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W OE  Dis el FE S MgCL Fl FeSO, & &, JF#Vif bk fb G g v 75 U8 B A4 9 7k (MF-SBC), JH T /KA
B[R] 26 I WE 5T, 430 %€ T MF-SBC #00INHE . 04k pH., 45 fi if (1) 0 77 2 7 X6 0 Il oM RE R 2 0, (] Fef
it SEM, XRD, BET. XPS il FTIR £ fif T MF-SBC 20 i . TE AN E REAI &, JFXF RN a3 i 4T T 3h J1 2430
o BRFEY, Y MF-SBCHEIE N 03 gL', WL pH A 7. SB[ 2 720 min Bf, MF-SBC X /K %
SR IV R Eh 0 [l e 3k St e, W B 29 0 103,12 mg-g ! 1 205.07 me-g ™', I H MF-SBC % 7k i & & Fl i ik £h
B [ i 3k PR A4 45 B v T 40 Bh 1 F AR, Ca® . Na®. SO,2 % MF-SBC [ul Ui W iR £5 JLF- 3% A 520, Ca> il SO % &
R [ 061 4E B . MF-SBC % 0% 1 L WL AL 36 R W B . B Facie M 2 2 A piiE, o DL 2 AT
KHEIR SlRAY s BB FAR; 53EA

A BTG YR I ORI E B R FER A, R A MR AR, 2R
BB R ER, SEREET IR AR, B, MELIFAE . FERAROR . SR KOS
T, BRI AT HE T R M B IR AN 2 100 alo B S AU T 2 R K I HE RO A £ 1 B BE Y T
&K, BETEMMFRKMEEEFRA . Fit, mRUmUE K b i /BT, © R A 5 U B 5T A
MZ—

H F A Z B A7 K IR 2R R R K . B K A Bs K o o i AR R B A FD R AR R
KR RN R A 160 mg L A 100 mg'L!, £ 40Pl . UASB L. A/O s Al — 0 it &b 335
RAGEDERM, HEHSERREIL 77 mgL'®, tsh, 76 R EIR4 %375 % K b & A Mk
PR £ 07 kv B Al 5 35 1304 mg' L R 146 mg'L'P, HAT, R H BB ARREE T2 N A T2
A0 T M SBR T 20 AH b3 T 2555 7K 7K o i) e e 1k SR Ay, /K B 1) R s B8 722 A 25 5% Wi £l 2=
PR BRBEBOR oAb, 157K G A B 1G 0 R AL B RR AL A K BT, {H BE 2 1T R Y
B AL A S IR A DA R e e A S o B, SR — MR IS MR TR 2D L s A SRR
AW TR P A K B H

HHT, BElR%E¢EE (magnesium ammonium phosphate, MAP) 25 &y A 78 B & Rl AL SE B &L . WY
o ROWEBR AT R, T TR BB IR . AR AL R K AR BT MAP S SCAR 44
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struvite, W SC AR 264, fL2F 4> MgNH,PO,-6H,0, & —FhAiHEds T/AK L0 . A ik
JE). B R Kam R, BEAA. Sy ERTR, BRI, A
AR HUEER RO B Mg®, fERRE & T R WP A PO, HPO,S . H,PO, K NH,"5 Mg*'Jz Jif
B4 MgNH,PO,-6H,0(struvite, R 47), M ISR A4 B U8R S, 4% 5 B MAP 25 & 32 [l i R 4
ik, Wnmhsh iRk 90% DL ERE, AL RN 13% oA, MELLK BB R A @ alsd i, 53
A1 BT T BEAE B IV W pH 25 E T, T BN Mg Uy S A i, SRR A ik v BR i 7
PR, BRI S B9 AR R R XY HUANG 25 U020 ) A 3k vl M R SR b £ [ 26 25 B R /K v
() U KA R A 1) o BRACR  BEXT LA a8, dede—Fh B B L AR B IR A R Sy
HIE,

