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Abstract: In order to obtain an adsorption material that can efficiently remove As (V) in the high arsenic
acid mine wastewater, due to the strong affinity of iron oxides and arsenic ions, this study uses the co -
precipitation and microwave—assisted methods to prepare magnetic biochar from lotus,nightshade ,and rice straw.
The experimental results show that when the mass concentration of As(V) is 1 mg/L, the dosage of magnetic
biochar is 2 g/L, and the experimental temperature is 25 °C, the magnetic biochar prepared with lotus,
nightshade, and straw the highest removal rate of As (V) can reach 97.46%, 96.17% , 67.86% , among which
the magnetic biochar (L-BC@ Fe,0,) prepared with lotus has the best removal effect, reaching the maximum
adsorption capacity of 0.472 mg/g in 6 hours. The adsorption kinetics and adsorption isotherm models

respectively accord with the quasi—second —order kinetic equation and Langmuir adsorption isotherm, which
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indicates that the adsorption is mainly monolayer adsorption controlled by chemical action. The characterization
results of L-BC@ Fe,0, by Brunauer Emmett Teller ( BET) , Scanning Electron Microscope —Mapping ( SEM -
Mapping) , X —ray diffraction ( XRD ), Vibrating Sample Magnetometer ( VSM ) , Fourier Transform Infrared
Spectrometer( FTIR) show that the adsorption mechanism of L-BC@ Fe,0, to As(V) includeschemisorption
effects such as complexation reaction, adsorption and co—precipitation of heavy metals. The research results have
provided a new solution for the treatment of acid wastewater from high—arsenic coal mines.

Keywords: magnetic biochar; microwave; high arsenic coal mine ;purification treatment

fifi (Arsenic, As) HA S #EEAEURME , Mo 1Y IR 5 60 ]2 S B0 5 P05 G i 2R R 2 —.
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B (L-BC@ Fe,0,) Je RN 5 (N-BC@ Fe,0,) FHHREVEEY S (S-BC@ Fe,0,) I 114 6
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SRR S 6 AT LA B A AR FRER 5 153 0.06 g AW fff A RHE T 5 4> 50 mL HEE P 18
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R 1 3 MAREERMAEX As(V) BRM 31 N FESH

HE—g% W%
R EHR — - — -
k/min q./(mg-g ) R? ky/(mg -+ g +min ) q./(mg-g ) R?
L-BC@ Fe;0, 6.053 6 0.467 0.998 4 0.031 5 0.472 0.999 2
S-BC@ Fe;0, 6.082 9 0.459 0.998 4 0.030 6 0.464 0.999 1
N-BC@ Fe; 0, 3.990 3 0.317 0.986 6 0.076 1 0.324 0.985 1

RG] 2 A 14510 W — 2l 1 2 e 8 1 # LG CR ARG B — 93l g2 ] LIS 4l
iR L-BC@ Fe,0, fil S-BC@ Fe,0, X As(V) (WSt it 2 ,N-BC@ Fe,0, B INFFAHE—K 5 J1 2%, X i
F& T N-BC@ Fe,0, 5 HA 2 Fhl 3R AR 5N . L-BC@ Fe,0, Al S-BC@ Fe,0, A 24 5h J12F 14
KRB R EE THE— s I F MR R, X FR L-BC@ Fe,0, Fl1 S-BC@ Fe,0, Xt As( V) AYIK
Bt 72 R AL B L-BC@ Fe, 0, X As( V) M B i 5 950 0.472 mg/ g, Tl HI A RS 2252 55
2.3 WRMi&ERL

Langmuir 5575 F2 04 M5 15 4% 14 S B0 J2 3 1T W B | B A 6 2 BRF A7 359 A ]k W 6 1) s - 52 4 ik 5
Freundlich S5 5 # 2 — N30 7 8, WA B A A, BER MY b A n {E R W B 500 A R4 i W B M 7
FE2~10 R 5 T, n 7€ 0~0.5 FmxE T W AR IR #2472 o/ L W BRI ) A 6 h AN [R) B2 7 i
JEN 15,25,35 °C 858 As(V) FIRILR T X L-BC@ Fe,0, £ As(V) B I.3 FhARIRE T
L-BC@ Fe,0, Pk As( V) M50 f 26 & 3 .

