o 2 8| Q1 (Membrane Journal)

Vol. 29 No. 6 December, 2019, 329-338 Print ISSN: 1226—0088

Online ISSN: 2288-7253
DOI: https://doi.org/10.14579/MEMBRANE_JOURNAL 2019.29.6.329

220|= 80| ofWoIA KIIHE EOHY S50 RN M F2t AL

Uslof 2| Mg
A A-dAE

ZFEHgtn FHANE FH3IstH
(20199 11€ 25¢ A<, 20199 12€ 1249 44, 2019 12€ 16 A=)

Analysis of Membrane Fouling Reduction by Natural Convection Instability Flow in
Membrane Filtration of Colloidal Solution: Application of Blocking Filtration Model

Ye-Ji Kim and Kyung-Ho Youm '

Department of Engineering Chemistry, Chungbuk National University, Cheongju, Chungbuk 28644, Korea
(Received November 25, 2019, Revised December 12, 2019, Accepted December 16, 2019)

Q ok &FH FRolE 89| BrojRoA] HRE| FH g A HItE e AAUF 5 S8 (natural
convection instability flow, NCIF)2] FZo]= EH9o] wed Aol T35 U(constant-pressure) Toizt A FH F719)
3 E % (constant-flux) Zrd =z} Al BRARQ) 7 AT 2 S5ty T ARE yloy mdE M) BtREe] AAL
Zto] 0°of| A 180°2 AAAIH NCIF f#o] S71ste] 2t Ao} &37} AA 24| tefaol A Fe s H) 2.841714]
S7FskaL, whARke A 85%7kA] askgin weloft Bl 28-8ko] NCIFS| fdol me 42 A3E sf4ste] 24
AZE15E ool A= gl R 1 o) Fdl= Aloladfrd R Frlshs o] Eldsldth BEE AA 1800004
H NCIFE 158 oJule] &4 27)ole 2 298 52% HAaA7)a, 1 o)F9] &4 AZtdMe AolaE: 295 93%
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Abstract: The constant-pressure and constant-flux membrane filtration experiments of alumina colloidal solution are
performed to investigate defouling effect of the natural convection instability flow (NCIF) induced in membrane module.
The permeate flux at constant-pressure and the transmembrane pressure (TMP) at constant-flux experiments are measured by
changes the inclined angle (0, 90 and 180°) of membrane module to the gravity, and flux results are analyzed by using the
blocking filtration model. NCIF are more induced as the inclined angles increased from 0° to 180°, and the maximum
induced NCIF at 180° angle enhances flux to 2.8 times and reduces TMP to 85% after two-hour operation. As a result of
analyzing flux data by applying the blocking filtration model, it is more reasonable to analyze them by using the
intermediate blocking model within 15-minute operation time and then thereafter times by using the cake filtration model.
The induced NCIF at 180° angle reduces the intermediate blocking fouling at 52% in the early operation time of 15-minute
and thereafter the cake layer fouling at 93%. The main membrane fouling control mechanism of NCIF induced in membrane
module is evaluated as suppressing the formation of the cake layer of particulate colloidal materials on membrane surface.

Keywords: membrane fouling, fouling reduction, natural convection instability flow (NCIF), blocking filtration
model, colloidal fouling
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Table 1. Flux Decline Equations of the Four Blocking Filtration Models[8,9]

Blocking filtration model Equation™” Regression equation”™
Complete blocking j=exp(—ayt) —In(j) = oyt
b 1
Standard blocking 5= (1+20,t)"7 j P =142at
Intermediate blocking j=(1+20;t)7" §l=1420;
1
Cake filtration j=(1+2at) * § i =1+2at
* Fouling rate constants (o, a,, «; «,) have the unit of min™.
= '—]], here J, is a initial permeate flux
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Fig. 1. Schematic diagram for the occurrence of natural convection instability flow by changing the inclined angles of mem-
brane module.

o7 fXsiH, meba I 42 313K downward) S 2. Al H
E FHHY =25 Wil Ea(bulk)&Y o =R E
o o w g9 v oA RE dRdA 2.1, HEME ¥ FR
o] gtk I3 Fig. 1(B)oIA9} Zo] HEES 180° 3 dojz) Ao ARSE 2O 2= polyethersulfone (PES)
ZAANA Bre] X5 FH WopEgo R gstA sh Aol Ag Hauel BIEAZFHMWCO)°l 10,000
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Fig. 2. Experimental system setup for the membrane filtration of colloidal alumina solution.
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Fig. 3. Definition for the inclined angles of membrane module.
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Fig. 4. Flux-time trends for the constant-pressure mem-
brane filtration of colloidal alumina solution during suc-
cessive change of the inclined angels of membrane mod-
ule (TMP = 100 kPa, alumina concentration = 1 g/L).

