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Treatment of Low Concentrated Ammonia Nitrogen Wastewater
with Adsorption and Ultrafiltration
WANG Haohui, HAO Linlin, LI Guiju
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Abstract: Tianjin Integrated Wastewater Discharge Standards (DB 12/356-2018) put forward higher requirements for the
effluent ammonia nitrogen, but the conventional treatment can not make the ammonia nitrogen meet the standards. In this
research, natural clinoptilolite was used as a raw material and hot salt modification as the method. HNa-Ze adsorbent was
prepared and the adsorption/ultrafiltration combination process was employed to solve the problem that the powder adsorbent
can not effectively carry out the work of separation. The adsorption isotherm and adsorption kinetics of HNa-Ze were used to
investigate the adsorption performance of HNa-Ze, and the operating conditions of the device were studied from three as-
pects: particle size, dosage and membrane fouling. The results show that the process of HNa-Ze adsorption of ammonia ni-
trogen conforms to the quasi-secondary kinetic model and the Langmuir adsorption isotherm model. The ammonia nitrogen
adsorption effect of HNa-Ze is 42.5% , higher than that of natural zeolite. The hydraulic retention time is 30 min, the initial
dosage is 20 g/L, and the ammonia nitrogen effluent is 1.47 mg/L, which can meet the first standards of the city requirement.
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i, W R 25 n k3] 2.5 me/g, KA Na'4: i 2 50
STUG KR H Ca® A Mgt ) g B g A 5 e A
/N BBV 0.8 mol/L (G ALANIA T , 1 A IHI
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Tab.1 Secondary sedimentation water quality

K IRl Kb BUEE
COD/ (mg-L™) 30 ~ 60 TN/ (mg-L™) 19~35
HA/ (mg'L™) 6~12 TP/ (mg-L™") 1.02 ~3.51

MUE/NTU 52~152 pH 6~8

1.2 KIGEE

RS2 50 2 /A ABE 1) 12 1 X v 28 21 4 s Ak 2
ST KA EE, SEI EORBEERIWE 1 PR, 3
B R SF 750 mm x 250 mm x 440 mm, Z5FH4 K 60 L.
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Fig. 1 Adsorption-ultrafiltration membrane experimental
device
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FREC 25 g RERWEA T E5Epd, 78 300 C Y
FETRIBEE 2h, BHIGET 0.5 mol/L EALAE IR i
FE 120 J5, A1 2L @k ehyk, THSAETTE 105 CTF
BT, Wi i i 45, a5 44 0 HNa-Ze. 7ERTHISCE:
W A T AR (0.25,0.5. 1.0, 1.5, 2.0 mol/L) &4,
AR B TR AT R SR . P Tl o 2 S B W R SR e
VIR FACEA WO BE B T2, #E 0.5 mol/L
Ja G F-2% , BT LA F A FIREAS 19 ) B 25 i, e
0.5 mol/L 1 NaCl ¥&¥k. M T M%< HNa-Ze Xt
FRMRSOR , R R IR 15 mg/L A5 fbE
TERAUE K. B 100 mL AR K B THERIR
FEI A BB 5 g/l B R AT Al HNa-
Ze, LA 160 r/min $z3% 3 h, SN2 EHKE, 11
A R S B SR TR 500 P 0 e 5
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Beii 100 mL BTk mlh 15.25.35.70.
100, 135,170,250, 350,450 mg/L (1) NH,Cl &7 , /il
A 0.5g HNa-Ze THWHHRE 4h, IREHN 20 ~
25 °C, W W B S T A A R B

K H Langmuir #7F1 Freundlich %, X} b
RiF 35X 2 AR W BFFPERE. Langmuir #2750 F 4 1A H
Oy PR 5 R, Freundlich #5581 Tk A
e ETT LA

Langmuir SR )5 7K

_______________

C.lq.=C.lq, +1/(K,q,) (1)
Freundlich BE7Y 1) 75 2 R
Ing,=InK, +(1/n)InC, (2)

b ge NOFH R B mg/g s gm M SRR IR B 5
mg/g; Ce NI 2 AN B B, mg/L; Ky M
Langmuir W Z2%0; Ke & Freundlich W 2% 1/n
Sk 55 W B 5 A DG IR YA S
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Bodil 100 mL BV A 15 mg/L /Y NHLCl %
W, A 0.5g HNa-Ze W51, MR E 535124 10,
20.30.40.50.60.,70.80.90,100, 120,150, 180,
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Fig.2 Comparison of ammonia nitrogen removal before
and after modification
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Fig. 3 Surface properties of adsorbents before and after
modification

