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Fig. 1. A schematic of designed bioreactor
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Parameter dimension Value
3200-
MLSS mg/L 3400
2100-
MLVSS mg/L 2700
TMP' kpa 0.12
T °C 302
pH - 740.5
Q. L/min 2
COoD, , mg/L 400-500
Vplume of L 13
bioreactor
Ay’ m 0.004
HRT" hr 14-16
SRT d 30

Table 1. Operation condition of MBR
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Fig. 3. COD variation in influent and effluent of MBR
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Table 2. The effluent quality parameter and environmental
standard for cooling towers
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Fig. 2. Calculation of critical pressure
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Fig. 4. Permeate flux in during long time operation of filtration
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Table. 3. The result of membrane fouling
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Table 4. The results of membrane fouling resistance
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Abstract

In this study, petrochemical complex wastewater was investigated by submerged membrane bioreactor (MBR).
Initial sludge was prepared from returned sludge of petrochemical complex wastewater treatment plant.
Applied membrane is of micro-filtration type made of polyvinylidene fluoride with effective surface of 0.004
m?, porosity of 73% and nominal pore diameter of 1 um. Particle size distribution (PSD), soluble microbial
products (SMP), and extracellular polymeric substance (EPS) for sludge were measured. In addition Fourier-
transform infrared spectroscopy (FTIR), and EPS analysis were performed for determining the properties of
the formed cake. Also was measured critical pressure for membrane in the MBR. The critical pressure value
was 0.2 kPa. Therefore, the operating pressure was selected 0.12 kPa. This research was conducted in two
phases. In the first phase, the pilot worked for 35 days. The results showed that despite the membrane fouling
in initial days, the permission of the membrane still had a good efficiency, and after each 7 days, the membrane
was cleaned physically and chemically, which showed a recovery of permeate more than 90%. The COD
removal efficiency was achieved more than 85% in MLSS=3000+£300 mg / L and HRT=14-16 hours. In
addition, the TSS and turbidity in the output were below 1 mg/L and 12 NTU, respectively. In the second
phase, for reducing fouling, the granule activated carbon was added in the sludge. In the reactor containing
activated carbon (R»), membrane fouling was carried out with lower rate and also flux drop was lower about
22% compared to reactor without activated carbon. This phenomenon was due to increasing sludge particle
size, SMP reduction. The variation range of SMP was 60-71 mg/l and 60-37 mg/l for the R1 and R2,
respectively; Their EPS varied between 58 to 62 mg/l and 58 to 59 mg/1 for R1 and R2, respectively. SMP and
EPS variations had nearly constant trend for R1 and showed no significant increase during treatment process.
While, for R2, SMP concentrations had descending trend and their values were less than R1 throughout the
process. The PSD results show that inclusion of activated carbon in the system causes the flocs to grow bigger.
It can be seen that average particle size in R2 (65 um) is larger than R1 (38um). Therefore, larger flocs create
higher porosity which cause less membrane fouling and as a result, cake resistance is decreased. , FTIR analysis
was carried out. The obtained results show that the foulants in the cake layer were typically polysaccharides
or polysaccharides-like substance and proteins (Amid I, II, IIT). Three peaks at the wavelengths of 1385, 1540
and 1640 cm-1 corresponded to the presence of Amide III, II and I, respectively. Further, the peaks of 1055
and 2930 cm—1 are peaks due to polysaccharide-like substances. As it can be seen, organic compounds such
as polysaccharides, proteins, aromatic hydrocarbons and aliphatic hydrocarbons exist in both cakes. On the
other hand, it can be seen that in activated carbon-containing reactor, all the peaks have lower intensity in
comparison with the R1.

Keywords: MBR, petrochemical wastewater, fouling reduction, granule activated carbon
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