LR IR Mg(OH),. MgSO,. MgClL, %, o, MgO i FH L 2w H A St & 5k
B, Z BT RN A R L B TS BE SR, v LR BRAK s Yt Jf
HA Yy i 2 oty , AT LAWK A iy 200, (8 F R Be R B iR £ o R & )8 Sk ik 17 4R
Yy dEAT ot AT LA R0 St Gl % W B PR BB U A 0 R JRORE A R Ml R AR AR R A W B HL R
i OKFERE AR /N REFFUO D FOREUT RS U S8y 0 208 | A0 Rk . T AR A
TR, MR T TS WA R OB A S e AR Y e, BACRIERRE L AR AR, R R
T gE IR AL R AL T —Flag i, BA RIS E XL

I, AR R T —F AR o m s . kIR 46 T 08 . AR BR H 5 T [ml e i) 8
5 15 Ve Ktk W ok B2 A B BE (Mg/Fe sludge biochar, MF-SBC), T JE /K & B [E 5 M, %%
THhs pH, HEfihndiE] . EAEE T B X /B MICSCR R, R 3N ) SR R AR S b T Il
FRAE, JF45A XRD. XPS. SEM % 2 Fh 3R AE T Be 4R 15 18 28 s M 15 e JE A 0 e Xof 7K i i v Rt )
A NS FIPLE, S ST PR RS
1 #Rl5RE*%

1.1 LI

Sz B AR ) 40 5 B K SRR R T 8k (FeSO,-7TH,0). /N 7K & A LB (MgCl-6H,0). & A Ak 4l
(NaOH), S fk# (NH,CI) FI#fz — &8 (KH,PO,), DL il ik A alinl o drat . (il 25 5 /K il
FIA W . ARSI RN A P EV A B X R Vs K BRI e, R K TS TR AE 105 C 4
PR EtEEE, AFEEE 200 B, BT TES T 8 X RSt ik O 2175 Uk K
FE AL A Si0,. ALO;. CaO, MgO. Fe,0, #l P,O,.

1.2 #HMHSREEEYRO&

MF-SBC I i 4 BAK L BT . MEHFIFRE 2.5 g T4 1975 U8 85 A i A F] 50 mL 0.2 mmol-L™!
FeSO,-7H,0 ¥ ik H 12 3T 98 %% 6 h; #5475 J8 /FeSO, TR 4 ¥ Wit A M4 v 28 80 °C 4t T If BF Jg& 1t
200 H i, ZJEH#H A 50 mL 1.25 mmol-L™" MgCl,-6H,0 &, Fit47 0 1t +E 30 min; FhJ5, [A]
BB BIRAE R PN A 50 mL 2.5 mmol-L™' NaOH & W I RE P FF 12 h, B35 KL 24 h;
U DL RS AU R B ORI B IS v E PR, R4 80 C T K S BB TR DL TE W K
BEXPLLS Comin” 18 HHE 450 C, IR N RSB 2 h, 15 B MF-SBC.

1.3 Fitseim

43 58 A KH,PO, Fil NH,CI i & B2 5k Fl Al A i, JFM R 2 S0 T s vk B . X F ARtk
SCH, OB — a2 e ) MF-SBC A1 B in A F] 100 mL % A5 B 2 +5 M1 & & W H#E R d, IR 0.1 mmol- L™
HCI #1 NaOH 8 19 i W 2 ity pH, Z % B MR E THEBRRG S TR . RV HRE, W
L2 EW, H 0.45 pm JEBE 8 5 H UV-vis 43 6 B 1T (pharo300, merck, 78 [E) Kl . 7005458 T
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W hh pH. 2 & M8 ER £k 1) B M FBE . MF-SBC i 2 A s o7 B[] % MF-SBC [w] 25 W B 220 20 A g iR
R, BRI TR S0 S W 1,

& 1 MF-SBC £ W M S R A BL 5L Y I A SL 08 % 1
Table 1 Experimental conditions for the simultaneous adsorption of nitrogen and phosphate by MF-SBC

W 2 ol /min %‘u’»ﬁﬁﬁ%«ff;{*/ PB@E@{E/ " S MF-SBC@E
(mg-L™) (mg-L™) WEE(g L™
pH 720 160 80 3~11 — 0.3
MF-SBCHE 720 160 80 9 — 0.1~0.5
AT 720 160 80 9  Ca”, Na', SO 0.3
SIS A] 1~720 160 80 9 — 0.3

