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O BRI E R ESUKIE e N EEAREZ —, MR R IR IIBREEE AR . R A s K
1SR RBREE AL, HR TR, BNE . pH. IS R R M ERER AU, BT T AT RE A LR
R MR EE A A RE S G5 SR R, et ks Ve B R i 1 BT G =2 8h J) 2% R Freundlich W Fff 45 1R4E
F R A 69.43 mg-g™', WHHERZNY H . HFZRNFELHERZ RS, 75 ClIT. NO,™ . CO . SO, 4Fdbfr i
FHIT, Akt ks T BB W B IR AR A RE 1 o FEIEAT S IRILBR-M OB IR, W BREAA RIS B R ER Y 22 B R
NEET 25.4% . WAL 32 B RRE: S5 R BE LT & 4l B A1 A e e I o | RS R s e

KHEIR  BREE; kISR AR M ss

K HEAMA KA, ZrFBOK TR & s SR E B IR AR SR, i
FA] [EISCEER SRR Th SR E A, AHSCHIFSER RB, i LT BRAE AR T S84 AN S
WARIZEEY), BAGE R ZERERE ) . SIS e F 2o rh B L R BRI R ), i S b 751
MIHIEARX D FH5E 1, fili (Ce) BffmART . WS ERMEENR I0R, XU RIS RAFAm
g, HATRKMEREEE Y, (HER—RH Ce MY — R, QnmepiT 5 A1 . g a5t
W S5 J TS PRI R R B a5 S NI AT, TR R 2 A2 AA T AR MV A R B R AN R

TE BRI g i, N Dkt 2 7= A4k {57 (drinking water treatment residues, DWTR),
DWTR /K% m, RMAMERE, BA KT Si. Al. O, Fe R S—EMFLIESH 5 2R . i AExT
F DWTR BAbE - EZON R . SO, e Bk SRR AIG . RISsiAR = SR o T4
KIESRIE, FIFH DWTR AR il S BRI AT LAt AL R . LR, s TR A
PUEHR | BRBERAE LA B SERDE R0 85507 ket DWTR, FHUAR R AR ICH . AW naEE s,

ABIFTE R PRIz -4l £ 28006 S ide e DWTR D7 il & 17— Mspr B BRIz bi50), 9ckh 7 DWTR fLiA
ghtiEimtEZE . SioTER G IEANL . SRR DL SR F TR S BRI . BT Ce/lRMEE L., 1%
fingE . pH LASIEAFES XA R N BRI RE RSN, SR SEM, XRD. BET. XPS. FT-IR #R5% T #EHY
W RRAFAE, XTRERRER I RS 127 . WG S R R G, 9T T AR TR B2ERE ), H
Ml RS AN 1 ] R
1 #MREFE
1.1 #R)

AMFFE R A 255003 R k. FEEGRIEIR — 4 (KH,PO,) 1 T KR M2 iR A BR
F], AL (CeCly) . A5 MLEN (NaOH) 1T _EIgThr TAEACRHE IR A TR AR, HoKisTeE 3 i E 7R 5
HARK
1.2 MRS

BogdmiivEd KIS Ie KR, BigEat 150 Bif, 52054 0K50 (DWTR), # DWTR & T 53
Wi B H: 2023-08-08; FAHBH: 2023-09-27
EEWHE: ERAKRFEET LB H (51778392)
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P 700 °C BB 4 b, HIFSHUEIES AEK TS T8 (RDWTR). ¥ RDWTR T 1.5 mol-L™' A NaOH 1=
60, EIEGERMET SRR, SRRk Te (RIDWTR),

FERME 25T (pH>10) 38 2k H= B4 B i 43 80CR 109%0~60% (1) Ce T2k TH KI5, Fidk 2 h
J&, AUEVERMET SR, AR SR T PETITR S vK 5 e (RIDWTR@10%~60%Ce).
1.3 PIRIERAE

AL T P B 4 7 A A RE IS (X ( SEM-EDS, H 37 S - 4800, H A B A 1) . X SR f Y
(XRD,fii#4 7 D2 PHASER,f8[H) . f#HEMH-214MEE{Y (FT-IR, Thermo Scientific Nicolet 6.700,3¢F) . x H4k
Y FRETE Y (XPS, Thermo Scientific K-Alpha,3&[E) VL K4 H 3l Fb 21 M FLBREE 44 (BET, 2754 TriStar
11 3020, 3 [E) HATE AT . VIR 4 T 25 Uk B ol LB 5 45 B8 IR & 6151 (ICP-OES, Thermo
Fisher iCAP PRO, J:[H) i,
1.4 RHISCLE

