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ly to the more efficient solid-liquid separation
es. It was found that the self-forming dynamic

1. Introduction discharge in China. In view of this, numerous research
efforts have been devoted to reducing and minimizing
bleaching effluent COD in straw pulping and paper-
making industries. Because of its poor biodegradability,
bleaching effluent can not be adequately treated by con-
ventional biological process in most cases. This makes
it difficult to meet the increasingly stringent discharge
standard [1] and consequently induce serious potential
contamination of the receiving water body. It is, there-
*Corresponding author. fore, of great importance to develop more efficient and

China has by far the fastest growing paper industry
in the world. The majority of virgin pulps are based on
non-wood sources (e.g. rice straw, wheat straw, reed).
At present, effluent chemical oxygen demand (COD)
from straw pulping and papermaking process, mainly
bleaching process, accounted for 40-45% of total COD
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effective treatment systems to minimize the adverse
environmental impacts caused by bleaching effluent.

A new process, termed self-forming dynamic mem-
brane bioreactor (SFDMBR), has recently emerged as a
promising technology and attracted many researchers’
attention [2-5]. In an SFDMBR, solid-liquid separation
is achieved by a sludge layer self-formed on coarse
materials. The sludge layer is thus termed self-forming
dynamic membrane as that proposed by Fan and
Huang [2]. As a modification of conventional mem-
brane bioreactor (MBR), an SFDMBR possesses a lot of
advantages including high biomass concentration, low
excess sludge production, excellent effluent quality and
so on. Moreover, the capital cost of SFDMBR is much
lower than that of MBR owing to the use of cheap coarse
materials instead of micro/ultra-filtration membranes.
The relatively small filtration resistance of self-forming
dynamic membrane, on the other hand, greatly reduces
the energy consumption and thus the operational cost
of SFDMBR.

In earlier studies, mesh materials (e.g. industrial fil-
ter cloth, dacron and stainless steel) were employed as
filter media where self-forming dynamic membranes
were formed to obtain the same separation efficiency
as that of commercial microfiltration membranes |
More recently, non-woven fabrics were applied as n
filter media on which faster formation of self-formi

ous SFDMBR studies mainly focused
real municipal wastewater treatme
been made to investigate the per

In this paper, an innov
was designed, constructe
remove the contamina
from straw pulping p
with a coagulatigg

addition, particula orts were made to optimize the
filtration performance¥of self-forming dynamic mem-
branes. The optimum PAC dosage for cost-effective post-
treatment of bleaching effluent was also investigated.

2. Materials and methods
2.1. Experiments

The schematic diagram of the SFDMBR with the
filtration device submerging in is shown in Fig. 1. The
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he SFDMBR. Back-washing was carried out when the
elf-forming dynamic membrane was severely fouled.
t the same time, another aeration diffuser was turned
on in order to clean out the foulants absorbed on the
surface of the mesh cloth. In other words, when back-
washing course was started, valves 1# and 3# were dis-
missed and valve 2# was switched on, air flowed into
the modules simultaneously to destroy the bio-layer
and to eliminate the clogs adhering on the self-forming
dynamic membrane. After cleaning, valve 1# and 3#
was turned on and valve 2# was shifted down again to
restart normal operation.

2.2. Bleaching wastewater and operation conditions

Raw bleaching wastewater supplied into the biore-
actor was taken from a straw-based pulp and paper mill
locating in Shandong province. The water quality is listed
in Table 1. The effluent treatment method employed by

Table 1

Water quality of the raw effluent.

COD BOD, Lignin pH
(mg/L) (mg/L) (mg/L)

1100-1600 250 380-400 7.5-8.5
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this enterprise was BIOLACK process and the COD in
the final effluent was lower than 450 mg/L according
with the standard of GB3544-2001. Activated sludge
samples that injected into the bioreactor were derived
from the secondary clarifier in the same paper mill. The
MLSS concentration in the reactor was 10 g/L with the
HRT of 24h and flux rate of 4.6 L-m™h™. During the
operation period no excess sludge was discharged. The
effluent was then treated by adding the flocculant PAC
intermittently once a day.

2.3. Analyses

Besides the MLSS concentration, the influent and
effluent COD, lignin, pH and dissolved oxygen (DO)
of the SFDMBR were measured. COD and MLSS were
determined according to Chinese NEPA Standard Meth-
ods [9], while lignin was conducted by the procedure
in the reference [10]. The pH and DO was monitored by
model MP220 pH meter and MC-7W DO analytic instru-
ment, respectively.

The optimum dosage of PAC was investigated in a
beaker by the following steps: 350 ml water sample was
impregnated into the container with volume of 5
then was mixed round in various proportions with!
by a stirrer at the rate of 120 r/min; 1 min later, the
ring rate declined to 30 r/min and kept for 2Q4ain; C
and lignin in the supernatant which was g
the sedimentation of mixed liquid in 1
erly and carefully acquired.

