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Mechanisms of Phosphorus Removal by Modified Zeolites Substrates Coated

with Zn-LDHs in Laboratory-scale Vertical-flow Constructed Wetlands
ZHANG Xiang-ling, HUANG Hua-ling, GUO Lu, CHEN Qiao-zhen, RUAN Chong-ying, LENG Yu-jie
(School of Civil Engineering and Architecture, Wuhan University of Technology, Wuhan 430070, China)

Abstract: Zn-Layered double hydroxides (LDHs) were selected to carry out the experiment in present work based on the previous
research results. According to the co-precipitation method, three kinds of different Zn-LDHs ( FeZn-LDHs, CoZn-LDHs and AlZn-
LDHs) were synthesized by ZnCl,, FeCl,, AICl;, and CoCl, solution in alkaline conditions and Zn-LDHs were in-situ coated on the
surface of natural zeolites. With the filling of the natural and three kinds of Zn-LDHs modified zeolites in the columns, test experiments
were conducted to study the removal performance of phosphorus in vertical-flow constructed wetlands. The results showed that:
compared with the natural zeolites, the removal rates of phosphorus by the three kinds of Zn-modified zeolites were greatly improved,
especially for FeZn-LDHs. Moreover, the maximum adsorption capacity and the desorbed performance of phosphate were enhanced by
the Zn-LDHs coated modification. The adsorption type of phosphate was converted from physical adsorption to chemical adsorption.
Through reasonable selection of the type of zeolite and the method of modification, Zn-LDHs modified zeolites could be used to enhance
the removal of nitrogen and phosphorus for the eutrophic water.

Key words : constructed wetlands; zeolites; Zn-LDHs; coated modification; mechanism of phosphorus removal
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DA S B P 9 8 25 T e DAY kg mT 5 rgofly L 5 T o
A FE SRR R LA LD RE , 39 5 Bk 41 B O B R Y
RERBICR , B2 e 41 FE B A BR A I RE.
TERTHIRFFE LR FEA 11220 AR S i v 1
Zn % LDHs >R 3 F 3 &R S H15 ZnCl, 58
3 B Zn-LDHs , DLl 415 O SRR GEAT B IR A, 1)
PRSI BN TR R SC g R A T W R L PR Y
AL SR, I X S T i AT A6 A R S
figt W S LA Bl F7 2 W B S, B s T R B
SR BRBASCR BOAE AL 38 1A X Pk R £ Y

LDHs Bkt 5 28, DL Ry i Ak 3 J i A TR
FREERCRAY B AR AL RIS

1 #RE5FE

1.1 SHEscs vk
1.1.1  Jlfih A 5L

PEAT AP ST | TR B S 5 R R e v A S 5 1)
A1 FE SR BRI BUREIR , 2 M0 i 1 0 s Ay R R
RAE N 1.0 ~3.0 mm; R EE/FESHE 1
B,

®1 ERBAEFFESH

Table 1  Characteristic parameters of natural zeolites

T H S A%/ mm HEE/ g em ™
1.

He BV E /g cm 3

FLB/ % BET L& T/ m g~

g
vy ira 1.0~3.0 961

1. 042 25. 340 7.120

1.1.2 255

FALEE(AR) | KA E L (AR) | ASKER
L (AR) | NIKA FAALE (AR) FTE A4 (AR)
R B E 254 AL AR A R A
1.1.3 Rkt se s ik

Zn-LDHs ( FeZn-LDHs, CoZn-LDHs, AlZn-
LDHs ) S0P 47 R B8 25 140 T /K AR 05 19
Bl 45, LAk % FeZn-LDHs B tEwh 47 R 0l B d%e —
M5 =ME&EcRE Ll 2: 1L E 1Y ZnCl, HEH
FeCl, %K RN 31 R 4 B b A 1Y 1 L 2818 K
Al K R 2 & 80°C, I AR BT I A 25%
NaOH B pH 4EF5TE 11 ~ 12 FReed 20+t 4 h
JE B R BRSP4 000 ~1 500 remin = BOA3ES
10 min; 1 J5 H 25 8 FACK 38 Bk v 2 i vk 2
Pk FeJm BT 100°C LA HET 16 h 5B B A
FeZn-LDHs 75 JE 0P il £ 5L .