1.4 DG E

D) AW HcRAE . R HIF T 184 07 X A7 504, 450 20 T 10°~80°, T AEHL R A1
TRAY R 60 KV F1 300 mA; 435 FH 4 7 B E% (SEM, SUPRAS, fii[E) Rk 4> [ 2h [k 3
FFLAZ 2 H11X (BET, Autosorb-iQ2-MP, 3 [l) > L £ A1 5 fof UL JE 55 A bb 2 T A il X S 4k
HLFBETE Y (XPS, Escalab 250Xi, E[E) AR (L X SFEOGIE (EDX) 4347 B 5 45 44 3% Ak 19 J 3
JCEH R, TF 400~4 000 cm™" P o (8 B G 1% Y (FTIR, Nicolet IS5 35 [F) 10 sE£LAMG 1S, % & i
il £ B B R M

2) W IS G vk B I A o SR R BH R B 436 BE VL (GB11893-89) Al [ ik | 73 Y b B
7 (GB11893-89) il & s i i A A & i, B4 34 FATRE, BA RN -E#rt, AKX Q)&
MF-SBC 1 2 FR & .

1%
Q.= 1,(Co=Co) (1)

K O MR, megs C, AWMMIRIGRITEIRE, oL C. WS % 0 i &
WRE, mgL™'s VRHIEWER, Ly M yWRHHIEE, g
1.5 zhhEFiRE

N 53 B ME-SBC Xof i 2 5 A1 2 AU W B 20 T2 0L, SR HE— sl 12207 78 6L (). =4
157 R G 3)) FMUBURL N B 2 (X (4) X H#E AT .

In(Q. - Q) =InQ. — kit 2
5 iQ =E;+kﬂ 3)
0, =k +C ()

AP FZORWHEE], ming Q, Fan ¢ B WL BRI 9 W BB, mgeg's O, 3 Wk B S AT A I B
mgg s kPR E min's k) SRR g (mgemin) sk % UL D HOE
B, mg-(mgmin)'; CHEHE, NP HOTFE R AT
1.6 MF-SBC fEIfs0L8

WG it 526 45 R S, s g U e MF-SBC, I 1 mol-L™" NaOH ¥ Wi 75 30 min I 5 B 57 1 h, 7
HEBEF /KR pH e EHE T, TR IR T — A 05 2T .
2 #ER5v
21 EYIRHIFRLAE

AT B E MF-SBC M RGP, 765 1T 3 i 3R S AF 5 #E a1 (VSM) Sl I & A4 R B RE 1, 45 B 1



11

TREKE A - WA 15 YA W ) ) e B HERT 7 2Rt vy ) 42 [ g 3561

i 28 (] 1(a))o B 1(a) 7T LAA H, MF-SBC B ik 7R HHIE % /) S TR A5 i e [l 26, 1R ARG fb o

JE 7 52.48 emu-g ' il A 4 A R AN 0 LT O

F W MF-SBC H. A #8 #4571 . MF-SBC Y #8

I8 A5 oA A )T R 2 W B K 8 98 P B R B MR, I EL AR 7 mT LA A B O rFORE B R
ko Wik 1(b) s, al ARG R RE SR I BT IS i MF-SBC MR 0 B ok, X T ARRLAY [l

50

40}
= 30p ooooO°°°°°°
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= 9] °
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— L o
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40

Wi3%/0e
(a) MF-SBCIVSM#gi [MIZ 534

-30000-20 000 -10 000 0 10 000 20 000 30 000 40 000

(b) 7R I (b1 JoHE , b2AT 1)

