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Preparation and arsenic adsorption and its mechanisms by mulberry stem biochar/Fe—-Mn oxides composite
adsorbent

QIN Yan-min'?, LIANG Mei-na'*, WANG Dun-qiu'?, ZHU Yi-nian'%, TANG Shen'?, LI Huan-huan'?, ZHANG Tao'?

(1.College of Environmental Science and Engineering, Guilin University of Technology, Guilin 541006, China; 2.Guangxi Collaborative Inno—

vation Center for Water Pollution Control and Water Safety in Karst Area, Guilin University of Technology, Guilin 541004, China )

Abstract: A mulberry stem biochar/Fe—Mn oxides composite adsorbent(MBFMA ) was prepared from mulberry stems by oxidation and copre—

cipitation methods through the orthogonal experiment. Effects of pH, ionic strength, and co—existing anions on As( V) adsorption by MBF-

MA were investigated. Results show that the optimal preparation conditions were as follows:the concentrations of potassium permanganate
and ferrous chloride were both 40 g+ L™, impregnation time of 24 h, calcination temperature of 400 °C, and calcination time of 3 h. The range
of the optimal pH values was from 2.0 to 7.0. The ions present in the natural environment, such as nitrate, sulfate, carbonate and phosphoric,
had different degrees of effects on arsenic adsorption, with phosphoric having the biggest impact. The ionic strength had no obvious side ef-
fects on arsenic adsorption. The adsorption behavior of As( V') on MBFMA was fit better with Langmuir equation than Freundlich equation.
Adsorption capacity is 4.87 mg- ¢ under 25 °C. Spectrum analysis showed that MBFMA had 0.34% of arsenic after adsorbing As( V). FTIR spec—
tra indicated that MBFMA contained hydroxy, carboxyl, and lactone functional groups. X-ray photoelectron spectroscopy analysis indicated
that iron, manganese, and carbon surface functional groups involved in the adsorption reaction, and adsorption of As( V) by MBFMA was
specific process.

Keywords: mulberry stem; Fe—Mn oxides; preparation; adsorption; arsenic
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1.1 {XEEFRF

T BN : SA-20 L 2B A T4 pH 4%
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L1 H—F1E 3 ; X Pert PRO FIRFEHYL

F L F) : NasAsO, - 7TH,0 . KMnO,  FeCl, 35 4 43
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SMFF25 1 ARG RERLIG R, 5 20 H 5 ML T4
o W10 g 25 FHIMRMFFEELA 500 mL FBERRH, i
A 100 mL ¥ EE 2 20~50 g- L™ 4 55 4 FR B VA TR, HLA
PiFk 10 min, FH 3% 3 2 187 ML 55 4F , 12351 12~48 h J5 i
U8 s 1B S BT FOFTIA 500 mL B 7E bR
FETFIIA 10~40 g- L A AL AR 100 mL, HLHK
P PE 10 min, J2 3% 12~48 h J5 i 8 5 1 U8 5 AY 18
B 500 mL FEbR T, BN A T &= 250k 7% AR
LA 50 mL, Fe 3 B FEY 5] 1= 6 h Je ok g, 7
FHRB A T8 e s K A5 21 A 8 v A A b
60~70 CF T4 12 h, 75 2] T4 1) MBFMA ; 4 T4 119
RA YA T, #E 400~550 C 8% 1~4 h, FWF
RT3 100 H, £ EIMBFMA, #4225 [ E 4 KF
IEAE SR TT, B Lio(4°) BETHH 45 SE 56, 1F 28 556 [
AP 1,

® 1 EXKBERKF

Table 1 Levels of factors in orthogonal experiment

K £ Factors
P9 A:KMnO, B:FeCL¥k C.2 D BB E.Jgben
Wil L Rl A BEFC Ak
1 20 10 12 400 1
2 30 20 24 450 2
3 40 30 36 500 3
4 50 40 48 550 4

1.3 X B As( V)BIEH MBFMA BIRAE

FAEFT AR ST ST

XRD:X'Pert3Powder %I 2 Ijfig X-HHZEATHHY, Cu
0 Ko 55T, AR X DK A=1.54056A, FHs
0.6565 °+s™, i FEl 10~90,

