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Ca” HAEH 2 f5/KA Na' HARZ 0], S5EM, S Fimxt NH, AU K AW s e vk ArmT A vk, me bl vl ik 5]
25mg-g s % Na(AlO,) AU A ALY, SeEsFiixs Ca®. Mg B B BT aacR, WBgs /K h ik Jy 70
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QSXL-1002 PR HE . ICS-1000 B F A%, SUPRA 55 FIiH W ilEs . B X T1a . o
ML, SEM il . HAHEE Ultima IV X-SIZA15HMY . 22 50 ASAP2460 4= 3l L3R SALBEE /3 Hr i (N,
77.3K) -
1.2 EETHHEE

¥ 2 mol-L ™" NaAlO, ¥ F1 2 mol-L ™' Na,SiO, k%R 1:1 IAFIHIR G, &EEHTE 4 h, #E ik
24 h, FEHITELLATES, KR0S B TTTEM H R B KU UE R pH e, ELZSHENIK, SREA
110 C MR, 1980BE TR AR, REEess TOiom A T THPR A RIS, 1320 EL B T A4nms .

90 g BImF LI (PVDF) IAZ] 900 g NN- 3B (DMAC) ki 7, Hiidt 2 h, 551
R SRIGHL 510 g 8% B T A S8 M A RSB R h eH 50, P A 0K R A4l b SOAH A i
ARG R/ R Kb, A 110 °C MR HPHE, 58050 TR i .
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2.1 $REFIHFSRIE

1) S BTt SEM OMRIE M. 23 BIXT RS Fiiom A (181 1) LIRS J5 (B 55 T diiby (& 2) 547
SEM FAFE43#T . BB T ARRIAE R 1.5~10 pum, BB A6 ES T 40N 0 HOIR S RAFRIAE N 0.5 pm 22
o 2 PRSI S T M AR EATEAR IR, Z5FIRAREALIRRIE, AR TR FimxT NH, Wt ff
PRI L) (PVDF) A7 S 4 28 i ok an &l 3 B, 72 o G ERIZ0RL, SERPRIRE 20 1~
2 mm,

2) BB I EISE R XRD 434, & 4t XRD EREATLAE L, B0 M ny Jo & BISS I
B, 54 Nay(AlO,)(Si0,),s27H,0(hrifE+ H-5 4 PDF#14-0298) /) XRD EIREHIML, Kk, wILHIEN

T 4

(a) 10 pmz R (b) 1 umzR
1 EETIHMERMRA

Fig. 1 Scanning electron microscopy images of ammonium ion sieve powder
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Fig.2 Surface morphology of ammonium ion sieve fine powder
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Fig. 3 Picture of the finished ammonium ion sieve

R R T, 25456 nNa,0-(ALO,),
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3) EE I ICP JiaR & 1 1 mol- L™
RN 1 g BB TIRANR VAR, T 1CP U
it Na. Al. SiJGZE. Na. Al, Si WL EEH®
Mk 92,0, 1282, 1858 mgg'. HAh It E &

9 594.0 mgg'. AN HABTTERUAE O Fl H AT PDF#14-0298

5, BB Tk 2A 48 A 0.86Na,0-A1,0,2.82 Na,(AIO,),(Si0,),, -27H,0
Si02'5~58H20(%ﬁ‘ Na 4sH, 14[(AlO,)(Si0,), ,,]-2.72

H,0), ¥~ NagH, ,[(AlO,),(SiO0,),]-27H,0, 5 10 15 20 25 30 35 40 45 50 55 60 65 70
PARRIEIR LA 0.86, REFRFEIRLL 1.41. HIEEE T 20/)

i) Na™A 92 mg-g ™', I IEL B Fiix 2 ag ek 4 SRETIRAE X STTEHERE
FRS R [N 4.0 mmol'gfl (N a TR NH4+ H Fig. 4 XRD patterns of ammonium ion sieve powder

), A EAWMHE 56.0 mgg s YEMEFIES T Na Fl H Zad ifbab BR300t NH, Befs, e 7
BRI AT IA 4.70 mmol-g™', PrEHEA 658 mg-g ',

