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Abstract

The aim of this study was to optimize the ozonation and ceramic membrane integrated process for greywater
reclamation. The integrated process is a repeated sequential process of filtration and backwash with the same
ceramic membrane. Also, this study used ozone and oxygen gas for the backwashing process to compare
backwashing efficiency. The study results revealed that the optimum filtration and backwash time for the
process was 10 minutes each when comparing the filtrate flow and membrane recovery rate. The integrated
process was operated at three different operating conditions with i) 10 minutes for filtration and 10 minutes
for ozonation, ii) 10 minutes for filtration and 10 minute for oxygen aeration, and iii) continuous filtration
without any aeration for synthetic greywater. The integrated process with ozone backwashing could produce
0.55 L/min of filtrate with an average of 18.42% permeability recovery, while the oxygen backwashing
produced 0.47 L/min and 6.26%, respectively. And without any backwashing, the integrated process could
produce 0.29 L/min. This shows that the ozone backwash process is capable of periodically recovering from
membrane fouling. The resistance of the fouled membrane was approximately 34.4% for the process with
ozone backwashing, whereas the resistance was restored by 10.8% for the process with oxygen backwashing.
Despite the periodical ozone backwashing and chemical cleaning, irreversible fouling gradually increased
approximately 3 to 4%. Approximately 97.6% and 15% turbidity and TOC were removed by ceramic
membrane filtration, respectively. Therefore, the integrated process with ozonation and ceramic membrane
filtration is a potential greywater treatment process.

Key words : Advanced oxidation process, Ceramic membrane, Greywater treatment, Ozonation, Water treatment
process
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1. Introduction
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717 ool TASa T} Intergovernmental Panel on
Climate Change (IPCC) 7]¥H 3} EiAjo] m=2H A+ 2
G5t ALDFE AT Hd 25+ st A
FFY Azt AXZIY Args £ wEA 71g 2
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E Aol E VEAY S HYstd FREHeH, HEo|&Al
A9 BF g, SFE AEY &4 st - AFARFY
Aol & g 59 £ AMol& BAE FZFATHME, 2011).
I FAAE FFe o - deAgsRY Fd0] AR A
ol-& A HxH HL H|Eo] o7t FEF FFS &
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2 B IF g HAl-jayyousi 2003).

FTE Aol&ste 7IE T dEHLE 2ol &EA 3
= 7led SR/, 94453242952 A¥(Sequencing
Batch Reactor, SBR), &4 &, 2|9 o7y 2 2 9g o]
23 M EYH3 ¥ (Membrane BioReactor, MBR) S°] it}
SH/RAAHE gAY Edo] B2 FFNA AHEHM 88~
92%9 222 AALS BolA T S¥A & pHl wat
Eg°] 23 pHE 28] A FEE FIIE A8 H=

A& 7FA 3 ) tH(Ghaitidak and Yaday, 2015). SBR< &
7€k (Total Organic Carbon, TOC), 38 FAQFTF
(Chemical Oxygen Demand, COD), M & 59| AE}HoZ
A2 g F e EZES 80~95% 7HF A 7teskA T
2]8t4 A FA17H(Hydraulic Retention Time, HRT)©] 71 &3
S 7FA 3 ) tk(Kaminska and Marzatek, 2020). SF32 &
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£ Afste &4 2Hd AELS FH A7 FH /IIES
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o] #3at7]7kA AlZtel Adth= ol UtHKim et al,
2013; Sharaf and Liu, 2021). #2892 JAFEZ & U FE
AA bkl TOCE A Fol A 83%, trimofdeto]
AE 93% 7 AAZE 7FsetA R BE T 9502 ALgd
A 2EY 28T 713 HeE S AAT 5 Ue 53HF
MNHFHHol o, HFxH] LFES FEAS A=
271 38 5% 22 FUHEQ A4 % DS th(Ding et al.,
2016; Li et al,, 2009). £ % @502 AZshy] & 24
d, AiE 59 EZ2 MBRE 53 80~90% A7t 7Hs
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S o2 3kRen et al., 2020).
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2. Materials and Methods
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Fig. 1. Flow diagrams of integrated ozone and ceramic membrane process on ceramic membrane.
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9 ghalobEo] Waol Y3 WATHOE ST F 9]

