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i EREXF AR PRRNH, —N)FERARF A, BXRF K0P NH —N 2Lk
Mgy, AT FERFFRKF NH —N 5Lk, s RAH B (NZ)BAT BB (SHMP ) i3 it Bk,
¥ iAo R P NH, —N #g X Ra0k . &R AV : KRB L L 0.1 mol/L SHMP 7% i it 3 h 4
& T S IREERR A O 6 (SHMP-NZ), 24745 NH, —N R E Smg/L. #m¥e 2 gL 95484 T
FHAEM 2hJE NH,—N £HBFETik3) 957%, MERTREBERABERET 39.9%, 28855k
FEABRNERFEOREHRBILRE R, A& EHALFERNE, A @RI, HILRABR A, ATL,
KIFe - FH LRI a, X G EATH AL L et 2o sh ST R ARG B ERE R R R,
B3 BRI SR P IR A T SHMP-NZ R M & e /K 69 NH, —N, A BF6%rad X2 350
K'™>Na'>Ca’>Mg”™", #a—R 3 hF . =283/ 54 Elovich 2 ) FELBEBA RN, RAD B
SHMP-NZ "R NH,—N & hnfF&4h =B 3) /) FAER, 3 NH,—N 698 M & TR (5 F3#%)
WS, B AT AR A 2 A AR NH, —N 698 3 By 4. W3 #fe R 45 3 A
Freundlich 52 &A% & 8, SHMP-NZ 22 X R 6 £ 5 TR M NH, —N, Langmuir 58 £ A7 7T 1A
BT RS E R Rk 6 & SHMP-NZ R B NH, —N #9342, 8% R 3 R> 5 %1 4 0.963 6 4= 0.982 8,
SHMP-NZ % K NH, —N & MW E % 11.03 mg/g, RRX R BRI T 8823%; HM# /5 KA X
BETEAMAIRT(AGH DT O, BEADAREAS) KT 0, 2—AWER L, AT
NH, —N # %, SHMP-NZ R M—fB &R 5 K )G, 3 NH, —N 89 £zt E4 A 89.7%., WA
RAPARKE NH, —N 694032, Bobkibh e E#mE 1 g/L, 25 C £HTHRSEM 1his, HKHL (3
FAFE R ARA) M EAKFFREATL,
KA A IR ARIR s BURG SSIRARBR AN ; PO TR B R
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Treatment of mine water containing ammonia nitrogen by sodium

hexametaphosphate modified zeolite

ZHANG Liping, HU Xiang, WANG Weiwei, LEI Wenbo, LI Huitong, SUN Huaran, ZHAN Yongqi, LIAN Zeyu
(School of Chemical & Environmental Engineering, China University of Mining & Technology-Beijing, Beijing 100083, China)

Abstract: The ammonium nitrogen (NH, —N) exceeding standard in mine waters is a widespread issue in certain mining regions of our
country. As the demand for its removal escalates, a strategy involving the modification of natural zeolite (NZ) with sodium hexametaphos-
phate (SHMP) immersion was employed to enhance its removal efficiency. The results demonstrated that after 3 h of immersion in a
0.1 mol/L SHMP solution, SHMP-modified zeolite (SHMP—NZ) was prepared. Under conditions with an initial NH,'—N concentration of
5 mg/L and a dosage of 2 g/L, an oscillatory adsorption of 2 h led to a NH, —N removal efficiency of 95.7%, representing a 39.9% en-
hancement compared to the unmodified natural zeolite. Scanning electron microscopy and surface area measurements revealed that upon

