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Abstract: Sodium and zirconium modified zeolite (Zr-Na/Zeolite) was prepared through ion exchange of
sodium chloride and deposition of zirconyl chloride octahydrate. The effects of pH value, ammonium and
phosphate initial mass concentration of adsorbate and temperature on the removal of ammonium and/or
phosphate from aqueous solution containing ammonium, phosphate, and ammonium & phosphate by
Zr-Na/Zeolite were investigated. The results showed that Zr-Na/Zeolite had a significant enhancement on
phosphate adsorption while kept good ammonium adsorption efficiency compared with Na/Zeolite. The pH
value of solution had a different influence on the adsorption efficiency of ammonium and phosphate. The
ammonium adsorption performance was relatively high at pH 4~8 and the maximum adsorption capacity
was 4.5 mg/g. The phosphate adsorption performance decreased gradually with increasing of pH value.
When the pH value of solution changed from 2 to 10, the adsorption capacity of phosphate decreased from
4.71 mg/g to 2.20 mg/g. When the dosage of Zr-Na/Zeolite was 0.2 g and the ammonium and phosphate
initial mass concentration of adsorbate increased from 10 mg/L to 200 mg/L, the adsorption capacities of
ammonium and phosphate increased from 1.42 mg/g to 11.60 mg/g and 2.46 mg/g to 11.80 mg/g. When the
temperature of solution increased from 25 °C to 45 °C, the adsorption capacity of ammonium increased by
10%, and that of phosphate increased by 11%. The process of ammonium and phosphate adsorption by
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Zr-Na/Zeolite was well fitted to the pseudo-second-order equation. Zr-Na/Zeolite could be regenerated by

using a mixture of 0.1 mol/L NaOH and 1.0 mol/L NaCl, and almost kept the adsorption efficiency for

ammonium and phosphate after being recycling fourteen times.

Key words: sodium chloride; zirconium; adsorption; phosphate; ammonium; dual-functional zeolite; water

treatment technology and environmental protection
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SR A Y B A I A AR, MBS AT A
AT RIS R SR b A7 ELAA B PR RE o R AR A Rk
AMEFEANRILE 1. N Na/Zeolite B AT LIF
i, alId NaCl st , Wb Me? el Na it
1R, Ca® R4 Bk Na B, Zr-Na/Zeolite Y41 AL
LKW, It PR, BT BGE 12.4%10
BRI gk B) T KRR A L.

RO RS X SRS AR
Table 1 Chemical compositions of natural zeolite and
modified zeolites determined by XRF

JBi e 53 5%
K Ca Ti Mn Fe Zr

Na Mg Al Si

Zeolite 2.23 0.27 9.16 34.3 1.21 2.05 0.09 0.11 0.80 0
Na/Zeolite 4.87

Zr-Na/
Zeolite

0 8.47 34.0 1.54 0.75 0.10 0.11 0.73 0

3.83 0 7.09 28.6 1.19 0.54 0 0.09 044 12.4

2.1.2 XRD o #f
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XRD patterns of natural zeolite and modified

zeolites

Fig. 1

2.1.3 SEM #= TEM & /&

KRB A CPERT . J5 9 SEM FI TEM R A L&
2, ATUUES], MRt . J5 0 X 5 SRR &
AR R 2RSSR, 10 B AN R RS st e R SR Wk A 1 45
A R, X AN4E58 5 XRD 458 —3.
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¥ 2 SEM ( A-Zeolite ; B-Zr-Na/Zeolite ) 1 TEM
( C-Zeolite; D-Zr-Na/Zeolite ) &
Fig. 2 SEM images (A-Zeolite; B-Zr-Na/Zeolite) and TEM
images (C-Zeolite; D-Zr-Na/Zeolite)
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WA iRpH

