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Research progress on removal of phosphates from water by zirconium

based adsorbents

LI Junxue, LI Lingyi, ZHANG Li, CHENG Wei’
(College of Resources and Environment, South-Central Minzu University, Wuhan 430074, China)

Abstract  Phosphates removal from wastewater is a critical approach for controlling eutrophication in water bodies.
Among various phosphate removal technologies, adsorption stand out due to their advantages of simple design, ease of
operation, and low cost. Zirconium has become a promising adsorbent for phosphorus removal due to its excellent
phosphate binding ability through Lewis acid-base interaction and endospheric complexation, easy regeneration under
alkaline conditions, good environmental compatibility, low solubility in a wide pH range, and good oxidation resistance.
At present, there have been a lot of studies on modifying zirconium adsorption materials to enhance their phosphate
adsorption properties. Herein, the recent research progress on zirconium-modified adsorbents for removing phosphates
from aquatic environments was systematically summarized, and a variety of adsorbents such as zirconium oxides/
hydroxides, zirconium-based metal oxide materials, zirconium-containing carbonaceous materials, zirconium-based metal-
organic framework (MOF) materials, as well as zirconium-modified clay materials were reviewed. The phosphate
adsorption capacity of these adsorbents, key factors influencing their adsorption efficiency, and the underlying adsorption
mechanisms were discussed in detail. In future studies, the stability and potential risks of zirconium-modified composite
adsorbents under complex conditions, as well as their ability to efficiently separate and regenerate , should be considered.
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Tab. 1 Zirconium oxide/hydroxide adsorbent

B 51 pH HREAY (m*-g™) BRI (mg- 1) KW (mg-g™) 2% 3Cilk
am-Zr0, 6.2 205 5 99.01 [12]
mesoporous Zr0, 6.7~6.9 232 30 29.71 [13]
zirconium (IV) hydroxide 7.1 10 18.50 [14]

SRS S AL S B A L R BRI £ 7 T %
P A R BYROR  (H B — 2R AT R A PERE ,
W A 72 | 70 8 P A [l RO 25 T TR AT A 7 JRy BRAE
R G X — I, W5 AT 2o I 5 AR 2R T Y
MR o 590 A2 e o) s e P R RS 5] i A 2 3
SR R W TRER BT R BE

2 SEBUE IR B S Y 2B

21 HUMEESELD

TP DL L 4w 5l 4 T AR A 0 I B R
BT LIFR N B A Zor & Jm WA RL, iR 24 JE
AR e85 —&RmMIL R, AR50

R S f FH — o 4 a8 I T RE A7 A 1) 1) R, 3 2oL Bp ]
VBT SR B AR . TR I, 4 R o g i 6 1) o 2
B RS F ST AT R A R et Ho 4 IR Ak
VI LASE B A () B TR h S PR AR (2 2).

Ho g -0 4 JE A B A AR IS A5
i LT AR Z RH AR T R — s A Bk A AL
Yy, B -4 T8 AL 1 2 A B ) IR S
785, B TR A R R B A, Ry T A
W 750 S o 187 D 4 8 R [ A 14 52 o AT, ] 5 R
AL A, T ELAA BE R TH i 19 3 1 W B30 . 3]
WILONG %55 1l T iEPE R B — o8k, 78 pH A
A 4 B R B R I R 13,65 mg- o', 5 HA I
FUAH EE 2w Pk — o0 10 W W R 570 40 28 5 188



553 1)