ST IR R A PR — AR S R TOKBCE AL, SRA 1'mol-L™' HC1 A1 1 mol-L™' NaOH ik
JAY pH, WRBSEESTE 250 mL A FEHEIEIEH e, WRMIES S, W HGE D 0.45 pm fAURSERIE, IECR IR
PR 3 JE G RE T A % BA IR ER I RE VR B (LA P i) SEERZS IR 3 A1PATSC00 (e, MR Fl 2 RS 4
= (1) =t (2) T

Co—C)-V
qe:M (1)
m
_ (CO_Ce)
R_—Co x.100 2)

R g ARMHRE, mgg's C, MWIABERI MR, me LY C, AWMHSHEA R, meg L' VN
WAARR, L m ARBNFIEE, g5 R NERRF, %.

1) W FMASCR R Z M S . e MR IR BTt 10 mg-L™', #£ 25 °C. 150 rmin™', 0.6 g'L™' %
Jin & A 240 min B 55T, FE Cellle i & 40 F0 7 51 10%. 20%. 30%. 40%. 50% Fl 60% ()
RIDWTR@Ce XM BHRCR, POt UM BRI TS 225000 . WIR pH 52 SEIG 454 [R) 1 2 S0,
FEWoIa pHa w2 203,740 50 6. 7. 8. 9. 10 A1 11, #WA[R®) 45 pH X RIDWTR Fl
RIDWTR@Ce W S RRER A5 o B SIS A E Fam M 4G pH 250F F AT, S HmaEsr 318 0.1, 0.2,
03. 04, 05, 0.6, 0.7 F10.8 gI"', fEFIEWILE pH AEANEAYZLET, A ERAAFN 100 mL, 435
F 5. 10, 20, 30, 40,60, 90, 120, 240, 480, 720. 1440, 2 160 F1 2 880 min MFHUEE, A4zt
X2 FAARHR SRR AT . ol pH . B AR RIZE T, ¥ CO,” L SO~ CI'. NO, . F &
HA 75k 0, 50,100 Fl 150 mg-L™" BTk EEIMAZRER, BRTIAFEF M HA XT 2 FlbA R R
ERARIR . EREEAE T, EHRIEEEEE, B €, b 10, 30, 50, 100, 150 F1200 mg-L™", #RITH
URUR BEXT IR L 2L BRI

2) Wbt st e st R —2sh 12 R (3)) . s i2E (R (4)) ki s (X (5)) Xt
BRI TS 2RH) Langmuir WEFHERZAREE (X (6)) F1 Freundlich WERMEEIREAEAL (X, (7)) XEHEHE T
BRI S o

In(g. —q,) = Ing. — k¢ (3)
1 t
— = +— 4
qr qug qe ( )
q. = kdl‘o'5 +C %)

A g M e WZIMHE, mgg"s g, MFEWHE, mgg!; k WI—HS) JI2F RV ERE R, minT';
ky, FA RS SR ROV R R, g (mgrmin) sk, AR TFINY BRI R, meg-g ' 'min'?; C ASHAEE
FERPIAICRHE, meg s
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_ QmKLCe
=1y K. C. ©
0. =K:C." (7

K: 0, EKRIZINFE, mgg's O W VHERME, mgg'; C, W PHENEIEERE, mg L'y K N
Langmuir #%, L-mg™'. K, 4 Freundlich ##IH%L, (mg-g")-(L-mg")""; n 4 Freundlich %5 #241.

4) PEIA AR SCSS . ERIRBE R A 1 mol- L™ S AN RG], DA EE 1 g L™ W MAAe I iz Bt
240 min, F#SE R LB FACK AR = s, BT 05 5 T — R o LA PR A T
5 M-I AR

2 FER5ITL

2.1 IBUAFESR

DWTR. RIDWTR 5 RIDWTR@40%Ce HIZRETEHUNE 1(a)~(c) FiRe A UL, ZHBBERcrEfs , #4
BRI, R SEBOR S AR MAEUZ AL, SO i T EnRBREEUE DWTR PRIIK 75K, [
LB SIS . BEJG RTSRIIRN, F3 DWTR N0 & L S 2RI, veliiny Si.
Al TCE MR T K IFLBRZEH . Ce Taaga il OWER SRR T H 30 AN HCIR IR ) . 22 e
S, RIDWTR@40%Ce 5255 Ce &M 12.1%.

