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Abstract: [Objective] The study aims to explore the potential and mechanisms of iron-based modification in
enhancing the adsorption and immobilization capacity of biochar for As(Ill), and construct an effective carbon
sequestration and arsenic control system. [Method] The common garden waste Ficus microcarpa leaves was
used as the raw material for making biochar. Batch adsorption experiments were conducted in combination with
various analytical techniques, such as scanning electron microscopy-energy-dispersive spectroscopy (SEM-

EDS), Fourier-transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), and X-ray photoelectron
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spectroscopy (XPS). The structural properties of the raw biochar (FMB), ferric chloride-modified biochar (FC-
FMB), ferric sulfate-modified biochar (FS-FMB), and polymerized ferric sulfate-modified biochar (PFS-FMB)
were systematically investigated, along with their adsorption performance and mechanisms for As(Il) in
aqueous solutions. [Result] Iron-based modification effectively increased the specific surface area of biochar
by 3.36 to 4.22 times. Moreover, the modified biochar surfaces were enriched with more functional groups, and
iron oxides were successfully loaded onto the biochar surface. At the pH value of 5, PFS-FMB achieved the
highest removal rate of As(Ill), reaching 91.16%, which was significantly higher than that of other biochar
types. Adsorption kinetics analysis showed that the adsorption process of As(Ill) followed the Elovich kinetic
model, while the adsorption isotherms fitted well with the Langmuir isotherm model. The maximum adsorption
capacities of 4 kinds of biochars for As(Ill) from high to low were PFS-FMB (13.53 mg-g '), FS-FMB (6.36
mg-g'), FC-FMB (3.11 mg-g '), FMB (1.29 mg-g"). The adsorption of As(lll) by iron-based modified
biochar was mainly chemical adsorption, which achieved through surface complexation. The adsorption
mechanism involved the coordination between arsenite anions and iron oxides, as well as the complexation of
surface hydroxyl functional groups. [Conclusion] Iron-based modified biochar is an efficient arsenic
adsorbent, among which PFS-FMB demonstrated the best adsorption performance. [Ch, 9 fig. 3 tab. 50 ref.]
Key words: iron-based modified biochar; As(Ill); adsorption mechanism; polymerized ferric sulfate
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S, RS R, BRI A AR AR ) B A IR . As 15 AR HES AR , HESh IR EEE



55 42 5 X ) JEIR DT ARV R A AR ) i xe ot () F9 B A2 B MLl 3

1 #MEEF*®
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PR B BT R 2RI T RA LT AR, Ui 85 C M4 M. iR (HNOy) . ARk
£l (NaOH). FeCly. Fe,(SO4);. PFS. WHHRSN (NaAsO,). flFR4H (NaNO,) ¥ ko brali, Wy [ b7 T ik
) () AR, SE8e K R 4tk .
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wi o AW e ) 2% TR TE SRR AE 3 5 F 1 7 W 33BE (SEML,  Sigma 300) 437 . A= 5 i HP VR T 43 B
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MR TR, EE e As(V) ERAEEM, FIbiE WA RREEE R As(I) BRI, LIRSS EAY)
Fmt As(I) WU BPERE . A= e 5 ¥ W 9 o F AR RR LR T e A LU ffi) . 2.5 g- L7070,
141 pH TR MR e %Hh 4 BFHL 0.05 g FMB, FC-FMB, FS-FMB, PFS-FMB # T 50 mL &.0»
B, MA 20 mL W E A 40 mg-L'(Uh Asit), ¥4 pHAHI 20 3. 4. 5. 6. 7. 8. 9, 10
NaAsO, I R A 0.1 mol-L™' NaOH &, 0.1 mol-L™' HNO; #8735 % ¥k pH), & TIHEIRGAE T, 7E1H
25 °C J¢ 220 remin' Z50F TR 24 he SRJG7E 4 000 r-min™' 54 F 250> 10 min, B EE BT 0.45 pm 3
[ (PES) J&7, I HL R A 258 TR & S1HGI% X (ICP-OES, PerkinElmer 8300) & As ik & .
142 RMHHF 5% 4rBIFREL0.05 g FMB, FC-FMB, FS-FMB. PFS-FMB # F 50 mL B.04 1,
JIMA 20 mL i iR R 60 mg- L' A NaAsO, I (pH 4 5). B OB M AHBRIR G B, 725 C.
220 remin”' £F TR 5. 15, 30, 60, 120, 240, 360, 480. 720. 1440 min, #E3% )5 HH, 4 000
remin' RO 10 min,  EIEWR 0.45 um JERE, RS I ICP-OES il As BTk .
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AR EPE, KRl 0 =a+plnt, HH, o NHIUH Elovich WH# % (mg-mg '*min™"); g5 1b2E0k
WA T E A 1T 78 75 %45 <A Elovich W # %1 (g-mg ™).
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10, 20, 40, 60, 80, 120 mg-L™" Y NaAsO, i (pH K 5), 7£25 C, 220 r-min ' 55 FHR% 24 h 5
B, 4000 r-min”' 2544 F &L 10 min, FiFHE 0.45 um JEX, ICP-OES MI5E As k)%, HRH
Langmuir 1 Freundlich #AI 1715 o

