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Abstract : In this study the discharged wastewater from a paper plant was filtrated by 4 kinds of
tubular carbon ceramic ultrafiltration membranes with periodic water-back-flushing. We could investigate
effects of water-back-flushing period, transmembrane pressurc (TMP) and flow rate, and find optimal
operating conditions. The back-flushing time (BT) was fixed at 3 sec, and filtration times (FT) were
changed in 15~60 sec, TMP in 1.00~250 kg/cm®, and the flow rates in 0.25~175 L/min. The optimal
conditions were discussed in the viewpoints of dimensionless permeate flux (J/Jo), total permeate volume
(V¢) and resistance of membrane fouling (Rr). Optimal back-flushing period was BT/FT=0.20, suggesting
that the frequent back-flushing should decrease membrane fouling. Optimal TMP in the viewpoint of Vr
was 1.00~1.55 kgMcmz, suggesting that rising TMP should increase membrane fouling and decrease
permeate flux. But, rising flow rate should decrease membrane fouling and increase permcate flux. Then,
average rejection rates of pollutants filtrated by carbon ceramic membranes were 88~98 % for turbidity,
48~72% for COD.r and 37~76% for TDS.
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Fig. 1. A conceptual model for resistances [5]
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Table 1. Specification of tubular ceramic membranes used in this study.

Material Carbon (M8) Carbon (M9) Carbon (C005) Carbon (C010)
MWCO (Daltons) 150,000 300,000 0.05 ym 0.1 ym
Outer diameter (mm) 10 10 8 8
Inner diameter (mm) 6 6 6 6
Length (mm) 250 250 250 250
Surfac area (cm”) 471 47.1 471 47.1

Table 2. The quality of wastewater used in this study.

Carbon M8 Carbon M9 Carbon C005 Carbon C010

Items
Range | Average | Range

Average | Range |Average| Range | Average

Turbidity (NTU) |8.00~860| 832 [3.00~5.00

400 |414~144 9.3 7.30~7.84 7.6

COD (mg/L) 49~86 7.3 40~60

50 92~205 149 142~165 153

TDS (mg/L) 213~224 219 380~415
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Fig. 2. Apparatus of ultrafiltration with periodic
water-backflushing.
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Table 3. Average rejection rates of various tubular ceramic membrancs used in this study.

Back-flushing period

Fl te (L/min)
e | TG | e e
(BT=3 sec, FT=15~60 sec) ’ " ’ ’
4 BT/FT= 0.10 BT/FT= 0.10
Oth TMP=155 kgf/cm®
dj:r Flow satee 0 5‘(’;/ ir/n g (BT=3 sec, FT=30 sec) (BT=3 sec, FT=30 sec)
W = UL m .
conditions ow rate n Flow rate= 0.50 L/min TMP= 155 kgt/cm®

Membrane | M8 | M9 | C005| CO10 | M8 M9 | C005 | CO10 | M8 M9 C005 | CO10
Turbidity (%)| 93 88 98 94 92 94 93 97 91 94 92 96
TDS (%) 76 | 56 54 35 69 50 37 41 52 53 46 39
CODcr (%) | 59 | 48 70 60 68 54 60 72 56 62 71 67

1.0 40
09} —e— CO005 —~ 35 —e@— CO005
—w - Carbon M8 %} —w — Carbon M8
0.8 | —m— Carbon M9 @ —m— Carbon M9
07l —a— CO10 w30 —A— CO10
' E 25
o 0.6 o
-2 X
~ 05} ~ 20
= 0.4 ° 15
0.3 "g 10
0.2 ﬂﬂ‘ s
0.1
0.0 . . 0 ) .
0.00 0.05 0.10 0.15 0.20 0.25 0.00 0.05 0.10 0.15 0.20 0.25
BT/FT BT/FT
(a) Effect of the backflushing period on the (b) Effect of the backflushing period on the
dimensionless permeate flux resistance of membrane fouling

V.x 10°(m?

— — Carbon M8
—m— Carbon M9

2 —_a— €010

0 e A

0.00 005 0.10 0.15 0.20 0.25
BT/FT

(c) Effect of the backflushing period on the total filtration volume.

Fig. 3. Optimal filtration conditions of the backflushing pericd after 3hrs’ operation (TMP=1.55 kgi/en’,
Flow rate=0.50 L/min).