0.8 0.8
0.6 — 0.6
w04 |- 204
& g
02 415C 02 A 15C
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m35C * 35T )
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0 e 0 —
| | | | | |
0 0.5 1.0 0 0.5 1.0
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B3 L-BC@Fe,0, %% As(V)# Freundlich o Langmuir 5 % 2% 444~ Wb 4%
i 1d Langmuir F1 Freundlich W f RIS, 5 AR REE T L-BC@ Fe,0, 25k As( V) 1 Fir S

5,3k 2 s,
#2 AEIBET L-BC@ Fe,0, £ As( V) T E S

WL Freundlich Langmuir

7/°C kg/ (mg™t - LM - g7h) n R b /(L= mg™) qu/(mg - g™") R?
15 0.685 3 4.197 7 0.959 4 0.062 7 0.688 0.976 2
25 0.767 6 5.918 6 0.909 2 0.014 3 0.710 0.980 3
35 0.654 3 4.278 8 0.893 9 0.068 9 0.669 0.971 1

F & 3 FNEE 2 AT 260, i 2 400 6 Vs TR0 B T AR B9 N, L-BC.@ Fe, 0, X As (V') 4 R o £ 500 2% 7 444
InE TR ZEAFEE T, Langmuir B E 250 R ¥ T Freundlich AAHC R %L R?, Frl) L-BC@
Fe,0, X As( V) BRI Bt B2 B INAF A Langmuir 5536 WGBS AL. G A 7R EE H 15 °C %) 25 °C i), L-BC@
Fe,0, Xt As(V) BB EEZ WG I 5 B 25 °C 2] 35 °C B, W fF it BEAIG, 3% w] RS2 B TRl & I BE T+, 70 F
BN, As (V) LUBERR A4 5 28 i A TR TP — e s R I, 2SI 8 30 ~ 60 °C A, 2k el iz ot 5+1)
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XA 14 23 BRSBTS R IR U], 7E 15~ 25 °C I, W B 55k B 5 YL 1) T v i 84 o, 78

o Xl R W B e T A T SRR AR, 25 °C SR SR Y Bl L. R 1 E— 2Bl L-BC@ Fe,0,

FRIPERE , X LG 1 SCHR AU I BEAA RO RCR: , 3 3 Fis. A& 3 thf LU Y L-BC@ Fe, 0, W4 RE R 4.
R3 BFURMARINT As(V) BRFRE TR EE

TR BAE A2 A As(V) WMt A4t/ (mg - g7") S 30k
TR AR E Ak 12.000 [2]
H: ¥ 5@ y-Fe, 0, 0.428 [3]
A 3.600 [4]
FeCly BUMEAEY 5 6.770 [8]
iAWy 1.305 [25]
L-BC@ Fe;0, 0.710 AR

2.4 WRHEHRLRAERAIRS AT
2.4.1 BET £ AE5 7

b ML ( BET) 2202 R R AR AR RL S /N W BRI BB S8, LR 1 B R /N 56 B
ZVERR B UIAHOC , N B A Ak e Tm TG M 45 X 6 FOR A1 KA BE BET 0 Hr 4 SR an 4 s, th# 4 vf
PR W A 0 0 0 b 2 T RRURIFL 25 B 8. LU AR A 40 ¢ ) K. N =BC @ Fe, 0, [ HLZETH LR 230.09 m®/g, &
AR R TR R (FR AN BRRCR I ANE XA FEAR SR vp | b AR I AN 2 5 i W B B 0 1 3=
B2 AR R ASRESE A B AR A BRI 25 B T T 005 P L, IR BV A et b 2 i R g, X H b Ak B
WYy fth ] BE A RATfTE T . L-BC@ Fe,0, RUFLIRTE 6 FlAT RN K B KALEA AT RO TESE
BB TAELE Y RALB Y Y L-BC@ Fe,0, W IMSUR S AT 68 5 FLARAH K.

F 4 FEEHEEE BET 547

Bkt HREAY (m? - 57" LA/ (em® - g7) fLA%/nm
N-BC 9.59 0.016 6.60
N-BC@ Fe;0, 230.09 0.289 5.03
S-BC 17.16 0.027 6.37
S-BC@ Fe,;0, 218.17 0.218 3.99
L-BC 6.33 0.018 11.21
L-BC@ Fe;0, 41.38 0.128 12.38

2.42 VSM £ AE5H7 4
MEPEFRAE(VSM) J2 0 T Bk L-BC@ Fe, 0, HYHEIL 5
SR RREPEM RIERE M e bR 2 —. O T ik L-BC oL
1
0
1

——— WK As(V)RT
WK As(V)G //

@ Fe,0, MHEME, 7E = Tl &2 L-BC@ Fe,0, W As
(V) HijJe iR 2, 25 5 &l 4 iR L-BC@ Fe, 0, W
B As (V)BT 5 BIRE SR EE 535128 3.30,2.02 emu/g, W
B 22 JE M A 0 e T e L L R i B A TR DS 3k R P

