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WO BRI BN S R A HE R R A KA B S SRR B RO IS IR ASHIFIE SR RV A A T LU
15 e AW e R ak Ak . gk Ce-Zr X4 & MWK B ] SZCCO ( Zr-Ce CO,> sludge-based biochar), i#iit XRD, SEM,
FTIR, XPS %%} SZCCO #47T T HRAE, ##7T SZCCO Wkt PO, -P HUZRLL . Sh7k. SUMHIRE, f@bT 7 AR B9 AL
il 45HFW], SZCCO M PO, -P ISR A4 Langmuir AW FHER LMY, SIS ALK I 7T 1% 93.78 mg g ™'
W B 29 25 IR 51 sl F1 AR, R IR B 3 AR R B A R #E pH Sl 2.0~10.0 i}, SZCCO Xf PO,*-P
R B AR 7E 70 mg-g™ LA b, CI'. NO; . SO, . HCO, . ¥t A MW IEFERR (HA) 23725} PO, P (1R it
RN, FB SZCCO Xf PO, -P HA R ik Mk £tk . 283 5 RIEr LS, Xt PO P (IR I AT PR FFAE AT 1R
WY 95% oAy, HARSRMESZFIAYE, FIFH XRD X FAJRR SZCCO M TRAE, 45 RFHTFLET=HIN Ce(CO,),
Al Zr0,. 2K SZCCO N HUBLAG I Bt A Ab BT 45 PO, -P SR MR EE N S mg L' A9 Ui /K ARG BL K, il IR T 3k
1849 BV, ZhaSWLHHRHK 44.99 mg-g'. WEINHATIG SZCCO (¥ Zeta i . FTIR Fl XPS YA fL 4T #r 45 IR W] SZCCOo
B PO, -P W EZALHI A FAER . #&Mi—OH 1 CO,> 5 PO, -P Z[BIWELAAI R, FLIAZSH =1k CePO, A1 Zr(PO;),o
KHEIR) SUeIEY N Ce-Zr WAJEFEL; PO, -Ps #RHEVEM; MiiASCH:

WEVE R — AN AR R, P RS IR T B R A A s ), DANA S 15l 2030 425
B, HEK L AR EIREAE 50~60-a INTHFEFRIS . Ak, AT R, KRk B iR 5
0.01~0.02 mg-L™" BIn] & A AKIRE EFEY, M i A= TG 15 /KA BHEROR KR G e i E 2RI
— UL, Tk BRI A RS L 2 A IR S FREE AT T S AU

HAET, B IR AR ARG A | DIEE AR AT, Hrr, WA FREFEL . PRk
U, AR, BRI AT RTINS I BES  FEARZ R B AT R, La. Ce G4
JETCE R  . WRE R . Bl JCREEER AN BRBEIRER AL, Horh Ce JR AL F & 1R
+ICER, MUERRRME AT FRA SRR e E, KV R OR S e, HE S0 By & B,
Ce(I) IFFIKRSEHARIEE, J2AKE OH, MIMHGGEY PO, MELASSHER . KA, Ce BN _—J04:
JEMEHEGFH T PO, -P MR AFZE! 314, SU ZE00 Sl JHRC Ce/Zr e, 45 T — &5 Ce-Zr —48ALYIYN
KWERFR, &I CeyiZry,0, XF PO, -P A FFHRE F5ik 112.23 mg-g™', HMWMHEH) PO, 5% NaOH JIiH,
(A2l 4 8 AL AR R E K o B e RIME . BRI, Ce-Zr AUA BG4, HIKH R4
H A E AR A, IR 5 AR G 8B Y Ce JEMERRIRIAG S AR . WFFT A0S, 2RI AR
ATLA/ 48 AR RIEFE, AT LAk PO, -P SR HETE 2 AiE ML, SR BRI et ae . IR, A b
FH RGN Ce-Zr XA RIS TRRBEASE .
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ARAFFER B RIRGE, §il5T Ce-Zr W& & M5 IR EY AT E (SZCCO), WFFE T SZCCO WLk
PO, -P (MLIHERELE . WIS 2t . RN, R TR MRS SZCCO A s & A FMEREL K ahAs
MBS LA TS SZCCO MBS . SAESH AT R IEAS AR LIE /R T SZCCO WL BRmE Y
Bl
1 MRS5S EE
1.1 MRSk

