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Experimental Study on the Treatment of Flue Gas Desulfu-
rization Wastewater by a Biological Fluidized Bed
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Abstract For the treatment of the mixed flue gas desulfurization wastewater with high salinity by the biological fluidized bed process, the optimum tem-
perature was 25 =35 °C, and the optimum hydraulic retention time was 10 h. When the influent quality was stable, the average concentration of COD,
NH, -N and TN in the inlet water was 210, 11 and 16.3 mg/L, respectively, and their average concentration in the effluent was 54, 0.32 and 4.09 mg/L, re-
spectively. The treatment effect was good. When the incoming water quality of flue gas desulfurization wastewater fluctuated greatly, the effluent quality
was still relatively stable after being treated by the biological fluidized bed, indicating that the biological fluidized bed process had a good ability to resist
the impact of water quality in the treatment of high-salinity flue gas desulfurization wastewater. At the same time, the biological fluidized bed process pro-

vides a reference for high-salinity wastewater that is difficult to be biologically treated.
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Fluidized bed reactors can achieve mixed mass and heat
transfer among gas, liquid and solid phases. A biological fluidized
bed means that fine particles such as quartz sand, activated carbon
and coke are filled in the bed as carriers, and a biofilm cover the
surface of the carriers; under the action of a certain force, sewage
flows from bottom to top to keep carrier particles in a fluidized
state. The biofilm of a biological fluidized bed is attached to the
carrier, and the concentration of its activated sludge is as high as
40 -50 g/L, which is 10 —20 times that of the traditional activa-
ted sludge method'". Moreover, the biofilm on the surface of the
carrier fully contacts the wastewater and air in the bed, improving
the utilization rate of oxygen molecules for mass transfer between
gas and liquid phases, and thereby enhancing the effect of
wastewater treatment by the biological fluidized bed™’ .

Flue gas desulfurization wastewater is the wastewater pro-
duced during the desulfurization, denitrification and washing
process of flue gas by catalytic cracking in the petrochemical in-
dustry. Flue gas desulfurization wastewater is characterized by
high concentrations of suspended solids, high salt content, high
nitrogen content and high COD, so it is relatively difficult to treat
in petroleum refining and chemical enterprises”’.

The biological fluidized bed device developed by Luoyang
Technology Research and Development Center has successively ap-
plied in side-line tests on the pretreatment of oil refining
wastewater, ethylene glycol wastewater, PTA wastewater, and
coal-to-ethylene glycol wastewater in petrochemical industry, with
a good treatment effect. At the same time, industrial applications
have also confirmed that a biological fluidized bed has the advanta-

ges of high sludge concentration, high volumetric loading, high re-
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action rate, short hydraulic retention time, strong resistance to
load shock, high reaction efficiency, small land occupation area,
and good treatment effect. Besides, it has a good effect on the
treatment of petrochemical wastewater, and the treated effluent
meets the requirements of enterprises'* ™.

In this paper, the mixed flue gas desulfurization wastewater
with high salinity from a domestic petrochemical enterprise was
treated by a biological fluidized bed process, and a side-line test
was carried out. Meanwhile, in order to investigate the impact re-
sistance capacity of the biological fluidized bed, the influent load

was increased in the later stage of the test.

1 Test device and process

The process of the biological fluidized bed device is shown in
Fig. 1. Flue gas desulfurization wastewater enters the anoxic tank
through the regulating tank, and then overflows to the aerobic
tank. The digestion liquid in the aerobic tank is recycled to the
anoxic tank. The upper wastewater overflows to the sedimentation
tank, with water discharged from the top of the sedimentation
tank , and the sludge at the bottom flows to the anoxic tank. Both
the anoxic tank and the aerobic tank adopt an internal circulation
flow form with inner and outer cylinders. The anoxic tank is
stirred with a stirrer, while the aerobic tank uses bottom aeration
as the lifting power for uniform mixing. Meanwhile, biological car-

rier fillers are added to the aerobic bed.

