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Effects and mechanism of multi-stage packed beds on synergistic water purification of urine nutrient
adsorption

YANG Yaoyao"?, WANG Huihui"?, SHEN Yujun"?, DING Jingtao"?, JIA Yiman"“*', ZHOU Yawen"?, LI Danyang"*

(1. Institute of Rural Energy and Environmental Protection, Academy of Agricultural Planning and Engineering, Ministry of Agriculture
and Rural Affairs, Beijing 100125, China; 2. College of Resources and Environment, Hebei Agricultural University, Baoding 071001,
China; 3. Key Laboratory of Rural Toilet Revolution and Wastewater Management Technology, Ministry of Agriculture and Rural Affairs,
Beijing 100125, China)

Abstract: The resource utilization of toilet waste is an important task in the promotion of the "toilet revolution" in rural areas of China.
Urine is produced in large quantities and contains 87% nitrogen and 50% phosphorus of the nutrients of toilet waste. It is more hygienic
and easier to handle than mixed waste, and its separate treatment and utilization are conducive to improving the resource utilization of toilet
waste. In this study, the adsorption method was used to study the effect of urine nitrogen and phosphorus recovery and water purification.
By analyzing the adsorption characteristics and adsorption mechanisms of six different fillers : biochar, activated carbon, zeolite, porcelain
sand vitriol, concave bumpy clay, and concrete, the best filler was selected, and seven different filler combinations were designed using a
multi-stage packed bed process to analyze their effects on urine nutrient recovery and water purification. The results showed that the
adsorption of nitrogen and phosphorus by the fillers was the result of both physical and chemical adsorption. The adsorption of nitrogen was

based on functional group interaction and ion exchange, and the adsorption of phosphorus was based on functional group bonding and
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complexation precipitation. Among the fillers, biochar and activated carbon had the best adsorption effect on nitrogen, and zeolite had the

best adsorption effect on phosphorus. Under this condition, the recovery of nitrogen and phosphorus in urine reached 76% and 90.09%,

respectively; the removal of COD and turbidity of effluent were 84.36% and 78.92%, respectively; the color was < 30; and odor was reduced

to level 2.

Keywords : urine; filler; adsorption mechanism; nitrogen and phosphorus recovery
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Table 1 Basic properties of six fillers

723 ]
wE o mE B TR
. . . Capacity weight/  Specific surface area/
Filler Particle size/mm ,3 y
(g-em™) (m*-g™)
T IR 1-2 0.54 426.61
WA 2~4 0.97 19.80
Wik 2~4 0.14 108.51
TR%E T 1~3 1.40 1.42
Vil 1~2 1.22 0.93
T e 4 0.5~1 0.89 113.09
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Table 2 Design of experiment
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Figure 1 Multistage baffle packed bed
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Figure 2 Adsorption kinetics fitting curves of ammonia nitrogen and phosphate by fillers
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Table 3 Adsorption kinetic parameters of ammonia nitrogen and phosphate on different fillers

IKEAEAR ik — 2Bl 2R First—level dynamics model T2 ) S Secondary kinetic model
Water quality indicator Filler q/(mg-g™) K, R q/(mg-g™) K R