AT TG eI AE Y R b i s KA B A5 e R iRk e il & i i) . ZeCl,. (CH,OH), g
BT T AR A BR A F], CeCly T Lz ek AE LRI ABR A F], PEG2000, J67K CH,COONa,
CH,N,O. NaOH. HCI, NaCl, JE/K C,H,OH, KH,PO,. CHK,0,Sb,. CH,O;. (NH,)Mo;0,,-4H,0.
KCl. KHCO,., KNO;. K,SO,. HA T EALERAAFIGRA R, A s,

BRENASSEIRsh, A SR AN e 2585 oK 7. SIS B B SEBRaKRE & DAt s i 57K
AR YT AR IR AT R R ECHIAY . DI ACREES 1 h s B E (LR g 1
/R) 5, B EEE A T AN B, ARSI KHLPO, di15 PO, -P YREEH 5 mg L™, HAFMCT 4 °C Byvk
.

1 TMIHIKBRFIME R

Table 1 Chemical composition and characteristics of the secondary eftluent

COD/(mg-L™) pH MR C BSR/(uS-em™) PO/ /(mgL') NO,/(mgL") TP(mgL"') NH-N/(mgL™)
5.4+1.3 7.3240.26 15.142.9 8954315 0.04+0.005 16.3+3.9 0.10.05 0.010.004
Cl'/(mg-L™") SO/ /(mgL") Mg*/(mgL™") Na'/(mg-L™") K/(mg'L")  Ca*/(mgL") TN/(mgL™)
87.2+15.0 68.4+16.2 32.4+4.7 99.5+45.2 17.68+5.7 100.8+24 7.543.2

1.2 SZCCO y#l&

SZCCO BRI« FRE—E =AY ICK CeCly F ZeCl,, fA 60 mL (CH,OH), i TR i,
SRIG AR W RN 3.6 g Jo/K CH,COONa (245 7). 0.5 g¢ CHN,O (ITFEH]). 1 g PEG2 000 (4%
F). 0.5 g HleFEAY R @UE), FHRHEYS B G E T 100 mL 4, T 180 °C N 12h, #
MW, JFEBHKING B, BrERERERENGIeRAEY  Er & s LAY, Fla =il A
LK BRI LR JE A TR AR 85 B P = IeS =R AR 2
1.3 FBrSIRE

ARSI SEge T, SZCCO BBOMEIN 0.3 g L' B pH 52k, & PO, -P /KHERIWIG pH ¥R
FH 0.1 mol:'L™" HC1 #{ 0.1 mol-L! NaOH ¥A W8 22 7.0£0.1; 4 3h J1 27 5256 A0 iy A W B S 56 1sf 5] 241 2
24 h, WIS KRG RTZ0E 0.45 um VEIEGIE, SREAAET 4 °C TRAI,

W% B A R AR AL B2 0.3 gL' 9 SZCCO 43l # inE] 50 mL #)4f PO, -P Jit it v B 415 [ 24 0~100
mg- L (RSN P T s W RRFh Fiep st abs 0.3 gL' (19 SZCCO #ma) 1 L 914k PO, -P Rtk i
50 mg- L7t s, [ ] () B R AR WA T s 7E pH RS, SRA 0.1 mol- L™ HCI 5§
0.1 mol-L™" NaOH J&W 5 5IVH 15 PO, -P /KFERIRTAS pH 2~11, WP 435 g PO, -P [k
[ pH; HAFYIBUEN K CI. NO, . SO, . HCO; . WMt a ML IEmR (HA) kB 1% 5E 10,
50 F11 100 mg-L™" 3 AMEREERSEE, PO, -P MFTHIKRE R 2 mg L™, WMPAGE, M LT PO, -P ik
JE; SZCCO IR, # 0.3 gL' A SZCCO | 1 L —Jitib ik Bdkeb, WM 12 h 5, %
W B AT SZCCO B0 25 . /KPEMET, SRJ5 8 4351t 3 1.5 mol-L™! NaOH F1 0.5 mol-L™' NaCl,
Na,CO,. NaHCO, {&AWVE R AR, RS A A AR B Fn ) SZCCO 17 IRH
A, T4 12 h 5K SZCCO Al . AKPE TR T — B/ RS, BN AR 5 YK,

