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Fig. 1 XRD pattern, N, adsorption-desorption isotherm and SEM images of the Ce-Zr-Zn ternary composite adsorbent
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Fig. 2 Phosphate removal performance of Ce-Zr-Zn and different metal oxides
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Fig. 3 Phosphate adsorption kinetic curves by Ce-Zr-Zn and the intra-particle diffusion model fitting results
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Fig. 5 Effects of initial pH on the phosphate removal performance, the distribution and ratio of phosphate species at different
pH and effects of coexisting anions on the phosphate removal performance
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Fig. 7 XPS spectras of Ce-Zr-Zn before and after phosphate adsorption

Zn2p. Cls F1 Ols, TEWE IR SRS, 7635 E 133.4 eV AL BB I, %16 )8 T P2p, % K WIWEMR SR
Pk A W B R R TH . A L KELPO, BARIE P2p U (134.0 eV &b), 454 BT T 0.6 eV, BB L
] AR A RB LG4, X R I BEIR Eh AE WL IR R T L T = G2,

Kl 7(b) A W B 590 W B R AR WU JS 1Y Ols 3 18 o WP ET, Ols i &1 vl DL 4y b 4 )@ A Ak )
(M—O) 14 J8 R R H (M—OH)2 Mg, 454684 BITE 529 eV Hil 530.8 eV 4R, B 5 o5l 43 51 Ky
13% F1 87%; WMt wEfREh 5, A0 W AL L 1) & A= A8k, M—OH Jir o L il A 87% T K % 67.1%,
M—O M 13% -7+ % 32.9%. M—OH LB FFE, R M—OH =5 1 Wit &,

FT-IR Fll XPS /-t 45 %W, Ce-Zr-Zn RIAFZIES 5 T W I BERR ER W it B o HE00 IV AE AL 28
HREWMRA (D)~ @) . — kUL, Y pHLE 3~11 1, Bk £k 77 78 1 28 3 % LI H,PO; ATHPO Ny
F, MK pH — M 6~9, iR ER T8 LA B A TE o ASWF ST I FER) pH, A 8.3, UK
H pH<8.3, Ce-Zr-Zn F I FE R FIL 2 1E L X (1), i e /E M s iR ik X (), Fmikek
] LS R R £k & AR B AR A B B e =K b (X (3)), I pH BT (WLIE 5(a)); 24 pH>8.3, W b 51
MR, AR FWMEE R, Fh T3k On SufREhse S Wb s, BELBRFEREMT
R, X518 5(a) 15 2045 RS, HAA A 78 48 T 2000 W B AL B 1424

M—OH+H,0 & M—OH; +OH" (1)
M—OH: +H,PO; « (M—OH}) (H,P0;) 2)
M—OH+H,P0O; & M—H,PO,+0OH" A3)

3 #ig

1) 3 2 FEPOIE L il 25 T —Fh B ALY Ce-Zr-Zn B A W B3R, FUKEH A FRRBE (<2 mgL™), %W
B 70 2 B P S B0 B Ml 20k SR (5 B R >96%),  HH 7K B R £ 7R A AR T 0.045 mg L™, W oAk 751 43¢ o+
05gL", KIEfE 6 h, A pH.

2) W B ik FEAF A 40 g sy AL, DA SRR O YT HOR LB T O 3 A BR P
TR o THC AN AR 5 48k TR 5 P 2 OO SR R B0 791 2 R e R Ak 1) 2 AL

3) 3% W B 90 5L A W B 5 K (66.61 mgrg "), pH i VI L B8 (3~9) AR R £ 0k B M 1 S A
Ce-Zr-Zn 545 W B A & R 471 g FH AT 5%

2 % X M

[1] ZAMPARAS M, ZACHARIAS 1. Restoration of eutrophic freshwater by managing internal nutrient loads: A review[J].



2944 ok L B ¥ W 4%

Science of the Total Environment, 2014, 496: 551-562.

[2] GENZ A, KORNMULLER A, JEKEL M. Advanced phosphorus removal from membrane filtrates by adsorption on activated
aluminium oxide and granulated ferric hydroxide[J]. Water Research, 2004, 38: 3523-3530.

[3] MULKERRINS D, DOBSON A D W, COLLERAN E. Parameters affecting biological phosphate removal from
wastewaters[J]. Environment International, 2004, 30: 249-259.

[4] IFTEKHAR S, KUCUK M E, SRIVASTAVA V, et al. Application of zinc-aluminium layered double hydroxides for
adsorptive removal of phosphate and sulfate: Equilibrium, kinetic and thermodynamic[J]. Chemosphere, 2018, 209: 470-479.

