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ABSTRACT

In this study, chemically enhanced steam cleaning(CESC) was applied as a novel and efficient method for the control
of organic and inorganic fouling in ceramic membrane filtration. The constant filtration regression model and the resistance
in series model(RISM) were used to investigate the membrane fouling mechanisms. For total filtration, the coefficient
of determination(R?) with an approximate value of 1 was obtained in the intermediate blocking model which is considered
as the dominant contamination mechanism. In addition, most of the coefficient values showed similar values and this
means that the complex fouling was formed during the filtration period. In the RISM, R/R; increased about 4.37 times
in chemically enhanced steam cleaning compared to physical backwashing, which implies that the internal fouling resistance
was converted to cake layer resistance, so that the membrane fouling hardly to be removed by physical backwashing
could be efficiently removed by chemically enhanced steam cleaning. The results of flux recovery rate showed that
high-temperature steam may loosen the structure of the membrane cake layer due to the increase in diffusivity and
solubility of chemicals and finally enhance the cleaning effect. As a consequence, it is expected that chemically enhanced
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steam cleaning can drastically improve the efficiency of membrane filtration process when the characteristics of the foulant

are identified.

Key words: Ceramic membrane, Constant filtration regression model, Resistance in series model(RISM), Chemically enhanced

steam cleaning(CESC), Flux recovery rate
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Fig. 1. Schematic diagram of low concentration chemical-steam cleaning.

Table 1. Characteristics of ceramic membrane module

Ceramic membrane type

Contents

Membrane module

Material
Type
Nominal pore size
Dimension
Size of channel
Number of channels
Membrane surface area
pH range of acceptable
Max. operating pressure
Manufactory

Ceramic (Al,Os)
Inner-pressured type monolith

(®) 30mm X 100 mm (L)
f 2.0 mm

0.035 m*

1,961 kPa
Metawater

0.1 um
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F71=1 W7 FEE BARSEZ] 918 humic

acid®} MnSO, H,00| AF8-E2ith Humic acid(SIGMA
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Table 2. Analytical instruments and methods
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Als 23] 2 dE(Standard blocking)& UERHTE
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Table 3¢f LEFHTH (Hermia, 1982; Koltuniewicz et al.,
1995; Nam and Han, 2005).
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Categories Analyzers Etc.

Turbidity 2100N Turbidimeter, HACH NTU(Nephelometric Turbidity Unit)
DOC TOC-VCPH, Shimadzu NPOC(Non-purgeable organic carbon)
UV3s4 UV-1800, Shimadzu Ultraviolet photometer

Temperature Orion 3star, Thermo pH meter
pH Orion 3star, Thermo pH meter
Flux FG-60KAL-H, A&D Company Weighing machine
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Table 3. Constant pressure filtration regression model Rr =Ry +R.+R; )
Mechanism Equation Regression form
, TMP
Complete blocking | J/Jo =exp(—kept) | —In(/Jo) = kept = L Rm TR TR )
Intermediate blocking| J/Jo = (1 +k;t)™* I/o—1=kt

Standard blocking | J/Jo= (1 +2kt)™ | (J/]o™ = 1)/2 = kst

Cake filtration Jo=(1+2k)™% (/)72 = 1)/2 = ket

AA o7t F7F9] 30~70%, Section IM: 297
AA o7} 71 70~100%) 0.2 HFslo] ub 9o |
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o4 AAE $18) two-sided T-testS 53] p-valueE At

