R IR (95 C) KIBZET  SRIG AT
P, UAR(600 em? min™ )VE R {RS, 7E 600 °C
SNFF AR 0.5 h, AHEEEEEH , 17
2 R S 4 FORTE] H 9 G A 4 -k A AL
SRR B AN e B B o 101010 ,1:3:20
1:4:25 3:1:20, K K % ic A FIMBCy . FMiBCy
F\M.BCos . FsM,BCy.
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REFH A ), F 25 C TR 48 h, [AlEHEAA 0.1 mol -
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pm JEAEEE 15 mL, WM E RE TR A 2 % H
FAEFE /R 0.1 mol - L™ ) HCL W GRT A2, Alb:
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NaOH YV S E o AR IR i) 121 143 22 1h R
PRI ) B B & it
1.3 Rz L

FREL 0.10 g A= e i 4 B AE o -kt E Ak 2
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50 mg- L7 198 AsCID )i, S Ab BRI 3 A FAT,
P37 V-1 6 h, 43341 % A Rl 8] (5 min~12 h) Ji5 BX
#, Fl Whatman No.42 JE4Cid UE , F 2 6 M5
(AFS-9760 )l 5 g v A g B2
—183—



KA FRERGREFIR-F 3455 2 H

1.4 XKLL

A FREL 0.04.0.08.0.16.,0.24 .0.32 ¢ A= ¥ ik Fl
4 Fir A= W) die - Bk BR A AL W 5 A B ORE (FIMGBC,
F\M;BCy . F\M,BCos . F;MBCy), B T 50 mL £ 2 5% 55
A, A 20 mL ¥ 20 mg- L A9l () i3
(1 0.01 mol- L™ NaNOs Sy HLARJ5T ), HE A4 PHBLE 3
ASEAT IR G 6 b, 23 3R AS R I 11] (5 min~12
h) J5 BURE , ] Whatman No.42 JE4% 3 0E , R T 2966
JEIEAX (AFS-9760 )M 7 IS i )R B2
L5 HiRE o

¥ F Excel XPSPEAK #E47 %048 40 b , Origin8.6
TR A

2 HREW®R

2.1 b REREFES

5 B RE Y L 2 T AR KNI R FMLBCos>
F.M;BCy>FM,BC1o>F:M,BCy>BC, FH L4 K /N K
BC >F;M,BCy>F M;BCy>F,M,BC,o>F M,BCos, FMBC [
pH {EI = T A5 (3 1), FIMLBCos LR TETRUR 208
mz'g'l, AP RN 61.0 mz'g_l,FletBCzs LTI AR
AR R A 3.4 £, H FIMBCys SE31L12
LA 2.76 nm, BB FMBCos HAS AT FLBRZEH
HIL BET SEXfLAR /)N, AT e 2 11 K i i fL L
FLALBRBEAS T FLBRFLAR (387K, 3 HLZ5 A X 8
Wiy, A B2 WAL S AL T A A Aok 45 4 Joit %
fiff, LB

1 WA RIE BET L RERMFLEMSE

Table 1 BET surface areas and porosity of adsorption material

8] . 2 A
mgpppg PET IRV MERALET B
BC 61.0 0.0310 23.7 8.93
FMBCy 121 0.096 5 3.35 8.96
F\M;BCy 126 0.111 3.53 9.27
FMBCys 208 0.144 2.76 9.60
F3MBCy 115 0.113 3.73 9.27
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el B e A i RN A FMLBCos>F MBCop>
FIM,BC,o>F;MBC,>BC, BRME REF & iy K /N N
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Table 2 Functional groups and pH,,. of composite material surface

goigppiy  HERIHIEH GHETRRATES oy

BC 0.400 0.196 9.03
FM,BCy 0.450 0.412 9.10
FiM;BCy 0.350 0.681 9.40
FiM,BCys 0.561 0.948 9.80
FsM,BCy 0.050 0.289 9.25
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Figure 1 Scanning electron micrograph of four compound material
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Figure 2 FTIR spectra scan for adsorption material
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45 Z s> 530 em™ A1 720 em™ Ab HYEE Mn—O 45:4F
Wl . I ABRER AL, B Fe—O \Mn-0 I, %55
554 B IR Fe-0-As LI K Mn—-0-As 226547,
HIRZHEFER Fe-0 Mn-0 ¥ NG ERER], 55
SIE G, B E R n W aE .
2.5 X-Hi&k R FHEIE(XPS )34

H12E 3 AT, AR AH LG, 4 FhA2 &0 BHAY
FR N, FIMLBCos 5 FIMBCy R HIA S IEIN T
12.0% /47, U B 580 RE TR IR AR JS 5 5 B 1)
JE A4 LI, FIMLBCos 5 FIMBCy B 5 HE AR 1
32.6%F1 31.6% . B -G R EHY XIS (K 3)
R LLE 4 Bl A= W) o -k Sk A A ) 3 1T HS B Fe
Fe2pl .Fe2p3 Mn Mn2pl Mn2p3 Mn2s [ IE(H , 22 1A

3 R XPS T (RF B, %)
Table 3 The X-ray photoelectron spectroscopy

of adsorption material (% )

WHERE  BR(Mn)  Bk(Fe)  §R(C)  F(0)  RE(SD
BC — — 75 153 1.13
FMBCy 244 1.24 69.2 20.0 1.97
FM;BCy 7.08 0.84 424 374 326
FIMBCos 743 L11 434 37.0 351
FMBCyy 1.26 1.87 59.9 247 1.86

=" IR AR
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Figure 3 The X—-photoelectron spectroscopy spectrogram of four

compound material
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Figure 4 The adsorption kinetics of AS( Il ) by adsorbate
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FM,BCos>F M;BCop>F,M,BC>F;M,BCo>BC .
FAWE— R ANAE G sh 5128y R4 1 BE i 0
A fHE R BA R EEEF] 0.998 LU (F 4), AT
FAME 80 012 7 R AU A AR B2 PR AR B 4, 0
BF W2 B 5 2 W ¢ R LA L 4 Tl 55 Ao e e 1R e
R, HACR B H ) FIMLBCos 118 W B
ik 6.21 mg-g™, SRV R 2.2 f5. R
G 21T Bt S AL A R T A o e (v W
AE L IX SR FR I B AR AL DU RE A AR R
K2, UL RO 5 A RR LA R B R TR A 25 Bk
F4 DNEHEMESH
Table 4 The dynamic equation of fitting parameters

- 42&2@7’3%7‘5& :ﬂ&zﬁ]ﬁ%ﬁfﬁ
QJ/mgrg” K/min? R QJmg-g” Kfg-mg'-min? R
BC 294 0282 0942 284 0.144 0.999
FMCo 448 0202 0978 429 0.161 0.999
FMCyn 508  0.50 0959 5.1l 0.148 0.999
FMCs 618  0.157 0954 621 00936 0999
FMCo 401 0190 0742 4.1 0.211 0.998
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WG RF 7510 T Xk A 0 Joe 2 A L A A AR
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fift () A 25 B 2R 35 P i g, LB 25 180 2 7 34
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FsM,BCy il BC ZEBENNE A 0.016 g mL A, XA (1T )
f) 2 % R 0 501 g 65.24% .68.28% .82.6% .61.71% .
35.38%. HHIE 5 ATH, FIMLCos MRFI: BRI ) A3k 3
B, MR FIM3BCy F\MBC o . FsM,BCy .BC. B4
AR R A B L 2o (D) B CR A R K
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Figure 5 The effects of different materials and dosing

on adsorption of arsenic
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