modification, the zeolite exhibited enlarged pores, a smoother and more loosely structured surface, increased specific surface area, de-
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creased micropore volume, and an augmentation in mesopore, macropore, and average pore diameter. Analyses using X-ray diffraction and
Fourier-transform infrared spectroscopy indicated no significant alteration in the fundamental framework of the modified zeolite. The ad-
sorption of NH,"—N by SHMP—NZ was optimal under weakly acidic or neutral conditions. The impact of coexisting cations on the ad-
sorption followed the order K > Na' > Ca®" > Mg”". Pseudo-first-order, pseudo-second-order, and Elovich kinetic nonlinear fitting sugges-
ted that both natural zeolite and SHMP—NZ adsorption of NH,—N is better aligned with the pseudo-second-order kinetic model. The ad-
sorption process was identified as chemisorption (ion exchange), and particle inner diffusion models revealed that the NH, —N adsorption
by both materials involves three stages: external diffusion, internal diffusion, and reaction equilibrium. The Freundlich isotherm model re-
vealed that SHMP—NZ is more conducive to NH,—N adsorption compared to NZ. The Langmuir isotherm model aptly described the
NH, —N adsorption process by both natural zeolite and SHMP—-NZ, with correlation coefficients R* being 0.963 6 and 0.982 8, respect-
ively. The maximum NH, —N adsorption capacity of SHMP-NZ was 11.03 mg/g, an 88.23% improvement compared to NZ. Adsorption
thermodynamics showed that the Gibbs free energy (AG) values at each test temperature were less than 0, while the enthalpy change (AH)
and entropy change (AS) were greater than 0. This indicates that the adsorption process is constituting an entropy-increasing reaction which
is favorable for the removal of NH, —N. After five regenerations, SHMP—NZ still maintains an ammonia nitrogen removal efficiency of
89.7%. Research on treating low-concentration ammonia nitrogen in actual mine water with SHMP—NZ shows that after 1 h of oscillating

adsorption at a dosage of 1 g/L and at 25 °C, the effluent meets the ammonia nitrogen requirements of category III as per the environment-

al quality standards for surface water.

Key words: mine water; low concentration; ammonia nitrogen; sodium hexametaphosphate; modified zeolite; adsorption
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SRR HK AR LS R, B HoK b B HE
FrufE B R 511 GB 20426—2006 (R Tl 15 4e 4y HE
TR )12 A5 i R, B SR BT BV . NS
ANPGRS 377 IX 15 5] GB 3838—2002 (i # /K
PRI AR ) TN ZROK BRER K 2 BB FR G538
S XA HIK PR AR TR N 1.58 ~ 4.05 mg/L,
I T AN R TP E A < 1 mg/L BYFRMEERM, 5
HAPMERFE LA 3 m: O HFKPEAS
R AIED, @ BRI T A e AR il AL
PR, MR B AR AR, B S E AT
Yesth F KM AT, LSRR SR o,
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WA e —FPIAREE R0 ZFLRE R IR R KR,
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[ N DR F NS S G AR R R T e WAL= N R a1
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“FEAE+NaCl” X KR UEA T ek, 25 SRR
R EZE N 10 mg/L. SPEdh A 2.5 g/L
(2 X A BRI 15 F] 90.06% . 4R K
28 KR AR W 4148 1.0 mol/L NaOH ¥ i i b
F 2 h, F2 2.0 mol/L NaCl iF WAL EE 2 h K 400 °C
J5be 0.5 h Jm, WA LBRF I 54.4% $2 5 5 98.3%.
K W BRI AL 24 52 A v G O SRR B, T
— M, (A G AR BOPE T 1 B FERE R
P e g At PR T Hs o
AR A MLANER 4 8 2 A R et A 25 Rk v
A EURCR B . RIS B 0.05 mol/L Rtk
e A AR A AL RBRFR R 98.14%, B
WO T 37.46%. kS LB 0.2 mol/L EDTA
MO AT 0.4 mol/L NaCl stk Wk A7 B 8 3k 28 4 1w
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(RS, e 2ok R B 2 727 | R BT A5 L W B A T A
3BT B AL, 5 i X W B350 A AR A R M L
Wi RN S BRAT K rh 2 A S R T TR

1 HRS A

1.1 Rnasfet

TR0 T FH SR A 7 VAT e i TR A ORR R A B
o], B RN WA, BLEE R 0.074 ~ 0.010 mm,
AR B NI, SRR R BT K UE R
FAKAR e 2 o, A A R XUPE IR T4 v, 70 °C
TR 2 h, BAEE T TR s
S F Ak 2328500 15 R B i, e K 38 28 25 8+
Ko 1 NRIRI A B FEZALE Sy, SRR
£ Si0,. ALO,, ik A K,0. CaO. MgO #l Fe,0;.

