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Effect of biofilm morphology and clogging patterns on
permeability of porous media
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in Hydraulic Structural Engineering of the Ministry of Education, Wuhan University, Wuhan 430072, P. R. China)

Abstract: The phenomenon of bioclogging in porous media is widely present in nature and engineering and is
closely related to fields such as the environment, energy, and biomedical applications. In this work, we focus on
the bioclogging process in porous media and investigate the effects of flow rate and pore size on the behavior of
biofilm clusters and the evolution of permeability using a microfluidic chip-microscope-CMOS camera
visualization experimental system. By integrating the microparticle image velocimetry technique, we achieved
real-time dynamic observation of the flow field within porous media. Flow-visualization experimental results
show that flow rate and pore size control the surface morphology and ultimate clogging efficiency of biofilms by

influencing shear rates and nutrient exchange rates. It is shown that bioclogging in porous media presents two
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distinct clogging patterns, characterized by pattern I with preferential flow paths and pattern I without
preferential flow paths. Pattern | occurs under conditions of a smaller flow rate and larger pore size, where the
fluid mainly flows concentrately in the preferential flow paths. The unevenness of the flow rate distribution is
exacerbated over time, affecting the stability of clogging, and the permeability decline shows obvious
intermittent fluctuations. Pattern [I occurs under conditions of a higher flow rate and smaller pore size, and the
flow field distribution is relatively uniform with no obvious high-speed concentrated areas. In this pattern, the

clogging effect is much more significant, with the permeability ratio being reduced by three orders of magnitude

at the end of the experiments.

Keywords: porous media; bioclogging; permeability; preferential flow paths; biofilm morphology
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Fig.1 Visualization experiment system for bio clogging
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Table 1 Settings of experimental conditions and replicate

groups
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Fig.2 Time-course diagram of bioclogging experiment

in porous media

FE A W0 00 6 B 2 B B, 32 LR A S5 3 1Tk
Ko AR BY VIR A5 R 2R S, el A 0 ) DA TE A iR
TR i o TRIEE oA W A K b TR 2 0, B 1A
PRI 3 G0 T 3 A5 38 IO A PR 5%, DAL O 400 L 400 o )
B Be By B, AN ] A AR AL B A B R
W5 ) A ) RS 1 T 0k

FE ol 2B ) R BB B B, AN TR 9 R Ak R T H g
WL 2% ) A= W S B4 T K, (EL i 2 9 S A 16 K, A W R
(4 JE B B B 0 0 2% o X pl O K, Y AR B
DI FH R R 20 10 40 359 A= 0 B v R T R B0 45
G W AR BT I 9% . BN SRR (=
0.01 mL/h), 0 24E ¥ K Z B ML 5 50T FLBR 9, B (B
HREA D EBUEDS, a2 LN AEKIE
T BN YA g AT R AR T A A o T A R (g=
1.00 mL/h) , ff 2= ¥ 3 BB 25 T A 26 1 O Se it 4R
K AERSR YY) IR R B W08 i B .

TEGCAE W B FE AR 8 B B SR A R AR EA
FoE . TEB/NE & MF T (¢=0.01 mL/h) , &4
£L Bl A ) B 5E 4 3 BE L TE BB U T A B 98 42 3
FE (1 LV 2 80 T2 AR BG4 S8 A O AE AR
B RGEE R S . (AR ERENE, YRR KR
q=1.00 mL/h i, 32 3 7% B U) 1E F 19 58 19 52 ), K
5 43 A5 W AN B B A (B R 3 1 A K, AL XL
FARBINFHIEEIN L, LRABNRERSE, R
HE R Y B — 245 S0 1 A= B, L% 28 A5 B )
LA ) A 3 Bl e o TR R R Y AR A %
T T8 1 = 2 AR 25 #0738 T AR I B A B
77, B LB A BT 05 R K IR REAIR .

Az B TR A A T AL R A T B2 A b g
bR AR ) BRSO, LA B S R A
Kbk —20, nr 4 3ABr B (B 3(a)) o Al
WA RGBT EE N A A K E S T
R (BB 1) s B 2 W A K E AR B0 K
W, 40 A e R AR B R (B B 1) s Bl B R
T T FE 5 AR R BRI R



% 34

o, AL P A Y S R A X a5 R e B e LA 113

(BBl ) o A8 AN TR) LA B 80T 1A U8 i 400 36 FL BR
SRR A AE A [ 3 45 1 F (¢=0.01 mL/h), fL
T /0N A g T R G K R R AL B A I b S
JE AR . e FANLAE B R B
T AL, 7T O B2k ) B AR T 2 B 6 s [ B 2
o7 7 — s R b T 8% 2

R S5 10 I R 5E S AT RO N TR AR 1Y
2R A% B 56 UE . 5050 i, FLAR R D | P A A
%, FEd=87.5 pm & MF T, N & 0l ik 185, i &
FHAM S5 40 (B 3(b)) o FRA SCH 44 F , N3
Wit s 71 ) $ % 3% T 484 I, L 28 A 0 I A 5 AR B fk
I 8E BRI WHT A R, D N TE 2k W E R 2 T
B o 3FASTR] S 56 2 40 T 1T e B0t A8 Ak 1) 45 5 AR
Hh B [ — IS R], f b AT, A A R R AR AR

4d=87.5 pm, ¢=0.01 mL/h
* d=350 pm, ¢=0.01 mL/h
* d=350 ym, ¢=1.00 mL/h

W
1.0
—~ —
508 -
< 0.6 I8

I
}
I
I
I
I
1
1
1
I
I
1
1
I
I
I
8

I P ——
16 24 32 40 48
t/h

(a) Az Wy I T AR I8 A2

4 d=87.5 pm, ¢=0.01 mL/h

* d=350 pm, ¢=0.01 mL/h

* d=350 pm, g=1.00 mL/h
|

A HEAt
7!
7

L
0 8 16 24 32 40 48
t/h

(b) A= 4y 5% VA1 8 3 3 A A

4.d=87.5 um, ¢=0.01 mL/h
Y  d=350 um, ¢=0.01 mL/h

* d=350 pm, ¢=1.00 mL/h
£08 ! Attt
i | Eﬁ%}ﬁ
é 0.6 A
=4 A .:1’1...:(

3

A
; = £
=

0 8 16 24 32 40 48
t/h

(c) He Wy TS~ 3% T AR 38 78 AT

20

1.8

1.6
S

1.4

i =87.5 pm, ¢=0.01 mL/h

12 « d=350 pm, ¢=0.01 mL/h
f * d=350 pum, ¢=1.00 mL/h

1.0 L L L I

L |
0 8 16 24 32 40 48
t/h

(d) A= W03 T2 e B A8 e Ak
B3 SHEAKTASNH

Fig. 3 Analysis of biofilm cluster dynamics
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