(a) DWTR SEM¥]| (b) RIDWTR SEM¥]| (c) RIDWTR@Ce SEM[¥]|
E1 DWIRy RIDWTR 5 RIDWTR@40%Ce B3I EE
Fig.'l. SEM images of DWTR, RIDWTR and RIDWTR@40%Ce

I N, W B - R S 5 B T DWTR., #1 DWTR. RIDWTR 5 RIDWTR@10%~60%Ce ]

RIDWTR 5 RIDWTR@10%~60%Ce W[4 #E IR S
etk TN 1 s, BB RImRAN RS, AR Table 1 Physical properties of DWTR, RIDWTR and
W BAPIBIREMECIR R o, R Sl T 8k B 1Y) | RIDWTR@10%~607%Ce for adsorption
T, MR AR LB AR S BT R A A oAl HEHRY AL FLABY
X TRy A/ A E A RIDWTR (fLIES5H (m*g") nm (cm*g™)
e, TR ], TZRM Ce & 512 Rf DWTR 35.411 10.934 0.098
PR A DMAIRON , 36 AR AR 3 RIDWTR 52.141 14.417 0.165
ARSI SRR A R . lete)s, FLIAER RIDWTR@10%Ce 44615 11736 0.126
SRR L AREE, BOESAEMER e wen s i
DWTR Wy L & & T P30, iy & 2 0f 4,

RIDWTR@30%Ce 30.013 10.706 0.09

DWTR, RJIDWTR 5 RIDWTR@40%Ce 1} %5 ik

éﬁi@ﬁﬂiw%ﬁ%{a gz ) RJDWTR@40%C6 E‘J{%E RIDWTR@40%Ce 28.645 10.156 0.073

LRI, YT F T BERRER B L RIDWTR@50%Ce 264 9499 0.058

ﬁ%@]a&%o RIDWTR@60%Ce 22.196 8.046 0.045
DWTR, RIDWTR Y RIDWTR@40%Ce

XRD ElEWLE 3(a). 2ietfs, DWTR LAY Siy Al JTTELERIRAIVER T iS5 Ao AR AR, DAES
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THIER (Si0, . AlO,) M RIDWTR iR,
RIDWTR@40%Ce BT Ce HHIEE ALY 1) S 1A
fi B U AE & 3(b) 1, 470~530. 800 FlI
1 035 cm ™' [IESM9 AL—O, O—Si—O Fl Al—
OH RyMsI! ) 2ot )s, 31X 3 RIS A fir
S, IR T R BRI R S A S kA T
HZAENEF, SRS 5 T oo Rk
M. 1650 cm™ M 3 440~3 650 cm™ (54 —OH
W A UG T3y A s T 1) K 43 PR PR gk
—OH MM 5s . A XPS 43 bl i 44
BTEMAEANE (K 3(c)). eittlm, FkkE
Il Si. Al JTEA TR, R T Ce3d Ak
ARUESR . A Ce3d HEAT M IERLE (K 3(d), AT
885.2eV/903.9 eV IIEZE: Ce (1) L2742, 882.4eV/
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Fig. 2 N, adsorption-desorption isotherms of DWTR |
RIDWTR and RIDWTR@40%Ce
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4irfitleV
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3 DWTR. RIDWTR 5 RIDWTR@40%Ce BJ XRD. FTIR A% XPS SigE]
Fig.3 XRD, FTIR and XPS spectra of DWTR, RIDWTR and RIDWTR@40%Ce

2.2 IRBHERERISINAE R SR

1) Ce/PRJm /3 EO W FHERERYEMR . AL %E Ce/iRITE ML, R9T Ce fiZEX] RIDWTR@Ce W Hh

WEIRER M . AP 4(a) PR, BEE Ce TRERMIRTY, MORDIBERIMICREHTIET,, 2 Ce/lRFiE %L

H 40% i, RIDWTR@Ce XTHRRER AUt K, A 14.3 mg-g', FlJG fgRimakeein, WpHerah T

Vo tde 1 HED, (RAZENT Ce STl RIDWTR@Ce $EAEH 200G S, (BRES fA ke
T, i Ce(OH), Fl CeO, FEZEFLIELEN, WMHETEN SR/, SRl 28R RIDWTR@40%Ce

