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Study on preparation and phosphorus removal

performance of Ce-Zn composite adsorbent
LI Xiuling, LIANG Hanyu,ZHONG Lanyan, WEI Yansong
(College of Chemical and Biological Engineering , Hechi University , Yizhou 546300, China )

Abstract: Using Ce(NO,),-6H,0 and Zn(NO,),-6H,0 as raw materials, the Ce—Zn composite adsorbent was pre-
pared by co-precipitation method , and was characterized by Fourier transform infrared spectroscopy (FT-IR) , X-ray
diffraction (XRD) and scanning electron microscopy (SEM). The adsorption process was fitted by kinetics and ther-
modynamics. The optimum process conditions for phosphorus removal were determined by orthogonal experiment.
The adsorbent was regenerated to study its recycling performance. The results showed that hydrated cerium oxide
and zinc oxide particles were formed on the surface of the composite adsorbent, and the surface was rough and po-
rous. The main reason for phosphorus removal was that phosphate ions replaced the metal hydroxyl groups on the
surface of the composite adsorbent. The optimum conditions for phosphorus removal were as follows : initial phospho-
rus concentration of 5 mg/LL, pH 4, dosage of 0.07 g, and time of 240 min. The adsorption process conformed to the
Freundlich isotherm model and the quasi-second-order kinetic equation. The reaction was spontaneous and endo-
thermic. The adsorbent was recycled by lye for three times, and the phosphorus removal rate was kept above 90%,
which proved that the adsorbent could be recycled.

Key words:compound adsorbent; phosphorus removal ; adsorption
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Fig. 1  XRD pattern of Ce—Zn composite

adsorbent and standard card
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Fig. 2 The FT-IR spectra of the Ce=Zn composite
adsorbents before and after adsorption
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Fig. 3 The SEM spectra of the Ce=Zn composite
adsorbents before and after adsorption
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Fig. 4 Isothermal adsorption fitting curves
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Table 1  Adsorption isotherm fitting parameters
Langmuirﬂ"iﬂ Freundlich # Y
i/ 07
C n 2 2
(e K R 1/n K, R
25 19.49 0.362 0.9663 0.4055 11.884 0.9845
40 18.28 0.174 0.9300 0.3812 12986 0.9870
60 18.45 0.148 09351 03689 14359 0.9947

i1 2 1 9] 401, Freundlich 55 iR 4 &1 19 R2 %% K, AT
LB - b 415 3R Ce—Zn 52 6 W R 590 A W8 BFF 153 ol oo 7
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Fig. 5 Kinetic fitting curves of phosphorus
adsorption with Ce=Zn composite adsorbent

£2 Ce-ZnEAWMFIXBERRME N FEUESH
Table 2 Kinetic fitting parameters of Ce~Zn
composite adsorbent for phosphorus adsorption
IE— G I 3l 7 2 B A HE B 3l g 2 A
Q/(mg-g™") k /b R? Q/(mg-g™) k/(g-mg'-h") R
1.976 1.6172 0.856 6 10.070 7.353 0.999 8
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Fig. 6 Thermodynamic fitting curve
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Fig. 7 Adsorption thermodynamic fitting
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Table 3 Adsorption thermodynamic fitting parameter

AG/(kJ+-mol™") AS/ AH/
25 °C 40 °C 60 C (J-mol™-K™")  (kJ-mol™)
-9.848 -12.548 -14.008 0.4781 83.61

i3 3 Al %0, 25.40.60 ‘CH AG Y R {E , AH .
AS P09 IEAH., 3% B W B B B O AR R B AR, Ho TR
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Fig. 8 Effect of adsorbent dosage on
phosphorus removal performance
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Fig. 9  Effect of pH on phosphorus
removal performance of adsorbents

r &9 AT, FERRME 51 L Ce—Zn 52 4 W B 10 X6
W 00 25 Bk SR At W 5 pH B9 BT, Ce—Zn B 4 WL FfE
FRRT 5 14 2 B3 25 T o £ BB AT, ik 22 S K R Ce—Zin
A2 T R R B e X LB T B TR RRAR B T & B 1%
PR 8 R AR BE A, 2 PR Ik 55 Wl R 3k & A A 38 4

FEK WP, B B EAFE IR S N HLPO,
HPO,” " W W R PE i 7 WP D HLPO, TR £, B
A0 pH AT Bl W B 5] 2 15 1Ak, T 38 o g i 5]
T 4 1E R far , DA B T I B R 3R TS HLPO, = ]
ML S| T, R BOM B BRSBTS R E M
ST LB i pH 23 fot W B SR 2 1A B E fer L DA
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Table 4  Orthogonal experiment results and range analysis

N B:Ce-7n C: A 3
e AR g A i S om i
/g (mg-L™") ¢
1 120 0.03 5 4 98.66
2 120 0.05 15 6 85.66
3 120 0.07 10 5 99.25
4 180 0.03 15 5 89.87
5 180 0.05 10 4 99.52
6 180 0.07 5 6 98.54
7 240 0.03 10 6 94.80
8 240 0.05 5 5 99.0
9 240 0.07 15 4 99.37
K, 283.57 283.33 296.20 297.22
K, 287.93 284.18 293.57 288.12
K, 293.17 297.16 274.90 297.00
k, 94.52 94.43 98.73 99.18
k, 95.98 94.72 97.86 96.04
ky 97.72 99.05 91.63 93.00
R 3.20 4.62 7.10 6.18

FH 3% 4 AT, 2 /K00 4 Jo e k82 o) Wl 1) 2 o 32 5
Wi f52 K, pH | Ce~Zn 52 55 W R 55 45 110 K 22, Ik [] 52 0
/N B T AR WA BT B2 5 mg/L . pH 2 4
Ce—7Zn 52 A WLREFIEE N4 4 0.07 g B[] 28 240 min.
26 REIZEHREMRIE

S RSE I I E e A T2 S i R ok 45
RWFESrw.

H1 3R 5 AT, B 25 BRI E FT 3K 99.56% , AT bR
e 250 0.95% ,IE B L T 20 %A e
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R5 REXGEEXR
Table 5 Repeat the experiment under optimal conditions
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Fig. 10  Comparison of phosphorus removal
performance of different adsorbents
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Fig. 11 Regeneration effect of Ce~Zn composite adsorbent
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