4) B 8511t L R T FRERAE (BET). A N, WBERXF 2 FofR T e 2g + 1 L R AR 5 AL &5 itk 17
BET £AE43H7, MR T AR 2k (77.3 K). 8 5(a) MZat 110 °C THRBK B8RS Tk i
Bl 5(b) A Zeat dlizK IR F T 5 I AR g K B B o I 5(a) AT UL, N, RGBS il 2k e AT
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Fig. 5 N, adsorption desorption curves of ammonium ion sieve
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T FYEETRZRAFIE LA, H3 Y MIIAERIE . AR E Fimm giy sp AL ORFL Ll L, 5 N, 43 F 2 1A
AR ELAE ARG , HEI A 2 -0 v T BE HA SRS - ul SRR LA R A AP a2 Ah ol 4 e - 4
¥, XA R R KA BTN BB T AW St S T pEAEPERE . ] S(b) W e S T Y
N, W RRH IR BT s, PTRES b K A A it 22 KoK AWK EVERAE —E R R . WIS T
BT BET RIFLSAR SRS, IS SPRref TOL PSR

M2 1 ATLVEH, Sl i A BR A 210 L e AR LA 5 HAE A TARRT RO i, 5
23t 110 °C TBOKEE FomAd HEEA B B A28tk 1) FLP4FLARH 1.80 nm %3 1.64 nm, 1E4ELE
i) 1.432~1.648 nm BB, FET/KA Na'5/KE Ca>* HAEZA (1.54 nm), Hik, HA AW EE
PEVE S EAPERE; 2) BIH WFHE L4 i 28.6 nm JF & 31.0 nm, BIJH BEMHEE L4 21.2 nm FH &
22.1 nm, AFLAIRFLAY b A LR RIS A Friin, 1 BB 8 0 0 FLABE AR IR K G oK T4k 5
3) SRR T LI AR SARFUBIE K S A TGN, AR i F ik 2 REs TR Bk, 25t EAa L
FLAPRIFLAR BN RO A D

® 1 AWM ERIER S Tt RERSFLEMR DR
Table 1 Analysis result of the specific surface area and pore structure of ammonium ion sieves by
the nitrogen adsorption and desorption method

BETZ I 1/ LAY SRR SRALIARRRY SCFL T2 W BFL AR 8 B FL IR OB FL AR B BHFLAARRY W BRSP4 R BRSP4

T . P y
(m>g") (m>g') (m>g") (em g flfEm (m>g")  (m>g") (em'g) (emg") fLfE/mm fLi/nm
1o« 14.41 1.88 12,53 0.000848 1.8 12.9 17.6 0.092 0.093 28.6 21.2
TRk ’ ' ‘ ’ ' ' ' ' ' ' '
BREET 1522 3.05 12.17  0.00125 1.64 12.9 18.4 0.1 0.101 31 22.1

BB TORAE 110 °C THRMK AR T 2 R4 1) BIH B LAWK 6 Ui, fE 6(a) F1
Kl 6(c) ITLLE W, 2 P & 70t 1Y BIH WM FLZSTE 1.8~20 nm FLAR NI L2400, 435000 F 2.2,
2.6, 4.7, 9.6nm Al 1.7, 2.1, 4.2, 8.9 nm &b, HILAI W FIiFLAHI ARSI, N LA —,
R TR AR URAAER A NS, P M) 0.55 nm., FI&] 6(b) I 6(d) TR H, 2 s+
i BIH DML SR MHFLAAAAER 2R, 209E 3.9 nm Al 3.8 nm AbHBLA—EA g, X5 N, /1
S TR IS A — e X R, WK, EEE TP oA KEfLE R 3.8~3.9 nm A FLE R
BRFL, O T e 2 I A e iR 5 A MR R LR L
2.2 SRETFUERMARIIRBHER IR

HEKECE WS 1 mmol L' /9 NH, . K. Mg™, Ca® WMHE FIRA TR, I E A R
1%ECRHU I A S B T4, 24 h J5 /RS B FAER SRR P FRIATREE , TIHEAS e it
AP AR BHE RO HE, 255K 7 BoR. aTLIE N, WTRE HARKA Mg>, #EFfaeR
TR HAE AL NI T Mg™ . Na' B 735, XH5KE HARKM Ca® g —aE MRRIMEH . i, 425
FIfitE NH, A1 Mg FEAEA K AR HAG 1 R AR e R