1.1.4 LDHs 7Bkt 06 4 Y L Rek R AR

FEJTAL 2F 53 X 2 V6 IS AL ( XRFS, Axios,
Panalytical. B.V, Holland) ; &5t W RHE: . 39 & 5T
Hl B 7 % 3 8 ( FE-SEM, Zeiss Ulira Plus,
Germany ) ; JEJ5T LU TH X . 42 B 3l L3R 11 AR A AL B
FE 43 ( ASAP-2020, Micromeritics, USA).
1.2 Hfscs ik
1.2.1 Ffbcge s

REAE B TR/ MK R Gk 4 RN R
8 cm, B E N 25 em B PVC AT, 43 2545 20 em
i) FeZn-LDHs . CoZn-LDHs F11 AlZn-LDHs i35 A
F b A 30T s K A e A A ICHE .
1.2.2 oK e

FAb S5 BT FH K T BTG K AR 3] rh
IR TR ul R AR IS K. AR K A A i 445
M 2 fiR.

F2 HiXREEREKKRER / mg- L'

Table 2 Water quality indexes of test mixed raw waster/mg-L ~!

EELER pH TDP SRP
J R B 6. 800 ~7. 360 2.149 ~3.178 1.663 ~2.614 1.376 ~1.752
T 7.160 2.735 2.111 1. 606
BRI 2 0.170 0. 388 0. 407 0. 107
1.2.3 Jbscgisi T #rat Germany ) 15 ; VB A5 A L R FH o A 1R 0 410

LR AL S5 R G R H B 8RGE 1T 05 5K, B
PS5 FE IR K 1 Bafar R 65 L (m*-d) ', K F1 4
FRRHE] (HRT) A 24 hy JEdE4T 10 Ak 256 5 1.
BE TSI BB AT ) A 2015 4F 3 F % 2015 4E 10
A1k, it 8 4.

1.2.4  §ALSER S Hrde b KOk
K¥E pH {H R A pH T ( Sartorius, PB- 10,

TE-FRBE PTG RV BRI Eh R AR BT 2060k
L.
1.3 Ao SOt 2R A B S 0y ik
1.3.1 SRR SE LS

3 XS DR T Ay B 5 Al Sl R A 7 R R
95 2 S TR R R S 56 - R KL, PO, A v 8 Y T
MR AR BT e B (0, 1,2, 4, 8, 16, 32, 64



3060 AN 5%

B 37 %

mg- L") BEAWAZE 100 mL T 250 mL B ZEHEIE
o IR R B 10 g JERT, AR R 25°C +
1°C /3 120 vemin = W SRAF T BRI B TE
AR e R 24 h; g SR e R
WA %) o R VA . MR L e B ) A Ak AR R i
ATl 22 )00, 2 o 1l 2 R O S i 2k
1.3.2  f#IWSLS:

FHZENBR KK 134 3 R R RS2 6 5 1% s 4 R o vk
B2 ~3 K, BT 250 mL HIEHIEHMH, 43 5mA
50 mL 0.1 mol-L™" NaOH #1150 mL. 5 mol-L""
NaCl ¥ Wi, 76 IR Bl 25°C = 1°C. % & K 120
remin T SRR BT EIBIRG S TR 24 b IR
G a R L UE M b R PR A R
1.3.3  Zh i #m s

14 10 g Zn-LDHs 78 R5 2l M il A7 0 i 46 b A 55
Jis3oi 5 100 mL #) 46 BT B E (LA P it) b 4
mg- L' KH, PO, bRt BIR A5, & T 250 mL H
FEHIR T R E N — RIS S E T
HEEHN 25C + 1°C #5300 120 r-min ' Y TEIRIR D

() FeZn-LDHs ek b 17 3k 1
(Mag: > 10 000, 4F#3: 1 um)

(c) AlZn-LDHs et b HE 1
(Mag: X 5 000, 43 #F: 1 um)