AR A B AR B R BROK MR TR B ) WS 309

2 ROk A R R

Tab. 2  Zirconium modified metal oxide adsorbent

W B 5] pH RV (m*-g")  BERRTR WS/ (mg- L) FRIEBfH/ (mg-g™") E= BTN
Fe,0,@Z:0, 4 34.36 [18]
Ce, 21,0, 6 270.6 0~50 112.23 [19]
SP-Zr-La 3 15.87 5~100 452 [24]
magnetic Fe-Zr binary oxide 4 106.2 50 13.65 [15]
Zr-Fe oxide 4 282.02 40 21.3 [16]
am-Zr/MgFe-LDH 3 28.694 10 35.40 [21]
Mg(OH),/Zr0, 4 195.9 30 78 [20]
Fe/Zr-Bead 6.5 28.694 40 24.60 [25]
magnetite core/zirconia shell 6 118.78 50 42.19 [26]
7r0,@Fe,0, 6.5 135.8 2 15.98 [27]
La-Zr-D201 6~8 37.30 20 61.31 [28]
Fe-Zr-La tri-metal oxide 6 50 94.36 [23]
La-Zr-Zn ternary oxide 6.8 52.08 2 71.58 [29]
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Tab. 3  Zirconium modified adsorbent

W B 3R] 4324 W 541 pH R (m’g") BEERRERMEE/ (mg- L) I RIEFfH/(mg-g™) B30Ik
Mg/Zt/CNBC 1 20 39.4 [30]
MFC@Zr0, 2 68.4 10 30 [31]
PR RE ’
ACF-ZrFe 4 10 26.3 [32]
Zr-modified carbon nanotube 3 250 20 8.3 [33]
Zr/La-BTC 4~6 90.12 50 159 [35]
Ui0-66-(OH),@Fe,0,@CFs 2 10 75 [37]
- MFC@Ui0-66 3 1 7.83 [38]
Zr fumarate 3 527.96 20 33.52 [36]
Ui0-66 7 1344.9 20 286.25 [49]
HP-Ui0-66(Zr)-0A 6.5 651.5 30 186.6 [39]
Zr/Al-Mt 3.0 198.6 40.0 18.4 [42]
Zr-modified clays 3.0 10.0 9.5 [40]
B UCHERG + Zr-modified Ca-montmorillonite 4 78 0.2 5.20 [41]
Zr-modified Ca®*-pretreated bentonites 4 108.449 20 13.4 [43]
NH-SA-Zr-bentonite 3 53.8364 40 63.61 [50]
Zr-loaded magnetic CS/PVA hydrogel 5 10 21.32 [44]
BEECPE A Fe,0,-EDTA@Zr(1V) NPs 3.8 4.5 [46]
i s 551 Zr0, functionalized SBA-15 3 603 12.5 18 [47]
D280-Zr 6~7 1.2903 10 47.21 [48]
Zr-GO/Alg 2.03 10 42.86 [45]
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Tab. 4  Effect of pH on phosphate removal by adsorbents

Uil I pH 7 e Wt pH (E AR B pH A E= BTN
SP-Zr-La 2.0~11.0 3.0 11.0 [24]
Zr-Fe oxide 1.5~10.0 1.5 10.0 [16]
Mg/Z1/CNBC 1.0~13.0 1.0 13.0 [30]
Zr/Al-Mt 3.0~10.0 3.0 10.0 [42]
am-Zr/MgFe-LDH 4.0~10.0 4.0 10.0 [21]
Mg(OH),/Zx0, 4.0~10.0 4.0 10.0 [20]
Fe/Zr-Bead 2.0~12.0 2.0 12.0 [25]
Fe-Zr-La tri-metal oxide 2.0~11.0 2.0~7.0 11.0 [23]
La-Zr-Zn ternary oxide 4.0~11.0 4.0~9.0 11.0 [29]
MFC@Zr0, 2.0~11.0 2.0 11.0 [31]
MIL-101@Zr(DS) 3.0~12.0 3.0 12.0 [51]
MFC@UiO-66 3.0~12.0 3.0 12.0 [38]
Zr-loaded magnetic CS/PVA hydrogel 2.0~11.0 5.0 11.0 [44]
Zr-modified calcium-montmorillonite 4.0~10.0 4.0 10.0 [41]
NH-SA-Zr-bentonite 3.0~9.0 3.0 9.0 [50]

