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& O DILEE 2 R AR A A R, 4350l R PRATIR B AL S B0 A 5 T 4Rk A 6 s B S S R s A ARk . S5 SR o, 4 10,
25 .40 CHLEE T BhA I 2 AT B2 225 (P<0.05) ., 7£ 25 °C A A WIIRHIE R 50 mg- L7 (454 T, 1~2 mm 347 % 200/ 360 min
W B 45 15 4.0520.02 mg- g™ s A % 2 R A W SE ) AR A GO B o E R, i R e AR SRR B AT Langmuir A1 Fre—
undlich S5 B RELA  FHICHE A3 BT 4 SR 2R HH Langmuir J5FEi5 4% 8 25 A5G (P<0.01) , ] LAUSE G-l 4t A s A7 W (R 2 S 30 ) 2
TR Rl AR SO AN, B X R B RS0 . 7E pH {H 6.0~8.0 B, B A X R A L BRBCR IR AT ST
TN H RS 50 mg- L B WA 1Y 2RI TA) 24 96 b, S FTIE itk 18.8 mg- g,

SRR AT s 2R T s S TR B R SRl 2
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Characteristics of Ammonia Nitrogen Adsorption on Natural Zeolite in Water

XU Yu—xin, YU Man, CHEN Xi-jing, AN Wen—hao, WANG Yun-long, XIAO Hua, SHEN A-lin

(Environmental Resources and Soil Fertilizer Institute, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021, China)

Abstract: Taking Zhejiang Jinyun natural zeolite as raw material, the static and dynamic characteristics of ammonia nitrogen adsorption were
studied by shaking table and column experiment, respectively. Results showed that ammonia nitrogen adsorption by zeolite was significant
difference (P<0.05) at 10, 25, 40 °C. At initial ammonia nitrogen concentration of 50 mg+ L™, the adsorption capacity of 1~2 mm zeolite to am—
monia nitrogen was 4.05£0.02 mg- g™ at 25 °C within 360 min. Adsorption process of ammonia nitrogen on natural zeolite followed two stage
adsorption kinetics equation. Isothermal adsorption of ammonia nitrogen by zeolite could be fitted by both the Langmuir and Freundlich isother—
mal adsorption equation, and the correlation analysis of Langmuir equation was significant correlation (P<0.01), which could better describe
the thermodynamic process of the ammonia nitrogen adsorption on zeolite. With reducing particle size and dosage of zeolite, adsorption ca—
pacity of zeolite to ammonia nitrogen increased significantly. The optimum adsorption capacity of ammonium was obtained at pH value in the
range of 6.0~8.0. Dynamic tests showed when the ammonia nitrogen concentration was 50 mg+ L™, zeolite of breakthrough time was about 96
h, the saturated adsorption capacity was 18.8 mg-g™.

Keywords: zeolite; ammonia—nitrogen; adsorption; isothermal adsorption equation; breakthrough curve
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1.1 X2 &

B UV2550 285043 566 B 1 s MILLIPORE
alizK#s ; BRI ZHWY -211C fE R Rk 4 1
Fr#)iFive Easy pH J7E Y ; THE#R ; Thermo AR
1.2 SEIG##et

VEFHWTAS 2= () KSR WA R SE bR, 25 2.16
grem™, B 3~4, FE4S HL 4.25~5.25, FLIRZE N 30%~
40% . IRIGHPRFl A Ve TR, 2R NHL.CL A
FRA KA, 52y 4 R Tt
1.3 RAFHAMTHIE

TE FHFL BN ] 4 075 P, 45326 P 0 i V85 2= AR
AFATRM A, PR e 0.5~1.1~2.2~3 3~5 mm
H1 5~8 mm AR AT, AR ACREH 7 % iRk A e
105 CHET SR JG A T R AT
1.4 iXIw A%

7625 CF, B 100 mL — @ B M a 2R KT
250 mL 4TI, 1) A — 2 i FRLAR A A
W HETE B T E R AR P 25 TP LA 200 remin™ (1938 B 4R
T — 22 I (R e, BV W, A B A e
I E KA AR . REBOR TR SE I AT L i
AT R R B B, LAAS I A7 AR S A S ot B
(CK), %t HEAAb PR A 2H 508 3 AN A, #e PR R
G2 AR Al A AT L 1 O A