1.4 EHZSIRET
AEEAE 15 mm, & 150 mm AEERPBEEEIL SFHAEFPITFE 0.6 g (2.92 cm®) SZCCO H T B sh AWM,
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sk . FuRHK, FEN 0.8 mL-min”', 23 EEfAE] (Empty Bed Contact Time, EBCT) 4 3.65 min, %
BEBEN 0.1 mg'L' . ZEBELIAERIT, KW SZCCOo B, ST A, e FRmmk
P T BIASIRBE
1.5 ESLNESHIRNIE

ARSZUG R 3 K. A EEEYE I OriginPro 2018C &I FbRHEIR 22 . BALL i SZCCO Xt
PO,”-P MM AR (1) HE T3

Vv
q=(Co=C)— Q)

K. g MBI, mge's C, Ml C HWIRBE AR A T EWRE, mg L VRWMREIAR, L; m N
SZCCO M, g.
KH Langmuir(zX (2)) 1 Freundlich(= (3)) BRI TR BHAFIRE A G RAME—2 X (4)). 12
(X (5)) BhJ12=BIRIAT Weber-Morris BRI Y RS (=X (6)) #EF TN 2l 127 AL
qm KL C.
=15 K. C.

2

q. = KzC!" (3)
e g MBI R, mgeg™s g, MR, mgg';s K| A Langmuir 14 WEFFH
¥, L-mg™'; K; M Freundlich #2%1 f 0 it 5 %0, (mg-g )(mg-L)™; C, b M & /KA v il 19 Wk B,
mg-g s n A Freundlich MFFHSRIEEL

4 = ge(l—e™) “)
2
qekzt
= 5
9 1+ qckzt ( )
00 = kP +C ©)

Kb g, e P2, mgg; r NIRRT, min; &, HHE—H3N 1T BRI R AL
min'; k&, AEZHBN AT R AR WL, g (mgh) 'k I Weber-Morris FIURL PN 7 U pY R H AT
mg-g 'min’; 7 NIEEY 0.5 YR, min®®; C 5B FYZIEREA R AL
1.6 F[AERSH

I FH BR R i 43 O 0 BE YR X K AR eh il B B AT I E 5 i XU AT S (X (XRD,  Bruker D8
ADVANCE, &) EME SZCCO MR E M AR EHIAR BUFNZEHY ;8337 A A i ST (SEM-
EDS, SUS8 010, HZA) WELHEH I FNTG eI AE YRR AL NS ; R Zeta AN EY (Nano Z, FE[E) X
FBIEFT Zeta AT ; B ORI [ (Mastersizer 3 000, Malvern, Z2[H) {illE SZCCO Fy5ikILAY)
IRIPRIAS; R4 B sl R A FLBREE 434 (BET, Micromeritics ASAP 2 460, 3&[E) 5 W 55 Filys
VS i LR TH AR FIALAR ;A LT/ (FTIR, Vertex 70, Bruker) 3RAE SZCCO Wik
HIJE B Be RIS A5 2840 s i X B FREEY (XPS, Thermo Fisher Scientific Nexsa G2, E[E) X}
SZCCO WeRRITITCRLAL .. &L SIE SV TRIE