PRI
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80 | 16 F
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Behniti(g- L W BB 5] /min
() BehnHxt RIDWTR@A40%Cell M AR 1) R (d) Ffh A X RIDWTR@40% Cell MRtk i
B4 ATEEZEX DWTR( RIDWTR 5 RIDWTR@40%Ce MR HIERELEISIMR
Fig. 4 Effect of different factors on phosphate adsorption by DWTR . RIDWTR and RIDWTR@40%Ce

2) ¥t pH XU FFHEREASER . ZERILE pH 2~11 AF) RIDWTR 5 RIDWTR@40%Ce W fIBERRER 045
JULE 4(b). RIDWTR ZEHIAR pH A 3 B X ER ML M fE e K (6.31 mg-g ™), RIDWTR@40%Ce 7EECH
TE1Z 1 pH(2~10) 7 BBl N B RE a2 W B B R & (13 mg-g' LA L), TEWIES pH b 4 Bk B (4 (15.75
mg-g o —MBORUL, KB HPBR AL TR ey L R 4 S BRI VR R S pH %
YIF. Y pH /NFARHSET, MORERMIEIET1h, H5A T ARt ST7esfea 5 | EH T e A 1E
FL A AR R B4 30, i ApH T, RIDWTR 5 RIDWTR@40%Ce FOZEH 54351k 8.11 F1 7.32, 4%

G pH=4 I, WP BEIREEE UL HPO, LA, WES TR S TS5BS E; X4
pH>7.32 B, BER UL HPO, 5 PO, 3, AR T-1h, iAo m i s Bk & S ARk ™
AETESRERAR T, TR R, [RIR AR AR T ER B LA OH & SRR Se IR it s, PRI,
BRSSO IR AR AW R RE 1 KK RRAG . BEAl, P TR BRH S i A AR, P S ] DA% SRR
FHSRBRA A E R A

3) B E % W B PERE B E e . G 4(c) s, MBS mE 0.1 g LT ® 0.3 gL I,
RIDWTR@40%Ce ¥HERREL i F= R Fa 48T, | 75.54% W53 82.53%; 4 IE A5 0.6 g L
F, BERER BRIk R 96.47%, VLRHAW P T S REIRERSR F/NT 0.5 mg L', KFER —HE A FrifE;
YRS RGNS, AR RRER ) LB S e A2 Az, BRIV CARAE RS 5 iR
LRGP 4. RIDWTR 7E 0.6 g L' #niEht, XeEh i 6.42 mg-g™', LBR%FH 38.51%. Zie
ZIERNE, JELSh ki 0.6 g L Aad RN

4) FEA R PERE AR . AT — 25 SO E X AR B RE A2, 5 T N [RI fk st ]
DWTR. RIDWTR 5 RIDWTR@40%Ce XFBFRERMB 20, A&l 4(d) s, 7ERT 120 min N 3 AR
FUXTERRER P, B 240 min BPRNIFGRISZE, RS 3 FADEHFINE 553310 2.01, 4.71 Fil 14.82
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mgg', RIDWTR@40%Ce CLWLIf} 90.25% (fath. Bfifs, HHEREERg, WM —Pues, et
BHETAENRAN, 2 2 880 min [, WEIE AP, DWTR, RIDWTR 5 RIDWTR@40%Ce P-4
Bk 4.67. 7.52 F116.27 mg-g™', RIDWTR@40%Ce H A2 DWTR (1) 3.5 1%,

5) W Fftzh 112, % DWTR. RIDWTR 5 RIDWTR@40%Ce W Mk th i FebATah fr il s, e
ZERNE 5 Ko 2 fiR. W 2 ALV, 3 FRPRHIL s 140 & R B TR s T
1 q, AR GLEEIRVI G, WG A RATSE, MR AT RELUL ARy 3, BRRRERAE BRI T 1k
SO SE X FEAS [ R R RS R 5k, KPR, RIDWTR 5 RIDWTR@40%Ce HAL27 Mz 5 L s T
DWTR, WERERTE M, i 6 A 3 AR SO S 41T UL, IRt 7oh 3 NREL, k (E80),