R1 RABOHEEZNLERS

Table1 Main chemical composition of nature clinoptilolite

FEWIY  Si0,  ALO; CaO  Fe,0;  MgO K0

/% 68.9 12.0 2.8 0.9 2.5 3.6

1.2 SHMP-NZ WJ# &

1E 150 mL #EAPECE 100 mL ¥4 0.1 mol/L
975 R 50 (SHMP, (NaPO,),) IR, A 5 g KR
A, A TEIRYR G 48 T T 200 r/min AHRT HR
TR 3 h, ZJE B OBEEM R L B KRR E
W, HE W SR <20 pS/em, fJm BT 70 °C 4t
Firh T 2 h, RI]Hl753 SHMP-NZ.
1.3 #MRIMRE

fdi F#E 52 TESCAN MIRA LMS %137 %% 5 94
Hi 45 ( SEM) WL ¢ 44 L & T JE it , H A Rigaku
SmartLab SE %! X S A7 5L (XRD) 43 #7144 kL 4
H %, H A IR Tracer-100 AU AR R 2T S G1E
ASCCFT-IR) I e i 4 i o0 A1 A8 4k, 55 )RR
B Autosorb-iQ %Y 4= F 3y bk 3% 1 L AR 43 A7 43 A Y
T 5 A R 1 80RO B A TR e S LA 93 A o
1.4 BB ABFRSIR ML
141 #H5RMRE

R KL A TR K, NH, —N 5 & 1k i
5mg/L. # 100 mL ZKFENIA 150 mL #EE i, H
0.1 mol/L i HCI 5 NaOH %15 pH & 7.0(3% 5% pH
SR, AT K EERHRI 4R pH 4.0 ~ 10.0), SR
A 02 g ttEWs A1, ZJEfEKIBHIBIR S 4 T
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200 r/min # # T 4k % 2 h, & J5 BUIE & K B &
0.45 pm JE B 9%, A 99 QA ) 43 D' 0 B 3 4G )
NH, N BT R ) o e v J3 SR FH B R 4 7
LA TN E .

142 R EFRZ

B4 B H R 0.5, 1, 1.5, 2, 3. 4. 5 g/L;
KBRS pH 0.1 mol/L /Y HCI 5%, NaOH 4331 17
% 4.0, 5.0, 6.0, 6.5, 7.0, 8.0, 9.0, 10.0; pH {EH 1k
M e 2 g7 A (pH,,e) + BR 0.1 gk A1 7€ 50 mL
0.1 mol/L i) NaCl¥# ¥, 70 %l %% pH oy 2.0 ~
10.0, 7E/K ¥ E IR AR 7 25 11 LA 200 r/min $R3% 24 h, &
Bk 25 C£1 °C, F pH 11 & e ¢ pH, i & pHpc
REES NG A S1HE pH 22 4L A9 pH (ApH = pH; —
pH, = )" ¥R BRI B 7 (K. Na*, Ca*" il
Mg™") X F: Bk NH,'—N AYRZ IR, AFhIEBH 2 1 i vk
JE 43 %) A 0. 10, 20, 50, 100, 200 F1 400 mg/L.
143 BM3h A%

&4 100 mL Ji SN 5 mg/L NH,—N 7K
FERHETE R P8 0.1 g 19 K AR kA1 5, SHMP-NZ,
16 25 °C 5 F, T 200 r/min 3§ 7 38 2 (14 7K 15 16 16
PR e R 5. 10, 15, 30, 60, 90, 120, 180, 240,
480, 720, 960, 1200 F1 1 440 min, #H R i [7] 25 BGE
HKFELE 0.45 pm P8 IR U8 5 I 2 NH, —N 75 &,
KA —%sh 1. 2% 8h 112 . Elovich 3 1%
FURL N BRI AT LG, Rk =X (1) —
X @),

q=q.(1-¢") (1)
2kt
g =L (2)
1+qek2t
g, = BIn(apr) (3)
1
g, =Kpt2 +C (4)