N '#; ." I ...’ . i
\, “3 ' . 5 .
v [

iRy, Rz fE i U, W LR
JiEE R

2 HREWE

2.1 Zn-LDHs it 4 i 78 IR AE

53 MR Zeiss Ultra Plus 3 & S99 4 F - W i3k
BEFN Axios advanced X S-S R IRk A1
3 F Zn-LDHs gt il A7 147 35 J5 2 00 5 ULl
RACFH B0, 1 R 3 ko3 5 M 5 G
A FEY FE-SEM B3 MU R 4506 A 55
FEA A U N3 3 R,

MET (d) ATRUR IR, JRAR A R G
43 DX 3k 22 I A bR I, 3 G 4B 120°
i BIARIAEL L EHE S AR Z R RIEA,
SRR WA RRIEBCA AL 5 2Z X0, FeZn-LDHs
SPESR AR [ 1 (a) 3N 7MY BT, H
r S DX 3 T B S UL 28] — 2 A /NIRRT
RPN ; CoZn-LDHs b 7 36 i i [ & 1
(b) THHXF I b i A 1m0 =, B TR Z 40/

(b) CoZn-LDHSsHCH: 345 1 1
(Mag: % 5 000, 43+#E3£: 1 pm)

(d) Bl ish 41 HE JESEM ¥ %
(Mag:=5 000, 4+ #8341 um)

1 RIgREEHAER FE-SEM B
Fig. 1 FE-SEM images of natural and modified zeolites
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(R, I DA R IE A7 7 T 3L K 15 AlZn-
LDHs BiePEs 4 26im [ 1 (c) ] FEE LA/ N
AR BB A TR AR kA, HR T R
BRI E AR, LRA R, 8 B R TR LR
f R IS,

JE— B AUE Zn-LDHs 78 T J5U 4G ok 47 56 5
FIM, R X PR} Zn-LDHs S wi e ik 47
ST A RN 5 . INFE 3 AT, TR A
ALY 5 R Si0, | ALO, | Fe,0, . CaO . K,0,
X —ZE I 5 2 XA b A R Ak 2 B o A 4 SR
— GRS TR AR AT FE-SEM [ B 1 (d) JHYEE

Al AT W AR S 30R F  l AR

SR ONRARI iV Q i P ARSD Y T Al ot e
B3 ) 5 43 B 25 S v L B, FeZn-LDHs B0 b
A1 Fe, 0, BT /0803 0 T 0. 300% ,Zn0O F1 C1 (1)
JoT 6 4 B8RRI 0 B A B R R R 2 Sl 0.510% il
0.540% ; CoZn-LDHs F1 AlZn-LDHs U6 A i 20
BT AR AR AR A 5 25 R, ZnO FT C1 1 H I 46
WA ARG A2 Ak B — o it o B, U0 R
FHEALY FEAT B9 Zn-LDHs 7 [ e v I 4R b A, 4
XTI b 1G0T O BT SRR R A2 0T R 1 T
SEL, G55 FE-SEM ZRAE 7 B 00 I I 4R i £ 356 o
F &AM A LSS R T R E |, Zn-LDHs B 15T R4
i EEEIR

R3 WHAEEAEREEXLERSNRES %

Table 3 Mass fractions of main chemical components of zeolites substrates before and after modification/%

Zn-LDHs BCPE#h1 FUS 6 US4

5y FeZn-LDHs BtH:dk£7 CoZn-LDHs i3 41 AlZn-LDHs i 47 SR BT
Sio, 73.920 75. 050 75. 040 76. 140
AL O, 17. 140 17.020 16. 780 17. 080
Fe,0, 1.310 1. 050 1..090 1.010
Ca0 0.320 0.280 0.390 0.310
K,0 0.150 0.130 0.170 0.140
Na, O 0.510 0.470 0.420 0. 041
Co; 0, KA 0.130 Feker Sk
Zn0 0.510 0.240 0. 300 A
cl 0. 540 0. 280 0.370 HeAsr H
et 5.370 5.150 5.240 5.020