22 Al AlSd __rLA‘I

AF/GANH QAE 349 AFES A& 2 ATo0M AL
d 742 off Fig. 29 2k At 2292 ¢FHEo 2
7bed 29 Ere A2 40 L 730 cm x 35 cm
x 40 cm)®] E2 9 H=9 W stk AL AT Al
= 29 S0 254 B Z(PA-75, Hanil Electric, Seoul,
Korea)oll dZ2€ #& AZstd AFdFE Yidsta A4E
A5 FAE AR AL(GF-6002A, A&D Company Ltd,
Tokyo, Japan)2 &33P 4PAI7tutct o o] 8 2 A(AD-1688,
A&D Company Limited, Tokyo, Japan)ell 7]1&3l9 U 2
H2 ANFY Fg S5 obdza G A(Wooshin
Inc., Seoul, Korea)oll EAIEHE 4HE vgoz FEAEE
AFstAT A HA] 2Tl = -0.9 barellA] -0.925 bar Aol
2 o] 7HiA Afert AAHA e A5 FEdEol
Agte 2ajga fRugor 527 gt A5 ARG o
FAE AFAGA S G 49 252 B9 B3

SIS 70 L £F9] 3ol 50 LY 955 w50 &
H HZE &3 AHHoE dFE FYAT A Al
= &3 A87](Lab-11I, OzoneTech, Daejeon, Korea)®] L&%&
o dZ29 RIS BFYY v AZAA L& E e
£ FYstR e, o f e&dTY FYHE VA LE
T A4 FYsAh A 2ggs 5 o 943 T
o 2 SHE W EL 4% 8._9_‘:9}%% Lol ZHAIA
ot Eq. (¥ 22 Astddurs H a2 FEsTh &
A7) 1 bard] 4R & 3 LY 2ES ALt
A H DA A FFEIF e o] i o]EF oE WAFL
436 ghrol® & 71& 5% 2,163 ppme] L=0] AT}

AN FAY AP U T 2EE 34452 ’1‘} = EY F
AEI} 7o) | bard ¢Hez B A
=3

2KI + O; + H,0 — 2KOH + L, + O, Eq. (1)
Aol AFEE AlEhe] 22 9(Ceramic membrane, Materials

and Membranes Corporation. Inc., Gangneung, Korea)< 7} 2
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Fig. 2. Schematic diagram of integrated ozone and ceramic
membrane process.
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Table 1. Specification of a ceramic membrane

Table 3. The quality of synthetic and real greywater

Contents
Membrane constituent AL O;/Si0,-ZrO,
Membrane size 200 mm x 200 mm X 4 mm
Effective membrane area 0.08 m’
Mean pore size 50 nm
Porosity 51.58%
Operating pressure -0.9~-0.925 bar
Pure water permeability 1,654 LMH/bar
Filtration type Dead-end filtration

ALO3/SI0x-Z10, TEE HJY O™ 1,050°CHlA 597t 473

sta] st Algte ooz Az F As¢zy FH S

A st 2avte f8 EAL 0.08 m'oli, 3

= 371 50 nmol™, FFE 51.58%2 Ao Y

2 9g 20°C9) 2&£FE dFsle] £F-EREES =
1

23 1,654 LMH/bar2 &7 5 9 tH(Table 1).

oo

23 & S5 M=z

ol AFl AEH FFre FIFTE o&F AFS &
Hourlier et al. (2010)3} Buse et al. (2015)°] A3 9 F
F Az P& ol&stdq AFsATHBuse et al, 2015;
Hourlier et al., 2010). Hourlier et al. (2010)< $Hd#H 4 A2
Al BHd diddEs BANSH] f8) FstxolA At A
£ A7}slR A g Buse et al. (2015)S E53 A7 34 &
T WolA 9 &S A5 A& ALstAth o AR
A B el dAste AV1E AL UmR S5
E L= staL Q7] wgel Btz A e st AE
Aleta 1 ¢ Jro =T FHsATh APl AMgdE o
FTY HE2 Table 28 2t A4 S5 AHER HE
2 9, 44 § AA A L= BHE, A, vt ¢4,
HF, A3y AL 2 AZEE, S8 F 59 472 2
A5 thHourlier et al., 2010).

