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A low pressure gravity-driven membrane filtration

process with non-powered backwash

Dongkeon Kim

Department of Civil Engineering, Graduate School
Pukyong National University

Abstract

Gravity-driven membrane filtration refers to a low-pressure membrane
filtration method that operates using natural head as operating energy. Unlike
the membrane filtration that uses a pump as the driving force, the existing
gravity-driven membrane filtration is characterized in that only filtration is
performed without backwashing. Therefore, as the operation progresses, the
production water quantity decreases compared to the initial filtered water
quantity due to contamination, and the operation is performed while
maintaining the filtration flux in a low range. The present, we developed a
gravity-driven membrane filtration process that enables backwashing of
power-type membrane filtration using natural head like gravity-driven
membrane filtration. In order to confirm that backwashing is possible only
with natural head, an experiment was conducted to confirm that the filtration
and backwash fluxes are the same regardless of the incoming direction of
the hollow fiber membrane under the same head level conditions. The
experiment was conducted by configuring the device up to 2 m, which is
the maximum head level that can be secured on the lab scale experimental
device, and it was confirmed that the filtration and backwash fluxes were

the same at the same head level. A long-term non-powered backwash

_vi_



experiment was conducted under various conditions depending on the
backwash head level, water quality, and arrangement of membrane modules.
As a result of the experiment, assuming that the same amount of backwash
water is used for backwashing, it was efficient to proceed with a high
backwash flux in a short time and to arrange the membrane vertically. In
the conventional gravity-driven membrane filtration method, the starting
filtration flux of 25 LMH was reduced to about 6.1 LMH after 100 hours
of operation, while the process of this study maintained 21.2 LMH
compared to the same filtration flux and operating time. If this process is
applied, the flux reduction can be delayed. Even if it is driven with the
same mechanism as the powered membrane filtration, it is possible with

little energy.
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2.1.1 18

grolat AeAeed Edol edld v=mel Axa el

el
grof ks ofefel ol Aolstal ATH(Fr=Abd &AL, 2011).

) Holates 7 e Bgoeg SHH L 1 mol e JAA
AE AAF Tl sl AAH
A

2) e SA=EY AARES AFAA A4 AP &8 o

e

T AFEAlET7E WmEW, Hodtd S A2 St =5
SHAAM A5 T Eres 2d, At AR AHgFE
A= s Tk st = E 3], 2010).

drtH o Agaldd AR E= 9 = A7|(pore size)ol w
2} 4 of I (microfiltraion; MF), €] o] Z(ultrafiltraion; UF), U=
I} (nano filtraton; NF), &4t F(reverse osmosis; RO)Z =LA Yl F5F
2 Eadn a9 218 % FRE Ak add wE Al
et =45 dHedo. oA7A, £ 219 AAVs =4
column HE AN AA Thsd =2 ge|ofiolA A|A
7Vestal, F7E AAYHE =4S R8s FAH. vRA 2 g
oo zoll Al A A 753 EHLS NFAA, NFlA AA 7Hsd =
AEL2 ROONA AlA 7HesTh



Size (um) 0.0001 0.001 0.01 0.1 1.0 10 100
Molecular Weight o . ! B . ' v
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| Bacteria |
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MCF
1
MF
Membrane Filtration = I I
Process | v | ]
NF
1 1 1
RO
gy 21 HoAH FRE AAS WY
(3= 24 A}, 2011)
E 21 % TR 0E 284G AA=EE
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oz q‘io] ]ﬁ
2 1) o] ¥}k E Ay e, ’
Oﬁsj AR G HolEs, aRExz Ads
TR s, Aetrel vy %
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UF i ’ Zd, Aolrel wEy RAA
(UF) Dntonelg) . AdEleh G, 3
<
oo IUEE A%, woh % wNET,
1:_ La
(NF) B Uroatyl  AAE 5~93% AAA, Zgold, vladlEole,
v Barele, An4AL 5
od Al E o) ot’jﬂ—q—lz“%
SN Rl AZE 93% ol gaole B
(RO) o) 4
] o
SR BobHE
SR oqumw Ars 9% dee AR
st o) 4
RO) °
(gh=r73et 3], 2010)




