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Fig. 1 BONA-TYLG-19 high-pressure plate cross-flow membrane test device(a) and flow chart(b)
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Table 2 Mechanism and formula of membrane fouling pore plugging
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Fig. 6 Pore blockage mechanisms in membrane fouling during biogas slurry concentration with varying UF pore size
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Study on the influence of ultrafiltration membrane pore size on membrane
fouling behavior during the concentration of livestock
and poultry manure biogas slurry

CAOQ:i', LYU Jingmiao*, CUI Wenjing®, QI Chuanren',
LI Yun*, HAN Xianjie®, LUO Wenhai'

(1. College of Resources and Environment, China Agricultural University, Beijing 100193, China;
2. College of Resources and Environment, Qingdao Agricultural University, Qingdao 266109, China;
3. College of Veterinary Medicine, Qingdao Agricultural University, Qingdao 266109, China)

Abstract: Ultrafiltration (UF) is a crucial unit in the resource-oriented membrane separation treatment of
biogas slurry, as it can efficiently remove suspended solids, colloids and other substances. Most studies
have focused on the relationship between membrane fouling and membrane flux, while there is a lack of
analysis on membrane fouling mechanisms. To further meet the needs of engineering applications, this
study conducted concentration experiments using UF membranes with molecular weight cut-off (MWCO)
of 30 000, 50 000, 100 000 and 500 000, taking biogas slurry from livestock and poultry farms as the
research object. The effects of membrane pore size on nutrient rejection efficiency, membrane flux
variation patterns and fouling mechanisms were systematically analyzed. The results showed that UF
membranes with different pore size could all efficiently retain COD in the biogas slurry, with a rejection
rate exceeding 80%. However, their retention performance for total nitrogen (TN), total phosphorus
(TP) and total potassium (TK) was generally poor, ranging from 24. 0% to 27.0%, 59. 0% to 69. 0%,
and 9. 0% to 9. 5% respectively. During the membrane concentration process where the volume of biogas
slurry was concentrated 5 times, the water flux exhibited a pattern of a rapid initial decline, followed by a
stable state, and a final decline again. The main fouling mechanism was organic-inorganic composite cake
layer fouling, accounting for more than 96% of the total fouling resistance, while adsorption fouling
accounted for less than 3% of the total resistance. Moreover, the adsorption fouling showed an increasing
trend as the membrane pore size increased, with inter-pore adsorption being the main cause. During
enhanced water recovery, the 100 000 membrane demonstrated superior flux sustainability compared to
500 000, 50 000 and 30 000 membranes. Considering the integrated factors of stable water flux, nutrient
retention and membrane fouling propensity, the optimal molecular weight cut-off of UF membrane
determined for biogas slurry concentration was 100 000.

Key words: ultrafiltration; membrane fouling; biogas slurry; pore size



