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A pilot study of continuous filtration-ultrafiltration process for
Songhua River water treatment

HUANG Qiaojin, GUO Yuanqing, LIANG Heng, LI Guibai

(State Key Laboratory of Urban Water Resource and Environment ( Harbin Institute of Technology) , Harbin 150090, China)

Abstract: To explore the feasibility of the green water purification process of ultrafiltration with short process and
low chemical dosage, continuous filtration was used as the pretreatment process, and a pilot study of continuous
filtration-ultrafiltration process for Songhua River water treatment was performed in terms of treatment efficiency and
membrane fouling. In addition, a comparison experiment with direct ultrafiltration was performed to investigate the
role of continuous filtration in the combination process. The results showed that the continuous filtration-
ultrafiltration process had excellent removal efficiency for turbidity and ammonia nitrogen. The removal rates were
99.75% and 70.77% , respectively. But the removal of organic matter was inefficient. The removal rates of COD,,,
and UV, were 32.21% and 17. 12% , respectively. In the early stage, the rate of membrane fouling was slow,
and it became faster after the 15th day. The transmembrane pressure increased to the superior limit of 50. 3 kPa on
the 50th day. Continuous filtration showed a good removal effect on tryptophan protein, and ultrafiltration showed
different degrees of removal of soluble biometabolites, tryptophan proteins, fulvic acid organics, and humic acids.
Humic acids and tryptophan proteins were the main irreversible contaminants of ultrafiliration membranes. The
removal rate of CODy,,, UV,,, and ammonia nitrogen by the combination process were 9.97% , 7. 02% , and
33.84% higher than that of direct filtration, respectively. Moreover, the membrane fouling rate of the combination
process was much less than that of direct ultrafiltration. Continuous filtration pretreatment cannot only improve the
removal efficiency of organic matter and ammonia nitrogen, but also alleviate ultrafiliration membrane fouling
effectively.
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Tab.1 Characteristics of raw water quality

BAR KR/ C pH i/ NTU UV,s4/cm ™! CODy,/(mg - L°1) HA/ (mg - L)
Fikic| 19.2+2.3 8.21 +0.12 24.4 £5.9 0.122 +0.006 5.31£0.42 0.441 £0.076
1.2 HiEEHIETIR HEH.

e R 2 UE R LA IR R A,
K1 PR, S8 R G0 £ AL IR IR REFNE VEAE. &
BEEA4 1000 mm, B 7.0 m. i WA B A2 400 mm,
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e 2R3 B0 A e KR 5 2l 0 o 3 — 8 0 U
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IS FR SR N 2 rp s e 4R A, 5
PVC &4, #UF 20 7 B i o 50 ku, A R AL
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6] T 3t B, % B8 AT S ik, S Uk IR KON HE K 4

BEELS IR RS T LA IRE = R 1.0 m, 8
R4 m/h b PR E] 2 8 min, Sz i PR SR B
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Fig. 1 Pilot-scale continuous filtration-ultrafiltration system
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Fig.2 Removal of turbidity by combination process
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Fig.3 Removal of CODy,, by combination process
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Fig.4 Removal of UV,,, by combination process
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Fig.5 Removal of organics with different relative molecular mass
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Fig.6 Removal of ammonia nitrogen by combination process
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Tab.2 Changes of water quality in influent and effluent

p/(mg-L71)

WiH pH
NH; -N  NO, -N  NO; -N DO

Rk 0.492 0.016 1.538 9.72 8.18

dugk  0.248 0.012 1.792 8.53 7.86

HIgHK  0.163 0.010 1.881 7.69 7.6l
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Fig.7 Variation of ppy
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Tab.3  Fluorescence peak intensity of the water sample

HiH JEK SRV B IE 7K 77N HWHEE Fay s #E LBl % Bl %
Tl 251.1 217.5 166.2 271.0 51.3 104.8 25.4 26.3
T2 326.9 242.4 180. 1 292.5 62.3 112.4 30.8 28.2

A 470.2 460.7 401.3 543.4 59.4 142.1 29.4 35.7

B 272.8 268.6 239.4 278.5 29.2 39.1 14.4 9.8
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Treatment efficiency of ultrafiltration and continuous

0

Fig. 9
filtration-ultrafiltration
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