A ¢ N N ], ming g, A ¢ B 20 64 0 B 4
mg/g; q. F T b2, me/g; kA PL—Zsh F12F
D % B, min's Ky O AU 9Bl Ty S R R R R
min'; o g ) A W [ 3R mg/(g + min); f 5
W B0 2 TR A i A R R A~ W BTG AL RE A O I 28K,
mg/(g - min); K, A Bl KL N ¥ H R R %L,
g/(mg + min'"?); C NI TR RN
144 HWEFRZ

LEHEIEH R 2 BB 100 mL e 500 1.
2.4,6,.8, 10, 12, 14, 16, 18, 20, 30, 40, 50. 80,
100 mg/L 9 NH,—N 7K, 43 51 1) 4 T2 i b 48
0.1 g By RKARIE A7 8% SHMP-NZ, 7£ 25 C &4 F, T
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200 r/min 4 7 # R K B TR 7 4% TP AR 24 h,
B 5 HUGE 3 K FE 42 0.45 um JE B8 O 38 JE I a2
NH, —N & &, % /f] Langmuir #1 Freundlich M [} %
AR TG, Fak Lo =L (5) A=t (6)-

quLCe
e = 5
4 1+ KLCe ( )
1
ge = K:C¢ ( 6 )

Kb g R BARTS YW 0 V-1 45, mg/g; Co 0
VA T B R R, mg/Ls K A W RSP AR,  EA BT
S R o ) R 157 s B AT G, L/mg; g, TR B 25
i, mglg; K b5 W MR A OC R B, (mglg) -
(L/mg)""s n 2y 55 W% BiF i AT SO S8, — B0 Un
Ry W BRI 5 W SR SR AN ) R AR, 0 < 1/ < 1 I, IR
BF 2 THEAT; 24 Un =1 B, W50, IR B AT
AHEAERT; XS Un > 1 B, WA S 47 .
1.4.5 RH#AAF

%A 100 mL BTt ) 5 mg/L i NH,—N
IKEEBAEFE N 0.1 g Y SHMP-NZ, 4357 25,
30, 35 fl1 40 °C Z1F T, T 200 r/min J% 3% 3 KA 7K
WHESR A PR 24 h 5, BUE m/KAEZ: 0.45 pm
PE AL R A 2 NH, —N Frim, MR h 3, #iid
A7) —X Q0)HE K, IFLH InkK, 5 VT £ F il
2, R RLR IR /3 05t AH R AS, IR AG,

Co-C, V
Ky=——-"_ 7
¢ C, M (7)
AS AH
mK, =25 _AH (8)
R RT
AG = AH —-TAS (9)
AG = —RTInK, (10)

Ao Ky VA R 53040 288G C AR ERTS e o i
WIE, mg/L; C, RN ¢ B 235 e oo R B, mg/L;
AH %5 1 W BiE & AE , kI/mol; AS Ry b 7 W5 B 45 2%
kJ/mol; AG FARHEN I I F fiE2E, kI/mol; R 3HAHS
%L, 8.314 J/(mol + K); T R4 X BE, K VR ¥
TWARFR, Ly M OAWBHA R =, g0

2 #RE5itiE

2.1 WMFIRIRED

M 1a 0] DL H Rk B AT B ZfL25H, 3R1
AR, HIRERIS), BAATER 2 SRR A L
Nk Z& i, FLIE4H/N. SHMP-NZ () SEM Hi[& 1b
iR, Zeisd SHMP Bl fe FLAE BH 548 R, AS KLU FLAE
AR 22, FMARA U TR | AAHL