2 Test materials and methods

2.1 Test water quality and source The test water was derived
from the mixed water of flue gas desulfurization wastewater and do-
mestic sewage in a petrochemical plant, with a mixing ratio of ap-

proximately 1 : 1. 5. The quality of the wastewater is shown in
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Fig.1 Process diagram of the biological fluidized bed

Table 1 Quality of the flue gas desulfurization wastewater

Item Value
COD //mg/L 180 -300
NH, -N //mg/L 9-15

TN //mg/L 9-20
BOD //mg/L 60 — 100
Conductivity // wS/cm 8 000 - 10 000
B/C 0.3-0.35
pH 7-8.5

The experimental sludge was collected from the residual
sludge from the biochemical treatment tank of this petrochemical
plant.

2.2 Analysis items and methods The indicators of water
quality in this test mainly include COD, NH, -N, TN, pH and
conductivity. Sampling and analysis were carried out in a timely
manner at the side-line test site.

The process of this side-line test is divided into the sludge
acclimation and cultivation stage and the continuous influent test
stage. The sludge acclimation and cultivation stage and the carrier

biofilm formation stage adopted intermittent influent, and the car-
rier biofilm formation spent approximately 20 d. The carrier bio-
film formation was completed when a uniform film was attached to
the surface of most carriers. Through microscopic examination of
samples, it is seen that there were many types and quantities of
microorganisms on the biofilm, mainly including vorticella, episty-
lis, paramecium, etc.

The biological carrier packing used in the test has a special
geometric structure, so the specific surface area of the carrier
packing is large. Meanwhile, the aerobic fluidized bed has a spe-
cial gas distribution mode and biofilm removal structure, which is
conducive to the biofilm removal of the carrier. In the fluidized
bed, the carrier could move in different directions through the tur-
bulent fluidization of gas, liquid and solid, so that the aged bio-
film on the carrier would be shed, renewed and regenerated in
time.

3 Results and analysis

3.1 Effects of temperature on the operation effect of A/O
biological fluidized bed The effects of temperature on the treat-
ment effect of the biological fluidized bed on the mixed flue gas
desulfurization wastewater with high salinity were studied under
certain test conditions (the concentration of dissolved oxygen was
less than 0.5 mg/L in the anoxic bed and 2.0 -4.5 mg/L in the
aerobic bed; the influent pH ranged from 7.0 to 8.5, and temper-
ature was between 20 and 35 °C). The variation of pollutant re-
moval with temperature is shown in Fig. 2. As temperature ranged
from 20 to 35 °C, the effects of COD, NH, -N, and total nitrogen
(TN) removal were all relatively good. At 20 °C, the removal rate
of COD, NH, -N, and total nitrogen was the lowest, and effluent
COD concentration was relatively high (around 60 mg/L). Ac-
cording to the conventional nitrification and denitrification temper-
ature, the optimal operation temperature of the biological fluidized

bed was 25 -35 °C.
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Fig.2 Effects of temperature on the operation of the biological fluidized bed

3.2 Effects of hydraulic retention time on the operation
effect of the biological fluidized bed The effects of hydraulic
retention time (HRT) on the treatment effect of the biological flu-
idized bed on the mixed flue gas desulfurization wastewater with
high salinity were analyzed under certain test conditions (the con-

centration of dissolved oxygen was less than 0.5 mg/L in the anox-
ic bed and 2.0 - 4.5 mg/L in the aerobic bed; the influent pH
varied from 7.0 to 8.5, and temperature was 30 °C). Fig.3 pres-
ents the change of pollutant removal with HRT. When the retention
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time ranged from 10 to 20 h, effluent COD concentration, NH," -N
and total nitrogen was all relatively low, so the removal effect was
good. However, as the retention time was 7 — 8 h, effluent COD

concentration was relatively high, and the removal rate of total ni-
trogen was relatively low. In view of the operation cost, the opti-
mal HRT of the biological fluidized bed was about 10 h.
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Fig.3 Effects of HRT on the operation of the biological fluidized bed