Si
Al
(0]
‘ Fe Mg
1 2

0 3 4 5

figiit/keV

(@) RABA

Si
Al
0
Na
Fe Mg
1 2

0

3 4 5
fgit/keV
(b) HNa-Ze
B4 X#AHAE HNa-Ze ) EDS BEE 17
Fig. 4 EDS energy spectrum of natural zeolite and HNa-Ze
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1.51 mg/g 2T+ E 2.79 mg/g. it SEM.EDS M
(3, P& 4) AT 0 s i 9 Ak FLgtE 3 3 Ay P LB 2544
NaCl W Na 5 R AP Mg> 26 FHE 7, Na' (5
it B8 S H I AL, B TN NH; S84 fE 7 Hoak
PEFERARIRHE A7 (085 IR 254 , HNa-Ze 8RR AT
X} B2 R I W B SR A Ak B S e 4 -
212 RMFBEME

9T #5% HNa-Ze Xf 2 & W B ALEE , A H
Langmuir 1 Freundlich W& FF4EIREXT SLg0 45 1T
A, WHEIRZE DL 5. Langmuir W5 E£E 4 [a]
S50 KL =0.1105 , g = 18.149 mg/g . R* = 0.987;
Freundlich % Fff 55 i 26 (1 01 9 240 : K = 0.936 4,
1/n=0.4778.R* = 0.946.
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Fig.5 Fitting of Langmuir adsorption isotherm and
Freundlich adsorption isotherm
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Freundlich A7 (4] 0 B #4088 7 , HNa-Ze X 44,
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WK HNa-Ze 1142 UM B B R 1AL 2 4 O
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Tab. 2 Kinetic model fitting parameters

TR/ C : Y&*%&ﬁ]ﬁ%ﬁﬁiﬂ! :
O./(mgg™") ki/min”' R
20 2.589 6 0.0307 0.9850
40 2.666 8 0.0342 0.9770
60 2.686 7 0.036 2 0.984 5
L C . 7@:2&@7’3%1‘3‘;’? .
O./(mgg™") ky/ (g'mg " *min™") R
20 3.068 9 0.0119 0.998 4
40 3.1157 0.0137 0.997 7
60 3.1030 0.0152 0.998 4
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G N B 12 R RE G N B 1R T A, T
TR TRE PG RERLE. AR 2 )
FIFRE RIS HAT LU H . HNa-Ze WA 2 & AT
B 2R Bt 2 IR RS A R AR PR, WRBE R 20 ' 60 °C,
ky HH 0.0119 g/ (mg'min) #2F % 0.0152 g/ (mg'min) .
WIF AT 20,40, 60 ‘TR AG 2351 -1.52,
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2.2.1 HNa-Ze 3% hn3 32 5K 2R 69 % v

SEI T HNa-Ze {81 100 ~ 200 H #9474, HNa-
Ze FEhHEEN 10,20, 25 g/, 2 & fdi i) k4 7K , HRT
N 2h, ANHEBIEMFIR AT ERE 3 4, A
B AR RCR , 45 R 6 Fis. A
I BRI L, H K 2 R LT B 284k, 52
5 UF SR U AR B %o 2 R 2 BRI RCR,, X & T
AR LA (2 nm) R TR ¥ (0.25nm). 2h J5
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B9 10, 20,25 g/L I, RIS B AE S
y 2.8.1.02,0.85mg/L, R 3 W5, HKAARR
WA $2 5, 20 /L i 25 g/L (& R BRI Ak
JE R 1.48 mg/g F1 1.28 mg/g, FEATE R KT
IKEEA HEObR HE (DB12/356—2018) — 2 b i b 3 5
3K, BB AR HNa-Ze BN I4E ST, 2 AW =3
IR B R A it e, {2 25 /L %8 20 g/l $2F+3F
AR, NAETEMESTE, EE T KK HNa-Ze [
PR 20 /L.
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Fig. 6 Effect of different HNa-Ze dosage on the treatment
efficiency of the device
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Fig. 7 Effect of particle size on the removal of ammonia
nitrogen
FES—A I, 30 ~ 50 H 1) HNa-Ze BRI EL
KIRHE, LTI 2, T DA B A1 T oA 3 A
Kife, M 2 ~ 6 h IR SCR AT LA HIRIARTE 100 ~
200 HA1 200 ~ 500 H W RCRENSS , /T 1500
HAY HNa-Ze 7855 — ™RI5 0 2 A2 B BT RCR R
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Fig. 8 Effect of particle size on membrane flux
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Fig. 9 Effect of dosage on membrane flux
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20 g/L B, 4 ASEIS FIMIZE O Jspldsee FRER 0.77; %
ity 25 g/L B, 4 ANSER AL Jspldsro T FEN
0.73. A VLG B0 & 3 n , B LUl e S T R
P, AT R R E B FE P S5, BlE ROy
TR 18 S A1 3 TR SR 550 J2 ISR S o, R L B L 3
TR 458 ZBTSEIR g B, 20 /L BIAT AT 25 Ak
PRE R TFEL, XI5 YA+ 25 g/L BN, LA
e 20 /L /A< B i fe R .
2.4 RiHMEFEEAXEIEE L B E RN