LB A4 - S-4800 7 & S fe 7 s, inik
HL A 5.0kV,

XPS 434 : ESCALAB250Xi X S48 % H F-RETEY
e gl X SRR TAET A2 500 wm, EAE 100 eV, K
1 eV, RARERERIE

FT-IR 43#7 :NICOLET 6700 FT-IR i B 75 e 41
Ah—HrE AL R SKBr By R R 1:80 1Y LTI FE 43
IRAYE], R TR, Ml A 4000~400 em™,
SPHEEHR 0.1 em™ 5 ML 45 000:1,

1.4 WRBHKIE
FRE— 2 5 1Y MBFMA JF 100 mL (14584} 2.0
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Table 2 Results of orthogonal experiment
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730 30 48 400 2 2.561 46.83 AR AR SITE LAY, T 3330 e Ak W e 2 LR
8 30 40 36 450 1 1331 45.29 T Y C—H B8R P 4R 30
9 40 10 36 550 2 2.305 46.86 222 X BHERTHH T
10 40 20 48 500 1 1.919 46.79 MBFMA EI/‘J X E;J—gz ﬁﬁ Eﬂ‘ﬁj\*ﬁ éd:% ﬂn [zl 2 F)]"/jf\‘ .
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Table 3 Result analysis of orthogonal experiment
FdEhn
K i T Bt/ mg - g7 HHI%
A B C D E A B C D E

K, 9.526 11.942 12.260 21.182 10.619 171.60 179.77 185.23 189.28 184.02

K. 7.174 11.304 15712 10.788 9.847 177.37 184.35 181.85 182.67 188.98

K, 16.562 9.453 9.440 6.602 15.172 188.25 181.99 18321 180.82 181.14

K. 13.414 13.978 9.266 8.105 11.039 192.58 183.67 179.50 177.03 175.64
Ko v 2387 2.986 3.065 5.296 2.655 42.90 44.94 46.31 47.32 46.01
K s 1.794 2.826 3.928 2.697 2.462 4434 46.09 45.46 45.67 4725
K 4.141 2.363 2.360 1.650 3.793 47.06 45.50 45.80 45.20 4529
Ki 3354 3.495 2316 2.026 2.760 48.14 45.92 44.87 4426 4391
W2 R 2.347 1.131 1.612 3.645 1.331 5.24 1.14 1.43 3.06 3.33
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Figure 2 X-ray diffraction spectra of MBFMA
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W B (R A B2 I 206, SEBG 45 SR UL IR 4. MBFMA X
AsCV') 118 W i 25 1 A B 0] ) 385 o i 28 8 R . 4
As( V)RR Ry 2 mg - L7 I, W Bt 52 Fifi ) [8] ) 722
FEARBE . SRR BE RGeS A
)L TH IR B AT A, ARPRAEIA R T . 240
16 As( V)RV EG N 10 mg- L7 i, a] LUA H , Wbt
FEUGRHT 5 h Y, As(V )Ry BRACI, Bifi 5 B 1) 38
W R R 2 TN, o B TR, I E 24 h A2
2.5 RMERL

SEBSTRIE R 25,3545 C, W1n As( V)W HIHE

0.5.1.2.3.4.5.6.8,10,12,14.,16 .20 mg-L™',MBFMA
e A 0.1 go XF HARERINA 0.1 g SAFT Ao, S50
1.2§'
10 '.3"""':-.'\:""{'."'"'\-\..9‘"'"::""":.'\---\...\.--
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06t \
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Figure 3 Effect of pH on As(V) adsorption by MBFMA
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Figure 4 Effect of contact time on As(V ) adsorption by MBFMA
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TR 25 °C. FEDCARAF T UEA TR RS 5050