1 MF-SBC K VSM # i B 2 57 #h S i 14 B
Fig. 1 VSM analysis of MF-SBC and the magnetic diagram

HIE 2 AT LEH, 7 20=35.66°40F —A4~ %}
IV T Fe,O, YT 5 0 . 3X & W] MF-SBC ' &
Fe,0,, f# B T MF-SBC H. A it iy i A . 78
26 4 20.98°H1 26.66°4k 1] LI WK %% £ SiO, 1 177 5t
W, X EIGURT HAR RZ B Ar . A, TE
204 42.94°, 62.30°, 74.67°F1 78.64°4b ¥ A AT
FHg, 5 MgO iR A (PDF#45-0946) 15 W)
G, LA E Y B h & A MgO, 3 W] MF-
SBC J& & % MgO Tk i) i 14 V5 Ve A 9 I

W2 56 7510 ) 2 TR T2 50 R Al X0 45 ) R AE 5 64
(R BRI e A 5 B DIIR R R M RERIE I — 1>
FHE S, K 3 MF-SBC 7E A A it KA 5 F
1) SEM KAEL R . AT WL, BE & T3OR A Ry 3
B, MF-SBC K2 ANMNIEZA, BHAW®%E
A AT SR AURL . 3 AT BE SR ik A B A2 W) o 2 T 1)
MgO Fiki, Fffi MF-SBC LR Hi LK, KR f
MZ, EE A UERR D AW, Hita
T 0 U R RN R R W] 0 [T

MF-SBC W {22 206 2 A5 117 /5 1 N, W it
R UL 4. F R4 T LAE W, W B AT S
MF-SBC Xif (14 W B JE B s 7 TV 280 Wi Bff 25
2%, TEAXTIE 1 0.4~1.0 BF A B &Y i el
W, HWCR S A0 D3R T W Al . X 2R B
R & ME-SBC | #4341 FL A8 B 1 L2020, it
gh, WAL B H, MBS MF-SBC T
LA PN

MgO PDF#15-0762 ‘ ’

10 20 30 40 50 60 70 80
26/(°)
E 2 MF-SBC #J XRD Eig
Fig. 2 XRD pattern of MF-SBC

(c) 10 00013
3 MF-SBC £ Ef&EH TH) SEM [E
Fig.3 SEM images of MF-SBC at different magnifications
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= 1 = 0004}
40t «
= L
ol : 0.002
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HIREE S (PIP,) fLi%/mm
(@) WEBAFRT 5 ME-SBCIHIN A % B th 2% (b) WL JEMF-SBCHy LR 1k,

4 WRMAETFE MF-SBC fit IR M ph & fnFL 2 Tk
Fig. 4 N, adsorption and desorption curves and change in pore diameter of MF-SBC before and after adsorption

F 0 BET ¥ AT LA+ 53 [ 25 W B 22 20 F1 8% 2 £6 1 /5 MF-SBC 19 S ALAAFR | 1 25 L AR A HE 3 1
Mo ATLAE ), MF-SBC RUESLIATR  FfLARRIELR AR 300 0.16 m™g ™' 10.99 nm F1 58.99 m*g !,
SEHFLAE A 2~50 nm, B TAFLEH . 7E MF-SBC [A)20 Mt & A fi iz b /5, BALIRRR . PR
FLL R A G BT R, 403000 0.12m> g ', 10.24 nm F148.69 m>g ', 15 N, W FfF A Bt sl £& 1 3 Br
— 3, RWIFED WM A MBERE S, MF-SBC REfLBA LIS, XA HEH T MF-SBC ¥ # Rk
A28 S B 1) HE 3 i O o5 4 1 00 R B AV
2.2 #%A pH X IR B4 BE HY £ 0

