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Abstract: Pressurized membrane module systems, including hollow fiber type of Microfiltration (MF) and Ultrafiltration
(UF) membranes are being increasingly used in drinking water treatment due to their high removal efficiency of pathogen.
However, when fibers are damaged in pressurized membrane system, the pathogen will be able to penetrate the membrane.
Therefore, it is essential to guarantee the regulatory requirements for water quality by an effective on-line or off-line con-
dition integrity monitoring methods. Recently, pressure decay test (PDT) which is one of membrane integrity tests has been
reflected to drinking water treatment plants using pressurized membrane module. In this paper, three different method were
used to perform PDT and three different sensitivity values were analyzed through experiments. Three types of direct in-
tegrity test methods were applied to pressure feed side, filtrate side and bidirectional pressure decay test. The results of
these experiments show that the sensitivity was increasing when the volume of pressurized gas was decreasing. The sensi-
tivity is inversely proportional to the gas volume. Furthermore, it is desirable to increase pressure difference between feed
side and permeate side in order to achieve higher sensitivity in the PDT by membrane damage.

Keywords: Membrane Integrity Test, Pressure Decay Test, Volumetric Analysis, Pressure Difference, Initial
Pressure Value
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Table 1. Membrane and Module Characteristics

Type Hollow-fiber Type
Operating Mode Pressurized Mode
Pore Size 0.12 pum
Specific Water Flux 18 m/d (@20°C 1 kg - flem®)
Volume flow rate 4.5 m’/d
Inner Diameter 0.8 mm
Outer Diameter 1.1 mm
Membrane Area 0.25 m’
Fiber No. 320 ea
Material PVDF (Polyvinylidene Fluoride)
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Fig. 1. Schematic diagram of pressure decay test experiment.
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Fig. 2. Diagram of pressure decay test under absolute
pressure.
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Fig. 3. Schematic diagram of feed side pressure decay test.
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Fig. 4. Schematic diagram of filtrate side pressure decay test.
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Fig. 5. Schematic diagram of bidirectional pressure decay test.
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Contact angle versus Immersion depth
SKKU_A, all eyeles

L[ el
m"“—*“f

i o

N
=)
‘%

W%Eﬁ
/

Contact angle
n @
2] k=
T

5 /
w; 7

P

S
=3

T
00 05 10 15 20 25 30 35 4.0 45 5.0
Deoth Irmml

Fig. 6. Result of contact angle of raw membrane.
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Fig. 7. A membrane defect image by FE-SEM.
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Table 2. PDR Values for Initial Pressure Determination

Cycle Prest.cmpirical . Prest.theory . Prax :

0.35 kg¢fem 0.79 kgdem 1.9 kgdem
Initial 6.120 10.860 20.796
1 8.760 13.980 21.42
2 9.450 14.478 21.444
3 7.020 12.900 24.810
4 7.110 12.438 24.408
5 9.120 13.878 21.060
6 8.370 13.458 20.700
7 7.956 14.706 24.408
8 8.172 14.676 25.338
9 8.376 14.334 23.256
10 7.866 14.442 24.492
11 8.184 14.082 24.408
12 7.794 14.430 25.356

Table 3. Sensitivity Comparisons of PDR Values Applied to Three Types PDT

Pressure Decay value (kgf/cm?)

Elapsed Time (sec)

PDT F-PDT Bi-PDT
0 1.900 1.900 1.900
1 1.797 1.658 1.788
2 1.693 1.553 1.667
3 1.573 1.273 1.526
4 1.474 1.174 1.369
5 1.351 1.151 1.283
6 1.268 1.000 1.165
PDRave 6.5% 10.1% 7.8%
B
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Fig. 9. Result of pressure decay rate by volume changes. Fig. 10. Result of pressure decay rate by absolute pressure
changes.
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