W BRI E AN BT i 0.1 g, BEADUKEERRR 50 mL, 2] i BT ik
B 10 mg/L
Bl 3 A pH Z4F T otk A W B2 R 0%
Fig. 3 Effect of pH on adsorption capacity of ammonium
on modified zeolites
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Zr-OH +H,PO; = Zr(H,P0O, )+ OH"
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Fig. 4 Effect of pH on adsorption capacity of phosphate on
modified zeolites

2.2.3  pH #*t Zr-Na/Zeolite "R H & R A= 5549 7%

1E 25 °CF, Zr-Na/Zeolite (0.10 g) #AnAZF|
50 mL &4 PO; (10 mg/L) F1NH; (10 mg/L) HY
REVERT, 187 pH=2~10, HE T AF pH T,
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5L
4|
®
2t
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1 - FAKM & /(mg/g)
—o— I i B/ (mg/g)
‘T2 5 4 5 6 7 8 9 101
AT IHpH

Kl 5 pH X Zr-Na/Zeolite W [ & S0 I 14 5% i
Fig. 5 Effect of pH on adsorption capacity of ammonium
and phosphate on Zr-Na/Zeolite

MIE 5 ATLIAEH, Zr-Na/Zeolite X7 24 & Bk
TE 55 W v 22U U RTl 17%) W o6 5 B b 3 5 U R K R
BRI Qb 3 I K IS P A B R D AR ARL, U D) —4H
I3 A 0 T s Ay W B 2 2R B 1Y) e T IR R
M o 280k BRI RE et i AR ek A T DA ] sk A B K

Bt e T 2 R A B
224 R EAEE ISR E R AN Zr-Na/Zeolite & M
R Hh

e 25 °CF, 2 R ABE R U6 B e B2 50531
10, 20, 50, 100, 200 mg/L, ¥ pH H 2.0,

Zr-Na/Zeolite FWE B 5 15 20 AR ) b I e Vi 32 1Y
KRWE 6. MIE 6 nLIFEH, S0 WL i bl
AR BRI ER TR, M 1.42 mg/g #2753
11.60 mg/g; iYW B 2 N 2.46 mg/g 42 & 3
11.80 mg/g.

12+ —a—FREHE
—o— BRI i

% it /(mg/g) _
S N o] (=)

N

00 2I0 4I0 6I0 8I0 l(l)O 1I20 1;10 1I60 léO 2(I)0 2&0
RANBI IR R EIRE/ (ng/L)
W BRSNS & 0.2 g, BLAIKFEAAFR 50 mL, pH=2.0, T7=25°C
Fle A B IR T i i B2 X Zr-Na/Zeolite W B R 1
AL
Fig. 6 Effect of ammonium and phosphate initial mass

concentration of adsorbate on adsorbing capacity by
Zr-Na/Zeolite

33t Zr-Na/Zeolite "R Hf & R A= 5 049 % 0
ARSI, Zr-Na/Zeolite (0.20 g) #fin A%
50 mL 439 &7 20 mg/L Y PO; FIl NHIE W,
Y pH=2.0, WK BFFEF[E] 24 h, 25581 AN [a) W BRI RE A
Zr-Na/Zeolite X 2 Z MWW MHECR , 45 R 2,

225

%2 RN Zr-Na/Zeolite WY [t 2 20 FIHE AY 52 1
Table 2 Effect of temperature on adsorption capacity of
ammonium and phosphate by Zr-Na/Zeolite

% B/ (mg/g)

R/ C
HA i
25 2.80 4.45
35 2.92 4.72
45 3.08 4.93

M 2 ATLAE Y, 2 R 1 W o6 e 38 B
EIBETE . N 25 CCTHE B 45 °CHY, S A A W B
wHEE T 10%, BERWMERE T 1% BEITEX
WEEYE N, SRR, A HFT Zr-Na/ Zeolite
W B 2 R o B SR B v IR R AT DAGE ek v A
SR WL B, E 4R v R S B I BB FE L KR
W%, Pk, 25 CRBOE B R FHEEE
2.2.6 Zr-Na/Zeolite "R & R AB 69 RM3h h 55 5