WP 5(a) Bz, 24 pH 2 3.0~11.0, MF-SBC X %0 A M B2k DK 7 6F W 7 2 1) IO RS 4, 2 580N
B TR 1% % O TS B pHL A T R TS K o £ pH O 9.0~11.0 B, = G0 0B TR 4 14 W% T 4 it
pH B4 Tk i T BEAIR, 76 pH A O I, 40 80 R BA R 6 Jo K W IS 4k 43531 Oy 85.8 mgrg™! 1 209.95 mg-g ™'
A pH A W B 7 W) pH U 25 7 WD 4 pH. B1AL 5(b) BTz, TERT 4R W pH o 8.8 1K, ApH i 0,
W] MF-SBC 1) pH,,,, £ 8.8 41 . J34F, MF-SBC 1 Zeta Hi O {H AR (L MAIESE 173X — 5. BHIE, M
W pH /N T 8.8 B}, MF-SBC it IEHL#, H pH #AK, MF-SBC Ty () iF HL 7 4 5 4k ) 1 5 2 A7
T F iy Y R R T AR A IR AT RO B B 1. Iz, YR pH KT 8.8 I, MF-SBC 3 i JU
TR o TR pH O 11 B, Z AR B MR A W R, 3 R RS2 v pH VA 2 R B 19 NH, K fif
I A B NH,, - 2 171 8 A1 22 0 B o

W01 e 6r 80
200 | —— BAEREE o
| z
To0E - 3t =
2.
2 120} < 8.8 £
= 1t o
Qg0 0 ‘ N
/i/'/'_'/\\. I‘\'\.
40 !/? N N N N N N N -1t N N N " N
3456 7 8 9 1011 12 2 4 6 8 10 12 2345678 9101112
pH pH pH
(a) I WCRI iR pHXME-SBCHK Fff it i) 52 i (b) ApHZEAL, (c) Zetar (i 17254k

5 &il#E pH X MF-SBC [ IR M & 8% 89 %2 i F1 MF-SBC £ Zeta F2{i
Fig. 5 Effect of initial pH on the adsorption capacity and zeta potential of MF-SBC
2.3 MF-SBC 2 fin £ 53 W Bff 14 B2 #Y 52
6l LIAE H, MF-SBC B M 0.1 g L7 = 0.3 gL' A, 2 & AW B 2 B gAY 4
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Jn, AR S A L R T | .
Wl /N o X TR R B IR, AL 0.1 g LT I = 200 —— A
03 gL W, BEMRERHY W MR/, LT ?E&i\\f‘%\\*\ﬁ
TeAEA s ARSI S B A g
KA HBN. B, % MESBC Bt E
03 gL 0. L WHHE R BRI R ';//Y/)\\*\w
SRR R B 1 A AT RS, M- st
SBC $ Ik iy 484 PR AR 1 R £k AU RS A or 02 03 04 05 06
Bl ME-SBC HOff, BT , W £ 5 03 44 4 55 o)
R (El6 SR MF-SBC FSRIARMBLN
Fig. 6 Effect of dosage on the simultaneous adsorption of
2.4 [ 7B e o IR B 1 dE B4 2 0 K I B & & nitrogen and phosphorus by MF-SBC
K7 W TAERI R pH o O YRS AL, 4%

fil 1if 1] X MF-SBC [w] 25 W B %5 v rb A0 il 1) 52 207 — pmth,

Wi, AT UL, #E 0~60 min N, MF-SBC Xf 4 % fil wol TR —
BRI R L, HRE 120min £ |

J 305 30 W2 BOE P IR A, o R B IR 1 i @

FE A A B T 103,12 mg-g”! Rl 205.07 mgg SR

£ MF-SBC 7] 25 1 B 75 980 Hh 2 20 Ml 1 3 1 9 S0

), MF-SBC 2 I 7 A7 K& 1 W B A7 B B ol

¥A’ }imfé‘.%ﬁ?—?’ {E%%}imEQﬁﬁjﬁ’ MEF- (I) l(I)O 2(I)0 3(I)0 4(I)O S(I)O 6(I)0 7(I)0 8(I)0
SBC R T W 37 o5 B0 T o A, LB B TR W ) min
MR Z A, AHT RO B AT B 7 M E % MF-SBC [5]245 I% MY & i 19 2 1

g #E— 243 B MF-SBC X} 2 & F i iR £h B4 Fig. 7 Effect of the contact time on the simultaneous

