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Fig. 1 Conceptual diagram of urine recycling
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Table 1 The composition and properties of human urine

[15—20]

JREBZH/(mg « LD 2 300~3 465 Mg®" /(mg +« L) 11~121
BAE(TN) /(mg« LY 3 020~9 200 MR ER(TDS) /(mg » LY 12 700~24 380
BEBE(TP)/(mg« LY 210~740 B3/ (mg CaCO;y « L1 14 230~16 890
HALTR AR (COD) /(mg « L1 3 600~19 906 NH{ /(mg+ L") 254~7 100
K"/(mg+ L™ 863~2 250 HS%E/(mSecm ™) 13.08~43.7
Na®/(mg+ L") 508~3 730 PO /(mg+ LY 180~740
Cl™ /(mg+ L™ 3 000~5 346 NO; /(mg+ L1 9. 74~10. 26
Ca’" /(mg+ LD 17.7~32 SOF /(mg+ LY 681~1 500
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Fig. 2 Schematic diagram of thermally activated PDS and membrane distillation integrated system (TAP-MD)?
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Table 2 Application of FO membrane separation technology in urine separation
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Table 3 Application of NF membrane separation technology in urine separation
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Table 4 Application of RO membrane separation technology in urine separation
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Table 5  Overview of advantages and disadvantages of different membrane separation techniques
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Fig. 3 Schematic diagram of the lab-scale FO-MD hybrid system'®!(a) and process decision tree"®*’ (b)
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Advances in membrane separation of urea in urine

YANG Quan', PEI Hongchang®, LI Xianhui'

(1. Key Laboratory for City Cluster Environmental Safety and Green Development of the Ministry
of Education, School of Ecology, Environment and Resources, Guangdong University of
Technology, Guangzhou, 510006, China; 2. School of Chemistry and Chemical Engineering,
Shandong University of Technology, Zibo 255000, China)

Abstract: Urea represents the primary source of nitrogen in urine. The recovery of urea is able to expand
the availability of this nutrient for production, reduce carbon emissions, and alleviate the operating
burdens of wastewater treatment facilities. Membrane separation technologies have been extensively
employed in the treatment of urine. This study presents a comprehensive overview of the composition and
properties of urine, and summarize the applications and researches on membrane distillation (MD),
forward osmosis (FO), nanofiltration (NF), and reverse osmosis (RO), as well as the integrated
membrane processes for urea recovery. The analysis indicates that there is considerable potential for
further development of membrane separation technologies for urea recovery. In light of ongoing
advancements, the creation of innovative membrane materials and the integration of diverse membrane
technologies are expected to be the primary directions in near future researches.

Key words: membrane separation technology; urine treatment; resource recovery; urea
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