RARLBRE:

(CoC)ICx100% (1)
B BT A X 2 A B Q(mg-g ™)
Q=V(C—C)IM (2)

Kb Co A ERMVIIERE (mg - L) 5 C; R W 1Aty
Jr R E AR B (mg - L) 5V R IRRFR (L)
M BB B (g)
141 W3l )27

£ 250 mL P HEIE I 23 B A 1 g B A7 F1 100
mlL Z 2R E R 50 mg- L 5 NH,CL &, 43 97E 10,
25.40 °C'F, LA 200 remin™ 3575 , 43 BI7E 0.5.15.30.60 .
120,180,360 .1 080 .1 440 min BUFE & 24 A HE .
1.4.2 W B4R

1E 250 mL 9 HETEE 20 50 1 g B4 Fi1 100
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mL 2 & e 4 51 10.20.50,100,150,200 mg - L™
1 NHLCl %9, 76 25 °CF, L 200 r-min™ #E 7% 360
min, BUREIN 2 2 AR
1.4.3 W5 PR 253008

TE— F 41 250 mL @ HETE I 20 30 A w41 A0
100 mL Z A E N 50 mg- L7 NHLCUEW, 53] 0s
BhARAR kA Rl 2R pH (B, LA 200 remin™
PR 360 min, PUREI & 20 EUHR
1.4.4 shAE(ZFEEML)

7E ©=35 mm [FW AT Fr2he ARiAE R 1~2 mm R}
KA1 100 g, B2 E IR E N 50 mg- L™ 1) NHLCL %
PA 10 mL-min™ A9 A, I K & A
R, BRI 3 Iy ke E R E A
1.5 BIEEE SN0

% i Excel 2003 FiI SPSS 11.0 2 A4 #4171 504 b
PR, Ab PR 2 H A LSD .
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A AEAN I RE T AT 15, WFFEA (R Ta] P 3
AR B8 GRS B e, P T Hh S N3 A8 A B R AT
W ol 2 S P Tl 2 A P R o A0 X 2 S R
RN AR WL 1o FEANRIRE T, k40 X 2 U W
e R B R T A T o AR AN — 5 B i
BEBI TR W0 R0 B 521 46 BB (0~60 min),
Bl A0 Xk 2 R IR B S A, W B B TR PR, B
8% S IS IO P AN BRI R 7, 0% B o 3 AR, 7 360 min J
MR A TR P88 il A0 0 22 U RS PR B B
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Figure 1 Kinetic curves of NH," adsorption on zeolite

at different temperature
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JEE BTG T A8 1, S5c 2k B BV AH P17 10,25 C
1 40 CF B Y- W B 75 5 4359 4 3.60,4.05 mg - g™
F13.87 mg- g iAo SR SPSS B4 ib4 1Ak HE] £ H
b4 LSD Z0#r, S5 RBAE 3 R T ik A XA
PR B 25 A I R 25 57 (P<0.05 )

N T A5 A A X S R B R 1 Bl A2
FRAE, R 1 A iBdis , DL R sl 125 i
PTG

t1Qt=1/(k,* Qe*)+t/Qe
Ao SR BREIE] Cmin ) 5 Qr A7 ¢ B 220 P W Bff 4t (mg -
g™); Qe R T B (mg e g™) s by oA 2 W B3k
B (g mg™ min™), ASEEE T 36 X 2 20 B 72
[ 8h 1122508 F 3% 1.

1 B ko B8 A U BRI B 1 T R T
K, BEHITE 10~40 “CHYT P, A0 X8 2 R0 A W o 3kt
2SR B A Y 1 T v i b b O Bt Bl g2
PRI OC R B R? 7245 MMIRJE T 593K 0.999 LU I, i
TR B G 10,25 CCFI 40 °CTT B S- i W8 Jof Joi o
I35 09 3.373 .4.115.3.89 mg-g”, 5 EZIGIE (4>
P2, DRI o 2 B 20y g 2 AR AT DA A b A i i
W B AR (EJR, 1 10~40 CRYTEEE TR , BT 1A
BRHE AN FIELEE B IE e, 78 25 CTF A AP A i B o