3. Results and discussion

3.1. The formation of the selfg@yming dyn embrane

jnuously measured in
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Fig. 2. Turbidity variation of the SFDMBR effluent at the ini-
tial period.
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(986 NTU) at the very beginning and gradually declined
due to the progressively build-up of the self-forming
dynamic membrane. The effluent turbidity decreased
to 5.2 NTU within 60 min and remained stable thereaf-
ter, indicating that the self-forming dynamic membrane
was successfully created. Fuchs et al. [4] reported that
dynamic membrane can be self-formed within 12 h at
the MLSS concentration of 4 g/ hereas Chu and Li [5]
observed that dynamic
within 3 h at the MLSS
study, the formation o

membranes,
with the s

and 4 describe the removal efficiency
BR for COD and lignin, respectively.
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Fig. 3. COD removal effect of the SFDMBR.
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Fig. 4. Lignin removal effect of the SFDMBR.
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Fig. 5. The influence of the PAC dosage on the COD and
lignin removal.

COD and lignin fluctuated in the range of 1100-
1600 mg/L, 380-440 mg/L in the influent fed into the
SFDMBR with the mean value of 1344 and 390 mg/L,
respectively. However, there occurred a more remark-
able decrease about COD (220-270mg/L, aver-
age 260 mg/L) than lignin (182-210 mg/L, average
192.4 mg/L) in the effluent as observed. Due to high
MLSS concentration as well as long sludge age in the
SFDMBR, the mean removal efficiency of COD could
reach even more than 80%. Moreover, lignin coul
removed to the extent of 51%.

3.2.2. Effect of flocculation process

The addition of PAC serving as
enhanced adsorption and biodegrads
substances. Besides these functi

remove organic contents an
ficult to be eliminated on
tion. The effect of PAC
removal efficiency is e

and lignin

enomenon that
the bottom of the

Feewon dosage of PAC was
not only efficiently remove the
pollutants in the tewater but also save flocculant
that costs a lot in the Practice application.

As proved by the experiment above, the water qual-
ity that treated by PAC at the dosage of 0.54 g/L was
given in Figs. 6 and 7. COD decreased considerably from
260 to 117 mg/L while lignin from 192 mg/Lin the influ-
ent to 63 mg/L in the effluent. Interestingly, the removal
efficiency of lignin (33%) was remarkable higher than
COD (11%) after the coagulation process. The total COD
removal efficiency as well as lignin was 91% and 84%,
respectively.
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3.3. Membrane fouling and control method

Colloids existing in the wastewater and metabolic
products of the microorganism in the sludge accumu-
lated massively on the surface of the mesh cloth clogged
the membrane, which resulted in a severe flux reduc-
tion. Once the cake layer was thick enough to elevate the
water head drop, therefore the transfer pressure began
to climb up rapidly, and the water level reached to the
highest, SFDMBR needed backwashing to solve this
bothersome issue of membrane fouling.

3.3.1. Regeneration of the self-forming dynamic
membrane

Backwashing was found adequate for sloughing off
all foulants sticking to the rough cloth and transporting
back to the solution. The flux can be improved remark-
ably though the water quality discharged from the reactor
was a little lower in the recovery process of self-forming
dynamic membrane. Thus, the operation conditions of
backwashing had powerful and vital impacts on the per-
formance and the removal efficiency of the SFDMBR.

The maximal water head drop maintained at 15 cm
while the aeration intensity was kept at the rate of
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600 membrane became more prone to fouling as operation
500 proceeded, probably due to the progressive deteriora-
=) tion of the mesh material.
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Fig. 8. Turbidity variation of the SFDMBR effluent after PP &

back-washing.

3.2m*m=h", the time spent for cleaning was 5 min

in case that long time aeration would destroy the self- influent to 260 mg/L in

forming dynamic membrane and the foulants would be from 390 to 192 mg/L.

removed uncompleted within short time. Figure 8 iden- . AC to improve the water quality of
tifies the turbidity alterability along with time in the gscharged from the SFDMBR, aver-
regeneration process of the self-forming dynamic mem- ge COD and Tignin dropped to 117 and 63 mg/L,

brane after backwashing. As shown in Fig. 8, the turbid- ively, at the PAC dosage of 0.54g/L of
ity in the effluent reached to 586 NTU so that the water
was with awful colors. As the filtration proceeded, the
turbidity fell off slowly to 5.26 NTU in 30 min. Cozslu- ered in 30 min. The regeneration of self-
sively, the self-forming dynamic membrane could forming dynamic membrane was extraordinarily
plete the recovery course within 30 min. asy and SFDMBR could perform two months
with a circulation period of 29 h.

3.3.2. Back-washing interval

Figure 9 presents the interrelation
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