i
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Stth= 714 sholl 9 1-3-A3H(Membrane resistance,
Ri), Al®) *3H(Cake layer resistance, R;) % A3 93]
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(physical backwashing), A%l A (steam cleaning), 2}
2B A A (chemically enhanced steam cleaning) &2 0] %
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citric acidE 3E&st AE A AT AFEFA| Q] NaOClE 3E
#o 2EMFeR BRoh 289 fido] 50
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|k RO ofgh Miety Bf 20| HOIS fI8 aE ABMES 48
S Aol A of 26~ 63129] o ARRE e Fig 2(0)%} Fig. 2(d)= o SA AolE E i 2.0
t}. Humic acid®} kaolin® 2 A 2% QJAFH4E o3t pm_J m7bS 395t A 90 0.7 ppme] WrHe 3Fo-3F
St Ao A= humic acid7} 7] 4 A}¢1 kaolinX .t} ¢ © 9} H|@3lo] ofu} FZuto] FAS b o]y} G4
A2 9 0 AL ofy|shar Wy Fae] o 2 G mﬂ PHEE|9leh o] ¢4 W) humic acid¥} 7ke]
plRItke At Aah BAE ST (Lee, 2008). 2elg} W0 & Y7tke] vt ol me vk o ¢
9% 44k 7He-d] DOC 2.5 ppm % Wzko] F4® o 2A 2ggicka TekEch (Bom et al, 2015).
100 185 100 T,
.. oo
...‘..-o .
80 1 e, . 80 s,
.:.:‘o ) L4
;\g 60 - o o o8 ;\; 60 °
e % o i~ ® *
S e S 40 s ©
[y L]
20 + 20 ° .g.l .a.
(@) (b)
0 : . ' : ' 0 : : : -
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80 &1’. 80 1
o
e, &6
—~ 4 o' —_ ]
X o :\o &
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0 ; . ; ; |
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o° s ® Steam cleaning
80 1 ..o 80 1 o ® NaOCI Steam cleaning
e  Citric acid Steam cleaning
o 60 - LX) ~ 60 A .9
S = '
20 ¢ ® ® 20 | X
= 401 ..o = 40 s .'
L ° ;
20 | e, 20 | top,
@ e 0 Nﬁ
0 T " . . 0 T " . . !
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Fig. 2. Comparison of flux as a function of raw water: (@) DOC 2.5 ppm, Mn 0 ppm, (b) DOC 8.0 ppm, Mn 0 ppm, (c)
DOC 2.5 ppm, Mn 0.7 ppm, (d) DOC 2.5 ppm, Mn 2.0 ppm, () DOC 8.0 ppm, Mn 0.7 ppm, (f) DOC 8.0 ppm,
Mn 2.0 ppm.

430

dotrEstR|A] A35H Al6Z 20214 128



ORMO}- BEZI - O|RIAH 25k

e oo

o>

S

HE o= g $HFEZ Q] kaolino] 10 NTUS]
g Z3E QT 7242l kaoline humic acid2}
synergistic fouling effectE el H1EQich o
a}xj' 0% kaolin® T} o] 2 CRAS Zh= Q)

Al ?Th:} A9k kaohn.‘—]- humic acid7} E?:]H

w9 o] A4 e REYA WSt 1 AT, o
o] t}LA-E Are3] 7”\/\] 71t} (Jermann et al., 2008)

€ Fig. 29] (b), (o), (HE
o7 ol W3l A<

A
kaolin®} humic acid 2] /\oiﬁ 2
Szfo] Alste Aoz gohEct

32 WAstol oy

HAous|lHEHE Sot 8f 2H HIFLIE 2
Joi 3] F el hermia®] A Qtutg]ojmtmElS
Table 30] YeERH A} o] oz} A7k} v] uf of 3}
o IAR mdsto] Eeute] e AP HE Hrtal
£ 2dojt}. 3] A4 77| =2 *PEEJ% L
(k)°] g4 vnE Fal et ndS AT = Sk
7t WlAYZ AAAE R® G& Table 40014 v
gt A3}, 77159 ©50{2(DOC 2.5 ppm, 8.0 ppm)©]]
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o] 0.99 o]4+e] k& Holw 7P Al dukg o
Effict. 7o) getd e Aske §71ES T3
Aol A of1k7t Zg ol wheh b Alg 9y 2,
S AT o md, Aol oy mdE o
Hastgich o3k 7)o f71E0] 7lEel &3
gk @ go] o]Fofx] 7] AlAbetaL ofmt FHE 0
o] uf mHo| FHH=w HghQl e AgA o] YR
w A &AQ1 o o rEuEw Aol ofu} mye
el Srhsickar wekEch
A= 7]&(DOC 2.5 ppm)}