Langmuir A5 78 fz B T 573 7 2 W B0 o e B i SIA P B TR E R SR, Rl .
0: = TRREEE . b QWIS HEHE B (g )s O o As UK (me- ) K Iy
MR (L-mg"); C, WA AW As R (mg- L),

Freundlich 55 J2 3 7 22 R Wi 56 3 1 b 9 1A S 45 100 358 67 o EL A I ) 3 1 B (05 AU ST I 28 56 3638
AP H RN Qo =KeCYo Hir, 0,84 sk 1 5 0 B i (me-g); Ke O R R B
(g™ LN g); C, AW BP9 T As BREHRE (mg-L); N SR B BE (3 8
144 B FLUPEEIANELE, AR UEYELR, 2/ Excel, Origin Pro 2021, SPSS
19.0. Jade 6 A X EE HEA T AL HL S 43 HT .
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J R AT A T A, (L AR AR MR T X S ORI P T T ik (Fe) AR 20/ NFIURE A A
EDS & o Ar 45 % (K1 1E~H) KW : FC-FMB K[ Fe FI5L (C1) Bt 70 20 3 hn, 1 FS-FMB Fl
PFS-FMB i1 Fe fIGi (S) T /- B AF BN N, LIRZ5 KB, FeCly. Fey(SOy4); Al PFS3 Ffde 1 41
RT3 T AR W R R

AW B PE TR (3R 1) BRIESCHEAR KRBT T AE Y i i) bR FL . o, LA PFS-FMB [t
FHE BTN IR, M FMB AN T 422.38%., CAWMFFERM . fERMIHRE R, EY A LS,
PRI SR TR PE 25 R Al K el A ) IR i A AR W B i R B T AR B e B 28, (R R AL B 25 = Dl 3R T
fohn. FEMAGE R, RS RN TR REBOEUAR, X B — DR 7 AR B i R T
TP, R R A B T4 2 W s BRI, MALBRZSH A DL AL 2 2 1 5 46 I 2 - ] AR ) SR Y
HRBIE, IF 5 NEEIE AL SCE RE R AR AR O, DTITRG SR T A= 1 5T o) B 4 S B 1) Ak 2 I
Rfig. WAL, BURZEY TR K pH Eik 10.07, X AT HER B T E R AR TR T B RE AT Y 4 i A Rt
YIRAT e, (A5 A W 0 e e TR R B B Y, el gk Ik Pl S, FC-FMB. FS-FMB. PFS-FMB [
pH 73 FAIRZ 4,72, 5.35 F1 5.46, X 1] e HH T2l Jo AR 4 o 2% 1T 1) =k [Fe(TlT)] 2l 7K f AR F ™
EREEE T, SECEYRA pH FEARP, BRIESOM: A ) R 5 0 K o0 TR B4 T JRG AR R s
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AW R AT S S, T 25°~45°40 A B2 Bk AL W B RAEATT S 0 . FC-FMB 138 il B 1 S84k 0
Bk (FeCly) MYFRAEAT ST 14, 1 FS-FMB HI PFS-FMB &3 H U i 7 Y Fey(SO4); IIFREAT ST I o 3X SEREAE
frdidee i, BRILSPER R E R Tk TAE Y T e R .

2B 2B . Az W I AE 5O TS A9 Z0AMRRAE W 07 B AR R — 8, (ISR A B 25 . 7
3430 cm ' PRI WLESEN 1) T 0 T2 BT N TR A (—OH) AU 4a IR 3P, 1 400~1 600 em ™' FfFUT A 45 A1E e U]
FEHRE (C=0) WM%riRsh5 1, [R5 L4800 (C=C) Mfh4ifiksh™, 5 FMB #itL, 3tk
PEAEYI BT ACHE 1 413 em™ BRI A9 WS A T RRAIR, 3T RS2 T AR 0 2 o 7 it i A v R A IR i
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B 1 BERE AW R R R LR A SR
Figure 1 SEM morphology and EDS characterization of biochars before and after modification

SEGRA A RER ELPY A, FS-FMB 1 PFS-FMB 7E 1 117 cm™' b (ISR AR, X FE 2
T B R AR (SO3™) 7 I ik %5 Bk I HL A 58k 2 14 21 AR 2 W i B, i — 45 i 5 XRD 43 Bt A A T 1 A
Fey(SOy4); ¥IHH—%. PFS-FMB M4~ B RERIRFIE IG5y, IXAURIWIH R H & A F 8 ERer, &
AT BB 58k 00 e b g LI R VR R R AR T Bk B R A A R VR FHA OCP 12, BeAh, FE 614 em ™! BHEEHY
WS T Fe—O B REMIBUAATERY, HE—UFSE T kLA R ) 7 382 W o ke 6 1