120

100

0]
o
T

Permeate Flux (L/m2.hr)
B [22]
o o

N
o
T

0 20 40 60 80 100 120
Time (min)
Fig. 5. Flux-time trends for the constant-pressure mem-
brane filtration of colloidal alumina solution at different
inclined angels of membrane module (TMP = 100 kPa,
alumina concentration = 1 g/L).
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Table 2. Flux Enhancements at Any Operating Time for
the Constant-pressure Membrane Filtration of Colloidal
Alumina Solution (TMP = 100 kPa, alumina concentration

=1 gL)

Inclined
Time angle 90° 180°
(min)

20 1.15 1.55
40 1.36 2.06
60 1.46 2.26
80 1.50 242
100 1.56 2.59
120 1.72 278
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Fig. 6. Flux enhancement-time trends for the constant-pre-
ssure membrane filtration of colloidal alumina solution at
90 and 180° inclined angels of membrane module (TMP =
100 kPa, alumina concentration = 1 g/L).
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Fig. 7. TMP-time trends for the constant-flux membrane
filtration of colloidal alumina solution at different inclined

angels of membrane module (flux = 17.5 L/m’ - h, up-
stream pressure = 50 kPa, alumina concentration = 1 g/L).
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Table 3. Fouling Rate Constants Fitted with Intermediate Blocking and Cake Filtration Models for the Constant-pressure

Membrane Filtration Data (TMP = 100 kPa, alumina concentration = 1 g/L)

Inclined angle «; (min’) R? Reduction ratio of «; (%) | «, (min™) R? Reduction ratio of «, (%)
0° 0.048 0.992 - 0.170 0.996 -
90° 0.040 0.994 16.7 0.048 0.969 71.8
180° 0.023 0.905 52.1 0.012 0.978 92.9

3.0 35
25
2.0 )R?=0.232
% 15 (b) R%0
£ ®
1.0
05 .ggo (c) R*=0
O 20 @ 60 8 100 120 140 ®0 20 w0 60 80 100 120 140

Time (min)

(A) Complete blocking

Time (min)

(B) Standard blocking

8 50
7 (a) R%=1
L L)
6 40
5 30t
S o
3 20 ¢
2
r 10 ¢
1 &
0 0 : : : : : :
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140

Time (min)
(C) Intermediate blocking

Time (min)

(D) Cake filtration

Fig. 9. Flux behaviors fitted with four regression equations of the blocking filtration model for the constant-pressure mem-
brane filtration data (TMP = 100 kPa, alumina concentration = 1 g/L). (A) ® 0°, (B) O 90°, (C) ¥ 180°.

26 > 50
(A) | o @o (a) R = 0.992 (B) o (@0
24 o o 90 . o o e (a) R =0.996
22 v (c) 180 . 40 v (c) 180 o
20 i
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~ o
T 16+ v -
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1.2+ |
10 (c)R®=0.978
109 os3
wever
0.8 L 0 | | | . . .
[0] 2 4 6 8 10 12 14 16 0 20 40 60 80 100 120 140
Time (min) Time (min)

(A) Regression by intermediate blocking model
(before 15 min operation)

(B) Regression by cake filtration model
(after 15 min operation)

Fig. 10. Flux behaviors fitted with intermediate blocking and cake filtration models for the constant-pressure membrane filtra-

tion data (TMP = 100 kPa, alumina concentration = 1 g/L).

mugel A 29 A A6 3, 2019



Analysis of Membrane Fouling Reduction by Natural Convection Instability Flow in Membrane Filtration of Colloidal ~ 337

o7} mdZ 48T

| A1 180°= W3IA| 7] NCIF
W 57 SUhske] e Azto]l AA 243 5k
ool A ZHA= A oF 28W74R] Erfska, o
A9k Ao oF 85%7HA] stk A Tzt
AN WE FY2E o mdg Mg 4
I}y 7HA B F o= skt Bdnks A gake] o
A o gllom, 158 olve & 27lde= F3t
PrE I o] AoladArRARE Mst= Zo]
ZAAs AT} s AAZE 180°914 2% NCIF=
158 oJufe] &4 Z7)olle FHY 29 oF 52%
ZaAF1a, O o] XA M= Aola
< 9F 93% TaAAHTH kA BEE fEE NCIF
o] T8 T A7)z GxHeY] YA FEo
T B4 Aolaz I4E dAANIIE AR HHE
o, @ BtREe FHd U FAS WS o R
Al EHA FEAZ S JdE NCIFE 2o A &3
7} st s JfAHeEA F Z8o] Z|dETh

1|
ol o
>~
e

N

)
m[o
o

[e]

_Q

J

aF 24

Reference

1. S. Loeb and S. Sourirajan, “Sea water deminerali-
zation by means of an osmotic membrane”, Adv.
Chem. Ser., 38, 117 (1963).

