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Analysis on the Removal Efficiency and Mechanisms of Phosphorus by Modified
Zeolites Substrates Coated with LDHs Reacted by Different Metal Compounds in

Laboratory-Scale Vertical-Flow Constructed Wetlands

ZHANG Xiang-ling, CHEN Jun-jie, GUO Lu, CHEN Qiao-zhen, WANG Xiao-xiao
(School of Civil Engineering and Architecture, Wuhan University of Technology, Wuhan 430070, China)
Abstract: Six kinds of metal compounds which were CaCl,, ZnCl,, MgCl,, FeCl,, AICl,, and CoCl,; were formed nine kinds of

different combinations in the alkaline conditions to synthesized LDHs ( Layered Double Hydroxides) , which were in-situ coated on the
surface of zeolites. With the filling of the original and nine kinds of modified zeolites in the columns to simulate a laboratory-scale
vertical-flow constructed wetland system, the experiments of purified phosphorus were conducted. Combined removal efficiency with
adsorption isotherm data of the ten kinds of zeolites, mechanism for strengthening the removal rates of the phosphorus by the modified
zeolites was studied. The results showed that compared with the original zeolites, the removal rates of the phosphorus by nine kinds of
modified zeolites were enhanced with various degrees. In the cases of Zn involved in the modified zeolites, the removal efficiencies of
phosphorus reached a high quality. Especially, the ZnFe-LDHs had the average removal rates of the total phosphorus, the dissolved
phosphorus and the phosphate were over 90% , and its maximum adsorption capacity of the phosphorus was three times higher than that
of the original zeolites. Therefore, by means of increasing the adsorption capacity and improving the chemical adsorption ability of
phosphorus, the modification to coated LDHs on the zeolites reached the aim of strengthening the purification of the phosphorus.

Key words : vertical-flow constructed wetlands; zeolites subsirates; coated modification; mechanism of phosphorus removal; ZnFe-

LDHs; adsorption capacity
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Table 1  Modification methods of zeolites
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Table 2 Concentrations of pollutants /mg-1.~"

miH COD v T B BEREE (LA PIT) pH

e RE VG 38.20 ~ 159. 25 1.63 ~2.95 1.28 ~2.37 0.39 ~0.53 7.13 ~7.37
M 110. 61 2.45 1. 80 0.44 7.20
B 22 39. 14 0.42 0.37 0.05 —
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Fig. 1 SEM image of original and ZnFe-LDHs modified zeolites
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Table 3 Main chemical composition of zeolite substrates before and after modification/%

o P
1 2 3 4 6 7 8 9 10

Si0, 70. 09 71. 44 71.32 71.15 72.32 71. 89 71.21 70. 94 71.61 74. 45
AL O, 18.18 17.42 17. 46 17.57 17. 40 17. 60 17. 11 18.15 17.53 17. 06
Fe, 0, 1.26 1.25 1.18 1.10 1.03 1.15 1.09 1.15 1.09 1.03
Ca0 0.91 0. 70 0.92 1.11 0.76 0.59 1.07 0.76 0. 87 0.55
MgO 0.21 0.22 0.37 0.24 0.19 0.36 0.22 0.35 0.19 0.13
Zn0 A 0.17 A ke 0.11 N oA ke ki 0.12 A
cl 0.68 0.37 0.39 0.38 0.16 0.25 0. 64 0.29 0.35 EN A
VPN 2.84 2.54 2.71 2.93 2.61 2.67 2.98 2.57 2.79 3.74
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Fig. 2 Average removal rates of TP, TDP and phosphate with

original and different modified zeolite substrates

R4 BUIHRBIENFTEST(ZEILE )T AR
Table 4 ANOVA analysis of removal rates of TP, TDP and phosphate

with different modified zeolite substrates (Jonckheere-Terpstra Test)

; BEM P RE P REN: P

HRIRAE Q=Y (AR B ) (BEh)
1 0.002 0. 208 0. 000 **
2 0. 000 ** 0.002 ** 0. 000 **
3 0. 000 ™ 0.045 0. 000 **
4 0. 000 ** 0.019* 0. 000 **
5 0. 000 ** 0. 165 0. 008 **
6 0. 000 ™ 0. 288 0. 000 ™
7 0. 000 ™ 0. 006 ™ 0. 000 **
8 0. 000 ** 0. 008 ** 0. 000 **
9 0. 000 ** 0.007 ** 0. 000 *
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Fig. 3 Adsorption capacity of original and different modified zeolites

substrates with different concentrations of phosphorus

®5 BMHAERBEE Freundlich FRIF M2
REMEXSH
Table 5 Freundlich adsorption isotherms of phosphorus with

different modified zeolite substrates in experiments

SRk Freundlich W fff 77 72
n IgK R?
1 0.6753 2.166 1 0.9651"
2 0.8286 2.3819 0.9527*
3 0. 808 3 2.096 6 0.9950™
4 0.8227 2.099 8 0.9977*
5 0.796 2 2.3121 0.9754 ™
6 0.8226 2.0835 0.9942 ™
7 0.7957 2.1938 0.9909 ™
8 0.7873 2.0956 0.994 5™
9 0.7583 2.1252 0.9920 "
10 0.7972 2.046 1 0.9950 ™

1) * FRBEKT; + + FRk B EKF, R

R6 BHMHAERBEE Langmuir ZERMAREREEXESEH
Table 6 Langmuir adsorption isotherms of phosphorus with

different modified zeolite substrates in experiments

Langmuir % B i

ke

ERRE o — © =

g kg

1 1111 6. 111 0.9270*
2 3333 12. 00 0.983 4™
3 1429 10. 00 0.9959 ™
4 1429 10. 00 0.9979 ™
5 1667 6. 667 0.9753 ™
6 1250 8. 750 0.992 4™
7 1250 6. 500 0.9959 ™
8 1250 8. 625 0.9963 ™
9 1250 8. 000 0.998 4 ™
10 1111 8.333 0.9894 ™
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