XPS J3Hr &t SR WoR (K 3): AW R AR 454 AE 284.8 eV ALK E] C 1s 1§, 532.03 eV 4LKEIIE] O
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Table 1  Selected physical and chemical properties of the biochars

AR pH KA ke ) BB V(e ke)  EREMEU(g kg ) BB RV kg ) T (m® g ™)
FMB 10.07 216.03 685.01 27.94 7.89 19.44
FC-FMB 4.72 387.24 435.28 23.58 48.62 84.79
FS-FMB 5.35 421.59 428.45 15.82 41.38 96.01
PFS-FMB 5.46 486.32 380.93 18.44 42.17 101.55

s W X FRRIEDMEAE W i e, FC-FMB 7E 200.58 eV b ¥ T Cl2p %, 1fij FS-FMB £ PFS-FMB | /£
163.34 eV ALK E] S 2p W, AN, 3 FhERIEMOMEA: W) FUR BILE 710.87 eV AbIE[R B T Fe 2p I, X2
FRIEUE Y B, R TR) e A= 0 5 e 1 2 T 8 ) 67 28 T MRS A 6 AT, — 2B R S T kAR B HA

RAETCRAEA Y AR T A

- CaCo,

A. XRD R B.FTIR ——PFS-FMB 1117
!+ FedS00); FS-FMB 1 534
4 ) 3430 i
—FC-FMB 413 /j|
= Fe,O | h 614
v o 30, . —FMB AN
¢ - v e v Fe203 AN } f/ ] \ :
. - P4 e S MW N
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o v 0 R | . I | .
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Figure 2 X-ray diffraction analysis (XRD) pattern and Fourier Transform Infrared Spectroscopy (FTIR) pattern of biochars

2.2 pH XY RAR M As(ll) K220
M E 4 Al Y pHART 5 BF, 4 Rl R X As(T) (9 25 B R Y906 pH FHiErmisé fn, 546 pH Ky
SEHARIR AR LR, R, 2 pH & T S, KERREE TGS, 5 FMB AL, BREESEAEY) FURTE
ANIE pH FXF As(T) i Z: B R4 B B 4271, Horb PFS-FMB (4R M5 o B 8., 78 pH & 5 I 25 B R i
=, i8F 91.16%. E pH IRT 5 0, MRFFIRCREZE, XAl Re Sl e 1 Fe(llh) 5% Fe( 1) WA ¢,
XL Fe(1l) 5% Fe( 1) mIfigs As(I) 7549 S5t ik 2 0 A9 36 ME 67 i A A= s e e B, T2 1 As(I A
RO BHE 5 BT MU pH = T S B, AWk SR E ARG N, SR T 5 e BT RS 2 Rl AR F HE R
YERT, MTmE T As(T) AW R . PES-FMB XiF As(I) 19 2B dn i, FENFE T HERSA FE R
% (—COOH) f¥EHE (—OH) FH Ak, XLHRERI G5 As(I) L RURE FIZSA W, DI HE 55 08 B g
J1o BLAh, PFS-FMB 1) £ BURFLER 454745 2] 7 01 Aufk, dF— 3w 7 HW e 1. M2 T,
FC-FMB )23 A%, JBEFE T HUE S 9, Fe 8L FeCly IR AEAE, fEHd B, Hln&
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Figure 3 X-ray photoelectron spectroscopy analysis of biochars
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Figure 4 Effect of pH on the removal of As( 1) by different biochars
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AUE REAIE R MR EAR I 53 4h 2 R A Y Bk 5 o [FIEF, FC-FMB 1% by 2R T R AL B 45 44 A X 4
AN, IR AR, sk S PR R AR [F T T As(TI) AR BE 55
2.3 EWFRRY As(ll) 89U Btz 1=

K5 0. AW e X As(IIT) Ft I BT ozt R ml 4 Ay ke sk R S I s A I oFE P87 B B o % PFS-FMIB 4b,
HAR A B R AETT 240 min Ab TR BB, W B £ Bl s ) 3 B S 3, I A 240~480 min & HT ik
FI I B S . PES-FMB f1%) bR 3 1% B i B DU 435 42 28 480 min, 78 05 AR 5550 S W BfF, 50 22 ik 3] 0% 57
i, TEWCFWIERRY B, AW AR 1 4 B FLIR S M RN B RE A As(T) 44t 1T KRB MERHAL AL, [ TR
s i As(II) R0 b v B2 R W B0 S 1o A R iR A T it 1 sl Ty, BEE W R R p itk , AR Bk
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Figure 5 Adsorption kinetic profile of As(1ll) on biochars
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Table 2  Fitting parameters of the kinetic models for the adsorption of As(Ill) by biochar before and after modification
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Figure 6 Isothermal adsorption curves of As(lll) on biochar
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Table 3  Fitting parameters of isothermal adsorption model of As(Ill) by biochars before and after modification
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Figure 7 FTIR spectra and XRD patterns of biochars after As(1ll ) adsorption
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Figure 9  XPS (Fe 2p, O 1s, As 3d) spectrum of biochars before and after As(lll) adsorption
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