Wagel, A 11 @ A 4 &, 2001



AA T Adee A% B GaA Ay deoagAda & FAHe] ted Ao &4 195

1
\
0.9 M —&—BT/FT=000
HATY ~ -& —BT/FT=005
' N ---A--- BT/FT=010
0.7 Lo —-%--BT/FT=020
0.6
[=]
205
3
0.4
0.3
0.2
0.1
0
0 30 60 90 120 150 180
Time (min}
(a) Carbon M9 membrane.
_—
0.9 ¥, —e—BT/FT=000
3 - 48 —BT/FT=005
0.8 \} ---A--- BT/FT=0.10
\ ~
0.7 VN A —-%-=BT/FT=020
_ 0.6
iy
3
0.4
0.3
0.2
0.1
0

0 30 60 Q0 120 150 180
Time (min)
(c) Carbon C010 membrane.

(=]
5
S~
-
0.3 —&— BT/FT=000
— & — BT/FT=005
0.2 ---A-- BT/FT=010
—-%--BT/FT=020
0.1

0 30 60 90 120 150 180
Time (min)
(b) Carbon M8 membrane.

09 I\, — - —BT/FT=000
X —=—BT/FT=005
0.8 N \‘x «--A--- BT/FT=010
: . —-%-—BT/FT=020
o7 [\'a
PN e Rel
0.6
o
205
3
0.4
0.3
0.2
0.1
0
0 30 60 D 120 150 180

Time (min)
(d) Carbon C005 membrane.

Fig. 4. Effect of the backflushing peripd on the dimensionless permeate flux for the various tubular ceramic
membranes (TMP=155 kgy/cm?, Flow rate=0.50 L/min).
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Fig. 5. Effect of the backflushing period on the resistance of membrane fouling for the various tubular
ceramic membranes (TMP=1.55 kgy/cm®, Flow rate=0.50 L/min).
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f', 10 }
°
-
x 8 r
-
>
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4
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(c) Effect of TMP on the total filtration volume.

Fig. 6. Optimal filtration conditions of TMP after 3 hrs'operation (BT/FT=0.10, Flow rate=0.50 L/min).
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Table 4. Optimal filtration conditions for the various tubular ceramic membranes.

Operation Backflushing period . 2. Flow rate (I/min):
Ve onditon  reT000~020 1 Mlpoélf?é/;gl g 025~1.75
points (BT=3 sec, FT=15~60 sec) =2 (Re= 490~3590)
BT/FT= 0.10 BT/FT= 0.10

Other conditions

TMP=1.55 kgf/cm®,
Flow rate= 0.50 L/min

(BT=3 sec, FT=30 sec)
Flow rate= 0.50 L/min

(BT=3 sec, FT=30 sgc)
TMP= 155 kegf/cm’

Membrane M8 | M9 | CO05| CO010 M8 | M9 [C005|C010| M8 M9 | C005| C010
Jiso/Jo 0.10 | 0.05 | 0.20 0.20 250 | 1.00 | 1.00 | 200 | 1.25 175 | 175 | 1.75
Ri150 0.10 | 0.20 | 0.20 0.20 1.00 | 100 | 1.00 | 1.00 | 1.25 175 | 175 | 175
Ry 0.20 | 0.20 | 0.05 0.20 1.00 | 1.00 | 1.00 | 1.00 | 175 025 [ 075 | 1.25
Vr 0.20 | 0.20 | 0.20 0.20 1.00 | 155 | 1.00 | 1.00 | 025 175 | 175 | 1.7
1% 1

0.9 n —e—TMP 100 0.9 |3\ —e—TMP=100

— & —-TMP 155 [ — & —TMP=t155

0.8 ?%\ ---A--- TMP 200 0.8 \ ---A--- TMP=200

07 [l —-%-—TMP 250 07 | Rl —-%-=TMP=250

; 0.6 = A
N .
S s
e~ S~ 05 \ ------
) - N
0.4 %
\\
0.3 e N
s |
0.2
0.1 01
0 0
0 30 60 90 120 150 180 Q0 30 60 90 120 150 180
Time (min) Time (min)
(a) Carbon M9 membrane. (b) Carbon M8 membrane.
1.0 # 1 »
0.9 k ——TMP 100 0.9 ——TMP=100
— B —TMP 155 ~ B —TMP=155
0.8 |} ---A--- TMP 200 0.8 |Ih -- -4 -- TMP=200
0.7 o —-%-=TMP 250 07 '.\':\l\ —-%--TMP=255
. "v \
0.6 0.6 R
g 0.5 : 0.5 '\\:"“A.\-'_ -
0.4 - . ~
0.4 )1(__*..*_-:_*::-_:2 -:-.-_.-_'a*:___.____.’
03 0.3 S
0.2 0.2 Wero
0.1 0.1
0.0 0
¢ 3 60 90 120 150 180 0 30 60 90 120 150 180
Time (min) Time (min)

(d) Carbon C005 membrane.

Fig. 7. Effect of TMP on the dimensionless permeate flux for the various tubular ceramic membranes
(BT/FT=0.10, Flow rate=0.50 L/min).

(c) Carbon C010 membrane.
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