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Abstract

Magnetic sludge biochar (MSB) was prepared using iron-containing municipal sludge from the
Suma Park sewage treatment plant in Suzhou, Anhui province, as raw material for the adsorption
of As(IIl) in aqueous solutions. Scanning electron microscopy (SEM), magnetic characterization
(VSM), and X-ray diffraction spectroscopy (XRD) were used to investigate the physicochemical
properties of MSB. The effects of different pyrolysis temperatures, adsorbent dosage, solution pH,
coexisting ions, and reaction temperature on the adsorption of As(III) by MSB were studied. The
results showed that the magnetic biochar (MSB900) prepared under the pyrolysis temperature of
900°C, in which iron was a-Fe? is the main component with strong magnetism. Under the optimal
reaction conditions (pyrolysis temperature of 900°C, dosage of 0.8 g/L, pH = 3, coexistence of

SO or CI, reaction temperature of 35°C), the maximum adsorption efficiency of MSB900 for

As(III) is 98.3%. Overall, magnetic sludge biochar (MSB900) prepared from iron-containing mu-
nicipal sludge can serve as an effective and low-cost As(III) adsorption material.
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1. 518

BEE F AR T I, KB (As)BE 3 70 2= VR HUZ Mt NG, KA 5 TS L i) Kk 44
RS, R SR AR A E M 1] [2]. Rodriguez-Lado 25 A\ T+ [E 45 1960 i A
e TR QB /K [3]. o [ 7 PR A b 25 0 A R A SRR N B2 L Ll T AT Dy FI R K AL i
BRI X AL, Bt OO TR E Y A AR AR VR R R R B IX (4] [RIUE, R REAKARIR S R
HHEE TAEaEER.

EAT, XS p K 2 B 7202 Wb, 132 R FH IR B 750 St AR IR [5] [6] RAR K
R HI[7] [8]%F . ELAnsE XUEREE[9]R FH FeCly6H,0 BUtEMpAEFt AT AE 4 ok B FH T /K (AR iR I Bt 2E 4%
SOV J5 406 T e R S I ), W B L 7.63 mglg, G TR BSOME AR MR 1 Y (4.33 mgl/g),  ELIE
* Fe SrREMPER, WIS D EIN, WYL ST — R 0 25751, (HR e RE, TR
(el SR W 2 I FH ) 0 A2 — o 5T, A A A e 1 1) % 5 7 PR ke ek 52 B BIF 38 11 B K 9% - Zhang
SE[1014H14 T y-Fe O Bt IR I AR LEM) 3% (EWD B Iy-Fe 05) T KR As(V) I 2B, W su st R Bk itk
Y BA T R TEIE RS, 3% As(V) HI A=W 5 ly-Fe,05 5 A b BT LUMR 28 5 i A v 43 18 sk BRI,
6 DU DA B k5 e R D sk A1) £ T A2 1 T DA SR — P B (IR B S50 LA Tk s e iie &2, F B
B Ve AR FF P E R BRI R, BEIREE AU mIRESE, SURIHRmATE . 3R ST v o DA R 3 1 ] 1
R, HA )R BN R S

AW 5 LA 2 508 fi N T 7 5 el DX 95 7K R 2 ) B ks e R R A M TS TR AR Pk (MSB), R
i B 1 WA (SEMY), - T [ 2K (VSM) FI X 5 B AiT S 1R (XRD) AR 8 MSB I B PE ST JEAIFSE 1R
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R, MSB BN, i pH, LS 7RV IRE ST MSB WK As(TI)s2m, LA K4k
As(I) & AL EB K5 .