F5 WRRREL R IE X R 25 B R R A S

Tab. 5 Effect of phosphate concentration on phosphate removal

W B pH BRRRERVREE/ (mg- L") WRBMFIEOM &/ (g L) SHRES S5 300k
Mg/Zx/CNBC 1 10~50 Freundlich [30]
Zr/Al-Mt 3 20~50 2 Langmuir [42]
Zr/La-BTC 4 1~200 1 Langmuir [35]
Fe-Zr-La tri-metal oxide 6 5~100 0.4~0.6 Langmuir [23]
Ui0-66-(OH),@Fe,0,@CFs 7 0~300 1 Langmuir [37]
MFC@Ui0-66 6.5 2~50 1 Langmuir [38]
Zr fumarate 5.5~6.0 5~25 0.1~1.0 Langmuir [36]
Zr-modified Ca**-pretreated bentonites 7 2~35 1 Langmuir [43]
Zr-modified carbon nanotube 7 5~50 1 Freundlich [33]
Zr-GO/Alg 6.5 2~150 0.2 Freundlich [45]

F6 AP BT X 2 BRI R Y R

Tab. 6  Effect of coexisting ions on phosphate removal by adsorbents

A7 BT IS

W B3 e T A7 B F SRR ER Y T E L A P HOT B T B B EEPUN
Zr/Zn modified ceramsite Ca™ Mg™ 2~8 Haom [53]
SP-Zr-La HCO,” 0.5~20 EUE [24]
Zr-Fe oxide HCO,” 0~5 B [16]
am-Zr/MgFe-LDH HCO, B [21]
magnetite core/zirconia shell Si0,.C0,” 6 B [26]
710,@Fe,0, CI".NO, .80,> 1~100 2N [27]
Zr/La bimetallic hydroxide fibers HCO, .F~ 0~10 il [52]
Fe-Zr-La tri-metal oxide CI".NO,” . HCO,” 0.5~5 /N [23]
La-Zr-Zn ternary oxide CI"\NO," 1~100 AU [29]
MIL-101@Zr(DS) CI".NO, .80, HCO,” HA 5~80 5~80 0.5~5 0] i BE LE A 4010 ) it 41 ) [51]
Ui0-66-(0H),@Fe,0,@CFs NO, .80, .C0,> 5~10 PALAN [37]
MFC@Ui0-66 CI"\NO,".S0,” HA 5~800.5~5 EALMN AN [38]
NH-SA-Zr-bentonite HCO, . F 5~500 M [50]
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Tab. 7  Effect of temperature on removal of phosphate by adsorbent

2 B30 D T R L/ °C S5 1 W2 R S8R BE AL/ °C AL 2 E= U
SP-Zr-La 15~45 45 [24]
AG®:=37.0 kJ-mol ' (#£ 15 °C)
Mg(OH),/Z10, 15~35 35 AH’:13.4 kJ-mol™ [20]
AS°:0.175 kJ-mol™"-K™'
AG®:-0.878 kJ-mol ™' (£ 20 C)
Zr-Fe oxide 20~40 40 AH®:9.147 k] -mol ™! [16]
AS°:0.034 kJ-mol - K™
AG®:=5.91kJ-mol ™ (¥£ 30 C)
Zr/Al-Mt 25-35 35 AH° :17.64 kJ +mol™ [42]
AS°:0.078 kJ-mol ™" - K™
AG’:-19.81 kJ-mol (£ 17 °C)
am-Zr/MgFe-LDH 17~51 51 AH°:24.54 k] -mol ™ [21]
AS°:0.078 kJ-mol ™" - K™
AG®:-0.593 kJ-mol ' (7£25 C)
La-Zr-D201 15~45 45 AH":19.671 kJ-mol™ [28]
AS°:0.026 kJ-mol ™' - K™
AG®:-3.830 kJ-mol ' (7E 4 °C)
Fe-Zr-La tri-metal oxide 4~40 40 AH°:125.7 kJ +mol™ [23]
AS°:0.026 kJ-mol ™"+ K™'
AG°:=1.31kJ-mol™ (#£20 °C)
Zr-modified carbon nanotube 20~40 40 AH":50.3 kJ - mol™ [33]

AS°:0.176 kJ -mol ™ - K"
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Fig. 1 Schematic diagram of the combined mechanism of phosphate adsorption
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