FAEM i 72 o BR PR 7K &8 Fe 580 3t k. W B A 19 3k o

L-BC@ Fe,0 415 B A B4 (o mEME | vl LUF) 88 M k47 | - 1 1 .
-20000 -10 000 0 10 000 20 000

R R REIG

2.4.3 SEM-Mapping & 4EH7

F48 L B BT (SEMD) 2 ok S 28 40 Jok 36 1T 114 T
SAS Y, 4 L A ) TR 44 ( Mapping ) W2 HIR WS4 Joi 26 11 ST 28 19 70417l SEM-Mapping , BE 7]
PIWEEE] L-BC@ Fe 0, [WERTIEH , 18 AT LIS 25 0 2 7 AE W) ik R T 1Y 4341 . L-BC @ Fe, 0, W As(V)
I JG i) SEM—Mapping W11&l 5 F1El 6 frn. g1 &l 5 A7 LA 8 0028 20 A 40 i 3 10 G B 00 04 26 i, BRE 5 1 Sk

B4 L-BC@Fe,0, BH As(V) AT J& 89 B =1 5
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TER RT3 AT I 5], TR A L W) B ALBR N, A7 76— SRR L5 [/, AR50 3R Fe, €, 0, N Y23 A GiE ]
Fe, 0, UKL 043 A= W) ¢ b ARGEIE] 6 T LA AW SR i e s/ D IR BT e A i, 2 A 4 48
TIURELE I R AR v i 2R S 5 BTET 6 v il DUWLAR B As TUER , As JUR I IER] T RETE AW AT As(V)
A WBIRICR s 5 41, W B TS ATEOR AT LA B Fe, O JEER , BLHA il & RGN AE W) 5 R e PEARCHT

iy
’-. “

As

10 pm
A5 L-BC@Fe,0, R As(V) A4 SEM—-Mapping B 6 L-BC@Fe,0, M As(V) & #) SEM—Mapping

2.4.4 XRD RAEHHT
X B4 ST (XRD) 35 T 40 Bl 5 9 (0 5 4 oo+ T
JRA K it b 5 K SR T B A O 4 T 7 R R I o \ FeAsO,

a3, VA SR BRI S A= 0 o A 53 (R A8 4k, X L-BC@ 2801
Fe, 0, #E1F XRD FAE, 1 Jade #PFABF AR EIZE R 5 2
B 7 . B 7 & B A 0 A ) i e £ B (20) Ry

35.52°,43.17°,62.70° 4k tH IR AE U4 | 43 5] J& T Fe,0,
FRAENT S35 (PDF#88-0315) 9 (311) , (400) . (440) o

40t

160+

HEHEWE SR ((au.)

120+

Fa Al , FRGIERH Fe, 0, B 28 Eh T 387 AE W e 22 L. N i
FiXFLL L-BC@ Fe,0, WM As( V) HIJE 19725k, 7T LA PR ke

i IR O AW BAE SR (26) 9 32.98°,36.99%, g7 [-BC@ Fe,0, %M As(V) HG # XRD ittt
47.88° A0 I TR BT I RHAE I 43 58 T FeAsO, Fn
YERTE S (PDF#21-0910) A9 (022) . (200) . (221) A .
2.4.5 L-BC@ Fe,0, RH As( V) 4gHLE 547

R MZLANEE (FTIR) A 2347 16 B £ 8 | 56 80

FIBAR BRI Y R T A W T2 o h
ST L-BC@ Fe, 0, Weft As(V) FIHLIE, i 3d FTIR X ol | PRiZe zégofo

L-BC fl L-BC@ Fe,0, W iAT/5F As(V) YR E BE
AT 500, 5 R an i 8 frn. &l 8 Al 5 L-BC
I, L-BC@ Fe,0, 1E 569 cm™" kb H 5 W Y | 3
A5 Fe—0 HE 145 % 3 4 56, X UL I & Bk A
VA LTI (038 T A W) e e 10T 7F 3 458 em™ Ak A I 207
g R ¥R 5L (—OH) e 4 3h 7= A2 0 3k 6 I A W o oy

50+
(c)

Rl
11269

40+ fi}—OH

B/ %

(b)

(a)

3458

T B & R R AL IR A A W Xt As(V) BYSE A L - v |
JI57E 1 643 em™ b (I R 7K 43 O—H A 4 W fom”

WA X UL I B R I S G WK 2 B8 L-BC(a) L-BC@ Fe 0, M As(V)#(b) L-
551U AE 1269 em ™ Ak WS Fh 1R A 4 4R 5 BC@ Fe,0, M As(V) & () 84 2 ot 22 81 i

A= 20 AT DL R R A R R A AR A 3 1

HB5 T RN 61 111 em™ A B & i C—O MIga R sh =2 XTI 8 vha LR A1 b £6 1Y
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