2 GRS

2.1 Zr/Ce tbXt SZCCO Wi PO, -P BYELIN

ZHANG 5T WG R, RUE R0 o 4 Skt g X PO, -P R BISCE T . Ce M Zr 1]
PIERL e Ce Zr, ,O,, Hrp Ce MM SEOL Y45 . REBUMEErEm22 700, Fi, 78
% SzcCo myid A, FEHl R T ZzeCl, (8l 5 mmol, k748 CeCl, i, i Zr 5 Ce BYBE/RHAK
WO 1 1, 1: 2, 1: 30 1: 4, 1: 5, 2Fh&JRAERIA R R BB RUR BRI 0.1, 0.15. 0.2, 0.25,
0.3 mol-L™', & 1 A4 W h A Zr/Ce lLF SZCCO X PO, -P e FfHEAY AL, 24 Zr 55 Ce AYLLIE M
1 139ma) 1. 2, WHERERR, BEE Zr/Ce HLit—E48n%) 1. 4, PO, -P WHHEmEA R, (HAML
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ARFE, 1 Zr/Ce HLIGME] 1: SHF, SZCCO Xf 100
PO, -P f4 W B e S B (2 S R A A L1 A0
MIRFFRERIT, B (La(OH),) TELF4E 2K EE
Ji2 3 T BY 4 B X AR 4k E BH B 7 K BRI
(CCH@La) 1) PO, -P WERM A2 iR, 1m0k
SRR FHE PO RGN, RS R 4
B S TEBAARIA AR, BRI
HIk, SZCCO sk R Ce it MHFLgns
SEUEY BN Ce (LAY m3En, 0
P —EREG (Zr/Ce tb=1:5) &= RERN L,
RIS PO, -P MOV . PRIL, JREEacyiit ! )
$ Zr 55 Ce £ It4¥H1% 5 mmol 1 10 mmol(1:2) 1 A Zr/Ce L33 SZCCO WRH PO,”-P HYRNA
R Z ARG SZCCo, PO437—P 52 B Fig. 1 Effect of different Z1/Ce ratio on PO,* -P adsorption by
A3k 93.78 mg-g ', X
2.2 SZCCO HOZRAE

2 i SZCCO W fff PO, -P Ay i S FE iy XRD E. Hirt, & 2(a)~(c) 73 M E 4 SZCCO., Wt
PO, -P J5 SZCCO FHE )5 SZCCO Y XRD ik, 4nl&l 2(a) fiizs, 7ELL 20°. 30°, 40°F1 50° 4 H.0 H B
M TEIE R Zr0,, FH SZCCO HEAEREE ZrO, Bisr; TEfTSE R 17°, 24°, 29°, 34°, 41° ARG
FRUER ST T i Ce(CO,), MAVERD , X5 WANG 25U (i ge4s 8. DL ES5R K, Szcco H
Ce(CO,),—Z10, W& R/ N BIF VeI A B

Ce(CO,), CePO Ce(CO,),

| | Illl‘ I| “| . . . ‘ | | 1|. |..||.I|.|h| wtla | | | ‘ | |
(RN} o L] I I
710, Zr(PO,), Zr0,

I I |I o . ) ‘ll .I-‘Il|.-|.||nl....|u|-.u.-..l..n.-....-. . I ‘ ) |. |.| ) | |
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80

80

60

40}

W B/ (mg - g7)

20 FP

Zr/Ce

4

20/(°) 20/(°) 20/(°)
(a) JFARSZCCO (b) W1 FIESZCCO (¢) FA:JFSZCCOo

2 [RYs SZCCO. MitaFnfE SZCCO KERE SZCCO K XRD Elif
Fig. 2 XRD patterns of fresh SZCCO, saturated phosphate absorbed SZCCO and SZCCO after desorption

IPRHEAPERT AR 2 iz, SZCCO I HERTIA . FLARMLIATES S Je A M A THEOR , Xt 53¢
HRrh 2R3 B G5 e Y RN SZCCO 1) SEM El3E (1K1 3(a)~(c)) RILLVE Y, 5 YRR
BOPHRE . JCRYR, H SZCCO RETEAL 1 IR A F-RE5H, X 15 SZCCO MLtLRmAME I, $Aamkf:
SRR EEZ A INEY, AR, fi SZCCO 19 EDS it (181 3(d)~(g) FIARH, Zr. Ce 7EI5eIE LY R
I H ) 53

*®2 ISREEYIRFI SZCCO HIEAMR
Table 2 Basic properties of sludge-based biochar and SZCCO

U S MW BETHREBUm-)  flithm  LEBUen'g)  Rifbam RRER(mee)
HREEYR WK RA 69.07 10.66 0.24 91.56 —
SZCCO wER K& 96.06 12.48 0.30 39.37 212.0 (Ce)
105.0 (Zr)