2. MRS
2.1, RAISE

WERTR . BELER . ESELEN. Bk, PURIMAR. SALH. RYRREN. BREREN. SALEN. BREREN. B
BRI SR A AT AE(AR 28), W H BRI RHIR A R A IS . AsUD)ArERR S B E XA (.4
J& Je FF AR A s RIS FH A 4K

FR XA N P (OTF-1200X D80, A AEFRHA):  HUAEIR X T %46 (DHG-9146A, i
%) RIR(EHEAE): B85 (LC-DMS-Pro, _LifE/1JR); 0B R (FA2004, B H)R); JRT9%0%
HeREAL(AF-60, JEE K)o
2.2. SLIEMRAOBIE R FRIE

T BEG TR B A R T NS D X5 KA B S TS T EGS A T R R A
g . RAKIE 4> Y E Jy 300°C, 400°C, 500°C, 600°C, 700°C, 800°C, 900°C-HMAFMIESE,
IACKT TR 2 he RAGTERERERE MRS, M, WEIEMERE, 1 100 Hif, 3EIki4E <0.15 mm 1R
HIRAE R, Frity MSBX (X AR AR, BI 300, 400. 500. 600. 700. 800 F1900).

Tt 5 U AR A e 2R TR T SR AN 76 2 4L oR] 3 # Fa 7 2B (TESCAN MIRA LMS, $EwO) R R
0] 28 % FH 3R sh #F W g5 11 (7404 #Y, LakeShore, 35 E)HEAT04T: FHRMIAFIE X B2 474X (Rigaku
SmartLab SE, HA)%#7.

2.3. BERIFHMILE

2.3.1. RUBEERIFT

R FE 2 1) B DR 3R ) S 56 5 R AN AL R R 6 MSB IR B As(HN) IS . HERRFREL 50 mg MSB 437 in
AZ] 100 mL 34 1 mg/L As(H)EHE (50 mL) IR ZH@iH, B a1 HiR S OB IR % 6(25°C, 200
rpm) IR Y; 2 ho PR 45 HE A — IRV S R R 0.45 pm TRALIERRE 2 mL SO E AR S E NS
FEMR SR A - T 906k [11] [12]. ZiERI g 7 FE N y = 115.2904*x — 6.5240, #H2%
ZHR® =0.9999; HitH H As(ID)ks H R 0.09 pg/L, HNFsEICRLE 96.0%~114%2 8], J7iE 04T
As(IID) I Pt £ (e, ma/g) 222 26 () (3B 2 TR [12]

(CU _Ct)v (1)

Q. =
m

c,-C
77(%)=( Oc t)><1oo 2)

0
At Co—AsIIDWIEAIE, mg/l; C—t %] As(IDIKEE, mg/L; V—IEMAR: m—IBARHF & .
2.3.2. FTMEBAF M
43 IAREL— %€ FE ) MSB900 (i vk JE 4378 0.2, 0.4, 0.6, 0.8, 1.0. 1.2. 1.4 1 1.6 g/L)JII A% 100
mL %4 1 mg/L As(HH)¥ (50 mL) IR 24, K IR 2 2R MR % 46 (25°C, 200 rpm)H4R3% 2 h.
5 39 45 R 5 A58 P — VMV S S ORI 0.45 pm SFLIERE 2= 2 mL B0 A0
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2.3.3. B pH KM

43 AFREL 40 mg 1 MSB900 fn A F| 100 mL 244 1 mg/L As(IH)¥ (50 mL) 5 24+, FA 0.1
mmol/L [ 3 B A A AL LR TR G pH 4> A1 % 3. 4. 5. 6. 7. 8. 9. 10 f1 11, Ff/5H k%
LIFHRTRNIRZ #6(25°C, 200 rpm)tH4iR % 2 ho $ik 3% 25 5 8 FH — PR VE S 28 BURE I 0.45 pm flFLIEIE %8 2
mL B0 AR .

2.34. £EBFHEMW

43 HIFKEL 40 mg f) MSB900 fiI A% 100 mL 2545 1 mg/L As(11)# 7% (50 mL) IR 24+, 43
1 mmol/L [f) NO; . SO . CI". CO; MPO; , K)o Bk LMK #6(25°C, 200 rpm) f1HkH; 2
ho 3R 45 A1 F — VP VE S 28 BRI 0.45 pm AL IERR 2 2 mL B0 R AR

2.35. RMIREEMT

43 AIFREL 40 mg ) MSB900 S A £ 100 mL 354 1 mg/L As(11)¥ (50 mL) 2R 2 0@, s 5 -
R ZIRIRTINIR G 46 (200 rpm) ¥R 2 h, [ SR E 43 i B v 5°C L 15°C. 25°CHI 35°C. kG E WG
A B — VR PEE S B BORE AL 0.45 um BALIEAR E 2 mL B0 AR

