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ARTICLE INFORMATION ABSTRACT

Original Research Paper Applying membranes with especial geometries and fouling characteristics has been an area of research
Received 09 January 2018 and a subject of interest in membrane science community. While a considerable part of fouling
Accepted 09 March 2018 happenings are originated from chaotic roots such as Brownian motions, the remainders can be

Avatlible Ouline 13 Apct 2018 scheduled to approach on desired filtration features. Here in this study the somehow mvisible features of

progressive fouling which is the case for novel micro-engineered membranes was realized in some

Keywords: 4 g E 2 i

Mén:brme details. The problem of progressive fouling was considered as a result of dead-ended filtration of non-
progressive fouling colloidal particles over a vertically extended pore geometry. It was shown that, in this filtration
cake formation apparatus, due to a serialized activation and deactivation of flow passages, progressive fouling can

lattice Boltzmann

Hoidal change its seat with other more flow resistive classical types of surface and pore blockings and control
non-collon

filtration path more apparently. Results was considered for different amounts of pore extension and
porosities. It was found that employing an especial set of pore extension length and porosity make it
feasible to derive manageable filtration processes with high levels of purification and permeation
performances.
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1” Mesoscopic methods

' Lattice Boltzmann method (LBM)
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! Isotropic membrane

* Asymmetric membrane
* Durapore membrane
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? Isopore membrane

¢ Discrete network models
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? Complete blocking

? Intermediate blocking
* Standard filtration
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Fig. 1 (a) D2Q9 lattice used in this study (b) graphical representation of
collision forces diagram and together with the corresponding geometric
and material model parameters
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Fig. 2 (a) High resolution SEM image of circular isopore membrane
which had already been used in the experiments of Warkiani et. al [32]
(b) 2D numerical simulation domain applied in the study of dead-
ended filtration, together with flow boundaries states

5 SLTys oliblesl o asliiul 5)5e i plan 51 SEM psai (a) 2 JS
4 gl g 2302 bz il Gangd Sileand slad B) [32] s

$ipe tulys oles

Progressive fouling

Fig. 3 schematic representation of progressive fouling over an
extended pore geometry together with flow boundaries

Tl 4l anug dwsin podigrle wige; 3l (S Greg 3 J5G

54



P gess Lo yule g olisygly Glwal

Olasa 3 EIBIS pat 31D (5wl s it A ity 39 b yid Hl g3ae L

4 "d g de JBa" ool oad a8l Slele 3 Jol> oy L cIKS b
Siales ) 2l 53 a5 1 5 0.1 sl 0,3 Cile 93 (5l s Auglie w3
ET-
dd g de polad o by e Sy Slss la e anslie p oogdle
5 end aulxe jlade b (aEiles] bS5l end aulxe) NER jlaie
cbale b oalles g0 slp ol Jlade ilond anulie (P NER) (5jluannd
il s TR 4 T sl s il s 80N G Ll s

L Sl aslip a5 055 o0 soalis M4d g 4c JLS_“,I" 4 axgi b
@l 5 1y ey ol L it ool andly (glalisdle J5 s
Ol i et iyl ce Cewads | dltl ) jae ISl @l 5 to oS
bl o a5 cul Jas el )l ais¥ o 3l 5l o (silednd a5 cudl> o
ol @ Aty paitese anl® 0 g bl oad palan Rkl s b
Wl S g

1 uly Dpa/Dpp s b s3kolaz P2 dlue -2-2-4
Saloxe godg 1-2-4 i byl alie Slo ol 8 oLt pddans Slaazse
Johe ol s3gei g oLiE gl ag S 3 Sk a4 Sl g o )
5lsn 1667 b iy 2l ol o &

50 elzé sladl g Old et giludnd j sppas "5 K"
JSa" o alie plil (gl ol sael o ol a4 (gileand slol
b lelne 5} Jool oglej -NED § ol L loj slasizmie "Sb
alin 2 p oS 1 aaly e Clile (o [32] g2 g0 KLl b
LB e il e o (goae gy SB ol dwglie il oud
Sl 1y ol 0 031l g s 5 S5 o3lail o a0 (ool yz
UL

s ol s o Jd &lyd slass o5 5 a5 Nigy g Nag abaly ool j0 a8
S i Flgw e o4 sad 4l SI3 5 olawd g elie Flaw
4 iy 4 Real g Num glomgVl 9 g ph JLB] Geizes
..\...5‘:-: oJL.".'J s> g (g3 ,_;)Ld.....:n slalase

S 95 S ey i alaly (ol el ol Joo 9 45 b
39 e siadz g > clalas |5 o3 slaas o abaly Coli o (gom A g
Rghe 4N (13) alal, IS @ (sl gl ale e 0

NER() = W NER(D (13)
el oo Dbl Melid mb" olgie a b sl Lol o

Wy Slle 5 NER pslee polie o2ls JLasl o b aplo

g0 a8 g3 ol ol e silms 5 SR sl laome (o wace bLS )
255 dcloe | NED sl anils jpas gjlulas s laome

JoMas o b baise oloy Olgices W g NGt 5 NG metd 51

iS5, gl o ] it 09,8 ousd Iy (Sl 3 ok e

AT e b aslie JE] Sloj s mte o] 51 s 0l

S e S g W s g e g Sl g dalss alie

il wiial il gl By A 55 il e

= b g lin -2-4

0.33 b ply Dpa/Dyg o b gjbolsr PT allws -1-2-4

Sl m gjlolas anlb lalasd go pglar Mdb 5 da o JSS" 8
ploml gl wloasl o toles a gjluaccs bl alaxd 5 anls als ,o
a5l ol (g 5 (SSlls 2L Gl slag o s laggsluas
aalsl )5 ailoats bl 5,93 5 ;0 S8e Jolae plo wolyd el aile gal
alie o bz Sl ey Sl alRt el @l "dd 5 de JS” o

350

TR

e (b)

Al

0 50 100 150 200 250 300 350 400 450

0 S0 100 150 200 250 300 350 400 450

x(lu)
16 4000 16 10000
mapped flux mapped flux —
14 o measured flux 3500 14 a measured flux
7 E calculated l.lzNl§m — ) calculated ‘IJwa £000
8 measured Nij A measured N2 7000
I A 2500 1 o
. = -
—_— i 20002 =0y opemseege B 5000 2
B z Rl =
A
0.6 M‘A- 1500 06 P AGOD
3000
04 1000 04
2000
02 500 02 (d)
o s ” d 1000
620 30 s s 70 T4 6 8 10 12 19 16 18 20 °

time(min)

time(min)

Fig. 4 (a&b) two snapshots of membrane fouling corresponding to pore narrowing at an intermediate and a final step of normal filtration, when
Dyo/Dypas is 3 (c&d) mapped results calculated for dimensionless flux (J) vs. time and number of seeded particles vs. time which are compared with
their relative data derived from experiments [32], when solid concentration in dummy space is 0.01 A/A, and its real value is equal to (c) 0.1 g/lit,
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Fig. 6 (a-d) detailed history description of progressive fouling at pore
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