15 U8 3k 2L W) e F1 SZCCO (1 Zeta M A7 & 4 #] 4 i 7 . SZCCO WY 55 HL &% (pH,,) N 7.5, £ M
pH<7.5 B}, SZCCO K IEffr, AT LALIFRHEAEHE PO, -P, X4 pH>7.5 B}, SZCCO R+ i i,
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(a) Y5YIEA Y e SEM I 1%

() CemifAMA

(d) CA (e) O A

&3

(b) SZCCORYSEM 413

1.00 pm
(¢) SZCCORYSEM 4%

(g) ZriAIA

SRR IREY SEM EILEFN SZCCO B 'SEM X EDS HiE

Fig. 3 SEM images of sludge-based biochar and SZCCO, EDS mapping spectra of SZCCO

5 PO/ P ZMEA#HHER, AFIFmM . XL
1SRRI AW RN Zeta A AT LA, Zr Al
Ce [ SEAS A4 46) 2 T I R far 14 22, WG 2
g, XS HA S YR A W e R IS RS
_.ﬁ[[ﬂ]o

2.3 SZCCO WRHiERE

1) AR ZE . & 5 oA SZCCO BWR R A5
o WK S PR, BEGEWTHERREERIEN, SZCCOo
X PO, -P AW T, Bl o e
k15 mg- L i, SZCCO By ke T
2%, KM Langmuir BEYHT Freundlich ARIX I F
FIRLBIR TG, MHXBIA SR e 3 o
7~, Langmuir AHUAFEL (R*=0.90) KF Freundlich
BIRLE 2B (R =0.77) - #eB] Langmuir WY ff 5575
R IE A SZCCO X PO, -P (110 fif i 4
I, 2t AR AT R A AR R ARSI A A
MR Ay 93.78 mg-g™',

2) WMt Eh J12% . Kl 65 SZCCO Yyt zh 7
“FHZR . WA 6(a) s, SZCCO X PO, -P [y
M AE 4h RIS i, e, e R B RS R
50. 100, 150 1200 min i}, GO R4 5 AT 3k
FI 4 0 B Y 60.22% . 73.12%. 84.41% Fl
90.65%. 4 10 h J5, SZCCO %f PO, -P Ky
Wt AR RSB 2% . R |
2% 55 A R Weber-Morris B, N 37 81 # B Xt
SZCCO Wt PO, -P (s J12- i i8I, BIASS
RN 4 P, WK 1548 (R=0.99) L

Zetafi ii/mV

30 —e—S7CCO
ol —— R
10 pH =75

—60 1 1 1 1 1 I

% 4

2 4 6 8 10 12
pH

A[E pH T SZCCO B Zeta BT

Fig. 4 Zeta potential of SZCCO at different pH

W ffH/(mg - g7)

120

100

20 ¢

s SZCCO
—— Langmuirf§izy
y — — Freundlichf& %Y

0 1I0 2IO 3I0 4IO 5I0 6IO 7I0 SIO
WP firieE/(mg - L)
5 SZCCO HIRFIRL
Fig. 5 Adsorption isotherm of SZCCO



3522 ok L B ¥ W 18 %

— B (R*=0.97) AT B IR S 121 %3 SZCCO WHIZRAMALH
&, U B BRE A AR DL Ak S W B A 35 . Weber- Table 3 Fitting parameters of SZCCO adsorption isotherm
i} S HAT TR 228 325 | R I B B B Y
&WE/J:‘,EKE%%J _J%t:::‘fﬁl [z] 6(b/)\}5)f\ﬂ_fl., EZCC(/)\ ‘Im/(mg'g 1) K]_/(ng l) RL2 KF/((mgg l)(mgL l) n) 1/n R}-‘z
0 . A BT [§] y . 23
XT PO437 P X /J‘K‘WL%E I}jﬂ 37 BJI EX o ‘1‘ BJI 93.78 0.78 0.90 172.83 0.19 0.77
B PO, -P il U FHRYHLE] SZCCO F«ifi, X —
100 100
"
S53rEk