M 7 ATLAE BB it Ca* I B Rt i, IR Ca® MBS i 48 1 B sd F-iE A TR B R 1Y)
AT T B TR SCHERR . L AT IR YN 40 mg L', Ca® iR EEWREE 73510 0. 70, 150,
230, 320, 450 mg- L™ BZKIEWAS 1 L, KR i I B 0 Heoh 1 %SRS AR,
itk 5 h JEHUKFESET ICP R, S5 4n/E 8 ian. nIIL, BEE/KH Ca> WREERYIIIN, BB Fifixt Ca® ik
R S 3 S AT S S I RN ka5, e B I s et A I O e 5 6 (25 mg-g ™) 5%
AN, IR R ] BE 540 2 T AAAE 2 SN A 50 — 2SR T IR Se I Ca> Bz, FFEAbTEK
A Ca¥ Bk FLRFLIFLBE KeALAL, SRl S0 Ca> ISR, Ca¥ Wit et s Pl dseu, B
—ERERE AT s 55— T LAOE e NH, (075, BN TF /03800 B L, 31X 2 2847 5
S EAT, BA—E RS LR R 2 FIfiE Ca? W 22 B K A AR K A T
e S AR e e A
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Fig. 6 BJH adsorption and desorption pore volume of ammonium ion sieve
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Fig. 7 Adsorption capacity of ammonium ion sieve powder to Fig. 8 Relationship between calcium ion content change and
various cations in mixed solution ammonium absorption capacity of ammonium ion sieve
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Table 2 Microscopic parameters of common cations

B B HAR/mm KA KA HAEMmm FRUH 4R /mm K4 B HIfg/(kJ-mol ™)
NH,K'Na" 0.2960.2760.204 466 0.6620.6620.716 0.2050.2090.164 -333-327-417
Caz*ngH* 0.2000.1440.060 81012 0.8240.8560.660 0.1870.1470.067 -1461-1 865-1 015

O P R B Ao S A TP A N 2 B P Tl B M A (]

WE 9 s, B i E R R — KGR TE 14> Na(AIO,) sl L2 IUK (K1 9(a)).
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HE B R Syt AT . Ca® TR 10 LM R 1 KA Ca® 575 2 4> Na(AlO,) sifi 22 hifi
Kb, IPHE 2 A Na® BB R, HoK& BRSO A BREECRAYRR AR T S ABK, i Hidk
JSZf FEAHAR 2 4 Na(AlO,) AL MIFEE H AR, B, /K& Ca® TEEEES T AR 2208, H X RELERR
43 Na(AlO,) SEBA[E B XU B, X HAD Na(A1O,) FLa A ikl EevERE A B . — Mok & Mg™ Al
THiKE Ca®t TERTIHIANAZ Na(A10,) XUSL M BRI 2, o i B A B g i LA ve R B e PR A I

___________________________________________________________________________________________________

[ !
o o T e S O (R G R |

[ ! |
| RS U0 O . L . O O O T
i ! :—O—Sii—()—Sli—O—A‘l—O—S‘l—O—: l—O—SIi—O—Sii—O—All—O—S‘i—O— |
! [ R ! !
! o o 0 Nuf--(‘)-—'m- 0 D (l) o nu;—(l)- (‘) !
| L | 1
! ! :—O—/}l—O—Sli—O—G‘l—O—/}l—O_—i | —0-AI=0—8i=0—8i—0-Al-0— |
i H0 DN -Na® Nt o, - ST
| o g e e g
! @ ! :—()—ﬁi—( ~AI=0=8$i=0=8i~0—! l—()—ﬁi—()—/\ll—()—ﬁi—o—s‘i—()— !
1
' Do 0O 0 0 0 b 0O o o0 o !
| b | | \ \ P | | | \ !
1 : 1 : 1 !
! o L |
e e e e e, e — e, —— == L e o =4 L I

(a) ZKENH," JKE Ca? kit 2 (b) NH,".Ca* d7 i Bt ftNa+id 2 (c) 4L Hs T BINH,"  Ca®*

B9 #EFimxtT NH,' . Ca™ IRFIREE

Fig. 9 Schematic diagram of adsorption of NH," and Ca®" on ammonium ion sieve

2.3 EETIRERL S SRAIRREERAE M AEIEK

W5 B S5 (14 15 O UK = SRR B AR P, el B R RS A T S K A S8 K (He ca?ty
Mg, Na", K*. NH,” BFEHES 920 70, 20, 55, 30, 40mg-L™") , LAFE/INGE 2 AR ARR i 3 i
SEEA T - PR PR IR SRS, B KA T 1 mg L BEOEEE N s i T A . 7