KA Langmuir #2AY A Freundlich FL8I%F MBFMA
W As( V) ISR IR SEI BRI G LA 25 R K 5
ME 6, PABRSHY|FE 4, WK 405,25 .35
CH1 45 CF , Langmuir W% i 5505 7 B4 G A e &
R 4354 0.954.0.958 .,0.953, H4fE Langmuir F7Y
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Tia] B3 2 I W B, T A B A 5 2 s
Y- F 7 W B 7D 1 2 T A W B SR A 5 RS 25 °C .35
CH 45 CF 1Y 5 KW I 5t 43 1) o 4.87.5.30.,5.62
mg-g™o 25 CF , i ST A W) o e KR B o 02 4.26
mg g™, MBFMA A X 4l 20T A= 99 ¢ %) nfh i of e 2
& 7T 14.3%,25.35 °CHIl 45 CF , Freundlich M Jft4EE
J LG R E R R 43 510 0.945.0.953.,0.960,
FHXT T Freundlich W [ 25 75 % , MBFMA X} As( V)
AR B B A5 Langmuir W B 2516 5

12 4 7T L, Bl 2 AR T, As (V)Y
AN ot B 22 385 o, 450 BH IR B2 1 T = X As( V)
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Figure 5 Langmuir isotherms for As(V') adsorption
on MBFMA and mulberry stem biochar
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Figure 6 Freundlich isotherms for As(V) adsorption

on MBFMA and mulberry stem biochar
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MIZEE, MATTA B S KRR i 40 CFHR E] 90
C,As( V) I FHEIE R T 60% LA | . #0Ews RUZF]
TEPEE LRI As( V) RIBFE R, 2 As(V )IFH
IR IR E S 1.8 mg- L7 I, As( V) By W% i 5 7E 0.4
mg g™ AEAT 5 2 W SER) R R T ol R AR R K e i)
As(V),Y4 AS(V)?)]il“/iU“jfl 300 pg L™ if,As(V)
B B 2 0.003 mgg™'o JE/NEEPIFIF Fe/Ti it i
PR A, FEX As( VORI BH &k 2.541 9 mg- g7
Ayoob S ZFEFI FE5 Ak AL A= I BRF K T HP A A 224
FIRIURHR BE A 2 mg- L7 B, At A B 27 0.61 mg- g7’
F AT L, R P Bk A A ok Ok S AT, 7T DAEAR
KFEE FHE AT As( V) R B AE
2.6 £EFEEFHFMN

KRR T S A MG Yeab , 8 &5 —E i

FEAE LR T, DT 52 1) {&E’Jﬁ%?ﬁif“m} X 4 H fi

FETL,{ 5500 R A P 0 S 4 < A AR T ) AT R RS
ST I 7R A I B AR . B NaN O 1 Ay e fif
SRR R, K 56 U 185 5 8 X W R SR i R i, S A7
BT R S 45 : MBFMA 0.1 g, WA As( V) k&
H2mg L7, WA 50 mL, pH=5, SR 25
C, %52 PR EE (1 mg- L7 10 mg-L™") A B R
HE B RAR Ak TR AR RIS R AR AN As( V) IR B RICR
HpAS

DURIAS [V BE I A7 B8 75 As( VO IR B RICR Y
SN 7 7R o SRR B ER AR AN AR BR AR X MBEF—
MA Wzt As( V)JLP-BA 00, 1 mg- L7 A BERRAR 25
FIFEAENT AsCV ) IR 52 M AR /), T 224 Ml T AR 5
TUREN 10 mg- L B, FEXT As(V )R B % 52 i) b4
K, As( VO FftE H 0.93 mg- g™ FEAIR3) 0.85 mg-g™,
FEAR T 12.4% ., HATREME I P flAs [R Foo R
JEZR A V IEIC R I B PE BT LA,
AL A H A AL ST, for BB T A 22 AN K, 25 )

R4 TRBRETERAEUEGSH
Table 4 Parameters of Langmuir and Freundlich models at

different temperatures

550 Ttem Langmuir J5 ¢ Freundlich 75 %
Temperature k, Ry e /7, k; 1/n R?
mg-g
25 CIL 5 W57 1.640 0954 4.87 2.635 0.296 0.945
35 CE AW 1414 0958 530 2.894 0.300 0.953
45 CH AW 1.810 0953 5.62 3.084 0.323 0.960

25 CREMHEY) 0.219 0963 4.26 1.259 0.131 0.820
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Figure 7 Effect of co—existing anions on As( V') adsorption

on MBFMA
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Figure 8 Effect of ionic strength on As( V) adsorption on MBFMA
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