~ % o 80r !’I;;sz&

b0 b

E g 60 ] /l

1 =

= = e

%E; o = SZCCO = 40 1f BRI

I = =G A 3 ot N
20¥ — MR TR 208 —— Weber-Morris {7 Py 4 Bk 1
I
0 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400
W% BT B]/min 57 BHFASE ] min
(a) MR 8h g2 2k (b) kL A5 R i 2k
6 SZCCO RIIRFIEN ISR FERIAY SR 2L
Fig. 6 Adsorption kinetics curve and Weber-Morris model of SZCCO
% 4 SZCCO WMEhHEMESH
Table 4 Fitting parameters of SZCCO adsorption kinetics
HE— 2B )2 HEZ Kl 2l
q/(mg-g") ky/(min”") R q/(mg-g") ky/(g-(mg-h)™") R
93.86 6.18 0.97 99.50 0.50 0.99
Weber-Morrishi - 4 HiA
ky/(mg g™ min”?) R? C kyy/(mg g min®?) R} G, kyy/(mg g min"?) R} G,
0.44 0.80 26.33 0:41 098  73.85 0.0036 0.64 90.33

BB HHR IR 56 2 BB PO, -P HEA SZCCO PIFBHIEHT, X —BrBeilm b/ NFes 1 BB, %
JE H TR R B AL i LK e e TR RGBT T 3G 26 3 BB SZCCO X PO,* -P M 45
18, R T SR AR AL, 3 BB AN 0, FBTIZML B R R R N Y ORI
PR 3 5

3) pH RS2, pH XK —E S i P B2 A B A S 8 7 JARIR] pH X SZCCO W ff
PO, -P W52 e WERR AR 43 A 18] o WNIE] 7(a) i, 7€ pH=3.0 B}, SZCCO X PO, -P Ay Fff ik 3 5 K
{4, 47 109.91 mg-g™. 4 pH #E—BHIE] 7.0 B, SZCCO MMM FIEZE 87.00 mg-g . K% pH HINZE
ME (8.0~11.0), SZCCO (W B ik BT B4k F I Ha %, WA 4629 mgg . XA L
SZCCO 1 Zeta HLAELIEH—FL (K] 4).

el 7(b) B7R, pH=2.0 B, H PO, /EBERRERAATER T 2R, RN SZCCO | i—OH H:HI# it
Tk, (A5 H,PO, Joik&EFRIKEE, 1H SZCCO LIIRe4)E iR S i, PRk, MR
TR, W% pH i 2.0 B6nF) 3.0, BRI H,PO, N3, 1E SZCCO i FkIei 5 H,PO, Ay
W5 IVEFLL K& R—OH 5 HPO, BLiA T, BRI Eiert 2in e, M, ¥R pH $#&&H3RY] SZCCo Kif
—OH 5 H,PO, FiiAAz 5B R ks Y, 18 pH=4.0~7.0 N, HPO,> . H,PO, 3Lf¥, SZCCO FififY
CO 5 H'454, PO, -P WM i A E I FIBCHASC A E T 325, {H Zeta HUAZHY N RESEGX—F
B A BT R, BB pH HTHE— T e T—OH 5 PO, -P LSS BB K, 53— il
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12 120 100
—=— R %pH
"t —o— I ffif 4
1100 _ 80
TOD
= 8 — w60 F
% WG w £S5
B o6l —! N WK
N E m4of
6 =
4L B
20
. J40
1 1 1 1 1 0
2 4 6 8 10 12

pH
(a) 7N [F]pHXTSZCCOME i1 7 1

HHHpHE
(b) A[FIpH F AR s 43 A el

7 A[E pH X SZCCO WRFIEEHIF2N R BRI &75 7
Fig. 7 Influence of pHs on phosphorus adsorption by SZCCO and phosphorus species distribution at different pHs
e FRUASCH =AY CO» SRR H 45 A HCO,, F30T Hsd. W% pH F—2TH0, B
R, SZCCO KMEIMMAME (K1 4), Bt OH 5 PO, Bt i HeBEdig i, i T HERA OH A5
Gr, BEWFHEDE—L TR, 4 pH Th 2 11.0 B, #d T LI OHVRYSE S T 38, BBt SUR R
{HIEA} CO,> 5 PO, ZIEWnl LAH THiMARSS e, [FR}, SZCCO %KM Ce. Zr 5 PO, -P ZIAIY lewis FRESAE

