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Table 1 Characteristics of water quality of desulfurization wastewater
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Fig. 1 Schematic diagram of the UF membrane device
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Table 2 Characterization of the membranes

used in this work

1 V01-1812 PVDF 500 kDa 0.1
2 V02-1812 PVDF 800 kDa 0.1
3 V6-1812 PVDF 0.1 pm 0.1
4 FR-1812 PVDF 0.2 pm 0.1
5 UE050 PES 50 kDa 0.4
6 US050 PS 50 kDa 0.4
7 UF050 PVDF 50 kDa 0.4
8 UNO050 PAN 50 kDa 0.4
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Table 3 The formulas and characteristics of the Hermia model
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Fig. 2 Specific fluxes [ (a), (¢)] and specific flux decline rate along with pressure [ (b), (d)] of different UF membranes
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Fig. 3 Turbidity, TOC removal rates (a) and percentages of DOM composition (b) by different UF membranes

treating the desulfurization wastewater
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Fig. 4 3D-EEM spectra of the raw wastewater and permeate with different UF membranes
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Fig. 5 Normalized flux-time curve for UF membranes with different pore sizes (a) and materials (b)
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Table 4 Parameter of flux decline curve fitting with the Hermia model for UF processes

Ji A= i ] /min JEeIh % brifEssIE H i) 3 7€ i
0~70 0.876 0 0. 905 3 0.930 2 0.967 0

500 kDa 0~11 0.984 6 0. 980 8 0.996 1 0.973 9
12~25 0.9859 0.9857 0. 986 2 0.998 5

26~70 0.9811 0.983 2 0.984 9 0.996 9

0~70 0.916 1 0.942 3 0.963 2 0.989 0

800 kDa 0~18 0.984 1 0.987 0 0.998 1 0.9850
19~70 0.951 6 0.962 3 0.9715 0.985 3

0~70 0.897 3 0.922 7 0.944 2 0.975 1

0.1 ym 0~30 0.995 5 0.998 7 0.999 0 0.991 2
31~62 0.966 1 0. 966 6 0.976 9 0.998 6

63~70 0. 966 2 0. 966 2 0. 986 3 0.998 3

0.2 pm 0~70 0.889 7 0.941 2 0.975 1 0.998 0
0~70 0.976 3 0.9919 0.998 0 0.985 3

PES 0~10 0.999 2 0.998 8 0.998 0 0.995 8
11~25 0.989 4 0.992 6 0.994 8 0.998 6
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0~70 0.934 9 0. 966 5 0.986 9 0.987 8

PS 0~20 0.989 7 0.995 5 0.998 1 0.994 0
21~70 0.973 4 0.982 8 0. 989 8 0.996 5

0~70 0.853 9 0.934 2 0.979 8 0.983 9

PVDF 0~22 0.951 6 0.984 5 0.998 1 0.978 1
24~170 0. 980 3 0.989 4 0.9950 0.996 0

0~70 0. 900 3 0.954 5 0. 986 4 0.982 3

PAN 0~23 0.997 4 0.998 2 0. 988 2 0.942 4
24~62 0.985 0 0.991 2 0.995 6 0.985 4

63~70 0.979 2 0.979 8 0. 980 3 0.981 3
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Performance and dynamic fouling mechanism of ultrafiltration membrane

treating the desulfurization wastewater from the coal-fired power plant
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Abstract: The efficient and stable removal of suspended solids (SS) from desulfurization wastewater is a
critical challenge for achieving zero liquid discharge (Z1.LD) of coal-fired power plants. In this study,
ultrafiltration (UF) was employed to remove SS from the desulfurization wastewater, and the effects of
membrane pore size and material on the separation performance were systematically investigated, with a
focus on the flux decline and the dynamic evolution of membrane fouling. It was found that all UF
membranes achieved high SS rejection (=>99%) through cake layer formation, demonstrating the potential
of UF in desulfurization wastewater treatment. However, the pore size and material significantly
influenced the flux decline process. Increasing the initial flux would lead to a rapid flux decline and
significantly influence the fouling layer formation process. Hermia model revealed a two-stage transition in
fouling mechanism in UF; the intermediate blocking was the leading mechanism at the beginning, which
turned to cake layer filtration in the final stage due to the accumulation of SS. The transition stage was
delayed for membrane with larger pores, which was attributed to the more particles accumulated into the
membrane pores before cake layer formation for the low rejection and high flux. Meanwhile, membrane
material also influenced both the initial fouling mechanism and the subsequent transition: complete pore
blocking was the main mechanism for PES membrane, and intermediate blocking was the main mechanism
for PVDF and PS membranes. What also worth noting is that the PAN membrane underwent a three-stage
fouling mechanism transition from standard blocking to intermediate blocking, and followed by cake layer
model at the last stage. This study reveals the dynamic fouling and flux decline mechanism in UF process,
which can provide theoretical supports for the application of UF in desulfurization wastewater.

Key words: desulfurization wastewater; ultrafiltration; flux decline; Hermia model; membrane fouling
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