AWK 0.5 mol L™ (19 NaCl ¥, P4 d F [ 180

BERRHSHEK , K A N 1 AR, TR R
NN e S 2o S B

a5 WHREKES TORFETERS RN . It Ca® L o0 b I B
BRI R, Wik 5 ke T,

10, [ 11 R 12 s, 5
I 10 TR, B TIREgeid 2 =

J5i, ATt NH,BAT BLFRODOR Al ), 1R o

TR K PR AR RN T 1 mg L,

BN MR, 7=keh Na' 93k EE 5 EUKAR

o}

O T, 33X HE T Na'JEME— FRpl oAb BH = AT
TREABNE T oK KORERER 2 10 ST IR R R R
NH,” —2, BaliiFlEzE img L' LIF, WBHs Fig. 10 Deep ammonium removal effect and adsorption

Syt NaCl T ik, XS5 - FHKAEFH selectivity of ammonium ion sieve filter column



3560 ok L B ¥ W EEAVE S
80 r 250
e ._.\.\.\.’.‘l—l—l—l—l—l
L R S NN s gt atA<E T T ey .-
N Pl 200
= 60 o
o K=k
g =
= —— kPR w® 50T
% 40f —r— PR TR p
I —e— VRIS TR 2 100 F
sy
I‘N
O 20
50
n/O\t\.—./O\o/°’./.\"°\-—V .\"”./.\.
0 1 1 1 1 1 1 1 O 1 1 1 1 1 1 1
0 3 6 9 12 15 18 21 0 3 6 9 12 15 18 21
JEH JEH
11 3k, Pk SRR Ca¥ IREIRE 12 EFETFIHREENBR K ERS TRMNEK
REETRIERRIEE{L Fig. 12 Change in effective water yield of the ammonium ion
Fig. 11 The mass concentration of calcium ions with the sieve filter column with the operating cycle

operating cycle in the influent, produced water and eluent

FEARGE . PR IMERRRIA G, 7K Mg VR 5 JRUKEEA 3, UL RS TfixT Mg® BEACRIMHT, HEkeg
FIALALAER K G BRI Mg? 74 TARGF AT - EBEAE . 7K Ca® WETEBAT FIEZ, R IgH
HIFKFRE, SRS TR BB AN TS Ca™

GEGTE 11 Ca¥ FEHK | PR KRG B S B B AT AR, Ca™* TEERES T LAty mept
TRAZR, 23 0.5 mol- L™ 9 NaCl IR E etk . 3R M THE T e LFLARREA R 70Kk & B HAR
> 0.8 nm FHE T B, Ca® FLIRAS 000 A Xof e s - KRR E s A TR AR AT B, 000 T4 i B
BT AR B TR AT A R

HIE 12 7)1, PUPKEE/NT 1 mg L ARG KEHA TS, (1 0.5% NaCl o2 s ik
FHEFREAE 20 IR, RIS TR0 ki 235 LR 218 L, UMK T 7%, BAfEFaE ., R
FRAHRE (1 NaCl ¥R £ s T, PP Y Na' AEIE B T3S IR A SR B FOm a6 NH, 78
Gy, 193 S m AR P AR ACH A B 5 TARACH A B, SEIL B S TR AT, U 3 mol L
NaCl F: AT AGRAS NH,Cl Bk R T 12 g L' AR, a2 VRBER b i B 1 n] AR F il s 4
A, WATLUHTA I, sl ik a8 e Ao T E R AR
3 ZEig

1) LARERREH (Na,SiO,) FURERFREN (NaAlO,) Ay JEURHa o i A 43k S il £ 1y B B8 i A 2L Ry
Nag H, 4[(A10,),((Si0,),,] 27H,0, HAHAREMA SN ME, TARPLT, ARG FIN],
STIRTCHEHERL

2) B T RAT RAFAI AR RS W3R e 2 T 2 IR T BB LI P A LA A
Z A KIS LATIEAA N 1.64 nm, 4T 2 KA Ca* BRI 2 ik Na AR, e HAALFLNT
e Na' ol T ] A RBHEOK A Ca™ . Mg AL 534h, KE Mg KA Ca> fERERA T B B T2
[EI B 32 Na(AL1O,) RUS I BREEINIEIZY , A B0 P i) Na(A1O,) [R1HE {255 B A FH 5 A= [T W B g ]
PR, AR TR e R B e . BB T R AEAE LR 3.8~3.9 nm 1A FLEARRFL, MO EA RS
AT BRI 32

