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Abstract: The reuse of wastewater is being diffused to manage and develop the water resources. Generally, the treated
wastewater is discharged to the river after being treated to meet the effluent quality standard or reused for diverse uses
through the reprocessing. And recently, as the reuse of the treated wastewater is activated, the technologies to utilize for the
high quality water resources such as industrial water by reusing the wastewater with Membrane Distillation (MD) are under
development. In this study, the direct contact membrane distillation (DCMD) process has been applied to treat sewage dis-
charge water for water reuse. The laboratory scale experiment was performed by using a hydrophobic PVDF membrane with
the pore size of 0.22 um. The influence of operating parameters, such as feed temperature, feed flow rate, feed concen-
tration, on the permeate flux and rejection has been investigated. All filtration tests were conducted till the feed volume
reached a concentration factor of 3.0. Thus, the operating period ranged between 19 hr and 49 hr depending on filtration
performance. The results showed that above 92% of TN, TP, COD and TOC in the feed could be rejected regardless of an
operating condition. The water flux was ranged from 13.8 to 20.3 LMH. The lowest flux was obtained at the operating con-
dition with the feed temperature of 50°C and feed flow velocity of 500 mL/min while the highest one was measured with
60°C and 900 mL/min. When the concentration factor reached 3.0, water flux declined by approximately ranged from 14.5%
to 33.3%. But the fouling in MD is almost fully reversible, with more than 90% recovery of permeate water flux following
a DI water rinse without the addition of chemical cleaning reagents.

Keywords: Membrane distillation (MD), Water reuse, Direct Contact Membrane Distillation, Rejection, Physical cleaning

TCorresponding author(e-mail: sanghlee@kookmin.ac.kr, http://orcid.org/0000-0002-0572-7714)

70



A Feasibility Study on Sewage Discharge Water Treatment for Water Reuse by Direct Contact Membrane Distillation 71

.M 2

UNY AA £A9 Ag B1420039)d04 & F2
19503 ~1990d Atolo] 3u] Z7}slon, &% 35
ojyf @A 8] 267t FUHE AR o FH A
3k 202500 AAl AT 40%20 oF 279 o] H

Zol| AT Aolx, A AA =71 1/5 7haFo] Azt
E 5S AHE A4S Aolgty AR ol 35
Hask 89 LA Fovt A3d Aot H
o olggt R A4S dAstaA AR W
9| AArgel tid AF7F dd] R gl o

3] @A skrAER BRTY AFAA AL

7besta AeEd 9 B RS A wel HEe 8t

FALUNE BFF AAY ALE AASFo ot AAE
o] 7bEatth. 2y AA A AL HAHE 2 FH]

g9 Bgog <o 2011d 71F AA AR

FFF 1% AER Ao] &= 9o = Ay

Ao A BAZ st Aol &5 tiio]| a5

AP Aardr, 94EF, 34T TOE AL

I Q4] WA B AFAE seAgs Aol &E

g3 Aeg FANAE Y5t A HEA 5L

g orld ook Hm o bROrRorIr

—
[

e

A
H(Membrane Distillation; MD)2] & 71sA4S H7}
shTh e A4 IHE THAE A8y £
oS o] &3t AFERYH &5 FVIVHE =&
Eete Aot gEEye o8 AgEHe dre
FE9e &% Wi HESA HAW £ 196 =
L 2gA uie B4Y EAHAHOZ Qg vt B
Yol 7|32 EREHA 4] Wi £ FHs)
A Fata F719 Beehs st dohs,e). e
FARAAM EdAGo] TAstE olfe EEUe BAE
=2 259 958 e 29 A Aol PAH
© 2&ako] wEolH, olgldt 2EAO|E 3 FAH
= =9 3718 Aole dARH Y =0 57 FHE
ASEHHA AFERE ARFHOE o]FaHA WMEw
754 =1

sgo] HAde]. e 749 VI FulE
WA 77 Y8l A S H gk

A HEA S (Direct Contact Membrane
Distillation; DCMD), 37] =38 23U (Air Gap
Membrane Distillation; AGMD), 2297} T3 9
2 (Sweep Gas Membrane Distillation; SGMD), %1
u-ZHH (Vacuum Membrane Distillation; VMD) 4714

Gear Pump

Gear Pump

Balance meter

,-/

Fig. 1. DCMD process schematic diagram.
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Table 1. Water Quality Characteristics of Sewage Effluents

(G Sewage Treatment Plant)

TN TP COD TOC
(mg/L) (mg/L) (mg/L) (mg/L)
19.3 0.4 16.5 15.74
Table 2. Operating Condition of DCMD
Feed Feed Permeate
Temperature flow rate (F) flow rate (P)
500 mL/min 500 mL/min
50°C 700 mL/min 500 mL/min
900 mL/min 500 mL/min
500 mL/min 500 mL/min
60°C 700 mL/min 500 mL/min
900 mL/min 500 mL/min
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Fig. 2. Rejection of TN, TP, COD, TOC by operation condition.
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Fig. 3. Pore size distribution of MD membrane.
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Fig. 4. Water flux by feed temperature and flow rate.
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Fig. 5. Flux recovery by physical cleaning according to
feed temperature and flow rate.
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