W PR AR R o — % B 2k R G s adsorption of nitrogen and phosphorus by MF-SBC

RIS O Bt AT 10, SR UL 8 RIEE 20 X TR R MBEIREL . M 28l i w BRI AY L5 AR
Y@ T — s ey, o, W RHE S PR AL, R W B AR AT S s e, X
6T B o A LA W B O T, e R RE AL FH B A L S MDCEERY S AN ERATIE A T
MR B 5B P9 AL PN 7 HEORE TR (18] 8(c) AN 3), HLrh ST Bekon v T R i HE B Be, S2 HonE 1
FRBORL N 9 O BE, 3 3R B 1 B M B P A B Be Y SERIRWT, ST B BT i Al d i, PR g I

— E—E I - ETRE T — =B - ETRE T
o 0.30 250 . . :
DT, 5t lo.60 'SLiS2 S3 :
5.0 k00127 oo 1025 “ =0013  k=0.0017 : 200 U, e——"
S 450 N8I 1lig0n’, Jgg o g 4F NE0T6546 R09958L- | o L /' 3 5
Q'?»;“s) 2 S ;. (045 150 - :
Q3 - A5 of O ¢ R S E————
£ 30 e SR - CEGSICRIU RS 3 5
25 0.10 T Qs ioioii o wBERE:
2.0 0.05 1t 1o "ffv L e E A
15F 0 A o op # 1
0 50 100 150 200 250 300 0 50 100 150 200 250 300 0 5 10 15 20 25 30
WA /i OB ) min P/mint
(a) MF-SBCU T 5 1244805 (b) MF-SBCWE MR I3 1205 (c) XM R o P ORE ) R AL

T SUPTBERR B 7 B3R 0 BL , S23 7R & T HOMBURL 4TI B, S337m B 1 H W AP BL

E 8 MF-SBC B £ WM AN NFEUE
Fig. 8 Kinetic fitting of the simultaneous adsorption of nitrogen and phosphorus by MF-SBC
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SOl DN TS U T 1 G SRR %2 MF-SBC BSMMABNNEMUESH
SI BB pu il & AR AR 0, 1% 7 B 0% Bt i Table 2 Kinetic parameters for the simultaneous adsorption of
BRI U 2 B B 36 60 3 DR P nitroeen and phosphorus by MI-SBC

HE—H 312 W

BB B, _—_ i TIPIL WE— 23 1%
2.5 3775 T X IR B A B2 Q. fme ") ky/min™™ K QJ(mgg’) k(g mgmin)) K
TELPRIE KPS EERZEEES T, B BE 16844 00127 0.79  203.65 0.0012 0.99

.

T T AL . ATRES kK AR 838 0013 077 10134 0.0017 0.9
Hh R R TR e A I B O B . Ca
Na“, SO,* 3 Fl & F X} MF-SBC [v] 2 W Ff 2 % #& 3 MF-SBC [E &R MR BB AT MRS K

MR thno e, 50K 9, HIE 9 A LLE Tablle 3 Intrii1 particle difffusion modzl plzliramheters {)or the
, . simultaneous adsorption of nitrogen and phosphorus by MF-
l':lj 5 Ca”XﬂL MF-SBC WW@'&@&E&%A‘%% ﬂrﬁJ ) SBC

Xt R BRI EERT, H Ca® By

., S1 S2 S3
AR, M Ca Ay 100 mg L R e T
i}, MF-SBC X %2 & (10 B 41 K 56.33 mg-g ™',
o X o ° 7 1157 095 2507 - 083 092
XA HEJE T Ca®' & SR £k & 1 I v A i % e

AR 7.56 0.98 2.43 - 0.28 0.92

FWE K AT (Ca(PO,)(OH),)>, AF|F 13241
FER AR . AN, Ca™fE R T B K M B 1, BRI T pH, A 40 ) &= AR R BR . Nat,
SO, X MF-SBC W B 2 28 Fl s e 15 JL - A 5] o

250 240 240
200-w 200'!—!—{/5—4\1 200-!—H—I\§/i
~ . ~ ~
: =y : I o : I 3
2 o1sot R . s TEA : . +§§u~
—— R EN —— iR LR
£ £ o} Bt £ o} '
S 00k S By Si
80 80 1 '\.__l/'\l/l
50 L L L L L L | 40 L L L L L L ' 40 L L L L L L |
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
Car et (mg - L) Na“ et (mg - L) SOt (mg - L)
(a) Ca* X MF-SBCI] A5 B A B 5 (b) Na % MF-SBCFl 2L B A s (52 1l (c) SO XFME-SBC[al 251 i Ui (1452 1]