3.3 Continuous operation of the biological fluidized bed

3.3.1 Effect of COD removal. As shown in Fig. 4, influent COD
concentration fluctuated between 180 and 260 mg /L during the
continuous operation of the biological fluidized bed (1 -26 d),
averaging 210 mg /L during this period. After treatment by the
A/0 biological fluidized bed, effluent COD concentration was all
less than 60 mg/L, with an average of 54 mg/L, and the average
removal rate of COD was greater than 75% . From 27 to 40 d, in-
fluent COD concentration was impacted and fluctuated significant-
ly, with the maximum of 710 mg/L. However, the effluent quality
remained relatively stable, and the effluent concentration was be-
low 80 mg/L. The average removal rate of COD exceeded 85% .
The results show that the biological fluidized bed had a better
effect on the removal of COD from the mixed flue gas desulfuriza-

tion wastewater with high salinity, as well as a better ability to re-
sist COD impact.
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Fig.4 Effect of COD removal during the continuous operation of
the biological fluidized bed

3.3.2 Effect of NH, -N removal. It can be seen from Fig. 5 that
during the continuous operation of the biological fluidized bed, in-
fluent NH," -N concentration fluctuated between 9 and 15 mg/L,

averaging 11 mg/L. After treatment by the biological fluidized
bed, effluent NH," -N concentration was less than 1 mg/L, with an
average of 0. 32 mg/L, and the average removal rate of NH, -N
was above 97% . Tests show that the biological fluidized bed had a
better effect on the removal of NH, -N from the mixed flue gas des-

ulfurization wastewater with high salinity.
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Fig.5 Effect of NH; -N removal during the continuous operation of
the A/O biological fluidized bed

3.3.3 Effect of TN removal. It can be known from Fig. 6 that in-
fluent TN concentration varied from 9 and 18 mg/L during the con-
tinuous operation of the biological fluidized bed (1 -=26 d) , avera-
ging 16.32 mg/L during this period. After treatment by the A/O
biological fluidized bed, effluent TN concentration was less than 5
mg/L, with an average of 4. 09 mg/L, and the average removal
rate of TN was higher than 72% . From 27 to 40 d, influent TN
concentration was impacted and fluctuated obviously, and the max-
imum was up to 47 mg/L. However, the effluent quality was rela-
tively stable, and the effluent concentration was below 8 mg/L.
The removal rate of TN was higher than 75% . The results show
that the biological fluidized bed had a better effect on the removal

of TN from the mixed flue gas desulfurization wastewater with high
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salinity, as well as a better ability to resist TN impact.
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Fig.6 Effect of TN removal during the continuous operation of the
biological fluidized bed

4 Conclusions

(1) For the treatment of the mixed flue gas desulfurization
wastewater with high salinity by the biological fluidized bed
process, the most suitable temperature was 25 —35 °C, and the
optimal hydraulic retention time was about 10 h.

(2) Afier the treatment of the mixed flue gas desulfurization
wastewater with high salinity by the biological fluidized bed
process, effluent COD concentration was lower than 60 mg/L, and
the average removal rate reached 75% ; NH, -N concentration was
lower than 1 mg/L, and the average removal rate was up to 97% ;
TN concentration was lower than 5 mg/L, the average removal rate
was 72% . It is indicated that the biological fluidized bed process
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and collapse, and suspend the construction. Outdoor pedestrians
should immediately take shelter in a safe place, and the vehicles
and other outdoor objects or equipment that are vulnerable to hail

attack should be properly protected.
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had a good effect on the treatment of flue gas desulfurization
wastewater with high salinity.

(3) During the treatment of the mixed flue gas desulfurization
wastewater with high salinity by the biological fluidized bed, when
influent quality was impacted, the maximum of COD and TN con-
centration reached 710 and 47 mg/L, respectively. However, the
effluent quality was relatively stable, and effluent COD and TN
concentration were below 80 and 8 mg/L, respectively. The re-
moval rate of COD and TN exceeded 85% and 75% , respectively.
The results show that the biological fluidized bed process had a
better ability to resist water quality impact during the treatment of
the mixed flue gas desulfurization wastewater with high salinity.

(4) Meanwhile, the biological fluidized bed process provides
a reference for the treatment of high-salinity wastewater that is dif-
ficult to be biologically treated.
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