2.2 A BT A FIOE A BE L ASOR
2.2.1  JEAR KRl BB RO

JF UG K Zn-LDHs sCtEdEA 6 TP (1735 B %
WK 2 fr78. FeZn-LDHs. CoZn-LDHs, AlZn-LDHs
ORIl AT A0 BB Wl A7 R TP RS 1 25 R A )l
75.03% . 58.94% . 61.33% F133.42% . FX T J5

Bl TP 19 £ BR 3, Zn-LDHs BCPEE A %5 TP ~F
P2 Bk 14 0 4 51 35 8 41.61%  ( FeZn-LDHs) ,
25.52% ( CoZn-LDHs) H1 27.91% ( AlZn-LDHs ) ;
Hrft FeZn-LDHs 20341 X TP 2% 5% 0 £ T+ 8500
SR K TP YAk SO e EA T B R R 22 40 AT
AR ZSS BE (P<0.05).

55 AW AT A E , Zn-LDHs 2 il A7 5L 5 TP
BRI B HG BR , 3% 32 B PR A J 0 o A 3L 5
PIEBFLIE 2 FH T PR B - 1 28 48t , Ak R 25 4 1 A
AR B ffi £ HR AT S ) DR X T X
FER O A B 15 e, SRR RE 1 3LMIK s 1148 Zn-
LDHs 7 50 A7 BE 5T, — 5 T 3G /i 1 e 264k 4% T
R, AR S T 7 M s i Ui TE s o5 —
75 1, ROPES T BE AR T A PN ALAE | R i 2 A

SR, b AR UE T B A WL KE. TR B, Zn-LDHs
(FeZn-LDHs ., CoZn-LDHs ., AlZn-LDHs) 78 I 5 A% B
PEBE AT, SI0, 14 5T 43 BORE D6 T 5 46 i A1 43 i) Dk
T 2.22% . 1.09% Fl 1. 10% 5 A WFFERY, Bk
RIS Si0, Bemy, 25 2y (8415 35 5T B
AE SR R0, BeAh, K Zn-LDHs J& (0 skt ik £,
M7 2000 LDHs HATHm 14 J2 ] 11 85 728 # ik
1, B2 — & A IE P £ 45 Zn-LDHs
O S B3 AT R X TP 25 30k SR 1 R s 2 4 T g
HFHE.
2.2.2  JEUHR KLU A X VS A A R

4 FhEE O fRE BB (TDP) A28 5B R 40
P2 B, AR JE G il A1 %) TDP (473 2 Bk
FAUH 26.80% , 1 Zn-LDHs B3k 41 %F TDP -1
FBR AR 1K F] 77.50% ( FeZn-LDHs) . 56.81%
(CoZn-LDHs ) F1 59.83% ( AlZn-LDHs). 5 Zn-
LDHs B0l A X5 TP e Ab 28 SR 46 i B i A AH
FEABL, AR S50 A AN [ B P X TDP A9 25 BR 6 77 3%
55HE IR N . FeZn-LDHs > AlZn-LDHs > CoZn-LDHs.

WX TDP (142 Bk 32 B AR SE W B RN v /R
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T3 A7 & B A+, PR ot DA R R o0
BAELEIE S TDP (W BHE I 2232 81— 52, A
XTI A WA HE T FE-SEM &% (K1 (d) ],
Zn-LDHs S0P J5 i A R m [ K 1(a) ~1(c) ]
BT AR, R FORH A ' W A 2R 1T AR BB 4 4%
BLICTEHE S WA, B AR R 1 25 1o Ry 9l 1 0 —
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Table 5 Kinetic models for phosphate adsorption on Zn-LDHs modified zeolites and natural zeolites

. WE—23) 1% WK 1%
e Jmgeg~! qe, mlﬁl ky /! R q., mlﬁl ky | R
/mg-g /mg-g /g (mg-h)
FeZn-LDHs 0. 034 0.019 0.336 0.953 1 0. 036 31.298 0.995 5
CoZn-LDHs 0.011 0.012 0.168 0. 8803 0.014 13. 064 0.908 7
AlZn-LDHs 0.035 0. 030 0.210 0.9515 0. 039 9. 062 0.9613
A 0.011 0.010 0. 125 0.9809 0.012 13. 882 0.9158
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