1.2 - 720 1
A DWTR A DWTR
08l e RIDWTR 600 @ RIDWTR
= RIDWTR@Ce = RIDWTR@Ce
o4l 480
¥
S I 360
5 0 B
240
~0.4
120,
-0.8
1 1 1 1 1 1 1 0 i 1 1 1 1 1 1 1
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
M B ] /min W B iF i) /min
(a) —HB e G (b) M= 12 RS

5 HEGEME DWTR. RIDWTR 5 RIDWTR@40%Ce ERIRMIEI
Fig. 5 Adsorption kinetic of phosphate on DWTR, RIDWTR and RIDWTR@40% Ce
% 2 BAERELYE DWTR. RIDWTR 5 RIDWTR@40%Ce ERIRMIENIFEH
Table 2 Adsorption kinetic parameters of phosphate on DWTR, RIDWTR and RIDWTR@40%Ce

Gorer L W= S
e
/(mg-g™") Je,/min”" q.,(mg'g™) R ky/(g-(mg-min) ) q.,/(mg-g™) R
DWTR 4.995 0.000 9 1.77 0.941 0.001 1 4.862 0.987
RIDWTR 7.895 0.00 10 1.973 0.937 0.001 5 7.659 0.997
RIDWTR@40%Ce 16.45 0.00 12 1.797 0.851 0.003 5 16.263 0.999
23 [A] 57 BHASON k, DWTR. A R W BfH 7 T 26 181
2 {rBf, RIDWTR 5 RIDWTR@40%Ce (#5300 sk L —
RO T2 1BvBE, X RIS AR A T ® RIDWTR@Ce
] PO RE T IR, 4B C (HER W | X 2 Swie
0, REREAAMLAZER SN, WY O g 9t
SR ), I —
6) WBFAEEER . K] 7 A3 4 AT, Freundlich A—a—a
2 2R R (R2=0.979~0.992) T L) B 4 i 445 & i M.-"./j:
RIDWTR HI RIDWTR@40%Ce X 2 b 11 15 bt ob
TR X ULBAFE AR, MR B BERI A 0 10 20 30 40 50 60
W BERREL L R M R, i
RIDWTR@40%Ce FIR ISR EEE 1/n Ky 0~1, % 6 iz DWIR, RIDWIR 5
W SV ELE . T L TR L BRI, o RIDWTR@40%Ce ISR HHER

Y ey " Fig. 6 Intra-particle diffusion modeling of phosphate
G [ 1|t H =ATINEVAN H

X]Lﬁﬁﬁﬁﬂ:‘]ﬂ’] Ky {EF@%{{{E HoTh s, i) adsorption on DWTR, RIDWTR and RIDWTR@40%Ce
FHEATREAFN T RV AY#A 7. 25 °C T, Langmuir
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3 #ELEhE DWTR. RIDWTR 5 RIDWTR@40%Ce _EHIERIA HER S
Table 3 Intra-particle diffusion modeling parameters of phosphate adsorption on DWTR, RIDWTR and RIDWTR@40%Ce