DX 32 31 Fir FH R Hs g BR A, Sy B 1k B 4%, 326
50 L/ (m>h) /4 B w1, — PR BN HNa-Ze
20g/L, 100 ~ 200 H¥#pA , & 30min & B E I8
. SRAK A 2 h RO 2 min AUG R 1 h, b
PE 1 min PFP ST, H Jspldsro FIZEFL AN 10 Fr
. Th VB R ok R B, sz i i %) B L 3 ot mT
PR 20 R FL e (E. 24 2 h /RN s bk
i, FE LA RIS 2 BB B R R TR 5 e, B
R ICIER A A iha e N R, 75 3 4
BTG, JselJsro FREN 0.96. FERJE M TH,
AN AN AR UEZ , FEE R by Rk L 2
Frel B e E X, H R BN RIS TR, )
M JRIHIE R 1 h.
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Fig. 10 Effect of backwash cycle on membrane flux

2.5 EIEKAEHR

I A 1 Y /K A T 350t K A S8 K
H @A FRRWE N SmeL. %M 100 ~200 H
HNa-Ze, #5020 /L, #8 U8 B2 2 o ok i 3
1 h. JE B 3E K, i HRT 205128 20,30,
40 min, #£EE 1 T/NALEE, WE A R 2 H K R
WeRE. SLIRA RANE 11 s, 7Ei847HT 30 min HNa-
Ze GHEWE KA, HAE 30 min JFRHTERR,
HNa-Ze Z#iW IR, HKERZIETHH. 76 HRT
439120 20,30, 40 min ST, S 30 30 min J5 K

JsilJsro

0.80
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0.70
0
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RS 1.68.1.38,1.21 mg/L, 7Ei54T 180 min Fif
HRT & 20 min H/KZA %R 2.21 mg/L, EANRE 2 H
JK#E3R. 240 min J& HRT & 30 min F1 40 min /K%
ROAHIA 1.47.1.25mg/L. A[ W, HRT & 30min F1
40min PYTENL T IELHETT 4h BT LA A /K B HE 2
3K, (02 FE 2 SBR FAN BACR , 4% 30 min Vi
£ HRT. MRS FN W 017 240 min J5 952 pPsERY
Breh e By s HE S, 2R B A A R R 5
DA 4kLEEE . 7E HRT N 30 min OSSET, A
FFRIFTAREE 4.5 7 t @A G RN 8mg/L MIEK. It
#h, HNa-Ze XJE /K HE) COD F1 TP HAFA1E— & HIWK
BRRR: , % B % Sa 1T 240 min Ji5, 7K COD Al TP
Ay EK A 45.3 mg/L 1 2 mg/L F#(KZE 35.7 mg/L
1 1.59 mg/L. iz B AN =350 1K T LA%E 4 h
At — YRR B R, [T AR B R AT A R T R
R AT .
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Fig. 11 Processing effects of different HRT

3 & it

(1)HNa-Ze X2 A HA RAFHHMACR. HNa-
Ze YR ISCR LR SRV A 4 5 42.5% , W Ff
2SN 2.79 mg/g.

(2) HNa-Ze X2 R0 W F B A5 1E — sl 12
B, i HNa-Ze X2 iYW it B2 LAk 2 AR F
F2. HNa-Ze X2 S0 A W FRF X 19 o 0% A 258 0 2R A 70 1)
WAL, 190 HNa-Ze %2 & W B A2
PRI, LA BRI B RN Ak 27 W B 5

(3) FR U WA B JLF- B AT W2 A R BRASCR , i)
i — 788 8 4G T LA SR B 500 A9 [T . HNa-Ze 82
N 20g/L B, W-EBUIEA A T EMRESEON
HNa-Ze fHif2 100 ~ 200 H, Bl 20 g/L, W 2 h
JeE iR g, P PE A 1 h P PERTTE] 1 min.

(4) W% B — 68 18 2 ] A A5k Ah B 350 3 1 K
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A% A, HRT & 30 min, 7Ei££Lia1T 240 min J5 H7K
RN 1.47 mg/L, FEAH L H /KER.
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