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Removal and Recovery of Ammonium Nitrogen from Phosphorus—removed Human Urine by Modified Zeolite
Column

WEN Guo—-qi, HU Zheng-yi", LIU Xiao—ning, MENG Xian—chao, ZHU Chun—you

(College of Resources and Environment, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Struvite precipitation is an effective way to remove phosphorus(P) from human urine, but leaves most of nitrogen in the treated
urine. Its direct discharge to the environment could lead to water nitrogen pollution and waste nitrogen resource. In this study, an adsorption
column filled with zeolite modified by 5% HCI rinsing, calcination under 400 °C and subsequent treatment by microwave, was built to inves—
tigate the effects of column height (H ), column number(/N) and hydraulic retention time (7") on the removal of ammonium nitrogen from
phosphorus-removed human urine. Effects of eluting solvents( HCI, NaCl, HCI+NaCl) on the desorption of ammonium nitrogen adsorbed on
the column were also assessed. The adsorption capacity of this modified zeolite was 17.9 mg- g™, 2.6 times that of natural zeolite(6.9 mg-g™).
The optimal parameters of the modified zeolite column for removing ammonium nitrogen were 35 c¢m for H, 2 hours for T, and 3 for N. The
concentration of ammonium nitrogen in the effluent was less than 30 mg+ L™ at up to 6370 mg of ammonium nitrogen load in adsorption col—
umn. Combination of 10% HCI+5 g+ L™ NaCl released 88.3% of ammonium nitrogen adsorbed on the modified zeolite. The equilibrium ad—
sorption capacity of the regenerated zeolite was 16.4 mg-g™, or 91.6% of that of the original modified zeolite. Our results suggest that the
modified zeolite could be used to effectively remove ammonium nitrogen from phosphorus—removed human urine and be reused via regenera—
tion.
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Table 2 Main chemical composition of natural zeolite
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Table 1 Main chemical composition of dephosphorus urine wastewater(mg-L™")

28 K* Na* Ca™ Mg™ NH:;-N TN POT-P
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Figure 1 Equipment drawing of modified zeolite adsorption column
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Figure 2 Effect of natural zeolite and modified zeolite on removal

ammonium nitrogen from wastewater of dephosphorus urine
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Figure 3 Microstructure employing SEM analysis of natural zeolite

and modified zeolite after the adsorption of ammonium nitrogen

from dephosphorus urine wastewater

FEAEYRSN  FE A R I X R AR AN RS 2
Bkl A1 2R 1 25 B A AL S 2 0T, IR RS S Rk A1 TN
TR B 2% T, [ s 3 A s B Pl T 3 ] flis
CHE AR B A 22 IR AR AT R () 28 B, i 2 R T
BB A T 50 A AR () e A SRR AR I B, S R
SR A HLEE , HC1-5 e — Tl B e o S B0 A JE i 2k
R 22.9%, HIL, 76 J5 S B E 256 H R HCL-4%
SR~ T A A A R AT SRR
22 HABRMERESHNHRE
2.2.1 W AT A R B B

A 4 T LUE Y, 24053 350 2 v=20 mL-min™
%WE%%@N&,%%#AWWEM%%E%%



2492

YR S it Y o 3255 12 1

K, H K B TR B A W BR3P A H
K GG HR K B SRR B B B O AT Y
B8R e A S S [ A A A K v B R
2k b TR R AN )N, 3R i RE W A R
A 5, FH R SR 08 Al PR AR I 7 2 P T R o7
SO . YR K T R R A 30 mg - L
B, B8 2 O TS K A BT HECPR #E) (GB 18918—
2002)Hr 2 KR e AR H=35 cm 5 H=40 cm i}
53 BIRERE R BT B PR B K R 2 A &l (3 570.0+
12.3 ) mg (Fr- BB A g A W B 2 U0 ol 102.0
mg - cm™) FI(3 740.3£20.5 )mg (F7 A WAL FE = 6 A1
WA AL R 93.5 mgrem™) . I, JEERSL e ik
FEHER H=35 em VR iR S

60007 -@- H=20 cm

-O- H=25 cm
4000 - H=30 cm
-~ H=35 cm
2000 - H=40 cm

904
6
30
0 07 2.1 43 8.6

Wb PREL A g
B 4 RS B Ui A KRB R R E kP E R

Figure 4 Effect of height of column on the removal ammonium

HKHe B /mg - 17!

17.1 25.6 34.1

nitrogen from dephosphorus urine wastewater with modified zeolite

2.2.2 W B R A R IO ER A A

A A W A B DR BSORT O e PR R 7K R R
(1 2 BRBCRUNTE 5 BT/ o W A1 6F BH 5 - W B AL 5=
TR A W SO S B, B S AT RUE Y 240 B
FEH v=20 mL-min™, /5 H=35 em B, 25 W M4
FRIRECI G 22 | S AATR I BB PR 2 7K 5 e A
P22 e T 3R 2 A, S R o 1 356 A O B 67 A A6
AR HE T WA 1) HH K S AR R 2 BRI

H1El 5 T AR, AR KO i /K A 3T HE bR
HEY(GB 18918—2002) H — 2 H /K FRE 30 mg- L, 1
FH 1 ARLRE BRFAT: A 052 BBt PRV K Hh B AU 7K e
RN IR BE Sy (718.5+56.5 )mg - L™, A 34 1 HE il
B 5 2 AR BREAE H IR AT 3 AR I FRF A A BT, R B
Hh K IR B T AR b v B RE % W B A 21 R 43 S ol
(442.1£21.0)mg F1(3 570.0+12.3 )mg, [KIt, BELEK [
FEERIBEL V=3 A Ry W B A e AR R IR
2.2.3 WL BRHESRATAK 745 B s [R] A e o

[ o148
| o2
w3

W
(=
=3
(=]

2000 r

1000

90

60 r

30 1
0

0 07 21 43 86 171
I PRt g

5 BB a R AT SR EREI KRR BB ER R B K R R R BRI
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Figure 6 Effect of hydraulic retention time of modified zeolite
column on removal ammonium nitrogen from wastewater of

dephosphorus urine
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Table 3 Removal of ammonium nitrogen from ammonia saturated modified zeolite with different eluting solvents
5 HC S50 NaCl VB i HCl+NaCl
I

5% 10% 20% 5 gL 10 g-L" 20 gL 109%+5 g-L"

Ve /g L 5.2£0.1 7.1x0.5 7.3£0.1 1.9+0.1 2.1£0.1 2.5+0.2 7.9+0.4

RV i/ mg - g 10.3+0.2 14.1+0.9 14.5+0.2 3.8+0.1 4.2+0.2 5.0£0.4 15.8+0.7

VeI /% 575 78.8 81.0 212 23.5 279 88.3
T WA AR i =17.9 mg- !
®4 BEBAMNEEN TERWME
Table 4 Equilibrium absorption capacity of regeneration zeolite
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