3. #&REVE
3.1. FRAEEER MSB IR As(11)BYRNE

AR EXT MSB W 7K i As(ID AR a4 1 fros. £ 1 mo/L (1) As(ID VIR E R T, 2Rk
IREES T 300°C~800°CHY, MSB X As(I)FIW it LBRZAH 10% /47 . BE &AL E T+ 2] 900 CHY,
MSB900 i As(IIT)f W Fff 5% . 32 7+ &2 95.3%, 1X 7] BE HH T-7E AL I £ 7E 900°CHY, MSBO00 (42 ik,
SRR AR, TR R A R T KR As(UD)FIWRER . Fu &5 [13]176 57 {78 % DL RE 2 A0 iR B HH
300°CF+im % 900°C, MSB BT AR M n) TANERIEAE . ] 2 WIAn, FEATH 40 508 44.76°, 65.02°,
82.33°Mf, it S kRifER S (PDF 2004) X}, A EATHIE S o-Fe® FrAEfT I I E &30 G, XIESL T
MSB900 (1) Fe AFMAAFE. REVFIESEFMERAKARE BB LB ERA B RAH[14], Hbha

.
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Figure 1. Effect of pyrolysis temperature on As(ll1) adsorp-
tion by MSBs

B 1. RABEX MSB IRMIERRK S As(H1)EIFZAE
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Figure 2. XRD pattern of MSB900

& 2. MSB900 #J XRD

i1 3 A%, MSBO00 F A, SEBRLR, EEh Fe, C, O Zu R4 K. 1A, T 8 MSB900
HIREME, KH VSM BE5E T4 MSBOO00 (#2247 1 RAE(E 4) . AR B i (71 28 MSBO0O0 [ R AIE

(Ms)7y 33.06 emu/g, £H] MSB900 A A 5 fi % .
1E/2FET 900°C 26 4F il % ) MSBO00 A s i 1 Al sy R Sy MESE L 35, Rl AE J 42 () SR 36 vh

MSB900 1 Jy7K A4 As(IIT) )W B A4 o

Figure 3. SEM image of MSB900 (a) and mapping images of Fe (b), C (c), and O (d)
[& 3. MSB900 A SEM(a) % mapping E(b: Fe; c: C; d: O)
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Figure 4. VSM image of MSB900
& 4. MSB900 B VSM

3.2. MSB M E K%

M B SR K e As(LID PR B sz ] 5 Frz . 24 MSB900 # & M 0.2 g/L 3 %1 0.8 g/L B,
MSB900 X As(IIT) Ut 26 M\ 43.2%7%2 =% 91.3%; 4k i MSB900 £ 1.6 g/L B}, As(IID)H Bt A F
Bhne w2 TE AsAIVIMEIKE —E M OL T, Bi#E MSBO00 FIE IR N, As(UI)W AL s ANHLAl,
fEFF7K R As(LD) IR B 2B B MSBO00 # i & iy B i #4 A [15]. f5 3 W& e Tt £ MSB900 2 i
(1) As(UDIRE 5 HUAH 1) As(UDIKRJEIR S| 7 —Fhhas-F45, FE%E MSB900 SN I, 7K As(ID)I)
W B 25 BRANTE R AE R . Rk, B MSB900 # ik 2 v 0.8 /L.

100

80 -

60 -

n/%

40 -

20 -

0

00 02 04 06 08 10 12 14 16 1.8
20 (/L)

Figure 5. Effect of dosage on As(l11) adsorption by MSB900

[ 5. &%t MSBI00 MRk As(111)AIEZM

3.3. pH BY&0

TEMG L RE A, VA pH ANURE AR BT (1 i B RE FE RS, S A I A 510 2 18T (1 Hl A £ [13] [16]
TR pH X MB900 Wt As(IIffIszmaan s 6 From. 24 pH A 3 B, As() LBrR s, 1A% 95.3%. pH
fEAE 4~10 2208, As(ID)ZEFRRABUAK, /T 35%~45%; 24 pH E T 11 I, As(II)ZEBR R 4k 5 B%,
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£ 19%. UL ESURRYIERIRIEFAT T As(I) 2B 2 Toms i A e, X2 HT4E pH /v T 0~9 Yl
W, As(ID)EZ IR I HaAsOs TERAFAE, TMAE 10~14 JEH AN EE LI H,AsO; « HAsO; . AsO; &
RAFTE, B pH EAITHE, MSBO00 I 4 I 116 iy 1E L) ORZ IR 25 5 A s e, Hoxd
As(II) AR PR -t e i eI 5 AR D9 e B e 70171
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Figure 6. Effect of pH on As(111) adsorption by MSB900
& 6. pH {Ext MSB900 M7k As(111)BI520m