B9 #HEEFx MF-SBC E45 WM RS
Fig. 9 Effects of coexisting ions on the simultaneous adsorption of nitrogen and phosphorus by MF-SBC

2.6 MF-SBC I 5 1EIF L3

ME-SBC i a1 Wi 3 LA Kz JH 406 B0 52 56 J5 0 85 1 19 23 B 38 02 52 Wil b b i 8 100 A 1 o 22 48
bro MF-SBC £t Fe 0P, 4 AR SEER)E , ISCRUCIR 551K 62.99% (151 10). Z5REH], 1EFRE
¥ v, MF-SBC XF 24 2 19 W Fff 725 5 /1 103.11 mgg ' F& & 75.63 mg-g ', X # IR £h A W% [ 25 2=
20497 mg'g ' BEE 173.22 mgrg™' . X P RE R BT AE 2 B 2 A R R R 1 Aok B b Mg Ry T FE T 5 B
9, HE AR UL, MF-SBC X2 UM B R £5 W B 28 4 20 AT B T 26.65% 1 15.49%, A3 H AT B
M EBRR
2.7 IRH#LIE

FEVS WA UG pH Sk 9 B, R P15 U6 A= 9 ik MF-SBC X &2 0 i 2 & 1) W B LB 2 22 LR L
i, FTHIUZBHLIE : MF-SBC 15 Jy £t 2% MgO FURL 1) 15 e 55 A= My b kL 1 B B A 88 K 1 L 3% T B A
LR, REWE-He 2 A M W IR W B 38 H SR THT . B 1 S AL B . MF-SBC AR BR Mg™ 4, il %
— R {5 PR B R, A0 Nat+, Ca® il K55 . 3X 264 J& 25 1 W& 72 4= W) ok R 1l 25 5 b i
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100 - 250 -

A
200 WL
E; B 150 |
Z £
B = 100 gz
Qi
50t
0 ZAN
1 2 3 4
B8/ ¢ PEAUEL
() MF-SBCA Il (b) MF-SBCX UL it

10 MF-SBC 7E B A SE36 o 19 B U R DA B 3 | R AN BR Bh Y IR Y 5 2

Fig. 10 Recovery rate and adsorption capacity to ammonia nitrogen and phosphate by MF-SBC in cycle experiment

NH, & 4 B F a8 e ) i, s i =X (5) A X 1200
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Preparation of magnetic sludge-based biochar for the simultaneous recovery of
nitrogen and phosphorus from aqueous solution
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Abstract In this study, municipal sludge was taken as raw material combined with MgCl, and FeSO,,
magnetic sludge-based biochar (MF-SBC) was synthesized by pyrolysis carbonization, which was used to
simultaneously recover nitrogen and phosphorus in water. Meanwhile, the effects of dosage, initial pH, contact
time and coexisting ions on the recovery performance were investigated. The composition, morphology and
functional groups of MF-SBC before and after adsorption were characterized by SEM, XRD, BET, XPS and
FTIR, and the reaction process was fitted by kinetic models. The results showed that MF-SBC had the best
recovery effect of ammonia nitrogen and phosphate in aqueous solution, and the maximum adsorption capacities
were 103.12 mg-g ' and 205.07 mg-g "', respectively, when MF-SBC dosage was 0.3 g-L', the initial pH was 7,
and the reaction time was 720 min, and the recovery process of ammonia nitrogen and phosphate in water by
MF-SBC conformed to the pseudo-second-order kinetic model. Ca*’, Na" and SO,” had slight effect on
phosphate recovery by MF-SBC, Ca*" and SO,”” had an inhibitory effect on ammonia recovery. The recovery
mechanism included surface adsorption, ion exchange and struvite precipitation, which was dominated by
struvite precipitation.

Keywords sludge-based biochar; nitrogen and phosphorus; simultaneous recovery; struvite
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