R, ATRBTE 25 CTF SA Tl A W B S 0 ) 7 T
2.2 BAEX R E IR R
X T4 B ] - R, SR 3P A7 T £ [ AT 2
5t [ R AR R BB 14 P A B A DG o L A P 2 o Jo
it b (Q ) BV W I Y- v B ( Ce ) TG A2 AK 1) Il 2 Bk
h W BT SRR K o DL AR o S5 BB AT Langmuir
ZEETRL B A Freundlich 257 I FHS 7Y
Langmuir S5 B 7 #2008 -
Cel/Qe=1/(Qm-K,)+CelQm
X Qe Nl Aa P HFI RM 5 (mg - g7') 5 Ce Sy 2 A1
W (mg - L) 5 Om Sy 47 % 2 U R Ff i (mg - g7™) 5
K, AL W BR300 08 BFFRE 7 ) Langmuir %48 (L-mg™) .
Freundlich S5 W i 5 #22CoA »
InQe=1/nxInCe+InkK
AP an 5 R E A A OCH Freundlich 8 %50 ; K
S5 W B AROC Y Freundlich F 80 (Lomg™).
H ] Langmuir 85I 0 FAST R0 5256 48 54 1401
A, BILRL Ce SHREALER , Ce/Qe SHPAEFRER (1] 2a) .
HRPEALA Hh B2y R B R R aT DATHE
WA X R A e R B Qm B KL(5R2) . R
SPSS B Langmuir SE16 7 FEAUAROCHE /34T, 4521
FHIAHOC R BGRB8 25 /K- (P<0.01 ), Langmuir 55

® 1 HARMEENUEHNERTENSH

Table 1 NH," adsorption on zeolite fitted pseudo—second—order equation and parameter

W T/IC WEZ R 12 iR R’ ko /g+mg™ +min™ HE Qe/mg g S Qe/mg- ™!
10 t/Qt=0.267 6¢1+7.774 5 0.999 8 9.2x 107 3.373 3.596¢
25 t/Q1=0.243t+4.284 5 0.999 9 1.4 %102 4.115 4.05a
40 t/Qt=0.257 11+3.111 5 0.999 8 2.1x107? 3.89 3.87b
T AR TFRE R AN R A PR ST U8 [ £ Qe dnb R 25 57 (P<0.05)
207 (b)
. <&
sl Freundlich
2 . Lo}
& &
%‘ = 05
0 L
bod
L L L L L ) 0.5 .
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Ce/mg-1."

2 Langmuir #1 Freundlich Z5;B 2R & # 2%

Figure 2 Fitting curve of Langmuir and Freundlich isotherm models
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&2 #HBARMIREA Langmuir #1 Freundlich Z5B#E R S%]
Table 2 Langmuir and Freundlich isotherm models parameters

for NH," adsorption on zeolite

Langmuir &7 Freundlich f#7
QOm/mg-g™! K/L-mg" R? K /Lemg™ I/n R?
6.80 0.112 0.996 0.866 0416  0.904

TR BTSSR T DA AR S R R s A % 2 R R o A A
[ E, FJH Freundlich S50 BRI XS 52 50 50 6 251 7
A 538, BILL InQe X InCe /EE (] 2b), 71545
Freundlich 25 W B & %550 Ko #01 1/n (32 2), 7E Fre—
undlich J7FEH, Kp IR RE 7, Kp (E8K, W B 551
A 2 B 7 0 AR o 1/ (LIS AR A RS 550 P R 86 32, AL
INT 0.5, R 25 50 iE 4T, YR T 2 1, W AR
HMEVEAT, A4 Freundlich 7 REH4E 1n ol 0.416, 3%
Tk A % 2 A M 2 S ik A T
2.3 #57h F =X IR Bt S5 SR B9 22 A

S AE 250 mL BHETE LR A B ARAR 1~
2 mm 343 F1 100 mL 20 &k B2 h 50 mg- L™ NH,CI
VW, WA S 2.5.10.20 g+ L7 A1 30 g- L,
HLEE 25 °C, 0 360 min, AN [R5 6 2 AU
W B S SR A B 3 Frs , S5 SRR Bl A A
I3 N, B A SR R BR Y 20%3 K F] 95%
117 B W 4ty 4.48 mg g7 RRER) 1.59 mg- g™ 1L
A, ik FRAR T 10 g- L i, 205004 B I o ot
it A FH 2 Al /D UG T 2 R R s b
T, HEa RS T 20 g L e, AR LR R
100% , T L7 W B S AR SRR AR b 3 I, %
T H 22 TR DR R AT, 2 300 Ay VR I 38 o3 T 5, Rz o