[5] DOLAR D, KOSUTIC K, VUCIC B. RO/NF treatment of wastewater from fertilizer factory: Removal of fluoride and
phosphate[J]. Desalination, 2011, 265: 237-241.

[6] KIM H C. High-rate MIEX filtration for simultaneous removal of phosphorus and membrane foulants from secondary
effluent[J]. Water Research, 2015, 69: 40-50.

[71 PARK J H, WANG J J, KIM S H, et al. Phosphate removal in constructed wetland with rapid cooled basic oxygen furnace
slag[J]. Chemical Engineering Journal, 2017, 327: 713-724.

[8] SHI W, FU Y, JIANG W, et al. Enhanced phosphate removal by zeolite loaded with Mg-Al-La ternary (hydr)oxides from
aqueous solutions: Performance and mechanism[J]. Chemical Engineering Journal, 2019, 357: 33-44.

[9] CHENL, LIY, SUNY, et al. La(OH), loaded magnetic mesoporous nanospheres with highly efficient phosphate removal
properties and superior pH stability[J]. Chemical Engineering Journal, 2019, 360: 342-348.

[10] GU W, XIE Q, QI C, et al. Phosphate removal using zinc ferrite synthesized through a facile solvothermal technique[J].
Powder Technology, 2016, 301: 723-729.

(] 547, 8, X, 5. PR AL Xk sh ik n e BRRPE D] PRI TR 41, 2018, 12(5): 1389-1396.

[12] LYU J, LIU H, LIU R, et al. Adsorptive removal of phosphate by a nanostructured Fe-Al-Mn trimetal oxide adsorbent[J].
Powder Technology, 2013, 233: 146-154.

[13] HAO H, WANG Y, SHI B. NaLa(CO,), hybridized with Fe,O, for efficient phosphate removal: Synthesis and adsorption
mechanistic study[J]. Water Research, 2019, 155: 1-11.

[14] LIU R, SUI W Y, WANG Y, et al. Review of metal (hydr)oxide and other adsorptive materials for phosphate removal from
water[J]. Journal of Environmental Chemical Engineering, 2018, 6: 5269-5286.

[15] REN Z, SHAO L, ZHANG G. Adsorption of phosphate from aqueous solution using an iron-zirconium binary oxide
sorbent[J]. Water, Air and Soil Pollution, 2012, 223: 4221-4231.

[16] LIU T, ZHENG S, YANG L. Magnetic zirconium-based metal-organic frameworks for selective phosphate adsorption from
water[J]. Journal of Colloid Interface Science, 2019, 552: 134-141.

[17] WANG L, WANG J, HE C, et al. Development of rare earth element doped magnetic biochars with enhanced phosphate
adsorption performance[J]. Colloids and Surfaces A, 2019, 561: 236-243.

[18] SUY, YANG W, SUN W, et al. Synthesis of mesoporous cerium-zirconium binary oxide nanoadsorbents by a solvothermal
process and their effective adsorption of phosphate from water[J]. Chemical Engineering Journal, 2015, 268: 270-279.

[19] DEGEN A, KOSEC M. Effect of pH and impurities on the surface charge of zinc oxide[J]. Journal of the European Ceramic