& 200 nm
(@) KA (b) SHMP-NZ
H1 #fdsEHE

Fig.] SEM

AR A7 F SHMP-NZ B 205 R — 56 BT 252 Uk
RFLAR A AN 2 s o RSB B SR e h
FE B J W S Il 28, — 35 R B H, 7RI BfF [l
W IV SRR 2, ROoR AT B A s R A LG
U201 SHMP-NZ B B[R0 2R 46 T 0.40 A AIXT
JE 7, AR T KRB A1 (0.44) BIAHXTE 7, Ui — & 5
RABENIER J1, H SHMP-NZ 5 & 0 1E FH 158
TRIR A . LR B v Z 38 B Lo A iR 43
A0 7E 2 ~ 40 nm, U6 B M B FL 2B DI A FL (2 ~
50 nm) Ky 3, 1 HRSR A 40k SHMP et 5, AL
(2 ~ 50 nm) FIKFL(>50 nm) A FLAR 53 A5 EA T 551
U, FLERARFRIG AR K, B SHMP-NZ FLAR LR IK
Wha . e 2 AL Zad SHMP MRS, WA
Fgermi i 19.427 m*/g 34N E 19.615 m’/g, AL
(<2 nm) BN | A FLATRFLAR TG I, P38
H 8.02 nm ¥4I Z 8.52 nm.

T4
35 Sl — SHMP-NZ
- P
S 10 -
30 F L gl
25| o0
& X
=20 § 0
% §010203040506070
=15 Lithm  g?
=10}
5 —o—SHMP-NZ

—o— KRR A
0 0.2 0.4 0.6 0.8 1.0
AHXT FE 77 (P/Py)

K2 AARM-BHFEREMILESA
Fig.2 Analysis of nitrogen adsorption-desorption isotherms and

pore size distribution

KRB A F1 SHMP-NZ f) XRD 4 #fr & 3 B
7N, 280 B R AE 208 11.08°, 13.34°, 19.56°,
22.22°,25.58°, 26.56°, 27.58°, 29.88°, 30.72°%% {3
BORAAT I, FEN Y AR Lt A L A
RIAE R A . 2ot SHMP etk e, R T
JIPWFTE RAR W A (1 FERHE54E .
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Table 2 Specific surface area, pore volume, and average pore size of samples

oy R/ (m? - g MALEB/(em® - g MFUAR (em® - g) AHUAFYV(em® - ¢')  KFLEBY/(em® - g SEHFLZ/mm

RERA 19.427 0.037 0.001 4
SHMP-NZ 19.615 0.044 0.000 6

0.0315 0.003 8 8.02
0.038 6 0.004 8 8.52

KR A
-5 Y Y ENE S UECEE S b P )
SRERBE G HRKT R

SHMP-NZ

10 20 30 40 50 60 70 80
200(°)
B3 R## A F SHMP-NZ &y XRD [
Fig.3 XRD patterns of natural zeolite and SHMP-NZ

KRB AT F SHMP-NZ F4 i B 2T 4G 43 Hr
WM&l 4 7R, 29 3 430 cm™' AbIHT—OH i 4s 4k 3h
Iz, 1640 cm ™' kb b4 A 7Kk Fh—OH BY25 iR 3h, i
P 4 R SRR, % NH, —N 2288 AR Y,
X TR AR Wk A AR B A, 7E 3 624 F 1200 ~
400 cm ' Y % Be H BT P9 PO I 4R Si—O(Si) Al
Si—O(Al) 45 4R, Hordr 1 043 e ™' %0 Tl 418
BEOR X FR Si—O—(Al) B 52 % B 45 9 2122, 723,
678 Al 833 cm™' J& T ik 4 DU i M4 b Si—O(Si) il
Si—O(Al) 4 P B HE PR 37124, 200 SHMP ik
T I £ W e e AR — 3, 15 B 9y 0 S A R 4R I

B,

3624 cm’!
1640em’ 7

4000 3500 3000 2500 2000 1500 1000 500
HE/em™!

E 4 K& ## A SHMP-NZ 9 FT-IR 247
Fig.4 FT-IR analysis of natural zeolite and SHMP—-NZ
22 EBESRMZmMERRR
22,1 FEmEHH
niEl s frs, Bl SHMP-NZ S iy i,
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NH, —N () LB LF . Bt A 0.5 g/L 34
F 1 g/LIF, NH—N 1 2 B8 % M 59.6% 42 T+ =
78.4%, WK R M 2.02 mg/L FEAIKE 1.08 mg/L;
el 1.5 g/L BF, NH,"—N K B R B 0.42
mg/L, 1 A HH KR B 2 /L 35in#E] 5 g/L )5,
NH, —N A9 22 B 22 1 i A 96.2% $ T+ & 98.6%,
K B 0.19 mg/L B 2 0.07 mg/L, Hit
oI RN B £, SHMP—NZ 22 1 FIFLIHE 1935 R 7 5
57K H ) N, N 42 i 9 A0 28, A ) I o o AR
AT .