HIED
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Figure 3 Effects of zeolite dosage on NH," adsorption
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2.4 pH {EXT & S IR B B9 22
SERGH A 250 mL (EETE R 2 B AKLAR 1~
2 mm 4934 F1 100 mL 2R A 50 mg- L NH,Cl
W, WA 1 g, pH {E 4R 4.0.5.0.6.0.7.0,
8.0.9.0 1 10.0, J&EF 25 °C, &5HR4nE 4 B, 4w th
pH {A7E 4~8 I, 25 pH [ H3E I, W A7 X 2 A1
BRFREIE S 2400 4h pH ELLE 8~10 B, A7 () R Bt i
EREAS, pH=8 B}, Ay 114 W B o 8 31 i R {E3.86 mg -
g'o W pH (E AR 235 e NHMR B i A8 4k, F

S 81 A ) 2 2R IO o

4 5 6 7 8 9 10
pH
B 4 pH {EX A RM R EHIT
Figure 4 Effects of pH on zeolite NH," adsorption

2.5 SARE XY R B A R A

Sca R, FE 250 mL A HETE i o B AR AR
0.5~1.1~2.2~3 3~5 .5~8 mm HJ# 47 F1 100 mL %2 %
WEEDN 50 mg- L™ NH,CL ¥, AN [RIREAR 1) A % 24
R B S2 625 TR 5 s . 25 E 0 BEE A
AR B3 IR, A0 % 2 R SR I B DR 0N , Bl 3.75
mg- g™ Yl /DB 1.25 mg- g™, AT DLRLAR 55 A A W B o
B E o X AR R TR A R k), LR TR
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Figure 5 Effect of zeolite size on NH," adsorption
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R MR Bt 238 i
2.6 BAWRMERRMNNSRE(FERL)
FESHASIRIE R BT TP AKEAE A 1~2 mm [ A
100 g, A 10 mL+min™ Ji i A SRR EE 7 50 mg- L
NH.CL ¥, 464 168 h 84817, ZE 2 WL 6.,
M 6 ATAT, 7E 40 h 247, K& &N 26.5 mg -
L7 2R IR B 50% /547, 2 68 h B, 7K Z A 45
mg- L7 2535, ZE B I 90% , & 96 h i}, 7Kk g A 4%
T 50 mg- L7, A7 W BRHRE L 52 9 515, AR 96 28385
LR AT AT A 11 Bh 2 TR B o0 (224 s 7K v i
SRR B —FET B ) Ry 18.8 mg- g TEASLER
FISNETR , WA W BFHRE AT DL S 40 h A2 47, #id
XA B B e 2 B A S T AR A AR ORIE A

0 30 60 90 120 150 180
Hf 7] /h
B 6 #AaWMERNETEHLE

Figure 6 Throughout curve of NH," adsorption on zeolite
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AEAR LA BT G T s A R o6 Ak 3 U K 1) S B
B , KT Ay i A X6 22 2L I e
FFE (HE) — s 2 A o SR A W B 45T R
HIBIFFEES RIS AHR] , Komarowaki SEHIFSE T K
TR KSR Tl 47 X6 2 7K N O SR T, AR5 45 2R
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FEUEI R SR B4R Wl A1 %) NH, W BfF 45 & Freundlich
W ARG, X R B A Azhar SEPIBFIE S R
HH—2, SULFAT, Nguyen 882475 7K (1) Bk 4 5%
55,453 74745 Langmuir 23ISR 6 A 2L
TFF 5 2 U422 DA Ay s A X 2, R0 ) A O O o ot A
54 Langmuir WL ASHIESY % 30— 28 712
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Freundlich J7 B W7 S5 R], DTS B0 [l v
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ARSI SEESE 1 WA 2 R Bl SR
3 HIAE 10,2540 °C 3 MOR[R IR AT, b 1
WA M 2 R Bh 12, S5 ARRIIAE 3 AN
T, WA R AN AR AT G UE S SR
T ELIH33 S 101 o 5 S M EAR He 0
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