NHi-N TREE 1.163 0.171 0.991 1.185 0.397 0.999

A 1.081 0.318 0.998 1.085 2.283 0.999

AWk 1.349 0.242 0.998 1.365 0.772 0.999

G e/ 1.304 0.359 0.998 1.308 2.902 0.999

A+ 1.260 0.240 0.997 1.279 0.741 0.999

B RL 1.197 0.169 0.997 1.168 1112 0.964

PO -P TRBE 1 1.971 0.299 0.994 2.000 0.616 0.998

A 2.302 0.444 0.997 2.309 2.539 0.999

W 1.502 0.371 0.998 1.509 2.521 0.999

TE PR 1.806 0.384 0.998 1.813 2.250 0.999

A+ 1.963 0.440 0.998 1.970 2.729 0.999

Bk 1.985 0.289 0.998 2.001 0.879 0.999

0.99) , Uit BH ) FH PR RS 7R 40045 45 ORI X 280 ol WO B
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FPOT =P (1) 55 TR W B i 28 4805 R 351 TR] , BE & 1 T
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ICES X NHi-N A1 PO —P (1) W5 i £ 38 e b, o v 2
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BB ™ A W B PO =P A1, 2535 B4 5 2 7K (RS>
0.995) , Ut IIEDR A NHI=N 1 PO =P 4 W% B 1o P 2 —
A2 ZR P ER RN A2 W A R K 5 W B 2 ) A A R
—F, Freundlich 55 Vi W% B A Y v | K sz LT 0% b6 E
J7 0BRSS , AR AR R [ RE 7 B, I b A ) e Xof
R Ked5e K, XF Wi K fiz /0N, 1 BH A 40 0 %o 60 %) R o
S8R T A R B AR o Langmuir 25 R WY RS AR
6 FEUREXS U g R/ IR Ry £ 300 >V 1 >
[T 1y A > T A W > TR B > WA 5 X R B 1) g P
KENIN A7 STREE > M1 W > RP B R > TE M >
AWk, 58l TR IR 45 22 /N e n AT LML b
FER IR NHI=N A1 POT—P W B () ¢E 2 R FEAS
[ R 22 18], n A5 A T 0.858~1.070 Z ], % K F 0.5,
FEH 6 FPIEURLXT NH=N 1 POI =P AW R4 5 354 7 .
RIS 25 R B, 6 FhIEURE Y RE S B AL LB

1% WHART]

BRI A S B, L v A 4 e A e S 2R A W S R A
FE, WA X A IR I ROR e . 25 A 5 IR AL
e A Wk TG e S A A e SR B0 R
2.3 IEAR B R RZ LIRS ¥
2.3.1 SERHE AT TR 3-S5 YA 2 b

6 Flr SEURE W B 208 7T J5 A9 SEM=EDS 4347 Ui 5] 4
Fin e MWEHEHLEEE , 6 Rk BRI B AT 5 2 2 5
BB, 2 BB S i FL B g %€
HR B I 1 1 € ORI, o T S R B AR
A 31 i E At A AR AL G 5 SR o e A g W L

T4 TEEABX SR RBRENEMERUESH
Table 4 Adsorption isotherm fitting parameters of different fillers

for ammonia nitrogen and phosphate

Freundlich £ 7%)
Freundlich model

Langmuiﬂﬁ}ﬂ

Langmuir model

KB AR R

R
Water quality ik

T Filler )
indicators G K. R n Ky R’

NH:-N  JR#E+ 414291 3.536 0.991 1.016 0.132 0.999
WO 323774 2768 0.986 1.021 0.133 0.999
W 1135512 8911 0.998 1.070 0.185 0.999
WmHEs 602213 5754 0.995 1.012 0.128 0.999
WMFEt 571.886 2.298 0.996 1.014 0.125 0.999
BHPHPRL 509.947 3.257 0.998 1.024 0.136 0.997
REET 628.767 2306 0.988 0.984 0.116 0.999
WA 635439 3.665 0.993 0.971 0.109 0.999
PR 456.806 2442 0.993 0.858 0.038 0.999
WP 537.088 2.877 0.999 0.986 0.109 0.996
MM HE+ 552.453  2.684 0913 0.979 0.104 0.994
FRPFRL 549.928 3.176  0.999 0.992 0.120 0.998

PO -P
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Figure 3 Fitting curves of adsorption isotherms of fillers for ammonia nitrogen and phosphate
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Table 5 Change of specific surface area of filler before and after

adsorption(m’+g™)
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Table 6 Changes in the chemical properties of

urine during storage
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Figure 9 Purification of urine COD, turbidity, colority and odor under different packing combinations
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