Zr-Na/Zeolite W Fft 22 20 I 1) 50 71 2 1h 2643 31
WE 7. 8. MEIHATLIE W, Zr-Na/Zeolite W%
RBEARELA WG W B, I 5245 38 21 W B 1
(AR o FEAR IR B S A5, Ze-Na/Zeolite
FhF et i o 2, 8RN ) s Jo e VAR R P 3R T 42 =
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g —0— pon=20 mg/L
=~ 2

—

0 0 1 60 260 360 460 560 600
B[] /min
WA AN BT 1.0 g, BUBUKAER 500 mL, pH=2.0,
25 °C
Kl 7 Zr-Na/Zeolite X 2 & W 3l 77 2= i 26
Fig. 7 Adsorption kinetics of ammonium on Zr-Na/Zeolite

12

11+

10

9
) 8
Y
£
it 5 —=— p, =40 mg/L
2 4L —0— pop=20 mg/L
= 5[

2 -

1F

0

0 2(I)0 4(I)0 6(I)0 8(I)0 10I00 12I00 14I00 1600
Bif[]/min
W BRI BB 1.0 g, BEEUREAR 500 mL, pH=2.0,
25°C
[%] 8 Zr-Na/Zeolite XM fff 20 7 2 i 2&
Fig. 8 Adsorption kinetics of phosphate on Zr-Na/Zeolite

T — 9 51 7 2 W FRFRSE IR0 0 — 2 5l g 2 I A
T e T I i 3 052 B 300 o 2 R B 174 W% o 2 2 3ok
%5!5[20,26]0

WE— G 3 27 W BTS2k )

In(g, —q,) =Ing, — ki

e ge BT g, 43 S A 15 B SF-45 AE A ¢ 220 ) i
i (mg/g); k BE—HBN 5 E R E A (min' ),
X 7.8 I SEER A AT MG P In(g, —g,) X
AR, R R b g, SERA
3. IWEITTLIEH, 20 A1 0 56
B, [FIBHLA AR AR S R B E 1., R,
N UE— 2B T2 W B RASTE & i 3
Zr-Na/Zeolite W {2 Ak A9 72

WE G Bl 7 2 W BRI A e 2 ik 5o O

t t 1

qt qe kzqez
s ko RGN 2R ( ¢/ (mg cmin) ).
KT 7.8 BT g AT LA L R MR

4q;
W BRI S b M g, SEHILEE 3. M
T3 VLA N, PIRARR R TR 24
PEAE R B 0453 1, [R5 A5 3] 1 - i 1
i 5 S E Az . Ik, TAH Zr-Na/Zeolite W
At 2 SRR 140 e R T LA o 2 Bl g 2 W AR 7R
ik .

# 3 Zr-Na/Zeolite W fi 2 A B 1Y 3l 115 241
Table 3 Kinetic parameters for ammonium and phosphate adsorption on Zr-Na/Zeolite

e — 2 )

. DA R

po/ (ML) Geexy/ ( Mg/g )

ky/min™! Gecar/ (Mg/E) R? ky (g/ (mge*min))  geca/ (mg/g) R
- 20 8.93 0.0048 3.62 0.9837 0.00383 9.09 0.9994
i
40 11.7 0.0013 2.69 0.8617 0.00452 11.8 0.9998
. 20 4.88 0.01321 1.18 0.9310 0.0584 4.89 0.9998
AR
40 6.06 0.02806 1.25 0.8666 0.0964 6.61 0.9999

22.7 FAEMRE

A R0 T W AR AT DA S R A — A
HHIRIZR o AR SO W BP0 0 A e 3 A7 2L 1.0 mol/L
SALEAFD 0.1 mol/L A A AL BNIR A W FEA W4T
FRAEAbBE XTI B T oK A et A, R
WA A T A A A NH, T DA Na™ 584t
el IR S ¥ 52 A R R R T, X R A T AR A R
AR Z AR U X TR TR A o A
AWK R OH, OH SR A EE T
A, AT DI AR I B S 2 T R, e
I FEANT TR