3) BB IR RAFR PRI FIPERE . SRR B2 Ffi2% 0.5 mol L™ NaCLIAW 4L, A
GERREERE ST o TR, REE ey 7 TR BE IR TS /K A, AREG R T SRRSO S R T B 1
HARTZ B35S

2 % 3 #

(1] #IE%, 879 AR B AR DI (7). &85 10, 2017(8): 199-203.
(2] #NSLBL KAETKEIR R R BLE B BESE (D). K45 TR, 2007.



951148 TR R B T A A SO P R B BB TR fE 3561

(3] EM, iFSckk, Fae, 45 MRS KD BIH ARAFS BUIK 5 R 0], LB AREAR, 2015, 31(5): 48-53.

(4] W Wbt ik B vk B R EUOK T 205 L], Ho ARk, 2019, 35(13): 65-69.

[5]  ScHagy, s, JRBER. MAP (Ui A A U K i T 20858 (0. Tl K 515K, 2008, 39(6): 33-36.

(6] ZRme, XIFHR, S04, Hr UGk bR il 15 K A AR5 (7). BRIRFREE(™, 2019, 33(5): 32-35.

(7] W, Za5F. IRUe R AR K I B TSk B 0 L0]. BRBE T R4, 2012, 6(8): 2715-2719.

(8] T, s, thrh, 25 AFIRER LAY ZSM-5 A1 23 F IRk i Cu? B F 9SS [I]. BRBE TRE2A3, 2011, 5(12): 2681-2686.

(9]  igH. SUALL Na/Al XIS + FEHL SR MIHR S bTiB ERERISENA (D], B : HT K2, 2018,

[10] NIGHTINGALE J E. Phenomenological theory of ion solvation: Effective radii of hydrated ions[J]. The Journal of Physical Chemistry, 1959, 63(9): 1381-
1387.

[11]  Bafdss, BaRJg, SCRIT, 45, #8107 NaZn, sFe(CN), [l 45 B BEE LA S (9], KA B A, 2021, 47(9): 67-70.

(FTHESR 35 Wb 4F)

Preparation of silicon-aluminum ammonium ion sieve and its performance on
ammonia nitrogen removal from domestic wastewater

WANG Zixiang', HOU Wanyi', MO Hengliang’, TANG Yang', LI Tianyu?, LI Suoding®, YANG Xiaojin®,
WAN Pingyu"”

1. National Fundamental Research Laboratory of New Hazardous Chemicals Assessment and Accident Analysis, Beijing
University of Chemical Technology, Beijing 100029, China; 2. Beijing Origin Water Membrane Technology Co. Ltd., Beijing
101400, China; 3. State Key Laboratory of Chemical Resource Engineering, Beijing University of Chemical Technology,
Beijing 100029, China

*Corresponding author, E-mail: pywan@buct.edu.cn

Abstract A silicon-aluminium weakly crystalline ammonium ion sieve was prepared through stirring at
normal atmospheric temperature for highly selective extraction of ammonium ions from sewage. The average
pore size of the sieve is 1.64 nm diameter, which is between 2 times the diameter of hydrated calcium ion (1.648
nm) and 2 times the diameter of hydrated sodium ion (1.432 nm). The results of simulated and real sewage
treatment show that the prepared ammonium ion sieve had an excellent retention of NH," against Ca*", Mg*",
Na" and K" ions. The adsorption capacity of NH," could reach 25 mg-g™' and was not affected by Ca*" up to 70
mg-L™', which was likely due to the effect of dual-site adsorption of the Na(AlO,) domains. After the used
ammonium ion sieve was eluted and regenerated for several times with 0.5 mol-L™' NaCl solution, it still could
lead to the rapid decrease of NH," concentration in sewage from 40 mg-L™" to below 1 mg-L™" by the regenerated
sieves. This study provides a simple and efficient method for separating and extracting green ammonia from
sewage.

Keywords aluminum silico-based ammonium ion sieve; ammonia nitrogen treatment; hydrated cation
exchange; dual-site adsorption
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