25 100
5 . B
'%n ol ENH,—N HKBRKE | 20
E = NH,—N %% =N
i B
215} 160 %
) N
& z
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Fig.8 Influence of coexisting ions on NH, —N removal
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Fig.10 Kinetic models of NH,'—N adsorption and

intraparticle diffusion models
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£3 HW—R B _FKF Elovich T H1FMESHE

Table 3 Fitting parameters of pseudo-first-order, pseudo-second-order, and Elovich kinetic

W—g3h i

=R 12 Elovichs)j Jj2%

BinE 1 oy - - - - - 1 1 1
k/min' g/mg-g") R kfg-mg'-min') g/mg-g) R  afgrmg -min') B(mg-g) K
NN KR 0.064 5 231 0.938 3 0.039 6 2.43 0.9779 4.99 386  0.8648
! SHMP-NZ  0.191 4 3.87 0.876 8 0.095 4 3.97 0.994 9 7.07 5.11 0.779 1

NH, —N #% SHMP-NZ &% i W b, B8] (5 45 7 K
Z2B0R] FH R T A5 N H09 B ) 2 AR 58 i
T W2 BFF, 224 0 B9 Ay /2 T 2k B4R RS, NH, N i
A SHMP-NZ )3 I FIFLIE PN I B8 P R A7
AL, BT NH, N R BRI s L R 3R, 3

R R 2 B 22 R ARG I 5 e I g A B B, e
NH, —N A ARA [k, H23T T 0, W Rt B A 1] AR
et/ N A LA R IR N 0, BERA N
BN JE45 ] SHMP-NZ 5Bk NH, —N 3 F2 e —$
Tl

R4 BHNTHEEMASH

Table 4 Fitting parameters of intra-particle diffusion model

O A IR 7Y
*j*/l' -1 -1 -1 -1 -1 -1
ky/(g + mg + min ") R’ ky/(g + mg + min ) R ky/(g - mg + min ) R
KRB A 0.0313 0.968 8 0.308 1 0.804 3 0.003 9 0.996 1
SHMP-NZ 0.046 7 0.889 0 0.292 0 0.999 3 0.006 1 0.974 4

24 WRHEIRLZ

KSRk A1 S SHMP-NZ W% fff NH,—N fY Fre-
undlich %5 i Z& AR Y FIl Langmuir &5 i £ 455 R 4051
SLANFE 11 iR, A SH0L3 5. Freundlich ¢ R4k
BRI B 5, SHMP-NZ Y 1/n<K ARG HY 1/n<l,
VLB 2 >4 RE 4 1 B NH,—N #9236 F1 O &, B
SHMP-NZ % K Sk Wb £1 9 5 T Wk fff NH, —NPY,
Langmuir 55 i 28 A5 780 0 DL 458 4 b 415 3 KR ks A1 S
SHMP-NZ W[} NH, —N 1 #2, 4056 2% R 43 3
1 0.963 61 0.982 8, H b 1 K SR W A K
SHMP-NZ & I W Fff 3 07 8 ¥ %), H Langmuir
SRRSO LU H R SR A6 NH, —N 191
KW B 7 A 9 A 5.86 mg/g, 1 SHMP-NZ X}

12 + -

10 |
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N
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2 ----Freundlich 53 T it 2%
. — Langmuir 2535 W% B 28
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Fig.11 Adsorption isotherm model

NH,"—N KR53 11.03 mg/g, NH, —N
AR AR 25 4T T 88.23%.

x5 WMEREEEINAGSH
Table 5 Fitting parameters of adsorption isotherm model
Freundlich Langmuir
kB R 0/ K/ R
K. 1 R 4 4
(mg-g) (L-g)
KW 1.684 0336 0.8419 5.86 0.205  0.9636
SHMP-NZ 6.051 0.206 09139 11.03 1.251 09828
2.5 WRpR#EAIFE