http://dx.doi.org/10.1016/j.scitotenv.2014.07.076
http://dx.doi.org/10.1016/j.watres.2004.06.006
http://dx.doi.org/10.1016/S0160-4120(03)00177-6
http://dx.doi.org/10.1016/j.chemosphere.2018.06.115
http://dx.doi.org/10.1016/j.desal.2010.07.057
http://dx.doi.org/10.1016/j.watres.2014.11.012
http://dx.doi.org/10.1016/j.cej.2017.06.155
http://dx.doi.org/10.1016/j.cej.2018.08.003
http://dx.doi.org/10.1016/j.cej.2018.11.234
http://dx.doi.org/10.1016/j.powtec.2016.07.015
http://dx.doi.org/10.12030/j.cjee.201710107
http://dx.doi.org/10.1016/j.powtec.2012.08.024
http://dx.doi.org/10.1016/j.watres.2019.01.049
http://dx.doi.org/10.1016/j.jece.2018.08.008
http://dx.doi.org/10.1007/s11270-012-1186-5
http://dx.doi.org/10.1016/j.jcis.2019.05.022
http://dx.doi.org/10.1016/j.colsurfa.2018.10.082
http://dx.doi.org/10.1016/j.cej.2015.01.070
http://dx.doi.org/10.1016/S0955-2219(99)00203-4
http://dx.doi.org/10.1016/j.scitotenv.2014.07.076
http://dx.doi.org/10.1016/j.watres.2004.06.006
http://dx.doi.org/10.1016/S0160-4120(03)00177-6
http://dx.doi.org/10.1016/j.chemosphere.2018.06.115
http://dx.doi.org/10.1016/j.desal.2010.07.057
http://dx.doi.org/10.1016/j.watres.2014.11.012
http://dx.doi.org/10.1016/j.cej.2017.06.155
http://dx.doi.org/10.1016/j.cej.2018.08.003
http://dx.doi.org/10.1016/j.cej.2018.11.234
http://dx.doi.org/10.1016/j.powtec.2016.07.015
http://dx.doi.org/10.12030/j.cjee.201710107
http://dx.doi.org/10.1016/j.powtec.2012.08.024
http://dx.doi.org/10.1016/j.watres.2019.01.049
http://dx.doi.org/10.1016/j.jece.2018.08.008
http://dx.doi.org/10.1007/s11270-012-1186-5
http://dx.doi.org/10.1016/j.jcis.2019.05.022
http://dx.doi.org/10.1016/j.colsurfa.2018.10.082
http://dx.doi.org/10.1016/j.cej.2015.01.070
http://dx.doi.org/10.1016/S0955-2219(99)00203-4

55114 BUIsSE . =I0K BN Ce-Zr-ZnXet 7K AR ve B R ) W B fi K JHEH L3 2945

Society, 2000, 20: 667-673.

[20] MITROGIANNIS D, PSYCHOYOU M, BAZIOTIS I, et al. Removal of phosphate from aqueous solutions by adsorption onto
Ca(OH), treated natural clinoptilolite[J]. Chemical Engineering Journal, 2017, 320: 510-522.

[21] LIU X, HU Q, WU Q, et al. Aligned ZnO nanorods: A useful film to fabricate amperometric glucose biosensor[J]. Colloids
Surfaces B: Biointerfaces, 2009, 74: 154-158.

[22] LIU H, SUN X, YIN C, et al. Removal of phosphate by mesoporous ZrO,[J]. Journal of Hazardous Materials, 2008, 151: 616-
622.

[23] FUH, YANG Y, ZHU R, et al. Superior adsorption of phosphate by ferrihydrite-coated and lanthanum-decorated magnetite[J].
Journal of Colloid Interface Science, 2018, 530: 704-713.

[24] HEY, LIN H, DONG Y, et al. Preferable adsorption of phosphate using lanthanum-incorporated porous zeolite: Characteristics
and mechanism[J]. Applied Surface Science, 2017, 426: 995-1004.

[25] KUROKI V, BOSCO G E, FADINI P S, et al. Use of a La(Ill)-modified bentonite for effective phosphate removal from
aqueous media[J]. Journal of Hazardous Materials, 2014, 274: 124-131.

[26] FANG L, LIU R, LI J, et al. Magnetite/lanthanum hydroxide for phosphate sequestration and recovery from lake and the
attenuation effects of sediment particles[J]. Water Research, 2018, 130: 243-254.

(R 4. s I, ARwete, KA &)

Performance and mechanism of adsorption of low concentration phosphate in

water by Ce-Zr-Zn ternary composite adsorbent
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Abstract In order to alleviate the eutrophication problem, a novel Ce-Zr-Zn ternary composite adsorbent was
synthesized by co-precipitation method for phosphate removal. The adsorption performance and proposed
mechanisms of low concentration phosphate were investigated through the combination of XRD, SEM, BET,
XPS and FT-IR characterization analysis. The results showed that the adsorbent had an excellent performance on
phosphate removal with the removal rate above 96%, and the residual phosphate concentrations in the effluent
were below 0.045 mg-L™'. The maximum phosphorus adsorption capacity was 66.61 mg-g '. The phosphate
adsorption process conforms to the pseudo-second-order kinetic model and Freundlich model. In addition, the
adsorbent exhibited a wide pH range of 3~9 and a good selectivity toward phosphate. The mechanism analysis
showed that ligand exchange and electrostatic interaction are the main phosphorus removal contributors. The
above results can provide references for the application of this Ce-Zr-Zn ternary composite adsorbent to perform
advanced phosphate removal in water.

Keywords phosphate removal; Ce-Zr-Zn; adsorption performance; mechanisms
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