ﬂl

kel & o

Aol lojA 0.7 ppme] TH7Fo] EFHE AL AA
ola} 7kl dis Sk AlE wrglo] 0.99289] RO
2 7P 13 233 g vEbleh Alxbell wet 24
Age T30 As oA & Alg 94d md=
H3}sHIAL o= AE = FAE S 3} l Al A=
| 9it) E3], DOC 2.5 ppm, "7 2.0 ppme] Y4=of A
F7te a1k A e g oA e AlE t—'uhél d
o ARA47E 099 o4t Lehich. ol ofart A
Yol wet 2o A& 5] e e dgdel F
AR M7k 2 @S FAAIHE 22 Al
AFES] fH7]=(DOC 8.0 ppm)at F7He] £ of
Ao A 0.7 ppme] WIro] TGH dee A o
Svol el 2 Al Blo] 099372 Fa 5 6.
HAUESZ Uit ot 27|oe e Als 9t
Qo] Adol 7Hd weko, oy syl whet
ol1} THbol= RE v 9] wdlo] (0.9898~0.99482]
RZ%):-% q-E]-q-]l:q E.’GT—PQ?_] E!]- gorlo] ‘63&4124041:]- Il
Lol Wrto] 3t YgolA= AA ofaf 7t

A 098 o]Ate] Ztom 7t AlE uhs] wmdla) Aol
ol3} meo] the E%%ﬂr dlste] H& ATHS
HERE. ofsf ZHlofs EE AF oY Bdo] 2
o 29 WAUZOR o} ro] 7| FHT Ze 09
%o] :6:21—5]1:1:] 1:!} Xz o] defﬁi]‘zii 0:]31} —7?:‘5'_]'
0.9608~0.9632] G-A}SE 7S Ho|m EHalz el u o
o] FA=MEE YA A = AA

s +HE p-value:= 0.05 o5t AFEE QAL o]

r{r it

SARCR Fougt Ants Hlch
S k value®] B o R v o HAYSS
X

MRS W, AR kot MY B & A
shuf Ao ojz mlo] AujEel U 0 WAUZ

2 ATk RE B9 of3f 24 £E g
o Ao of3t mel, F3h AT U wd, 9 AF
Uy By, B2 AF 9y RdY 202 a7 et

Table 4. Comparison of R* according to total filtration: Re,” is R* of complete blocking, R* is R” of standard blocking, R’
is R” of intermediate blocking, R is R* of cake filtration

Components Rap? RS Ri2 R
DOC 2.5 ppm, Mn 0 ppm 0.9496 0.9876 0.9907 0.9288
DOC 8.0 ppm, Mn 0 ppm 0.9342 0.9796 0.9909 0.9447
DOC 2.5 ppm, Mn 0.7 ppm 0.9166 0.9716 0.9928 0.9551
DOC 2.5 ppm, Mn 2.0 ppm 0.9961 0.9873 0.9423 0.8049
DOC 8.0 ppm, Mn 0.7 ppm 0.9399 0.9859 0.9937 0.9354
DOC 8.0 ppm, Mn 2.0 ppm 0.8629 0.9445 0.9871 0.9836
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Table 5. Average values of Resistance at difference raw water

DOC(ppm) Mn(ppm) Rr(m™) Ryy(m) Reyi(m™)
2.5 0 2.811012 2.691011 2.541012
8.0 0 2.551012 2.511011 2.301012
2.5 0.7 2.201012 2.701011 1.931012
2.5 2.0 2.651012 2.651011 2.391012
8.0 0.7 2.691012 2.561011 2.431012
8.0 2.0 2.541012 2.531011 2.291012
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Fig. 6. Cleaning recovery rate according to cleaning methods.
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£8}17) Bl (Wang et al., 2018). BHH, 4=20f wle} %7
9] o] &3t A= SVt olof wEt pH= 7HAsh=t
pH 7 olstofl A= HOCI9] H]&o] thitiE ZFA|sHA &
t} (Feng et al., 2007; Tanger IV and Pitzer, 1989). &3t
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