Zr, (HPO,)+30H™ =2Zr-OH +PO; +H,0

Zr(H,P0,)+30H™ =Zr-OH™ +PO; +2H,0

ITIE T DLVE R e R AR, A b
Wb A HERE S . X Zr-Na/Zeolite W BHE -4
RER B L ILIE 9, ATLIE Y, Zr-Na/Zeolite FEAEH
M 14 W5, EERRAR 5006 25 BR A 2 1K
TESR 14 WHASE, EBRFENRIIRE 90.2% FFEE
78.7% , 3% 5 KIR U A1 (45 it BE AR O 4 1R W,
Zr-Na/Zeolite JH T W 2 7] LIgE A 24 IF B
R FIRWEE, [ 1.0 mol/L A ALEhFI
0.1 mol/L S A AL ST & A= WORT W BHS A9 vk £1
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A REARE ., I, Zr-Na/ Zeolite i T g fff
EA RN AT 5o
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Removal rate/%
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0

0123456 78 91011121314
Regenerating times

W RSN B 0.1 g, AEIUKFERFR 50 mL, BEW) 4G TR E
10 mg/L, pH=2.0, &J¥ 25°C
K9 WMAROR S PR A U E &R

Fig. 9 Change of removal rate with regenerating times

X}F Zr-Na/Zeolite, #5705 T84 KR WA L,
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# 4  Zr-Na/Zeolite TEANIE] pH T R4S ik %
Table 4 Dissolution rate of Zr at different pH values

pH
2.0 5.0 8.0 10.0
pz/ (mg/L) <0.0030 0.0055 0.0076 0.0119
D/% <0.0012 0.0022 0.0031 0.0048

e WIS 0.1 g, BEUKARARRL 50 mL, BEwIds
JREIRIE 10 mg/L, WRIE 25 °C, WK 24 h,

25 1k A AL RN B 2P PR 5 15 B B Ze-Na/
Zeolite HE [F) s W B 7K 5 VR T A BNl o 1M 50
), ARG, ATZ2wAs, ARG e N TS,
Xof 1 R o351 %) AT 5 45 SR 2R A

(1) &3t Zr-Na 2tth)5, Zr-Na/Zeolite ff-45 T
BN R AR B A R AR K th 2 A RE T, W]
A AR R B & T R R K R B RE J1, i Zr-Na/
Zeolite HAT [RIABEBR A A MBERIRE J1, HAEZ KT
A, BAARLE RN A

(2) #EAIE pH F, Zr-Na/Zeolite W2 %A
R RCR AN R AL . S /KIE W pH 7E 4~8 BT,
PR A B A A BE B s Y pH /N T 4 BUE
KT 8, XEAMIMERBE 1855 . Btk A W FfT
KW R RE ST BE pH B T 1 FREAIG

(3) Zr-Na/Zeolite W& Fff 7K 75 b 2 8 32 2 2 3
B B 5 A TP 0 n] sS4 BH S R AT B A
MR pH R T 5 S AL S o pi i, F 2
HL I B P 25 Bl , iAW pH = T &AL %
CEIWY i NNt (RO = e /S (V3PN R 7

(4) ZAFBE WG BT W BEXT Zr-Na/Zeolite
FR W B B S5 B2, 24 Zr-Na/Zeolite i H
0.2 g Z A MBEY) 6 BT E VR BE A 10 mg/L 4255 200
mg/L I, 22 ZURM i 1 I8 B 2 53 A 1.42 11 2.46 mg/g
PR E] 11.60 Al 11.80 mg/g.

(5 SRR (14 WL Ik i 7 B s 2R T4
M 25 CH- 5] 45 °CHE, 2 A R4 T 10%,
BB AR T 1%, Zr-Na/Zeolite W [ 44 & I
W00 20 1 2F R A 5 e gl 2

T2 B R B R A S B B K AT B
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