2. K. H. Youm, H. Y. Lee, and Y. C. Shin, “Water
treatment using separation membranes”, pp. 25-30,
p. 83, Sin-A Publishing, Jeju, Korea (2011).

3. W. Guo, H. H. Ngo, and J. Li, “A mini-review on
membrane fouling”, Bioresource Technol., 122, 27
(2012).

4. P. H. Hermans and H. L. Bredee, ‘“Principles of
the mathematical treatment of constant-pressure fil-
tration”, J. Soc. Chem. Ind., 55T, 1 (1936).

5. H. P. Grace, “Structure and performance of filter
media”, AIChE J., 2, 316 (1956).

6. J. Hermia,
laws - Application to power-law non-newtonian
fluids”, Trans. Inst. Chem. Eng., 60, 183 (1982).

7. Y. J. Kim and K. H. Youm, “Analysis of mem-

“Constant pressure blocking filtration

10.

11.

12.

13.

14.

15.

16.

17.

18.

brane fouling reduction by natural convection in-
stability flow in membrane filtration of protein sol-
ution using blocking filtration model”, Membr. J.,
29, 18 (2019).

. E. Iritani, “A review on modeling of pore-blocking

behaviors of membranes during pressurized mem-
brane filtration”, Drying Technol., 31, 146 (2013).

. R. Sondhi, Y. S. Lin, and F. Alvarez, “Crossflow

filtration of chromium hydroxide suspension by ce-
ramic membranes: Fouling and its minimization by
backpulsing”, J. Membr. Sci., 174, 111 (2000).

K. Y. Chung, J. J. Kim, K. J. Kim, and A. G. Fane,
“Microfiltration characteristics for emulsified oil in
water”, Membr. J., 8, 203 (1998).

S. Mondal and S. De, “A fouling model for steady
state crossflow membrane filtration considering se-
quential intermediate pore blocking and cake for-
mation”, Sep. Purif. Technol., 75, 222 (2010).

A. Charfi, H. Jang, and J. Kim, “Hydraulic cleaning
effect on fouling mechanisms in pressurized mem-
brane water treatment”, Membr. J., 27, 519 (2017).
K. H. Kroner and V. Nissinen, “Dynamic filtration
of microbial suspensions using an axially rotating
filter”, J. Membr. Sci., 36, 85 (1988).

K. Y. Chung and G. Belfort, “Performance test for
membrane module using Dean vortices”, Membr. J.,
2, 104 (1992).

H. B. Winzeler and G. Belfort, “Enhanced perform-
ance for pressure-driven membrane processes: The
argument for fluid instabilities”, J. Membr. Sci., 80,
35 (1993).

K. H. Youm, A. G. Fane, and D. E. Wiley, “Effects
of natural convection instability on membrane per-
formance in dead-end and cross-flow ultrafiltration”,
J. Membr. Sci., 116, 229 (1996).

Y. J. Cho and K. H. Youm, “Improvement of mem-
brane performance by natural convection instability
flow in ultrafiltration of colloidal solutions”, Membr.
J., 21, 84 (2011).

A. R Jang, S. W. Nam, and K. H. Youm, “Effect of
natural convection instability on reduction of foul-

ing and increasing of critical flux in constant-flow

Membr. J. Vol. 29, No. 6, 2019



338 Ye-Ji Kim + Kyung-Ho Youm

ultrafiltration”, Membr. J., 22, 332 (2012). 20. F. S. Julio, R. B. Francisco, S. D. Raquel, and G. A.
19. G. J. Kim and K. H. Youm, “Design of dead-end Pedro, “Buoyancy effects in dead-end reverse os-

membrane module with increased permeate flux by mosis: Visualization by holographic interferometry”,

natural convection instability flow”, Membr. J., 29, Ind. Eng. Chem. Res., 46, 1794 (2007).

147 (2019).

mugel A 29 A A6 3, 2019