I EL £ IiE 3B
A B35 keyy Ca Ry’ kg Cq Ry’ ks Cy Ry
(mg-g''min'?) /(mgg') —  /mgg'min'?) /[mgg") [(mg-g"''min'"?)  Y(mgg") ~—
DWTR 0.024 0.908 0.932 0.169 0.583 0.996 0.027 3.216 0.984
RIDWTR 0.222 1.337 0.960 0.151 2.333 0.981 0.022 6.333 0.994
RIDWTR@40%Ce 0.724 7.266 0.980 0.086 13.363 0.968 0.035 14.454 0.917
80 - 80
mRIDWTR@Ce 25 C m RIDWTR@Ce 25 C
O®RIDWTR@Ce 35 C ® RIDWTR@Ce 35C
60 | ARIDWTR@Ced5C g _.----% 60 | 4 RIDWTR@Ce4s C
i e J .
=~ e T et ~
: 40 | AR : 40}
z L, <
£ 0 g £
N &I/'A P WL 3 - v o
20 L e v 20 |
Vi)' §‘,— _--="" Y YRIDWTR 25 vRIDWTR 25 °C
% Tl ®RIDWTR 35C ®RIDWTR 35 °C
0 b Cod 4RIDWTR 45C \ 4RJDWTR 45 C
0 50 100 150 200 0 50 100 150 200
C/(mg - L) C/(mg - L)
(a) Langmuir (b) Freundlich
7 HERELE RIDWTR 51 RIDWTR@40%Ce _EHIIRFMIZS S 4%
Fig. 7 Phosphate adsorption isotherm on RIDWTR and RIDWTR@40%Ce
K 4 HELENE RIDWTR #1 RIDWTR@40%Ce _EEIIRMIZRRLZS%
Table 4 Phosphate adsorption isotherm parameters on RIDWTR and RIDWTR@40%Ce
Langmuirfi A Freundlichf& %!
e VB RE
K% B 751) MR C 0., K, ) K, n 2
A(mg-g™") /(L-mg™) A(mg-g") -(L-gH"
25 38.364 0.0107 0.909 1.649 0.53 0.989
RIDWTR 35 40.539 0.014 2 0.894 2.550 0.489 4 0.991
45 41.945 0.023 8 0.933 4.531 0.396 8 0.987
25 69.425 0.063 3 0.950 16.587 0.2737 0.990
RIDWTR@40%Ce 35 68.270 0.0399 0.953 12.623 0.3103 0.979
45 62.464 0.0320 0912 8.533 0.364 6 0.992

SR R R 0.950, BIEHE&—EMSHN, HRIIGRAWMHE N 69.43 mg-g™'. 4T RIDWTR,
R Ce JFMMBHEATE KRN O, Kp 1 n, UGG AT T PRI PERE. 3R 5 AT, SR
77 A B M AAH L, RIDWTR@40%Ce FER LIRS

7) FeAF B X ERE R . SEBRK IR S B2, SR N B LA R PT Tt
WG pH=4 B}, ¥RPBRREAAAEIER L HL,PO, i, M 8 AL, MILfFss Ik Eh 0 mg L JH&
150 mg-L™' i}, CI'5 NO, BN A4 %F RIDWTR Al RIDWTR@40%Ce i3k H,PO, = B i (520
OEH T CI'5 NO, frar FLfaf s AEXT R, - RIS Z I B MR R TR S, XTLANBREE SHLEIN
IR ER IR N BT BN . IR AR CO,™ . SO, I HA I, 2 FiPRIX Wi R A f i L A [
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JEHID, COS . SO, HAMRERTEASH L HATAH 5 FRRAIRRITIS L
Ik, RIEAEAE R AR, (8185 HPO, Table 5 Comparison of phosphorus removal by adsorbents
ﬁ%ﬁﬁ?ﬂﬁ%fﬁﬁﬂi%ww,ﬁ&, ﬁﬁ _I:I’_A %—ﬁ A B B WP T PR
KA FACEY), Fra s, St 8 (mg-g™) (mg-L™") S
GGG b SRR A A IE HL T i, IS RER i Tt R S 8.99 5 [22]
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Performance and mechanism analysis of phosphorus removal by cerium-
modified drinking water treatment residual
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*Corresponding author, E-mail: dongtianw@163.com

Abstract  Phosphate content is one of the important criteria for controlling the quality of the water
environment, and adsorption is an efficient, clean, and economical technique for phosphate removal. In this
study, cerium-modified drinking water treatment residual was used to remoye phosphate by adsorption, and the
effects of cerium loading, dosage, pH, and coexisting ions on phosphate adsorption were investigated to explore
the adsorption mechanism and the cyclic regeneration capacity of adsorbent materials. The results showed that
the phosphate adsorption process of cerium-modified drinking water treatment residual was consistent with the
proposed secondary kinetics and Freundlich adsorption isotherm, and the maximum adsorption capacity was
69.43 mg-g . The adsorption rate was controlled by multiple factors, such as internal diffusion and the boundary
layer effect. The cerium-modified drinking water treatment residual had the ability to selectively adsorb
phosphate at the interference of co-existing ions such as Cl°, NO;, CO,”, SO,”, etc. After five adsorption-
desorption cycles, the removal rate of phosphate by the adsorbent material decreased by 25.4%. The adsorption
mechanism is mainly electrostatic attraction and ligand exchange between phosphates and hydroxyl groups as
well as cerium-containing groups.

Keywords phosphate removal; drinking water treatment residues; cerium-based adsorbents; ligand exchange
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