FHARL AT LA AT AR LB ) R, X — BB
W pH BRI EZR N E OH 5 PO, Sa Mt
P, FE OH W,

4) AP Ry . HEAEY T SZCCO
Ff PO, -P S22 SR A 8 fim. Al UL, ik
) CI”. NO, ., HCO, . HA FI=F¥k ) SO,>
Y%t sZzCCo Wt PO, -P F= A4k o He
t, CIAI NO; TEEFHAMERT T SRR I ALRIE
BOMRIIZEYPT, 5 PO, -P SagHl i, &
O N, HCO, &K= OH, AU
PO, -P S B o5, AW pH T, A
FIF PO, -P BYWLH, 1A, HCO, IRt 2k
AF SZCCO Fif CO,™ Mff e Wy, dEmisgnn s
PO, -P MRS #AE . SO 2 ML,
AT 1 AR HPO, 5 SZCCO 2 [H]
MR 2 73— J51f, SO, B2
£ (0.230 nm) 5 H,PO, 72142 (0.238 nm) %
i, HESS HPO, se iGN P, HA &J5
LG, FoAa RS RN ERA, &5
PO, -P Za M M, [F]f HA a5 &8P
S EPIREAL PO, -P AR,

S) P SEE R P RE S 2P I RF5
B EE R E, FiL, ARESRA 1.5 mol-L™
NaOH 43%lf10.5mol-L™'NaCl, Na,CO, fINaHCO,
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Performance and mechanism of PO,-P adsorption in water on Ce-Zr loaded
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Abstract The shortage of phosphorus resources and the eutrophication caused by the discharge of wastewater
containing phosphorus are the hot issues at present. In this study, a type of SZCCO adsorbent (Zr-Ce CO,*
sludge-based biochar) was synthesized with sludge-based biochar as the carrier and Ce-Zr bimetallic loading by
a solvothermal method. XRD(X-ray diffraction), SEM(Scanning Electron-Microscope), FTIR(Fourier Transform
Infrared Spectroscopy), XPS(X-ray Photoelectron Spectroscopy) and other advanced instruments were used to
characterize the SZCCO. The isotherm, kinetics and influencing factors of PO,* -P. adsorption on the SZCCO
were studied, and the corresponding adsorption mechanism was analyzed. The results indicate that the isotherm
models of SZCCO adsorption to PO,>-P conforms to Langmuir model, and the fitted maximum adsorption
capacity can reach 93.78 mg-g™'. The adsorption kinetics curve conforms to the pseudo-second-order models,
suggesting that PO,*-P adsorption on the SZCCO could be controlled by the chemical adsorption. Within the
pH range of 2.0~10.0, the adsorption capacity remained above 70 mg-g '.The coexistence of CI",NO, . SO,
HCO, ™ and humic acid (HA) has slight effect on the adsorption of PO,’ -P, indicating that SZCCO has a good
adsorption selectivity towards PO,*-P. After 5 cycles of adsorption regeneration, its adsorption capacity still
remained around 95% of the initial adsorption capacity, indicating the strong reusability of SZCCO; the
regenerated SZCCO was characterized by XRD, Ce(CO;), and ZrO, occurred on it. The adsorption column with
SZCCO as the packing material was used to_treat the effluent of the secondary settling tank with the initial
PO, -P mass concentration of 5 mg-L !, the penetration volume could reach~1849 BV, and the dynamic
adsorption capacity was~44.99 mg-g~'. Compared with the Zeta potential, FTIR, and XPS spectra of SZCCO
before and after adsorption, the main adsorption mechanism to PO,’ -P is electrostatic interaction and ligand
exchange between surface —OH and PO,’ P or surface CO,” and PO,’ -P, and the ligand exchange products
are CePO, and Zr(PO,),.

Keywords  sludge-based biochar; Ce Zr bimetallic loading; PO, -P; electrostatic interaction; ligand
exchange
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