n'%

34. £EBTFHIRM

T W FUR B, JLAF B Tt 2 e W B 7] 22 B i R ) S 40 18] - 14 7 A7 55 -4 MSB900
W B As(ID R FIFEI . 75 SO A CIILAF44F T, MSBO00 Xt As(II) W it 2 4343 99.2% 41 99.3%,
YLHH SO~ F1 CI™ %f MSB900 W As(IIA — & HIEREAE M - [ 7E NO, JL47 % #F ~, MSB900 Xf As(IIl)
(I B 2R S AN K. A J, 7E COS I POY JLA7451F F, MSBO00 X As(ITT)fFIW Ff B . Yse #ki], 2E0
PO% > COZ {yiM#a%y . HKilth, Fu ZE[19]7ERT Sk Bk K 4T 4 5 &Mk (Fe@C) Z: /K i As(TIT)
fmt Fe b FRE R B PO, B T A A M RMHNHIER, X2MT P 5 As £F—EBILER, POT SilfiH
AR MY AL, W5 As(I)™ 58 SR FH[20].
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=
40+
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Figure 7. Effect of coexisting ions on As(lll) adsorp-
tion by MSB900
& 7. H£EFEF*XF MSBI00 B As(I11)AIS2MH
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35. MR AR

N T BRSO BE X MSBO00 MR B 7K 1 As(IID s, R 78 1 RBIRFESE 5°C. 15°C. 25°CHI 35°C
AT MSB900 X As(I)We 22, Z5 5 8 Frax. BEAgE VR H 5°CH & F] 35°C, MSB900 7K
- As(IID) FI W B 2888 Ty o 7F 35°CHY,  As(IIL) IR P 28k B K, 4 98.3%. As(TIL)W B 28 i I P T 1
T 38 1 J5L ERT AT B MISBOO0O (142 1 14 o BRI Ao 45 ik P32 (1) A2 A A 5 [21] - Naravathna 55 [22] ZERIF FU G2k
A CSPE AR DR I P AL PRIk P2 ot R B A (T P4 WO A 8 o o s 7 I P58 () s g 3 o e b, v il %A
TIARAFI R As(IID)IR PR 28 1T B8 2 B TV Bh 0 S 3m P I, 2350 As(TID) 5 MSBO00 i £ fsk ) 1 52 1%
Tn, AT EHE T MSB900 X As(IIT) MR Bt .
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Figure 8. Effect of reaction temperature on As(l11) adsorp-
tion by MSB900

E 8. R RREXT MSBI00 B As(I11)AY 520

4. #5ig

(1) BTG Ve N JRRHE I — 25 AL (900 °C ) il 4 ARGk V5 Ve £ 4 7% (MSBO00), LA a-Fe v,
Hommite, £ 1 mg/L i As(IDFILEIKREE R, MSB900 XF As(III) I it fie A3 s B 4644 #in & 0.8 g/L, pH
3, SOZ B ClI 347, RN 35°C, ML KUK 2 A 98.3%.

(2) HERTACZEIER & AR SR AR BN BB A ML, DLE kT B05 Ve 9 S ki 2% I RV V5 e 2R 4
REAEEG S W& INEF R SR BRI R, 2 — A 28 H AR BRI As(IIL) R Bt 711«
B

VR R BL 2248 P 1 G0 AT AR R AE I BOR SCRE
=

A A B AE PN B 1 JE B S 2030 H (2021bsh002) . 15 M 27 B K 2= 2R G Gk I Rk kI T B
(KYLXYBXM22-082, YBXM23-033)#21}t2 2 3 HF.
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