SHMP-NZ W [ff NH, —N 1t Wz ffF b 7 2300 A5
RGN 12 s, BERPIRPRAERE 72510 AH F1AS,

2.5

20l — NH—N # Oy Z4) 4 i

b= r
- 1ol InK=—4 589.13/T+16.68

’ R>=0.968 7

0.5
0 1 1 1 1
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1/T
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Fig.12 Fitting model of adsorption thermodynamics
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Table 6 Fitting parameters of adsorption thermodynamic

model
AG/ AH/ AS/
T/K Ink, & - mol™) (kJ + mol ™) (kJ + mol ™)
298 1.23 —3.04
303 1.60 —4.04
38.15 138.68
308 1.81 —4.62
313 1.98 -5.15

2.6 MEHANBERSBREESH

R TR SO A 1 R R R L i
P AL, W B0 A8 PR A FH 1T mol/L NaCl %
O PR A AT A . I 13 R, W B
BB BN, AR BR RS T, &it S
UG IR S5, S0 A 0 S AR IH A B 1 R B R
(89.6%), U TR T 6.1%, F W] SHMP-NZ HAT# &
P FeE Pk Rl EE M M . B SHMP-NZ ‘& F pH
H6 ~ 8 KIE IR 24 h )5, BB H T E
WM 0.09 mg/L, I T (Hb KRBT T i hnifi )
T 28K 5t v 5l g RIS 225K, 40 BH ek 0 4 ) 1
XIS — 5 et /0N
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Fig.13  Effect of modified zeolite recycling on removal of

ammonia nitrogen
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W IF/K pH=6.91, Z AW BT EE N 2.29 mg/L, B
fifg [ A ) B MR B 2 260 mg/L, EX V7 11K 1) Jo e vk
FER 0.73 mg/L. Stk AR 1 g/L, 25 C
ARG 1 b, 5K T NH, N 9
WeFE A 0.85 mg/L, T (Hb R AKFAES B i pn v ) 2K
KB 2 A B EER, R #5 1) SHMP-NZ X} 52 FR
W I KA mR R AR BT, ] TR B K
() RAE IR R AR S AR =

3 4 it

1) RAR WA 2053 0.1 mol/L SHMP Ik 15 v tie
il % T SHMP-NZ, 7£ 9] 4 NH, —N Jfi &2 ¥k Jif
S5mg/L, ik 2 gL AT, IR WM 2 h )5,
NH, —N EFRRA KR 95.7%, AT R oehE Rk b
AT 39.9%,

2) %3t SHMP Bk, B FLIE B B AR K, Fe AR
U PR R AR 19.427 mY/g BN & 19.615
m’/g, TFLIATRIE N, A FLRIRFLAAFRE N, $240E 1
Z R 55 . LA 8.02 nm BE N E 8.52 nm,
A R T

3)SHMP-NZ 7E pH N 6 ~ 8 A Ui 5 mg/L
R AL BIKFR, pH o 6.5 I 25 R i 7 (96.2%) ,
A7 BB 7 B9 5 m Bk BN HE P O KSNa™>
Ca2+>Mg2+O

4) RIR WA A1 SHMP-NZ W fff NH, —N #1478
TGP =gl 1241 Langmuir 28R 2658, 3= 221
A8 B RN 1L 2 W B O 2, SHMP-NZ X
NH, —N SR 75 R 11.03 mg/g; TORLN T
FEAVRAF I T 2 FRARHI B NH, —N Frb & i
SN N BOR OSSP 3 AN BB B WA )
225 SHMP-NZ W [} NH, —N i [ & Wik
R, IR T A R NH, N 25k

S)WCHE A HA RAFE S R A, A 1 mol/L
NaCl O et A AT 5 R B E BRI, X
AN F RS 89.7%, H. i ik i
e A 0.09 mg/L.

6) X TS BRA /K B A B, SOk A 7 BN
1 g/L,25 °C M NI 1 h J5, 5ok NH, —N
() JoT R FE R 0.85 mg/L, H K38 2 (b R /K A B8 o
HEARE) 2K BT 2 AR BRI 2K
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