(1) Ao} 9
A o] I(microfiltraion; MF) %2 AAE L g7 HFH=2
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d=dp’ d, L. |2 Idl'-'"

CASE C ;| CAKE LAYER FORMATION

Deposition

27 28 U 99 AYE

(Cha et al., 2012)
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<32 "ol I} (gravity-driven membrane; GDM)# A f ol 3} ¥
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Peter-Varbanets (2011)7} 13k 17
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(Peter—-Varbanets et al., 2011)
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st Aol Basits AS AlAFSHCH(Derlon et al. 2012; Fortunato

et al. 2016; Wang et al., 2017).
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A sk FRARe BE U T8 AAI) S8 obdlz wS
% WMpE Ao JHERE FAYTHE 2L Hol WED F17)

import RPi.GPIO as GPIO
import time

import datetime
relayl=19 # <= 2H

relay2=26 # <A WH
relay3=13 # d|5 0
relayd=6 # WE WMH
relay5=21 # A5 WH
relay6=5 # 95 TEHZ

while True:
s=datetime.datetime.now()
GPIO.setmode(GPIO.BCM)
GPIO.setwarnings(False)
GPIO.setup(relayl,GPIO.OUT)
GPIO.setup(relay2,GPIO.OUT)
GPIO.setup(relay3,GPIO.OUT)
GPIO.setup(relay4,GPIO.0UT)
GPIO.setup(relay5,GPIO.0UT)
GPIO.setup(relay6,GPIO.0UT)
print (Start)

GPIO.output(relayl,GPIO.LOW)
GPIO.output(relay2,GPIO.LOW)
GPIO.output(relay3,GPIO.HIGH)
GPIO.output(relay4,GPIO.HIGH)
GPIO.output(relay5,GPI0O.HIGH)
GPIO.output(relay6,GPIO.HIGH)
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time.

sleep(60)

print (wating)

GPIO
GPIO

GPIO.
GPIO.
GPIO.

GPIO
time

GPIO.
GPIO.

GPIO
GPIO

GPIO.
GPIO.
time.

GPIO

GPIO.
GPIO.
GPIO.
GPIO.

GPIO

time.

GPIO.
GPIO.

GPIO

GPIO.
GPIO.
GPIO.
time.

GPIO

GPIO.

.output(relayl,GPIO.
.output(relay2,GPIO.
output(relay3,GPIO.
output(relay4,GPIO.
output(relay5,GPIO.
.output(relay6,GPIO.
.sleep(30)

output(relayl,GPIO.
output(relay2,GPIO.
.output(relay3,GPIO.
.output(relay4,GPIO.
output(relay5,GPIO.
output(relay6,GPIO.

sleep(12)

.output(relayl,GPIO.
output(relay2,GPIO.
output(relay3,GPIO.
output(relay4,GPIO.
output(relay5,GPIO.
.output(relay6,GPIO.

sleep(9)

output(relayl,GPIO.
output(relay2,GPIO.
.output(relay3,GPIO.
output(relay4,GPIO.
output(relay5,GPIO.
output(relay6,GPIO.

sleep(3)

.output(relayl,GPIO.
output(relay2,GPIO.

LOW)
LOW)
HIGH)
LOW)
LOW)
HIGH)

LOW)
LOW)
LOW)
LOW)
HIGH)
LOW)

LOW)
LOW)
LOW)
LOW)
LOW)
HIGH)

HIGH)
HIGH)
LOW)
LOW)
HIGH)
HIGH)

HIGH)
HIGH)
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GPIO.output(relay3,GPIO.HIGH)
GPIO.output(relay4,GPIO.LOW)
GPIO.output(relay5,GPIO.HIGH)
GPIO.output(relay6,GPIO.HIGH)
time.sleep(6)

GPIO.output(relayl,GPIO.HIGH)
GPIO.output(relay2,GPIO.HIGH)
GPIO.output(relay3,GPIO.HIGH)
GPIO.output(relay4,GPIO.HIGH)
GPIO.output(relay5,GPIO.HIGH)
GPIO.output(relay6,GPIO.HIGH)
time.sleep(1680)
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