9 FEer s &Y 9 pH, &, TOCY +
A2 Table 3% 2o} B =& &4 571 AA STEG o
50% A F3HH, ToCe F48 57 & 30% o Bel
SR HE AR YT

lo ox rlo

Table 2. Constitution of synthetic greywater

Synthetic Synthetic Real
Comets | Ui | e, | (i,
experiment) 2015) 2015)
pH 6.1 6.76 7.28
Turbidity NTU 24.13+0.57 24 53
TOC mg/L 133.6+0.23 132 103

24 TRz 2 =& A
A Beee o3 g 3
&4 FEREE AMdsiden BR{ES
(Darcy’s law)& ©]&3te ofef Eq. (2)$ 2o
oM Eq. Q)2 2k ©E FIF
2006). 1 ¥ 20°CZ 23" FFF45E ¢
FEAES AT B2 gl 2o AT AEAY
2dg o] &3t 7o) REw o] mE AFS A4S
HoH, AFAY 2d2 uAg 7P TIHFE T2 F
Aol ol BE Folx 79 2 (Hagen-Poiseuille law)oll 4]
=8ty Yerd 4 Ath(Cheryan, 1998).

DA
oD 2 Ea. @
32/LAI u% M(Em +1§f +‘E)rg : )
(]20 _ JX€—<J,032X(T—2U) Eq. (3)
. o
Permeability at 20°C = S Eq. (4)

o] w, J& FARFELMH), &, & EW T, DE £
B AT AE, AxE B BASY T, pe SRS
(bar), p= 2= W2 E9 FE(bar - hr), Re= A9 2
o Agle F AF(I/m), R AT BT 14A4F

a}
A& (Irreversible fouling resistance, 1/m), Ry, F71E2 0
99t 9 A (Organic materials resistance, 1/m), Jy= 20%
N FHFE T+ F2(°0)°)th

2 ARdA FEFHEY S5 tgt F7tE HF SE5E
(Recovery ratio)o]Zh= 7HdS =PI of 43 2o
SEES Fsty 272 %t FEREY I &HS Hrst

Aot

Chemicals Cas no. Concentration (mg/L) Target
Lactic acid 50-21-5 100 Acid materials from human skin
Cellulose 9004-34-6 100 Suspended solids
Sodium dodecyl sulfate 151-21-3 50 Anionic Surfactant
Glycerine 56-81-5 200 Moisturizer, Solvent
Sodium hydrogen carbonate 144-55-8 70 Ph buffer
Sodium sulfate 7757-82-6 50 Viscosity control material

== sex| FM37AH 65, 2021
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. P{l(‘_PbL‘
Recovery ratio = 2 <100 (Eqn. 5.)
1

P..E 7] v A F9 $£EIFZo]H(Permeability after
cleaning), Py A7) = AlH A9 $+EI % (Permeability
before cleaning)o]lX, PiE oI %719 FFIE(Initial

permeability)©] .

25 SI5HE MIX

A% 49 & e B 35 Erlee AT g4l
at7] 98t S5t AA g IPstA, 9] 54 29
EZo] & §71E07] Wi F71ed S AAs = s
AAE APstATh 3k Al H 2 500 mg/Le AotHatE
F 89Na0ChH & AFsl] 12417 B¢ AR & 528
B2 180 398 AFSA o] 2855 o839 &5
FHEE FH5td s&E B7bed AdES AdstAnh

26 £& 2A] wh

2 AgoA AHgE 95, A5 pHE Mettler-Toledo
AFe] SevenEasy pH (S20 Seven Easy™pH, Mettler-Toledo,
Greifensee, Switzerland)& AMHE-3}91L, =S Z743517] 93}
& HachAHUSA)<] Turbidimeter 2100Q (Turbidimeter 2100Q,
Hach Company, Loveland, Colorado, USA)S AME-3}l%2.H,
TOCE Z4st7l 98l ShimadzuAte] TOC-V CPH/CPN
(TOC-V CPH/CPN, Shimadzu Corporation, Kyoto, Japan)E
AHgete] A& AT

3. Results and Discussion
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Fig. 5. A comparison of the permeability during ozonation
(white circle), aeration (white square), and continuous
filtration (white triangle).
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Fig. 7. The total resistance of each experimental condition.
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Fig. 8. Schematic diagrams of ozone and ceramic membrane integrated process of pilot scale.
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